


Microbiology 
“small life”
The study of microorganisms 
(microbes) - organisms that cannot be 
seen by the naked eye: ie. they are 
microscopic 

Microbes can exist as single cells 
(unicellular). They must generate 
energy and grow independently. 

Microbes can also form
communities, “talk” to each other, and 
initiate group behavior. 

Microbial diversity on the human tongue

Biofilm in a water pipe



Microbial Interactions

Syntrophy - ”Cross feeding”

One microbes trash is another microbes
treasure. 

Anaerobic Oxidation of Methane

Taupp et al 2010



Positive

Cooperation - biofilm production
Syntrophy
Symbiosis
Excretion of extracellular enzymes

Negative

Predation
Waste- makes inhospitable env.
Antimicrobial substances
Competition for the same niche
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In 1665 Robert Hooke publishes Micrographia 
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Microbial diversity of the human tongue

Biofilm in a pipe

Micro-history
In 1665 Robert Hooke publishes Micrographia 
on his observations through lenses 

Tiny rooms in a sample of tree bark which 
Hooke called “cells”Blue mold- “Microscopical Mushrooms” 



MicrobiologyMicro-history
In 1684, Antoni van Leeuwenhoek publishes first 
drawing of what he called “wee animalcules”.
 

Regarded as the “Father of Microbiology.” 

Bacteria from teeth plaque 
scrapings



Spontaneous Generation
Hypothesis that some vital force can create living organisms from inanimate objects 
(without descent from similar organisms). Widely accepted throughout the middle ages 
and into the 19th century.

Some recipes: 

Box + Grain = Mice 

Meat + Warmth = Maggots



Spontaneous Generation
Hypothesis that some life force can create living organisms from inanimate 
objects (without descent from similar organisms). Widely accepted throughout 
the middle ages and into the 19th century.

1668, Francesco Redi 1862, Louis Pasteur

“Omne vivum ex vivo” - Life only comes from life



Tree of Life
1866, Ernst Haeckel

Coined the term ecology ('oecologie’)-

“the whole science of the relations of the organism to the 
environment including, in the broad sense, all the 
'conditions of existence”



Tree of Life
1866, Ernst Haeckel Hug et al. 2016 

Ribosomal data



Microorganisms
Prokaryotes (“before nucleus”)

– Bacteria 
– Archaea

Eukaryotes:

– Protozoa (eg: Amoeba) 
– Alga (eg: Euglena) 
– Fungi (eg: yeasts) 

Microorganisms are diverse because 
they have had a very long time to 
evolve and differentiate 



General Ecological Concepts

• Ecosystem: All organisms and abiotic factors in 
a particular environment

• Habitat: Portion of an ecosystem where a 
community could reside

• An ecosystem contains many different habitats



General Ecological Concepts

• Microbes account for a significant proportion 
of all biomass on Earth
 They are ubiquitous on the surface and deep within Earth



General Ecological Concepts

• Community: a community consists of 
populations living in association with 
other populations

• Population: a group of microorganisms of the same species 
that reside in the same place at the same time

 may be descendants of a single cell



General Ecological Concepts

Diversity of microbial species in an ecosystem is expressed in two ways

• species richness: total number of different species present

• species abundance: proportion of each species in an ecosystem

Microbial species richness and abundance are functions of the 
types and amounts of nutrients available in a given habitat.



Resources

Carbon (organic, CO2)

Nitrogen (organic, inorganic)

Other macronutrients (S, P, K, M g)

Micronutrients (Fe, Mn, Co, Cu, Zn, Mn, Ni)

O2 and other electron acceptors (N O3
−, SO4

2−, Fe3+)

Inorganic electron donors (H2, H2S, Fe2+, NH4
+, NO2

−)

Conditions

Temperature: cold→warm→hot

Water potential: dry→moist→wet

pH: 0→7→14

O2: oxic→microoxic→anoxic

Light: bright light→dim light→dark

Osmotic conditions: freshwater→marine→hypersaline

Resources and Conditions That Govern 
Microbial Growth in Nature



Species richness and abundance can change quickly over a short time.
• change in abundance of cyanobacteria due to nutrient-rich agricultural runoff

High species richness of 
planktonic microorganisms: 
cyanobacteria, diatoms, green 
algae, flagellates, and bacteria. 

Shift of the community to low 
richness but high abundance 
following a bloom of the 
cyanobacterium Microcystis



Cyanobacteria

• Earth’s oldest oxygenic phototrophs
• Formation of an oxic atmosphere
• >2.5 billion years evolutionary history  

• enabled them to adapt to geochemical 
and climatic changes

• widespread adaptations climatic extremes



Cyanobacteria

• Rich “playbook” of ecological 
strategies aimed at surviving and 
thriving

• Cyanobacteria to take advantage of 
human alterations of aquatic 
environments:
• eutrophication
• hydrologic alterations

• Massive growths or “blooms” 



Cyanobacteria

Produce secondary metabolites that are toxic



Lake 226

Limited Carbon resulted in eutrophication of 
lakes rather than phosphorus

Monitoring P is a “waste of money”

1973–1977 to test eutrophication

+ C

+ C

+ N

+ N

+ P



geographic expansion of the harmful (toxic) cyanobacterial species
Cylindrospermopsis raciborskii due to altered hydrologic regimes
droughts and warming

Relationships between temperature and specific growth rates of 
cyanobacterial species and eukaryotic phytoplankton





Microbial Diversity

Metabolic Capabilities Structure Environments 



Microbial Diversity
Metabolic Capabilities

O2 :
Aerobes: require oxygen for growth
Anaerobe: oxygen is not required for growth

Energy: 
Chemicals à Chemotroph
Light à Phototroph

Electrons: 
Organic compounds à Organotroph
Inorganic compounds (H2S) à Lithotroph 
           (litho = rock)

Carbon: 
Organic compounds  à Heterotroph 
Inorganic compounds (CO2) à Autotroph

Winogradsky columns
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Microbial Diversity
Structure



Microbial Diversity

Environments 

Present wherever scientists look



Microbial Diversity

Environments 

Acidophiles
“acid loving”

Present wherever scientists look

Acidic toxic ponds



Microbial Diversity

Environments 

Halophiles 
“salt loving” Halobacterium

salinarum

Present wherever scientists look

Acidic toxic ponds

Salt flats



Microbial Diversity

Environments Psychrophiles
“cold loving”

Planococcus halocryophilus
Isolated from permafrost 
and grows at -15C°

Present wherever scientists look

Acidic toxic ponds

Salt flats

Glacial ice/permafrost



Microbial Diversity

Environments 
Thermophiles
“heat loving”

Thermus 
Aquaticus

Isolated in 1966 
by Thomas Brock

Yellowstone National Park

Its taq polymerase enzyme is 
used in the PCR 

Present wherever scientists look

Acidic toxic ponds

Salt flats

Glacial ice/permafrost

Hot springs



Microbial Diversity

Environments 
Deinococcus 
radiodurans

“Radiation 
surviving terrible 
berry”

5000-Gy dose of γ
radiation without 
loss of viability or 
evidence of 
mutation

Humans die after 
exposure to 5 Gy

Present wherever scientists look

Acidic toxic ponds

Salt flats

Glacial ice/permafrost

Hot springs

High radiation



Microbial 
communities do not 
exist in isolation



Plants



Plants

Nitrogen fixing bacteria convert 
atmospheric nitrogen (N2) to 
ammonia (NH3) that plants can use 
as a source of nitrogen for growth. 

      

Rhizobium leguminosarum

Yanni et all 2001



Ruminants

Rumen is an anaerobic and methanogenic 
fermentation chamber

High microbial density and diversity including 
bacteria, archaea, protozoa and fungi

- 1011 cells/ml and over 200 species

Responsible for providing nutrients to the host animal
- production of lignocellulolytic enzymes



Microbial Dark Matter 



Microbial Dark Matter 

In 1935, Razumov noted a large discrepancy in the number of 
bacterial cells from aquatic habitats that form colonies on a plate 
versus the number of cells countable on a microscope.

50 years later, Staley & Konopka (1985), describe this 
phenomenon as the :

“The great plate anomaly”

      

Microscope Plate Magnitude 
difference



Microbial Dark Matter 

In 1935, Razumov noted a large discrepancy in the number of 
bacterial cells from aquatic habitats that form colonies on a plate 
versus the number of cells countable on a microscope.

50 years later, Staley & Konopka (1985), describe this 
phenomenon as the :

“The great plate anomaly”

      

We can culture roughly around 1% of the microbial species.



Microbial Dark Matter 

      

Habitat % Culturable

Freshwater 0.25

Lakes 0.1 - 1

Unpolluted waters 0.1 - 3

Activated sludge 1 - 15

Seawater 0.0001 - 0.1

Sediments 0.25

Soil 0.3

Human gut/stool 35 to 65

We can culture roughly around 1% of the microbial species.



Microbial Dark Matter 
Microbial dark matter constitutes the 
microorganism that we are not able to 
culture

1. Growth conditions – 
temperature, O2, light, water 
availability, salinity,  pH…

2. Substrates – 
macro & micronutrients, C and N 
sources…

3. Obligate symbiotic interactions – 
cross feeding, secreted extracellular 
proteins…

      



Metagenomics
The study of all the genetic 
material that is extracted from the 
entire environmental sample

      

Microbial function and diversity



MetagenomicsCultured Isolates
(genomics)

Microbial function and diversity



Today:

As a class: 

• Build excel sheet with metadata categories

• Determine the naming strategy of the samples

In teams:

• define sites in-situ

• Install gas collars into the soil and sediment

• Collect water and soil for Winogradsky columns 



Winogradsky columns

In teams (2-3 groups):

• Collect soil and sediment in whirlpack bags
• Fill the bags completely up
• decide on if you use forest soil, sediment, field soil, or a combination

• Collect stream and river water in plastic bottles
• Fill the bottle up completely
• Decide if you are using stream or canal water

• Collect leaf litter to use as a carbon source OR alternatively think about what other 
carbon sources you can use (e.g. recycling paper/cardboard).



3 sites in the forest along the river 
(across 3 separate areas)

River water
Beach sediment
Forest soil

Canal water
Field soil

• Find a partner

• Split into three groups – one group per forest site; everyone together for the field area

Water samples (in 50 ml falcon tubes)
YSI readings (pH, DO, Conduct.)
pH paper
AQ4000 Colorimeter (PO4, ClO2)

Sediment samples (in 50 ml falcon tubes)
pH probe
Gas flux (CH4, CO2, N2O)

Sub-sites:Six sites total:

Measurements/samples:

Soil samples (in 50 ml falcon tubes)
pH probe
Gas flux

3 sites in the field along the canal 
(in one area) 

X X

X



Build excel sheet with metadata categories

Should include things like:
• Date
• Temperature (of soil, water, sediment… air?)
• pH
• What else?



Extra slides:


