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Microorganisms, due to their unique ability to adapt to extreme conditions 
imposed by oligotrophy (low nutrients), temperature, pH, pressure, and 
radiation, among others, have so far been found in every environment 
imaginable. 

In fact, microorganisms are pioneer colonizer and have, over geologic time 
had a profound influence on the climate and environments found on earth. 

The associated structures and metabolic capabilities of the microorganism 
determine where it can be found and the ecological influence it has on the 
surrounding environment.

Although microorganisms are found everywhere, recently developed detection 
techniques are demonstrating that human perturbations اضطرابات can influence 
the diversity of microorganisms in the environment with currently unknown 
ramifications تشعیبات. 

Microorganisms
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Classification of Organisms:
The classification of macro- and microorganisms was based primarily on 
physiological differences (from two to six major kingdoms proposed for 
categorizing life)

In the 1970s techniques become available to examine the Nucleic acids, 
specially ribosomal RNA (rRNA), which involved in translation the 
synthesis of proteins in the living things.

Based on the analysis of 16s rRNA, Carl Woese identified an entirely new 
group of organisms (The Archaea).

This lead to the modern classification of living things into a three-domain 
system. (Archaea, Eucarya, and Bacteria).



Having defined Archaea as a new domain, Woese redrew the taxonomic tree. 

His three-domain system, based upon genetic relationships rather than obvious 
morphological similarities, divided life into 23 main divisions, all incorporated 
within three domains: Bacteria, Archaea, and Eucarya. 

Archaea are neither Bacteria nor Eukaryotes. Looked at another way, they are 
Prokaryotes that are not Bacteria.

The tree of life elucidated by Woese is noteworthy for its demonstration of the 
overwhelming diversity of microbial lineages; single-celled organisms represent 
the vast majority of the biosphere's genetic, metabolic, and ecosystem niche 
diversity. This is surprising to some, given our familiarity with the 
macrobiological world.

As microbes are responsible for many biogeochemical cycles and are crucial 
to the continued function of the biosphere, Woese's efforts to clarify the 
evolution and diversity of microbes provided an invaluable service to ecologists
and conservationists.
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Example
• Domain Bacteria

• Phylum Proteobacteria

• Class Gamma Proteobacteria

• Order Enterobacteriales

• Family Enterobacteriaceae

• Genus Escherichia

• Species E. coli



The three domain system



• More evolved, complex cells
• Generally larger than prokaryotic
• Has two or more chromosomes
• Has some membrane bound 
organelles
• Has mitochondria
• Some protists, most fungi, most 
plants, and all animals

• First organisms, simple structure
• Generally smaller than eukaryotic
• Has one circular chromosome which 
floats in cytoplasm
• Has no membrane bound organelles
• Can have slime layer / pili / capsule
• Bacteria and some protists

Eukaryotes / EukaryoticProkaryotes / Prokaryotic

Eukaryote vs. prokaryotic cell



Eukaryote vs. prokaryotic cell

Prokaryotes, characterized by lack of nuclear 
membrane and low level of differentiation and 
organization within the cell.

Eukaryotes, which have a nuclear membrane 
and have more highly differentiated cells.



The three- domain tree of life 



Protein synthesis (rRNA and protein)Ribosome

Extrachromosomal DNA that often confers a 
competitive advantage to the cell. e.g. 
antibiotic resistance.

Plasmid

Information storage and replication (DNA)ChromosomeCytoplasm

FunctionStructureLocation

Procaryotic Cell Structure and function/Bacteria 



Found anchored into the outer leaflet of the outer 
membrane in gram-negative cells. This negatively 
charged molecule helps mediate interactions of 
the cell with the environment   

Lipopolysaccharide
(LPS)

A second semi permeable membrane found only 
in gram-negative cell. The outer leaflet of the outer 
membrane contains LPS molecules.

Outer membrane

Involved in nutrient acquisition, electron transport, 
and alteration of substances toxic to the cell. 
Especially important in gram-negative cells.

Periplasmic space

Rigid, permeable structure that confers shape and 
protection to the cell

Cell wall

Selectivity permeable layer found in all bacteria 
that allows import and export of nutrient, toxins 
and waste products. Composed of a phospholipid 
bilayer with proteins that serve as ions channel, 
proton pumps and receptors.

Cell membraneCell 
envelope

FunctionStructureLocation

Procaryotic Cell Structure and function- continued 



Hollow fine protein structures that aid in adhesion to 
other cells and surfaces.

Fimbriae or 
pili

Appendages

Cell exterior

Long appendages that import mobility to the cellFlagella 

A heterogeneous layer of polysaccharides, protein, and 
DNA that encapsulates the cell and provides protection 
against predation and desiccation ( ( االفتراس والجفاف

Glycocalyx

Monomolecular protein layer on the exterior of cells that 
can provide protection against phage, act as a barrier to 
entry of high molecular weight molecule, help stabilize 
the cell, and act as adhesion site for exoproteins. 

S-Layer

Found anchored into the peptidoglycan wall of gram-
positive cells. This negatively charged molecule helps 
mediate interactions of the cell with the environment. 
e.g. adhesion.

Teichoic
acids

Cell 
envelope

Procaryotic Cell Structure and function- continued 



Flagella pili



Bacteria
• Is ancient form of life, especially structured as prokaryotic cell that is quite 
different from the eukaryotes (which includes the fungi, plants and animals). 

• It is estimated that there are more than 50 bacteria phyla based on the 
analysis of the conserved 16s rRNA sequence.

• Half of these phyla have no cultured representatives. Thus, we know 
relatively little about a large proportion of environmental bacteria and the 
discussion that follows pertains to cells that have been successfully 
cultured. 

• They are generally characterized by high rates of replication, high surface 
area to volume ratio. 

• They have single large circular chromosome located in the cytoplasm and 
there is no compartmentalization of the cell. 

• The relative simplicity of the bacteria cell allows it to rapidly respond and 
adapt to changing environmental conditions.



The morphological characteristic of bacteria:

Bacterial cells are typically 0.5–5.0 micrometers in length. 

Size varies depending upon the species, but most are approximately 
0.5-1.0 micrometer in diameter. 

Cells of some species are 0.5-2.0 micrometer in diameter but they 
are more than 100 micrometer in length. 

An experiment says that more than 1 trillion bacteria weight only 1 g. 
Many bacterial species exist simply as single cells. 

Most of the species of bacteria is seen with compound light 
microscope with the magnification power of 1000.



Bacteria can be classified by following steps:
1. based on shapes:

Before the advent of DNA sequencing, bacteria were classified 
based on their shapes and biochemical properties. Most of the 
bacteria belong to three main shapes: 

• rod (rod shaped bacteria are called bacilli), 

• sphere (sphere shaped bacteria are called cocci) 

• spiral (spiral shaped bacteria are called spirilla). 

• Curved rod (comma are called vibrio).



Arrangement of Bacterial Cells
Diplo- pairs, Staphylo- clusters, Strepto- chains, Tetrad—packet of 4 cells
Sarcina—packet of 8-64 cells



2. Aerobic and anaerobic bacteria:

Bacteria those need oxygen for their survival are called Aerobic
bacteria 

Bacteria those do not require oxygen for survival. 

Anaerobic bacteria cannot bear oxygen and may die if kept in 
oxygenated environment 

Anaerobic bacteria are found in places like under the surface of
earth, deep ocean, and bacteria which live in some medium.



3. Autotrophic and heterotrophic bacteria:

Autotrophic bacteria (also known as autotrophs) obtain the 
carbon it requires from carbon-dioxide. 

Some autotrophs directly use sun-light in order to produce sugar 
from carbon-dioxide 

other depend on various chemical reactions. 

Heterotrophic bacteria obtain carob and/or sugar from the 
environment they are in (for example, the living cells or organism 
they are in).



4. Classification based on Phyla:

Based on the morphology, DNA sequencing, conditions required 
and biochemistry, scientists have classified bacteria into phyla:

Aquificae, Xenobacteria, Fibrobacter, Bacteroids, Firmicutes, 
Planctomycetes, Chrysogenetic, Cyanobacteria, Thermomicrobia, 
Chlorobia, Proteobacteria, Spirochaetes, Flavobacteria, 
Fusobacteria, Verrucomicrobia



5. Gram Positive and Gram Negative bacteria:

Bacteria are grouped as ‘Gram Positive’ bacteria and ‘Gram 
Negative’ bacteria, which is based on the results of Gram 
Staining Method on bacteria (in which, an agent is used to bind to 
the cell wall of the bacteria).



•Thinner—less peptidoglycan
•Larger periplasmic space
•Outer membrane Contains 
lipopolysaccharides
•Soluble in nonpolar solvents
•Acts as endotoxin

•Thick
•Primary composition 
•peptidoglycan and techoi acids
•Almost no periplasmic space
•No outer membrane

Gram negative cell wallGram positive cell wall

Gram-Positive vs. Gram-Negative Cell Envelope



Cell wall: The cell wall is the basis for classification of bacteria according to the 
Gram stain. Gram-positive bacteria have a thick layer of peptidoglycan external to 
the cytoplasmic membrane. In contrast, Gram-negative bacteria have a thin layer 
of peptidoglycan located between the cytoplasmic membrane and a second 
membrane called the outer membrane. This region is known as the periplasmic
space. 

Peptidoglycan: This is a polymer of alternating N-acetylmuramic acid (NAM) and 
N-acetylglucosamine (NAG). Gram-positive cells have a much more highly cross-
linked peptidoglycan structure than Gram-negative cells. 

Lipoteichoic acids: Lipoteichoic acids (LTA) are found only in Gram-positive 
bacteria. These polysaccharides extend though the entire peptidoglycan layer and 
appear on the cell surface. 

Lipopolysaccharides: Lipopolysaccharides (LPS) are found only in Gram-
negative bacteria. These structures are composed of lipid A, which binds the LPS 
in the outer membrane and is itself the endotoxic portion of the molecule. 



This major architectural difference in cell wall helps dictate 
strategies for survival:

a) The thick cell wall of gram-positive bacteria, such as Bacillus and Clostridium, 
helps them withstand the harsh physical conditions found in the soil.

b) The more complex architecture of the cell wall in gram-negative bacteria 
such as Pseudomonas and Shewanella seems to aid these microbes in interacting 
with mineral surface and solutes in the environment to obtain required nutrients for 
metabolism.



• Survival structures

• Some gram-positive bacteria such as Clostridium, Bacillus

• Form under unfavorable conditions

• Germinate under favorable conditions- returns to vegetative cell

• Constant invaders of sterility

• Extremely resistant to destruction

• Some endospores have remained viable for 100,000 years. 

Endospores



Information transfer

• Bacteria has the ability to quickly respond to changing 
environmental condition.

• Bacteria readily incorporate new DNA into their genome through 
homologous recombination ( .( إعادة الترابط المتشابھ

• Homologous recombination involves the alignment of two DNA 
strands of similar sequences, a crossover between the two DNA 
strands, and a breaking and repair of the DNA at the crossover 
point to produce an exchange material between the two strands.

• The acquisition of the new DNA generally occurs via lateral gene 
transfer or horizontal gene transfer by one of three mechanisms:



1. Conjugation: Bacterial cells exchange DNA by 
conjugation using a pilus

2. Transduction: Is the transfer of host bacterial DNA to a 
recipient bacterium via a bacteriophage.

3. Transformation: is the uptake of free DNA released from a 
dead or dying cell by a recipient cell.



Information transfer- Conjugation



Information transfer- Transduction



Information transfer- Transformation



Why Study Metabolism?

• Classification of bacteria
– Oxygen Tolerance
– Biochemical reactions

• Acids, Ammonia, Gases

• Fermentation Products
– Food Products

• Yogurt, Sour Cream, Bread, Alcohol
– Commercial Products

• Citric Acid, Plastics

• Environmental Cleanup

Metabolism



Breakdown (Catabolism)
Proteins to Amino Acids, Starch to Glucose 

Synthesis (Anabolism)
Amino Acids to Proteins, Glucose to Starch

Metabolism = Anabolism + Catabolism





The four major types of metabolism based on the source of 
energy and carbon used for growth:

- Heterotrophic microorganisms: Microorganisms that use 
organic matter as a source of carbon. 

- Autotrophic microorganisms: Microorganisms that use CO2
as a carbon source. 

- Phototrophic microorganisms: Microorganisms that rely only 
on the light for energy.

- Chemotropic microorganisms: Microorganisms that extract 
energy from chemical reactions (oxidation / reduction reactions).



By their relation to oxygen:-

- Obligate anerobes: Microorganisms that can not survive in 
the presence of oxygen. They are also called anaerobic.

-Facultative anaerobes: Microorganisms that can survive in 
the presence and absence of oxygen. 

A group of facultative anaerobes called denitrifies under anoxic
conditions use the oxygen in nitrates (NO3)and nitrites (NO2) to 
survive.

                     aerobic                      chemoheterotrophic

Relation with O2 Energy source Carbon source



There are two ways in which bacteria can harvest energy to 
use for building new cell material:

1. Respiration: The cell uses a combination of substrate level 
phosphorylation and oxidative phosphorylation which combines 
the Tri Carboxylic Acid cycle (TCA cycle) and electron transport 
chain. 

Oxidative phosphorylation: is a metabolic pathway that uses 
energy released by the oxidation of nutrients to produce 
adenosine triphosphate (ATP).

The tricarboxylic acid cycle (TCA cycle), the Krebs cycle: is a 
series of enzyme-catalyzed chemical reactions, which is of central 
importance in all living cells that use oxygen as part of cellular 
respiration.  



Key for respiration is the Terminal Electron Acceptor (TEA) that 
is used to deliver electron to the electron transport chain.

Under aerobic condition, the TEA is oxygen (38 ATP per glucose 
metabolism)

Under anaerobic condition, an alternative TEA such as NO3
-, 

Fe3
+, SO4

2- or CO2 is used. (2 ATP is less than aerobic except 
for NO3) 

Under facultative aerobes, either O2 or NO3 (Pseudomonas is 
example)



2. Fermentation: is anaerobic process that uses only substrate 
level phosphorylation with a net generation of 2 ATP per glucose. 

No use for of electron transport chain or for an external electron 
acceptor. 

Instead, electrons are shunted among organic compounds usually 
ending in the production of acids or alcohols and resulting in very 
small amount of energy.                          

It is important for food industry: vinegar, Olives, yogurt, bread, 
cheese…..etc.



Types of -trophs
 

 
Type 

 
Energy 

 
C source 

 
Example 

 
Photoauto- 

 
Sun 

 
CO2 

Purple بنفسجي & 
Green sulfur 
bacteria 

 
Photohetero- 

 
Sun 

 
Organic 

Compounds 

Purple & Green 
Non-sulfur 
bacteria 

 
Chemoauto- 

 
Chemical bonds 

 
CO2 

H, S, Fe, N 
bacteria 

 
Chemohetero- 

 
Chemical bonds 

 
Organic 

Compounds 

Most bacteria, 
fungi, protozoa, 
animals 

 

 



Nutritional types



Photoheterotroph
Many purple nonsulfur bacteria 
purple sulfur bacteria

Organic 
compounds

Light + H2S 
(bacteriochlorophyll)

Phytohetrotrophy

Photoautotroph
Cyanobacteria
Bacteria including purple sulfur 
bacteria

CO2

Light + H2O (NADP)

Light + H2S 
(bacteriochlorophyll)

Phytosynthesis
Oxygenic
Anoxygenic

Chemohetrotroph or 
Chemolithotroph

Hydrogen bacteria,
Beggiaton
Planctomycetes

CO2

H2, S2-, NH4
-, Fe2+

(O2)
(NO3

-)

Chemolithotrophy
Aerobic
Anaerobic

Chemohetrotroph
Psedomonas, Bacillus
Micrococcus, Geobacter, 
Desulfovibrio

Escherichia, Clostridium

Organic 
compounds

Organic compounds
(O2)
(NO3

-, Fe3+, SO4
2-)

Organic compounds
(organic acid)

Respiration
Aerobic
Anaerobic

Fermentation
(Anaerobic only)

Metabolism typeCarbon 
source

Electron donor 
(TEA)

Metabolism

Metabolic Classification of Bacteria



• Respiration
– C6H12 O6 + 6O2 è6H2O  + 6CO2 + 38 ATP

• Photosynthesis
– 6H2O  + 6CO2 + light è C6H12 O6 + 6O2

• Nitrification
– NH4è NO2 to NO3

• Ammonia to Nitrite to Nitrate

• Ammonification
– N2è NH4



The Archaea
Four groups based on habitat:
1. Euryarchaeota
2. Crenachaeota
3. Korarchaeota
4. Nanoarchaeota

• Many Archaea are extremophiles

• With the exception of the methanogens, Archaea use similar 
metabolic pathways to those of the bacteria

• Chemoorganotrophy and chemolithotrophy are common 

• Autotrophy by various pathways is common

Do these life styles and metabolic pathways represent life on early 
Earth? 



1. Euryarchaeota
• Extremely halophilic Archaea

• Require high salt concentration
> 1.5 M (~9%) NaCl
Most require 2-4 M
Some grow at 5.5 M (32%)

• Highly diverse metabolism and phylogeny reflecting the diversity in 
salt composition of saline environments

2. Crenarchaeota
• Live at temperature extreme (>100 oC -< -10oC)

• Isolates only from exothermally heated environments (sulfataras, 
heated industrial effluents, deep sea hydrothermal vents)

• Metabolism is associated with sulfur or sulfide as substrates for 
reduction and oxidation



3. Nanoarchaeota
• Nanoarchaeum: The smallest organism with the smallest genome 
(0.49 Mb)

• Can only grow as a parasite of Ignococcus; genome lacks genes 
that encode for the biosynthesis of amino and nucleic acids; similar to 
the obligate intracellular bacterial parasites?

• DNA replication, transcription, and translation, are carried out by 
Nanoarchaeum.

What is evolutionary significant of Nanoarchaeum?

• Branches at the bottom of  the Archaea tree - Unique 16S rRNA with 
many modifications

• The smallest self replicating organism that has likely diversified early 
to establish a parasitic life style



List of Bacteria should be known for environmental engineers:
Acinetobacter:                           (-) Phosphorus removal from wastewater

Azotobacter:                              (-) Nitrogen fixation

Bdellovibrio:                               (-) attack pathogenic bacteria

Desulfovibrio:                             (-) sulfate reduction in wastewater

Enterobacter aerogenes:           (-) indicator organism

Escherichia coli:                        (-) indicator organism

Methanobacterium, Methanosarcina : (-/+) methane production

Mycoplasma:                                 Pathogenic no cell wall

Nitrobacter, Nitrosomonas :      (-) Ammonium oxidation

Pseudomonas:                          (-) Nitrate removal from wastewater

Rhizobium:                                (-) Nitrogen fixation

Streptococcus:                          (+) lactic acid production

Thiobacillus:                              (-) sulfur oxidizer

Zoogloea:                                  (-) wastewater treatment



Fungi
• 1.5 million fungal species are estimated to exist

• 7% of them only identified so far.

• The identification based on morphology, spore structure, and membrane fatty 
acid composition.

• The 18s rRNA, gene for eucaryotic is being used for fungal identification.



What is a fungus? 
• A eukaryotic, heterotrophic organism devoid of chlorophyll that 

obtains its nutrients by absorption, and reproduces by spores. 

Fungal cell wall composition

• Structural components:

– chitin microfibrils [ß(1-4)-linked polymer of N acetylglucosamine]

– chitosan in Zygomycota [ß(1-4)-linked polymer of glucosamine]

– ß-linked glucans

• Gel-like components:

– Mannoproteins (form matrix throughout wall)





Fungal diversity: Molds, Mycorrhizas, yeast and Lichens

1. Molds
• Rapidly growth

• Asexual spores

• Many human importance
– Food spoilage
– Food products
– Antibiotics, etc.

Antibiotic activity

Noble Rot - Botrytis



2. Mycorrhizas
• “Fungus roots”

• Mutualism between:
– Fungus (nutrient & water uptake for plant)
– Plant (carbohydrate for fungus)

• Several kinds
– Zygomycota – hyphae invade root cells
– Ascomycota & Basidiomycota – hyphae

invade root but don’t penetrate cells

• Extremely important ecological role of fungi!



Yeasts

• Single celled fungi

• Adapted to liquids
– Plant saps
– Water films
– Moist animal tissues

Candida

Saccharomyces



Lichens

• “Mutualism” between

Fungus – structure
Alga or cyanobacterium –provides food

• Form a thallus: Thallus usually names the 
entire body of a multicellular non-moving 
organism in which there is no organization of 

the tissues into organs

Foliose
Fruticose
Crustose



Slime Molds

• Similar to both fungi and protozoa

• Produce spores but move with amoeba-like gliding motility.

• Phylogenetically, related to the amoeboid protozoa than the fungi.

• Can be found in moist environments on decaying organic matter 

• They consume bacteria and other microorganisms via phagocytosis.

• Environmental stress trigger cell accumulation and differentiation into 
fruiting bodies for the production and dispersal of spores.

• The spores can later germinate into vegetative amoeboid cells.

Slime mold is a broad term describing fungus-like organisms
that use spores to reproduce. They were formerly classified as 
fungi, but are no longer considered part of this kingdom 



• Two classifications - cellular and plasmodial

Plasmodial: A multinucleate mass of cytoplasm formed by the 
aggregation of a number of amoeboid cells, as that characteristic of 
the vegetative phase of the slime molds.

Cellular because their bodies contain multiple nuclei which are not 
separated by cell walls.  

• Cellular slime molds only undergo asexual reproduction

• Plasmodial slime molds undergo both sexual and asexual 
reproduction 



Protozoa
• 65,000 species

• Heterotrophic

• Eukaryotic

• Most are unicellular (single-celled, colonies 
are rare

• Most have locomotive  structures  قاطرة
– flagella, cilia, or pseudopods

• Vary in shape

• Typically inhabit water or soil



• Trophozoite
– Motile feeding stage 

• Cyst 
– A dormant resistant stage

• Asexual and sexual reproduction
– Most propagate by simple asexual cell division of the 

trophozoites
– Many undergo formation of a cyst
– Others have a complex life cycle that includes asexual & 

sexual phases

• Majority are Not pathogens

• Some are animal parasites & can be spread by insect vectors



Flagellated Protozoa
• Motility by flagella alone or by both 

flagella & amoeboid motion

• Several parasites
– Giardia
– Trichomonas
– Trypanosoma
– Leishmania



Algae
• Range in size from microscopic to single celled organisms to large seaweed
• Autotrophic
• Form the reproductive structures – gametangia or gamete ( chambers (  األمشاج
• Aquatic and have flagella at some point in life
• Often contain pyrenoids, organelles that synthesis and store starch

Structure
• Thallus (haploid)
• Four types of algae: Unicellular, Colonial, 

Filamentous and multicellular



Filamentous algae are single algae cells that form long visible chains, 
threads, or filaments. These filaments intertwine forming a mat that 
resembles wet wool. Filamentous algae starts growing along the bottom 
in shallow water or attached to structures in the water (like rocks or other 
aquatic plants). Often filamentous algae floats to the surface forming 
large mats, which are commonly referred to as "Pond scums." There are 
many species of filamentous algae and often more than one species will 
be present at the same time in the pond.



Classification of algae

• Seven  Phylum based on: Color, Type of Chlorophyll, Food-Storage 
Substance and Cell wall composition.

Reproduction:

Most Reproduce both Sexually and Asexually:
– Most sexual reproduction is triggered by environmental stress
– Asexual Reproduction

• Mitosis
– Sexual Reproduction

• Meiosis
• Zoospores (A zoospore is a motile asexual spore that uses a flagellum for 

locomotion. Also called a swarm   سرب spore, these spores are created by some 
algae, bacteria and fungi to propagate themselves.)

• Plus and minus gametes 
• Zygospore





Zygospore



Reproduction in Multicellular Algae

• Oedogonium reproduction
– Antheridium-release flagellated sperm that swim to the oogonium
– Oogonium-houses the zygote which is a diploid spore 

• The spore undergoes meiosis and produces 4 haploid 
zoospores.  One of the four cells becomes a rootlike holdfast 
the others divide and become a new filament.

oogonium

Ploidy is the number of complete sets of chromosomes in a 
biological cell. In humans, the somatic cells that compose the 
body are diploid (containing two complete sets of 
chromosomes, one set derived from each parent), but sex cells 
(sperm and egg) are haploid 



Phylum Chlorophyta

• Green algae
• 7000 diverse species
• Biologist reason that green algae give rise to land plants.
• Both green algae and land plants have chlorophyll a and B as 

well as carotenoids* and store food as starch
• Both have walls made of cellulose

* Carotenoids are organic pigments that are naturally occurring in the 
chloroplasts and chromoplasts of plants and some other photosynthetic organisms
like algae, some types of fungus and some bacteria.

Carotenoids in general absorb blue light. They serve two key roles in plants and 
algae: they absorb light energy for use in photosynthesis, and they protect 
chlorophyll from photodamage



• 1500 species of Brown algae
• Mostly marine and include seaweed and kelp
• All are multicellular and large (often reaching lengths of 147 feet)
• Individual alga may grow to a length of 100m with a holdfast, stipe and 

blade
• Used in cosmetics and most ice creams

Phylum Phaeophyta

Seaweed Kelp



Phylum Rhodophyta

• 4000 species of RED Algae
• Most are marine
• Smaller than brown algae and are often found at a depth of 200 meters.
• Contain chlorophyll a and C as well as phycobilins which are important 

in absorbing light that can penetrate deep into the water
• Have cells coated in carageenan which is used in cosmetics, gelatin 

capsules and some cheeses



Phylum Euglenophyta

• 1000 species of Euglenoids
• Have both plant-like and animal-like characteristics
• Fresh water



Other Phylum Representatives

Diatoms – used in detergents, paint 
removers, toothpaste Dinoflagellates – red tides

Important in 
the formation 
of petroleum 
products

Golden algae



Physiological and Ecological considerations:

• Algae are primarily oxygenic phytotrophic although few are 
chemoheterophic using simple organic compounds (acetate) to 
help support cell metabolism.

• Oxygenic photosynthesis produces oxygen as a waste product 
in obtaining energy from breakdown of water.

• The production of oxygen is one of the desirable effects of 
algal growth in aquatic system.



•The coastal dinoflagellates produce secondary metabolites, many 
of them release toxins.

• The dinoflagellates Gymnodinium and Gonyaulax species can 
produce the neurotoxins saxitoxin that paralyzes muscles of the 
respiratory system in vertebrates الفقاریات .

• The toxin itself, potent at nanogram concentration, but it 
accumulates in the fish to harm humans. 

Disposal of rich phosphorus and nitrogen wastewater to 
the aquatic system enhance the growth of algal blooms.



Viruses

• At the boundary of life, between the macromolecules (which 
are not alive) and the prokaryotic cells, lie the viruses and 
bacteriophages (phages). 

• These creatures are parasites responsible for causing many 
diseases in living things (herpes and HIV in humans, for 
example).

• Viruses are found everywhere.

• Viruses consist of a core of nucleic acid, either DNA or RNA, 
and a protective coat of protein molecules and sometimes 
lipids.  

The Boundary of Life



• In isolation, viruses and bacteriophages show:

None of the expected signs of life. 

They do not respond to stimuli المحفزات , 

They do not grow, 

They do not do any of the things we normally associate with life. 

• Strictly speaking, they should not be considered "living" 
organisms at all. 

• However, they are more complex than a lifeless collection of 
macromolecules and they do show one of the most important 
signs of life: the ability to reproduce at a fantastic rate but only in 
a host cell.



Viral Taxonomy

• Family names end in –viridae

• Genus names end in -virus 

• Viral species: A group of viruses sharing the same genetic 
information and ecological niche (host).

• Common names are used for species

• Subspecies are designated by a number





viruses attack Prokaryotic cells.

• Viruses and bacteriophages invade cells and use the host cell's 
machinery to synthesize more of their own macromolecules. 

• Once inside the host the bacteriophage or virus will either go into a 
Lytic Cycle - destroying  the host cell during reproduction.

or 
• It will go into a   Lysogenic Cycle – a parasitic type of partnership 

with the cell

Bacteriophages attack bacteria (prokaryotes)



• Attachment: Phage attaches by tail fibers to host cell
• Penetration: Phage lysozyme (Lysozyme, also known as muramidase or N-acetylmuramide

glycanhydrolase, are a family of enzymes which damage bacterial cell walls) opens cell wall, tail 
sheath contracts to force tail core and DNA into cell

• Biosynthesis: Production of phage DNA and proteins
• Maturation: Assembly of phage particles
• Release: Phage lysozyme breaks cell wall

Lytic Cycle Review



The Lytic Cycle

adsorption

penetration
replication

maturation



Viral Latency: Some viruses have the ability to become dormant inside 
the cell called latent viruses. They may remain inactive for long periods of 
time (years). Later, they activate to produce new viruses in response to 
some external signal. HIV and Herpes viruses are examples

Lysogenic Cycle
• Phage DNA injected into host cell 
• Viral DNA joins host DNA forming a prophage
• When an activation signal occurs, the phage DNA starts replicating

• Viral DNA (part of prophage) may stay inactive in host cell for long periods of time
• Replicated during each binary fission
• Over time, many cells form containing the prophages

• Once a prophage cell is activated, host cell enters the lytic cell
• New viruses form a & the cell lyses (bursts)
• Virus said to be virulent (deadly)



The Lysogenic Cycle





A provirus is a DNA virus that has been inserted into a host cell 
chromosome.

A retrovirus injects the enzyme, reverse transcriptase into the cell 
to copy viral RNA into DNA.

Latent infection: an equilibrium is reached between host and parasite 
until a nonspecific stimulus, such as compromised host immunity, evokes 
active infection. 

Viruses are host specific – a protein on the surface of the virus has a 
shape that matches a molecule in the plasma membrane of its host, 
allowing the virus to lock onto the host cell.

Viruses find their way into target cells using specific receptor sites on 
their capsid or envelope surfaces. This is way viruses of bacteria or 
plants do not normally infect humans and vice versa.



Ecology of procaryotic viruses:

Virus to bacterium rations (VBRs) have been used to illustrate the 
large number of phage in the environment.

VBRs often average around 10, and appear to be higher in marine 
waters than in soils, where low VBRs values ( less than 1) have 
been reported.

Marine viruses to picoplankton ratios ranging from 9 at 100m depth 
to 110 at a depth of 3500 to 5000 m. 

Picoplankton: are aquatic microorganisms found in the size range 
0.2-2 micro meter including small protozoa and bacteria.



Phage play critical roles in the environment.

To control bacteria population by induction of the lytic cycle, 
which causes the bacteria cell lysis.

Phage and protozoa are the two major predators of prokaryotes 
in marine water.

viruses are also influential in controlling marine cyanobacteria. 
Such viruses are known as cyanophage.

predator (an organism that is hunting) feeds on its prey, (the organism that is 
attacked) 



Due to the large number of bacteria that are lysed daily in marine 
water, phages are important in both food web processes and 
biogeochemical cycles:

6-12% of carbon fixed by primary producers enter the dissolved 
organic matter carbon (DOC) pool via virus-induced lysis at different 
tropic levels.

Phages contribute from 1 to 12% of the total dissolved DNA in 
samples from fresh water.

Phages influence the bacterial diversity by the process of 
transduction.     



Eucaryotic viruses infect humans and other animals, plants and 
eucaryotic microorganismss including algae and fungi.

It is found in marine and soil environment.

Thirteen viral infections of marine microalgae have been reported.

Eucaryotic viruses that infect fungi are know as mycoviruses. 

Mycoviruses are present in soils environment that influence control 
of fungal population and biogeochemical cycling. 

Eucaryotic Viruses:



Other biological entities:

1. A VIROID is a VIR (virus) OID (like) particle.

Viroids are“sub-viruses” composed exclusively of a single circular strand of 
nucleic acid (RNA) without a protein coat.
Smaller than any of the known viruses. 
• Range in size from approximately 20 nm (8 x 10-7 inches) 
• Just 100 times larger than Atoms which measure in at  .1 nanometers.
• Cause certain plant and human diseases.
• Consists only of Nucleic Acid (RNA) .



2. Prions: Small proteinaceous infectious particles 



• Prions are “infectious proteins”
• They have no DNA or RNA
• The main protein involved in human and mammalian prion
diseases is called “PrP”

• Prion diseases are often called Transmissible Spongiform 
Encephalopathies (TSE diseases)

• TSE diseases are transmittable from host to host of a single 
species or from one species to another (for example, Mad cow 
disease from cows to humans)



Human prion diseases

CJD: Creutzfeld-Jacob Disease: is a degenerative neurological disorder
(brain disease) that is incurable and invariably fatal. It is the most common 
among the types of transmissible spongiform encephalopathy found in 
humans 

BSE: Mad cow disease (BSE)

GSS: Gerstmann–Sträussler–Scheinker syndrome (GSS) is a very rare, 
usually familial, fatal neurodegenerative disease that affects patients from 20 
to 60 years in age. This extremely rare disease is classified as a 
transmissible spongiform encephalopathy (TSE). The exact incidence of 
GSS is unknown but is estimated to be between 1 to 10 per 100 million

Kuru: is an incurable degenerative neurological disorder (brain disease) that 
is a type of transmissible spongiform encephalopathy found in humans.
Though the theory is not universally accepted, some researchers have 
posited that kuru was transmitted among members of the Fore tribe of Papua 
New Guinea via cannibalism


