Microbiology: What is it?

@ Study of organisms who are too small to be seen without a microscope.
@ Study of small organisms or microorganisms. NOT just Bacteria!

® Study of single celled organisms. The original cell biology!

® Categories & subjects based on the type of organisms:

(1) Viruses — Virology (acellular)

(2a) Bacteria — Bacteriology (e.g. Prokaryotes)
(2b) Archea— Archeaology? (already taken)

(3) Fungi — Mycology
(4) Algae — Phycology

(5) Protozoa — Protozoology

WHAT IS A MICROORGANISM?

“There is no simple answer to this question.

The word ‘microorganism’ is not the name of a
group of related organisms, as are the words
‘plants’ or ‘invertebrates’ or ‘fish’. The use of
the word does, however, indicate that there is
something special about small organisms; we
use no special word to denote large organisms or
medium-sized ones.

- Sistrom (1969)

Reasons to study Microbiology:

(1) Bacteria are part of us! E. coli lives inour gut and produces essential
vitamins (e.g. K).

(2) Infectivity & Pathogenicity; MO’s have the abilityto cause disease in
compromised &/or heathyhosts.

(3) MO’s in the environment; Bioremediation or use of MO’s to breakdown
waste compounds like oil, pesticides, etc. Mineral cycling of elements like
N, S, Fe, etc.

(4) Applied Microbiology or use in agriculture and industry.

(5) Understand basic biological processes: Evolution, Ecology, Genetics,
etc.

WHY STUDY MICROBIOLOGY?

“The role of the infinitely small is
infinitely large.”

- Louis Pasteur (1862)

WE ARE NOT ALONE!

“We are outnumbered. The average human contains
about 10 trillion cells. On that average human are about
10 times as many microorganisms, or 100 trillion
cells...As long as they stay in balance and where they
belong, [they] do us no harm...In fact, many of them
provide some important services to us. [But] most are
opportunists, who if given the opportunity of increasing
growth or invading new territory, will cause infection.”

- Sullivan (1989)

Natural Microbial Populations

*Typical soil: ~10° MO’s per gram
*Typical fresh water: ~10°to 10’ MO’s per ml
*Open Ocean: ~103 to 10° MO’s per ml

*Complexity (soil): 10* to 10° different
prokaryote-sized genomes per gram




Prokaryotes: The unseen majority
Whitman et al., 1998 PNAS

Table 5. Number and biomass of prokaryotes in the world

No. of
prokaryotic cells, Pg of Cin
Environment 1028 prokaryotes*®

Agquatic habitats 12 22
Oceanic subsurface 355 303
Soil 26 26
Terrestrial subsurface 25-250 22-215
Total 415-640 353-546

*Calculated as described in the text.

Pg = Petagram or 10'3grams

Prokaryotes: The unseen majority
Whitman et al., 1998 PNAS

Total C (Pg) Total N (Pg) Total P (Pg)
Plants: 560 12-20 1-2

Prokaryotes: 350-550 70-120 7-12

Take Home Message: Prokaryotes contain
60 to 100% the cellular carbon of all plants
along with ~10x the N and P of plants!

Hallmarks of cellular life

1. Metabolism
Uptake of chemicals from the environment, their
transformation within the cell, and elimination
of wastes into the environment. The cell is thus an
open system,
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2. Reproduction (growth)

Chemicals from the environment are turned into
new cells under the direction of preexisting cells.
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Hallmarks of cellular life

3. Differentiation
Formation of a new cell structure such as a spore,
usually as part of a cellular life cycle.
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4. Communication
Cells communicate or interact primarily by means
of chemicals that are released or taken up,

[

/7 \}r{\'\ / /:‘})
TN

5. Movement

¥ ) . 6. Evolution
Living organisms are often capable of self-propulsion. Cells gvolve ta display new biological properties,
Phylogenatic trees show the evolutionary
- — relationships batween calls.
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Hallmarks of cellular life
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Roman Aqueduct: Sanitation Age




Able to see Mold

Robert Hooke’s microscope LS




Louis Pasteur

(a) Nonsterile liquid  Neck of flask

Pasteur’s swan-necked flasks

Air forced out
open end _\

Liquid sterilized
poured into drawn out in by heating

flask flame

Pasteur’s swan-necked flasks
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microorganisms Open
trapped in bend end~\

Long
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(b) Liquid cooled Liquid remains
slowly sterile for
many years

Pasteur’s swan-necked flasks

Robert Koch

(c) Flask tipped so Microorganisms
microorganism-laden grow in liquid
dust contacts sterile
liquid
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Archaeoglobus fulgidus Genome

Comparative death rates over the last century
in terms of top 10 lists

Key:
Green are non-microbial diseases,
Red are microbial diseases.

Figure Legend:

A circular representation of the A. firlgidus genome illustrating the location of cach predicted coding region as well as
selected features of the genome. Outer concentric circle: predicted coding regions on the + strand classified as to role.
Second concentric circle: predicted coding regions on the - strand. Third and fourth concentric circles: IS elements (red)
and repeats (bluc) on the + and - strand, respectively. Fifth and sixth concentric circles: tRNAs (bluc), rRNAs (red) and
small stable RNAs (green) on the + and - strand, respectively.
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Proteorhodopsin phototrophy
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From Nature, 2001




