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Prokaryotic Kingdom
• The taxonomic Kingdom Monera consists of the bacteria (meaning the 

true bacteria and cyanobacteria, or photosynthetic bacteria).
• Organisms in this group lack membrane-bound organelles associated 

with higher forms of life. 
• Such organisms are known as prokaryotes. Bacteria (technically the 

Eubacteria) and blue-green bacteria (the blue-green algae when I was 
a student), or cyanobacteria are the major forms of life in this 
kingdom. The most primitive group, the archaebacteria, are today 
restricted to marginal habitats such as hot springs or areas of low 
oxygen concentration. 

• Their small size ability to rapidly reproduce (E coli can reproduce by• Their small size, ability to rapidly reproduce (E. coli can reproduce by 
binary fission every 15 minutes),

• habitats/modes of existence make monerans the most abundant and 
diversified kingdom on Earth. Bacteria occur in almost every 
environment on Earth, from the bottom of the ocean floor, deep inside 
solid rock, to the cooling jackets of nuclear reactors. 

• Possible bacteria-like structures have even been recovered from 3 
billion year old Martian meteorites. If these turn out to be fossils, then 
the bacterial form of life would have existed simultaneously on both 
Earth and Mars. However, the cellular nature of those structures has 
not been conclusively established.

Prokaryotic Cells • Cytoplasm. Contains all the 
enzymes needed for all metabolic 
reactions, 

• Ribosomes. The smaller (70 S) type. 
• Nucleoid (or Nuclear Zone). The 

region of the cytoplasm that 
contains DNA. 

• DNA. Always circular, and not 
associated with any proteins to 
form chromatin. 

• Plasmid. Small circles of DNA, used 
to exchange DNA between bacterial 
cells. 

• Cell membrane. made of 
phospholipids and proteins, like 

k ti beukaryotic membranes. 
• Mesosome. A tightly-folded region 

of the cell membrane containing all 
the membrane-bound proteins 
required for respiration and 
photosynthesis. 

• Cell Wall. is a glycoprotein (i.e. a 
protein/carbohydrate complex, also 
called peptidoglycan). 

• Capsule (or Slime Layer). A thick 
polysaccharide layer outside of the 
cell wall, 

• Flagellum. A rigid rotating helical-
shaped tail used for propulsion. 
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Structure of a "typical" bacterium 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

Bacterial Structure 
Bacteria lack a nuclear membrane and membrane-

bound organelles.
Biochemical processes that normally occur in a

choloroplast or mitochondrion of eukaryotes will take
place in the cytoplasm of prokaryotes.
Bacterial DNA is circular and arrayed in a region of

the cell known as the nucleoid.
Scattered within bacterial cytoplasm are numerous

small loops of DNA known as plasmids.
Bacterial genes are organized in by gene systems

known as operons.

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

Plasmids, small DNA fragments, are known from 
almost all bacterial cells. Plasmids carry between 2 and 
30 genes. Some seem to have the ability to move in 
and out of the bacterial chromosome. 
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The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location. The Many Shapes of Bacteria
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Bacterial Locomotion 
The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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Bacteria typically : 
rods (bacilli), spheres (cocci) or spiral (spirilla).

Rod-Shaped Bacterium, hemorrhagic E. coli, strain 0157:H7
The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

• Coccoid-shaped Bacterium(causes skin infections), Enterococcus faecium
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Bacterial Reproduction 
• Prokaryotes are much simpler in 

their organization than are 
eukaryotes. 

• The usual method of prokaryote 
cell division is binary fission. 

• The prokaryotic chromosome is a 
single DNA molecule that first 
replicates, 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

p ,
• then attaches each copy to a 

different part of the cell 
membrane. When the cell begins 
to pull apart, the replicate and 
original chromosomes are 
separated. Following cell splitting 
(cytokinesis), there are then two 
cells of identical genetic 
composition (except for the rare 
chance of a spontaneous 
mutation).

Donation of DNA 
• The prokaryote chromosome is 

much easier to manipulate than the 
eukaryotic one. 

• One consequence of this asexual
method of reproduction is that all 
organisms in a colony are genetic 
equals. When treating a bacterial 
disease, a drug that kills one 
bacteria of a specific type will kill all 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

p yp
other members of that clone 
(colony) it comes in contact with. 

• Certain types of bacteria can 
"donate" a piece of the their DNA to 
a recipient cell. The recombination 
is the bacterial equivalent of sexual 
reproduction in eukaryotes. Note 
that the entire DNA is not usually 
transferred, only a small piece. 

Endospores
• Endospores are a method os 

survival, not one of 
reproduction. Certain 
bacteria will form a spore 
within their cell membrane 
(an endospore) that allows 
them to wait out

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

them to wait out 
deteriorating environmental 
conditions. Certain disease 
causing bacteria (such as 
the one that causes the 
disease Anthrax) can be 
virulent (capable of causing 
an infection) 1300 years after 
forming their endospore 

Classification of Bacteria
Eubacteria (eu = true) are the majority of bacteria and are subdivided by their method of 
energy acquisition into chemosynthetic, photosynthetic, and heterotrophic.
Chemosynthetic Bacteri are autotrophic, and obtain energy from the oxidation of 

inorganic compounds such as ammonia, nitrite (to nitrate), or sulfur (to sulfate

• Photosynthetic bacteria carry 
out conversion of sunlight 
energy into carbohydrate 
energy. Cyanobacteria are the 
major group of photosynthetic 
bacteria Some early

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

bacteria. Some early 
cyanobacteria may have 
formed the oxygen released 
into the early atmosphere. In 
addition to chlorophyll a, 
cyanobacteria also have the 
blue pigment phycocyanin and 
the red pigment phycoerythrin

Differences Between Prokaryotic and Eukaryotic Cells 

Prokaryotic Cells Eukaryotic cells

small cells (< 5 mm) larger cells (> 10 mm)

always unicellular often multicellular

no nucleus or any membrane-bound 
organelles, such as mitochondria

always have nucleus and other 
membrane-bound organelles

DNA is circular, without proteins DNA is linear and associated with proteins 
to form chromatinto form chromatin

ribosomes are small (70S) ribosomes are large (80S)

no cytoskeleton always has a cytoskeleton

motility by rigid rotating flagellum made of 
flagellin

motility by flexible waving undulipodium, 
made of tubulin

cell division is by binary fission cell division is by mitosis or meiosis

reproduction is always asexual reproduction is asexual or sexual

huge variety of metabolic pathways common metabolic pathways

Eukaryotic Cells



3/19/2009

4

• Cytoplasm (or Cytosol). This is the solution within the cell 
membrane. It contains enzymes for glycolysis (part of respiration) 
and other metabolic reactions together with sugars, salts, amino 
acids, nucleotides and everything else needed for the cell to 
function. 

• Nucleus. This is the largest organelle. Surrounded by a nuclear 
envelope, which is a double membrane with nuclear pores - large 
holes containing proteins that control the exit of substances such as 
RNA and ribosomes from the nucleus. The interior is called the 
nucleoplasm, which is full of chromatin- a DNA/protein complex in a 
1:2 ratio containing the genes. During cell division the chromatin 
becomes condensed into discrete observable chromosomes. The 
nucleolus is a dark region of chromatin, involved in making g g
ribosomes. 

• Mitochondrion (pl. Mitochondria). This is a sausage-shaped 
organelle (8µm long), and is where aerobic respiration takes place in 
all eukaryotic cells. Mitochondria are surrounded by a double 
membrane: the outer membrane is simple and quite permeable, 
while the inner membrane is highly folded into cristae, which give it 
a large surface area. The space enclosed by the inner membrane is 
called the mitochondrial matrix, and contains small circular strands 
of DNA. The inner membrane is studded with stalked particles, 
which are the site of ATP synthesis. 

Chloroplast. Bigger and fatter than mitochondria, chloroplasts are where 
photosynthesis takes place, chloroplasts also have a third membrane called the 
thylakoid membrane. The thylakoid membrane is folded into thylakoid disks, which 
are then stacked into piles called grana. The space between the inner membrane and 
the thylakoid is called the stroma. The thylakoid membrane contains chlorophyll and 
other photosynthetic pigments arranged in photosystems, together with stalked 
particles, and is the site of photosynthesis and ATP synthesis. Chloroplasts also 
contain starch grains, ribosomes and circular DNA.
Ribosomes. These are the smallest and most numerous of the cell organelles, and 
are the sites of protein synthesis. They are composed of protein and RNA, and are 

f t d i th l l f th l Rib ith f d f i thmanufactured in the nucleolus of the nucleus. Ribosomes are either found free in the 
cytoplasm, where they make proteins for the cell's own use, or they are found 
attached to the rough endoplasmic reticulum, where they make proteins for export 
from the cell. They are often found in groups called polysomes. All eukaryotic 
ribosomes are of the larger, "80S", type.
Smooth Endoplasmic Reticulum (SER). Series of membrane channels involved in 
synthesising and transporting materials, mainly lipids, needed by the cell.
Rough Endoplasmic Reticulum (RER). Similar to the SER, but studded with 
numerous ribosomes, which give it its rough appearance. The ribosomes synthesise 
proteins, which are processed in the RER (e.g. by enzymatically modifying the 
polypeptide chain, or adding carbohydrates), before being exported from the cell via 
the Golgi Body. 

Golgi Body (or Golgi Apparatus). Another series of flattened membrane vesicles, 
formed from the endoplasmic reticulum. Its job is to transport proteins from the RER 
to the cell membrane for export. Parts of the RER containing proteins fuse with one 
side of the Golgi body membranes, while at the other side small vesicles bud off 
and move towards the cell membrane, where they fuse, releasing their contents by 
exocytosis.
Vacuoles. These are membrane-bound sacs containing water or dilute solutions of 
salts and other solutes. Most cells can have small vacuoles that are formed as 
required, but plant cells usually have one very large permanent vacuole that fills 
most of the cell, so that the cytoplasm (and everything else) forms a thin layermost of the cell, so that the cytoplasm (and everything else) forms a thin layer 
round the outside. 
Lysosomes. These are small membrane-bound vesicles formed from the RER 
containing a cocktail of digestive enzymes. They are used to break down unwanted 
chemicals, toxins, organelles or even whole cells, so that the materials may be 
recycled. They can also fuse with a feeding vacuole to digest its contents.
Cytoskeleton. This is a network of protein fibres extending throughout all 
eukaryotic cells, used for support,  transport and motility. The cytoskeleton is 
attached to the cell membrane and gives the cell its shape, as well as holding all 
the organelles in position. 

Centriole. This is a pair of short microtubules involved in cell division. 
Before each division the centriole replicates itself and the two centrioles 
move to opposite ends of the cell, where they initiate the spindle that 
organises and separates the chromosomes (see module 2).
Undulipodium (Cilium and Flagellum). This is a long flexible tail present 
in some cells and used for motility. It is an extension of the cytoplasm, 
surrounded by the cell membrane, and is full of microtubules and motor 
proteins so is capable of complex swimming movements. There are two 
kinds: flagella (no relation of the bacterial flagellum) are longer than the cell, 
and there are usually only one or two of them, while cilia are identical in 
structure, but are much smaller and there are usually very many of them. 
Mi illi Th ll fi lik t i f th ll bMicrovilli. These are small finger-like extensions of the cell membrane 
found in certain cells such as in the epithelial cells of the intestine and 
kidney, where they increase the surface area for absorption of materials. 
They are just visible under the light microscope as a brush border.
Cell Membrane (or Plasma Membrane). This is a thin, flexible layer round 
the outside of all cells made of phospholipids and proteins. It separates the 
contents of the cell from the outside environment, and controls the entry 
and exit of materials. The membrane is examined in detail later.
Cell Wall. This is a thick layer outside the cell membrane used to give a cell 
strength and rigidity. They are built up in three layers called the primary cell 
wall, the secondary cell wall and the middle lamella. Fungal cell walls are 
made of chitin (poly-glucosamine). 
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VIRUS

A virus may or may not 
have an outermost 
spiky layer called the 
envelope. All viruses 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

have a protein coat 
and a core of genetic 
material, either DNA 
or RNA. And that's it. 
Period.

• These are T4 
bacteriophages 
(back-tear-e-oh-faj-
es). They are a 
kind of virus that 
infects bacteria.

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

infects bacteria. 
Here they are 
landing on the 
surface of an E. 
coli bacterium. 

• The bacteriophage cuts 
a hole in the E. coli's cell 
wall. It then injects its 
genetic material into the 
bacterium. By taking 
over the E. coli's genetic 
machinery, the viral

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

machinery, the viral 
genes tell the bacterium 
to begin making new 
virus parts. These parts 
come together to make 
whole new viruses 
inside the bacterium. 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

Eventually so many new viruses are made that the E. coli
bursts open and dies, releasing all those new viruses to
infect more cells!

Protozoa
Protozoa are a very diverse group of
organisms that vary widely in size, shape,
features and habit. This page gives an
overview of some commonly found
freshwater protozoa.

The protozoa have been grouped by their
major features. Some of these are artificial
groups (i.e. not necessarily related to their
taxonomy) but are convenient ones for the
pond dipper.

Group Key features Micscape links 
Flagellates 
(those that 
photosynthesise 
are often classed 
as algae)

one or more flagella 
(whip-like cilia), 
phytoflagellates are 
green/ 
photosynthesise, 
zooflagellates are not 
green 

<0.4 mm

Flagellated protozoa -
includes Euglena, Volvox
Some other common types: 
Monads e.g. Bodo, 
Choanoflagellates (flask-
shaped with flared collar) 

A b ith A b P tAmoeba move with 
pseudopods 
0.02 - 5 mm 

Amoeba - Protozoa 
portraits
Amoeba - Video gallery
Amoeba - Smallest page 
on the web
Amoeba proteus -
imaged by different 
illumination methods 
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Group Key features Micscape links 

Shelled amoeba amoeba with a shell 
e.g. of sand grains 
0.1 - 0.4 mm 

Protozoan houses -
testate amoeba, Arcella, 
Nebela
Some other common 
types: Chaos, Pelomyxa 

Heliozoans 
'Sun animalcules' 

immobile, spherical 
with radiating hair-like 
pseudopods
0.01 - 1 mm 

Smallest page on the 
web - Heliozoans, 
Actinosphaerium
Some other common 
types: Actinophrys, 
Acanthocystis 

Group Key features Micscape links 

Ciliates -
Peritrichs 

cylindrical or bell-
shaped bodies, 
undulating membrane of 
cilia, some stalked, 
often colonial and 
attached to animals or 
plants bell: <0.25mm

Bell animalcules in 3D -
Campanella

Ophrydium - colonial,
unstalked

Vorticella - observations
on its motile stage
Some other common
types: Vorticella,
Carchesium

Ciliates -

Suctoria

on water plants and 
other animals, adult 
ciliates have lost cilia, 
sticky tentacles capture 
prey <0.7 mm 

Acineta - Suctoria, ciliates 
in disguise
Podophyra - an interesting 
ciliate
Some other common 
types: Tokophyra, 
Dendrocometes (lives on 
gill plates of f/water 
shrimp) 

Group Key features Micscape links 

Ciliates -

Coleps Bell animalcules in 3D -
Campanella

Ophrydium - colonial,
unstalked

Vorticella - observations
on its motile stage
Some other common
types: Vorticella,
Carchesium

Ciliates - Lacrymaria Acineta - Suctoria, ciliates 
in disguise
Podophyra - an interesting 
ciliate
Some other common 
types: Tokophyra, 
Dendrocometes (lives on 
gill plates of f/water 
shrimp) 

Group Key features Micscape links 

Ciliates -

Paramecium Bell animalcules in 3D -
Campanella

Ophrydium - colonial,
unstalked

Vorticella - observations
on its motile stage
Some other common
types: Vorticella,
Carchesium

Ciliates - Stentor Acineta - Suctoria, ciliates 
in disguise
Podophyra - an interesting 
ciliate
Some other common 
types: Tokophyra, 
Dendrocometes (lives on 
gill plates of f/water 
shrimp) 

Algal Galleries
(pigmented forms)

Cyanobacteria
Glaucophyta Euglenophyta

Cryptophyta Haptophyta Dinophyta

Ochrophyta (= 
Chromophyta)

Bacillariophyceae
Raphidophyceae

Rhodophyta Chlorophyta
Ulvophyceae
Trebouxiophyceae
ChlorophyceaeRaphidophyceae

Chrysophyceae
Synurophyceae
Phaeothamniophyce

ae
Tribophyceae (= 

Xanthophyceae)

Chlorophyceae
Charophyceae

Phylum Cyanobacteria

Unicellular and colonial forms lacking specialized cells

1.Aphanocapsa.
Dollar Bay at boat launch
surface plankton tow
10/10/01
pH 7.12, 15.8 oC

1
.
C
h
r
o
o
c
o
c
c
u

o
g
c
o
l
l
e
c
t
e
d

w
i
t
h

p
l
a
n
t

2.Aphanocapsa
Rice Lake
surface plankton tow
9/27/05
20 oC

u
s

t
u
r
g
i
d
u
s
.

m
a
t
e
r
i
a
l

9
/
5
/
0
1
p
H

3
.
8
1

3.Chroococcus turgidus.
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Microcystis
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ALGAE

CHARACTERISTICS: Autotrophic (can make their own food by
photosynthesis), adults are non-motile, microscopic to 100ft in length, divided by
pigment (color)

CHLOROPYTA (Green Algae) 
To help protect your privacy, PowerPoint prevented this external picture from being automatically downloaded. To download and display this picture, click Options in the Message Bar, and then click Enable external content.

Spyrogyra

ColepsLacrymariaParameciumStentor

Photosynthetic Pigments
There are three basic classes of pigments.

• ·  Chlorophylls are greenish pigments which contain a porphyrin ring. This is a 
stable ring-shaped molecule around which electrons are free to migrate. Because the 
electrons move freely, the ring has the potential to gain or lose electrons easily, and 
thus the potential to provide energized electrons to other molecules. This is the 
fundamental process by which chlorophyll "captures" the energy of sunlight. 

• ·  Carotenoids are usually red, orange, or yellow pigments, and include the familiar 
compound carotene, which gives carrots their color. These compounds are 
composed of two small six-carbon rings connected by a "chain" of carbon atoms. As 
a result, they do not dissolve in water, and must be attached to membranes within the 
cell. Carotenoids cannot transfer sunlight energy directly to the photosynthetic 
pathway, but must pass their absorbed energy to chlorophyll. For this reason, they p y, p gy p y , y
are called accessory pigments. 

• ·  Phycobilins are water-soluble pigments, and are therefore found in the cytoplasm, 
or in the stroma of the chloroplast. They occur only in Cyanobacteria and 
Rhodophyta.  Phycobilins are not only useful to the organisms which use them for 
soaking up light energy; they have also found use as research tools. Both pycocyanin 
and phycoerythrin fluoresce at a particular wavelength. That is, when they are 
exposed to strong light, they absorb the light energy, and release it by emitting light of 
a very narrow range of wavelengths. 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

It may seem hard to believe that microscopic diatoms, with their delicate silica
skeletons only forty millionths of a meter long, can be related to the giant kelps,
which may grow as long as fifty meters, or that either one is related to the
downy mildew that nearly destroyed the French wine industry. But they are
related -- placed together in the great kingdom-level taxon Chromista.
The name Chromista means "colored", 

and although some chromists,like mildews,
are colorless, most are photosynthetic.
Even though they are photosynthetic, 

chromists are not at all closelychromists are not at all closely 
related to plants, or even to other algae

Photosynthetic chromists are some of the
Most important organisms in aquatic eco –
systems.The cool and temperate coasts of
continentsare lined with kelp forests, where
many commercially important fish and shellfish
feed and reproduce, and diatoms are frequently
the primary source of food for both marine and
fresh-water organisms

Rhodophyta
The red "algae

Red algae are red because of the presence of the pigment phycoerythrin;In Asia,
rhodophytes are important sources of food, such as nori.
The high vitamin and protein content of this food makes it attractive, as whichbegan in
Japan more than 300 years ago, also important in the formation of
tropical reefs, in some Pacific atolls, red algae have contributed far more to reef structure
than other organisms, even more than corals

Zooplankton

• Cyclopoid,
Cyclops                                                                                                  Keratella,

Anabaena flos-aquae DaphniaAsplanchna
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Zygomycetes Ascomycetes Basidomycetes

The fungal world

Slime molds (P) Oomycota 1. Deuteromycetes
2. Lichens

Class Zygomycetes

• The class Zygomycetes parasites or commensals inside 
the guts of living arthropods) 

• Zygomycetes which we will touch upon are mostly 
coencytic ( hyphae with no septations) 

• The more than 900 species are primarily terrestrial. 
Generally they feed on decaying plant and  animal 
matter (substrates of starch & sugar), though this group 
does contain symbiotic members as well as parasitic 
forms. 

To help protect your privacy, PowerPoint prevented this external picture from being automatically downloaded. To download and display this picture, click Options in the Message Bar, and then click Enable external content.

Rhizopus sp

Ascomycetes
• commonly known as the Sac Fungi, due to their sac-like 

appendage that holds the spores 
• There are over 30,000+ species ranging from one-celled 

yeasts to fairly large morels and truffels as well as some 
of the common black molds, green molds, the powdery 
mildews, the cup fungi.

• Although most are considered in a positive light for theirAlthough most are considered in a positive light for their 
ability to ferment some of our favorite beverages, to 
leaven our bread and to add a distinctive ping to some 
cheeses, other are more notorioius as disease promoting 
organisms ( chestnut blight, Dutch Elm disease, forming 
rots of a number of fruit trees, powdery mildews).

• The mycelium, when present, is composed of septate 
hyphae that are multinucleate with pores within the 
septata. 

Subclass Hemiascomycetidae Order Endomycetales 
(Yeasts):

Saccharomyces: These single-celled simple organisms

To help protect your privacy, PowerPoint prevented this external picture from being automatically downloaded. To download and display this picture, click Options in the Message Bar, and then click Enable external content.

To help protect your privacy, PowerPoint prevented this external picture from being automatically downloaded. To download and display this picture, click Options in the Message Bar, and  
then click Enable external content.

Aspergillus sp.
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Basidomycetes: 
Subdivision Basidiomycotina - The Club Fungi

•Basidomycetes are filamentous with both uninucleate and 
or dikaryotic hyphae depending on stage.

• Their hyphae is septated, and the pore protected with a 
doliopre: the image on the left below shows the dolipore 
surrounding the pore in the 

•They form structures called basidia ( singular =. basidium) 
that bear the sexually derived spores on the fruiting body 
which is called the basidiocarp ( commonly known as a 
mushroom). 

•most species are decomposers but some do cause 
important plant diseases 

Life cycle:

Order Agaricales (Gill, Pore, Coral and Toothed fungi)
Examples: Agaricus & Coprinus
(Shaggy Mane) &Polyporus ( Wood-rooting bracket fungus)

Order Phallales example: Phallus (Stinkhorn) 

The Fungi Imperfecti- Class Deuteromycetes
This class of artifically grouped fungi have no sexual reproduction and are consequently
called the Fungi Imperfecti because their life cycles are "imperfect".

Most of the 17.000 species reproduce by conidia.
They are classed by the color and structure of the conidia.

Most of the species are terrestrial and free-living saprobes but some are parasitic.
Many fungal diseases that infect humans belong to this group including species
which cause ringworm, athletes foot, aspergillosus, and candida which
form the "yeast infections" known to many.form the yeast infections known to many.

Commercially important species include those of the Penicillum genera:
P. notatum = discovery of penicillin and P. chrysogenum for commercial production
of penicillin
P. griseofulvum for its antibiotic used in ringworm & athlete'sfoot treatment
P. roquefortii and P.camembertii for their respective cheeses ( to be tasted in lab)

Lichens
• Lichens are symbiotic relationships between a fungus and algae or a

cyanobacterium housed by the fungus in a thallus.

• As the algae or cyanos can live independent of the fungi but not the
reverse in nature, it is thought that the fungus is parasitizing the
photosynthetic partner.

• There are 20,000 species of lichens! The fungal component is the
unique feature as 90% of the photosynthetic partners come from only
5 genera.

• They grow very slowly, 0.1 - 1mm a year. Thus large lichens found in
nature are estimated to be incredibly old -- 4,500-5000 years.

• They can grow in the most extreme environments - in the arctic, the
deserts, on trees or any surface for that matter (glass, plastic).

• Yet in the last few decades a noticeable reduction of their growth has
been noted in those sites with air pollution. Thus they are now used as
indicators of pollution or biomarkers.

Foliose lichen
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Division: Oomycota (water molds)

• The water molds appear to have been derived from a brown 
algae which lost it's ability to photosynthesize.

• The water molds possess several features in common with 
the brown algae: oogamous eggs, cellulosic cell walls, 
zoospores with two flagella (produced at various stages of 
their life cycles) and a predominately diploid life cycletheir life cycles) and a predominately diploid life cycle.

• Water molds occurring in mostly freshwater habitats and top 
layers of moist soils; some cause disease in fish and destroy 
fish roe in commercial hatcheries; others causes root rot in 
food crops.

:  
Saprolegnia water mold forming large white masses on the head and back of 
a salmon.


