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Today’s Lecture

What is Microbiology?

A. Classification of microorganisms
B. Types of cells

1. Bacteria

2. Archaea

3. Eukarya
C. Roles of microbes in the biosphere
D. Microbiology careers



Today’s Lecture

The History of Microbiology

A. Invention of the microscope
1. Hooke
2. Leeuwenhoek

B. Spontaneous generation

1. Redi - animals
2. Needham - microbes Four major questions that

3. Spallanzani - microbes > drove the study and

4 Pasteur - microbes progress of microbiology in
C. Fermentation (Pasteur) the past 3 centuries
D. Contagious disease
E. Disease prevention _
F. Modern history




What 1s Microbiology?

“micro” = small
“b10” = life

“-logy”’(logos) = discourse

The study of organisms too small to
be seen clearly with the unaided eye.

(e.g. without a microscope)...

THE FAR SIDE By GARY LARSON
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What 1s a microorganism?

““There 1s no simple answer to this question.

The word ‘microorganism’ 1s 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 1s
something special about small organisms; we
use no special word to denote large organisms or
medium-sized ones.

- Sistrom (1969)



Many organisms are miCroorganisms

‘Prokaryotes’ = no nucleus

Bacteria
Archaea

‘Eukaryotes’

Algae
Fungi
Protozoa
Nematodes

Acellular

Viruses
Viroids
Prions

most are beneficial; very few are pathogens
no known pathogens; many extremophiles

= nucleus

photosynthetic eukaryotes (autotrophs)
heterotrophs; yeasts, molds, mushrooms
single-celled eukaryotes

microscopic unsegmented worms; protostomes, ubiquitous;
~80,000 spp. and ~15,000 are parasitic

nucleic acid (DNA or RNA) surrounded by a protein coat
naked nucleic acid only (RNA); infect plants but not animals
naked protein only: infect animals but not plants



Many organisms are microorganisms

Algae, fungi, protozoa,

/ nematodes

chromists
plants alveslates

animals rhodophytes
fungi

EUKARYOTA

cyanobacteria flagellates

ACTERIA

hEt:;:tt:f.‘gh = / basal protists

-/ [/ VIRUSES

VIROIDS
PRIONS

All three domains of life include microbes



Plants
Animals

i

Universal ancestor

{

Fossil cyanobacteria in Bitter Springs chert (Australia); 1 million years old
Oldest bacterial fossils = 3.5 billion years old



‘Prokaryotic’ cells:

Size = microscopic (up to ~4 mM in length)
Shape = due to rigid cell wall

(Vibrio cholerae - cholera)

(b) Rod
(bacillus)

(Helicobacter - ulcers)

-

(c) Coccobacillus

‘Y,

(f) Spirochete

(Borrelia — Lyme disease)




Eukaryotic cell

-

\_

| )
mitochondrion

/

/

Smooth Nuclear Nucleus
endoplasmic envelope Nucleolus
reticulum ;

Centrlol Cytoplasm
Rough
endoplasmic
reticulum

Mitochondrion
Peroxisome

Actin filament §- Wy, = =~Ribosomes
Microtubule

Intermediate
filament

Lysosome

Plasma

Cytoskeleton  membrane

(a)

Golgi complex

‘Prokaryotic’ cell




Algae: photosynthetic protists

Dennis Kunkel
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Paramecium

Protists
Brown
. algae Cilia
Diatoms
Oomycetes
Green algae Red
algae
Animals  Plants
Microsporidia
Fungi
Slime mold

Amoeba

@ .
ﬁ —'&h'ﬂ"bﬂmﬂ-m @ Garcia

Dio- Plasmodium
flaaellates Apicomplexa i
Ieussle i (Plasmodium) falciparum
Parabasilids
(Trichomonas)
Diplomonads
(Giardia)
Trypanosomes
(Trypanosoma)
__ Euglenoids
(Evglena)

Trypanosoma cruzi
~\
RECs
RBCs

ASM MicrobeLibrary ® Garcia



Developing Trichinella cysts within human muscle tissue

Parasitic worms (Kingdom Animalia,
Class Nematoda)

Human hookworms




Fungi

Eukaryotic

Spore-bearing

Heterotrophic
-live in their food
-produce extracellular
enzymes

: - * : i,V .
http://www.microbelibrary.org/microbelibrary/files/ccImages/Articleimages/Loynachan/Nem-TrapFungi.mov
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-Armillaria ostoyae, or the honey mushroom:
largest & oldest organism on Earth?

-Malheur National , Oregon

-3.5 miles across (1,665 football fields)

-2,400 - 7,200 years old

-Causes Armillaria root disease, which kills swaths
of conifers in many parts of the U.S. and Canada

-Fusion (sexual compatibility) is a sign that isolates are

from the same genetic individual.

-Researchers paired fungal samples in Petri dishes to

see if they fused. =

-DNA fingerprinting determined where one individual

fungus ended.




...read the whole story:
http://tomvolkfungi.net/
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Learn more about fungus!

The reason Stradivarius violins sound Pl
sublime... fungi?? 1)

(see August 28 2008 post)
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| : Great PNW mushroom guide
http://www.mycolog.com/index.html ’



Three Fundamental Kinds of Cells:

Bacteria

* No Nucleus (DNA = “Nucleoid”)
*Mostly circular chromosomes

* No membranous cytoplasmic
organelles

¢ 70s ribosomes

* Reproductively haploid
Asexual reproduction

e Small (usually 1-10 microns)
eAutonomous

Molecular differences from Archaea:
*4-subunit RNA polymerase
*Peptidoglycan cell wall
*Ester-linked fatty acid membrane lipids fg
*You’ll learn others later




Three Fundamental Kinds of Cells:

Archaea ¥ ﬁ .,

» No Nucleus (DNA = “Nucleoid”)
*Mostly circular chromosomes s

* No membranous cytoplasmic
organelles

¢ 70s ribosomes

* Reproductively haploid
Asexual reproduction

e Small (usually 1-10 microns) P2
s Autonomous 2eky ESD x4 2@ D=17mm FP=29T

Recent bruczoan. Bades California 2585.1F R17

e e e

Molecular differences from Bacteria:
*8-subunit RNA polymerase
*Non-peptidoglycan cell wall
*Ether-linked isoprenoid cell membr:
*You’ll learn others later




Three Fundamental Kinds of Cells:

Eukaryotic

* Nucleated
*Mostly linear chromosomes

« Membranous organelles
(mitochondria, chloroplasts, Golgi
apparatus, endoplasmic
reticulum)

* 80s ribosomes

e Reproductively diploid
sexual reproduction

eLarge (usually 8-10 microns)
*Usually multicellular




But what 1s a cell?



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.

Cell —\ I

/f;\

Environment

2. Reproduction (growth)
Chemicals from the environment are turned into
new cells under the direction of preexisting cells.

—>



Hallmarks of cellular life

3. Differentiation
Formation of a new cell structure such as a spore,
usually as part of a cellular life cycle.

Spore
—>

4. Communication
Cells communicate or interact primarily by means
of chemicals that are released or taken up.

//\\/ " //4__\\



Hallmarks of cellular life

5. Movement

i , , 6. Evolution
Living organisms are often capable of self-propulsion.

Cells evolve to display new biological properties.
Phylogenetic trees show the evolutionary
relationships between cells.

= \‘\ ’ r' [ 7 NeW
. species
/\_/\ i Ancestral __[
f cell

{ 7 New
_ species
—

i




Coding Q Machine
Functions/ \Functions

DNA \DPIDIDG  1.Energy: ADP + P; ~~» ATP

2.Metabolism: generation
of precursors of macro-
Replication Gene expression molecules (sugars, amino

_ o acids, fatty acids, etc.)
M DIDIDD Transcription

\PIDGDIDG Wty 3-Enzymes: metabolic catalysts
RNA

!

Trans&rtion
Q [ 2 J

Protein

- (I

Reproduction (growth)

Figure 1-4 Brock Biology of Microorganisms 11/e
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Microbiology is a basic life
sclence

e microbes must solve the same basic life
problems as the rest of life

e all three domains of life include microbes

e to understand the rest of life and the biosphere
(geosphere and atmosphere) we must
understand the microbes



Microbes

The planet’s smallest organisms are responsible for
the most important geochemical processes on earth...

e Composition of atmosphere (air)
e Quality of hydrosphere (water)
e Nature of lithosphere (rocks)

e Maintain chemistry of the biosphere

Microbes = 50% of the Earth’s biomass

Estimated 5 x 103 bacterial and archaeal cells on earth
Microbial carbon equals or exceeds carbon fixed in plants!



At least 50% of the O, in the air today is a result of microbial
photosynthesis (other 50% from plant photosynthesis... really microbial
too — chloroplasts are endosymbionts)

Aside from synthetic nitrogen fertilizers, prokaryotic nitrogen fixation is
the only source of utilizable N. Without this, it’s estimated that plants
would run out of N in 7 days.



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!



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 C in
Environment < 10°8 prokaryotes*

Aquatic habitats 12 2.2
Oceanic subsurface 333 303
Soil 26 26
Terrestrial subsurface 25-250 22-215
Total 415-640 353-546

*Calculated as described in the text.

Pg = Petagram or 10> grams



Natural Microbial Populations

*Typical soil: ~10° MO’s per gram
Typical fresh water: ~10° to 107 MO’s per ml
*Open Ocean: ~10° to 10° MO’s per ml

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



WHY STUDY MICROBIOLOGY?

“The role of the infinitely small 1s
infinitely large.”

- Louis Pasteur (1862)



Reasons to study microbiology:

Bacteria and Archaea are part of us
(human “supraorganism”).

Some Bacteria cause disease for us and
for other organisms.

Microbes are involved in mineral
cycling of elements like N, S, Fe, etc.
and can be used in bioremediation to
break down toxins and industrial waste
products or synthesize biofuels.

Microbes are exploited for their utility
in agriculture and industry.

Microbes help us to study evolution
(including the origin of life), genetics,
cell and molecular biology, and
ecology.

Energy/Environment

N> fixation (N2 =2NH3)

Biofuels (CH, ) -
Nutrient cycling (CI;er';\mentatliEct,:anol) _\
#~ NH3  HaS~ S
NO3 N) ( 504 Bioremediation 02
s0_A (spilled oil 3 CO5)
Animal husbandr organic
y ( pollutants* coz)

Microbial mining
(CuS —Cu2+ — cu9)

vt

Cellulose
[ | BE=Y .
COo,
+

Rumen Food

l C_I;I4 Food preservation (heat, cold,
animal protein | radiation, chemicals)

Identify new |- f
disease [

Treatment,cure, S}
and prevention -

Food additives (monosodium
glutamate, citric acid, yeast)

Genetically modified organisms ( - A aum )

Production of pharmaceuticals
(insulin and other human proteins)

Gene therapy for certain diseases /&&

(person with -~ correct genetic)
disease lesion

Figure 1-6 Brock Biology of Microorganisms 11/e
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Basic and applied research

Table 1.3 Fields of Microbiology (1 of 3)

Disciplines

Subject(s) of Study

Basic Research
Microbe-Centered
Bacteriology
Phycology
Mycology
Protozoology

Parasitology

Virology
Process-Centered
Micrabial metabolism

Microbial genetics

Environmental microbiology

Copyright & 2004 Pearscn Education, Inc., puiblishing as Besjamin Cummings

Bacteria and archaea
Algae

Fungi

Protozoa

Parasitic protozoa and parasitic
animals

Viruses

Biochemistry: chemical reactions
within cells

Functions of DNA and RNA

Relationships between microbes,
and among microbes, other
organisms, and their environment




Basic and applied research

Table 1.3 Fields of Microbiology (2 of 3)

Disciplines Subject(s) of Study

Applied Microbiology

Medical Microbiology

Serology Antibodies in blood serum,
particularly as an indicator of
infection

Immunology Body's defenses against specific
diseases

Epidemiology Frequency, distribution, and spread
of disease

Etiology Causes of disease

Infection control Hospital hygiene and control of

nosocomial infections

Chemotherapy Development and use of drugs to
treat infectious diseases

Copyright € 2004 Pearson Education, Inc., publishing as Banjamin Cummings




Basic and applied research

Table 1.3 Fields of Microbiology (3 of 3)

Disciplines Subject(s) of Study

Applied Microbiology

Applied Environmental Microbiology

Bioremediation Use of microbes to remove
pollutants

Public health microbiology Sewage treatment, water

purification, and control of insects
that spread disease

Agricultural microbiology Use of microbes to control insect
pests

Industrial Microbiology (Biotechnology)

Food and beverage Reduction or elimination of

technaology harmful microbes in food and
drink

Pharmaceutical microbiology Manufacture of vaccines and
antibiotics

Recombinant DNA Alteration of genes in microbes to

technology synthesize useful products

Caopyright € 2004 Pearson Education, Inc., publishing as Benjamin Gummings




Research is spurred by practical applications

Table 1.1

Product or Process

Some Industrial Uses of Microbes

Contribution of Microorganism

Product or Process

Contribution of Microorganism

Foods and Beverages
Cheesz

Alcohalic beverages

S0y sauce

Vinegar

Yogurt

SOUF cream
Artificial sweetener

Eread

Flavering and ripening produced
by bacteria and fungi; flavars
dependent on the source of milk
and the type of microorganism

Alcchol produced by bacteria or
yeast by fermentation of sugars in
fruit juice or grain

Froduced by fungal fermentation
of sovbeans

Froduced by bacteral
fermentation of sugar

Proeduced by bactena growing in
skim milk

Produced by bactara growing in
Crear

Aming acids synthesized by
bacteria from sugar

Rising of dough produced by
action of yeast; sourdough results
from bactenal-produced acids

Other Products
Artibiotics

Human growth hormone,
hurman insulin

Laundry enzymes
Vitamins

Diatomaceous earth (used in
palishes and buffing
compounds)

Fest control chemicals

Crain opener

Froduced by bacteria and fungi

Froduced by genetically
enginesred bacteria

leolated from bacteria
Isolated from bacteria

Composad of cell walls of
microscopic algas

Insect pests killed or inhibited by
bacterial pathogens

Protein-digesting and fat-
digesting enzymes produced by
bacteria

Microbes are used in many processes
Applied and basic research are intertwined

Caopyright @ #2004 Paarson Education, Inc., puiblishing as Benjamin Cummings




History of Microbiology




Four questions that drove microbiology

1. What is the origin of life (does spontaneous generation

occur)?

2. Fermentation: Why does wine go bad (acidic)? What

causes fermentation?

3. What causes contagious disease?

4. OK, microbes cause disease (germ theory).

How do we prevent and treat disease?



1. What is the origin of life (does spontaneous generation occur)?

Spontaneous generation : living organisms arising from non-living substances

Proposed by Aristotle based on his observations of nature: continuum between

non-living and living matter

e rotting meat --> maggots

e Conclusions bases on untested observation

* Observation: flies found on rotting meat
* Conclusion: flies originate from rotting meat
* Observation: Nile river floods forming mud --> frogs appear

* Conclusion: frogs originate from mud

e Observation: silos with moldy grain have lots of rats

* Conclusion: rats come from moldy grain
* Observation: lots of rats in the sewers and streets with garbage

 Conclusion: rats come from sewage and garbage




The Scientific Method

Debate over spontaneous generation led to development of scientific
method:

— A group of observations leads scientist to ask question about
some phenomenon

— The scientist generates hypothesis (potential answer to
question)

— The scientist designs and conducts experiment to test
hypothesis

— Based on observed results of experiment, scientist either
accepts, rejects, or modifies hypothesis



Francesco Redi
(1626-1697)

Control

One variable:
Sealed or not

Flask unsealed Flask sealed Flask covered
with gauze

Observation: Flies and maggots are found on rotting meat.

Question: Does rotting meat make maggots and flies?

Hypothesis: Rotten meat does not turn into flies (falsifiable). Flies make more flies.

Prediction: Rotting meat kept away from flies will not form flies or maggots.
Test: Put meat in a sealed jar.
Observation: No flies, no maggots. (meticulous, rigorous, repeatable)

Conclusion: Flies originate from other flies, not rotten meat.




History of Microbiology

_ _ Antony van Leeuwenhoek observes
Robert Hooke publishes his “animacules” using his homemade
discovery of cells in cork (1665) mjicroscope (Netherlands; 1676)

1600’s

1700’s

1800’s

1900’s




Cell theory

*Robert Hooke (1665): publishes paper, “Micrographia”
Calls holes 1in slices of cork “cells” (Latin: small rooms)
Cell theory:
*All living things are composed of cells
*All cells come from other cells

Cork slices

.. . | could exceedingly plainly
perceive it to be all perforated and
porous, much like a Honey-comb, but
that the pores of it were not regular. . .
. these pores, or cells, . . . were
Indeed the first microscopical pores |
ever saw, and perhaps, that were
ever seen...

Robert Hooke, Micrographia

http://www.ucmp.berkeley.edu/history/hooke.html




1665 (typo in text): Robert Hooke
using a primitive microscope, 1s the
first to describe a microbe (mold
spores).

Figure 1-8a Brock Biclogy of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.

Later, when fungi had been
extensively studied, these
drawings were accurate
enough to 1dentify spores from
common bread mold.




Leeuwenhoek and microscopy

e 1st observation of microorganisms
*Plaque from teeth: ‘“so many that I
believe them to exceed the number of

men in a kingdom” — AvLL

*Protozoa, bacteria

e 1st observation of
microorganisms

* Meticulous
observation and
recordkeeping

Specimen holder




John Needham’s Experiments (1745)

100 years later, scientists did not believe
that animals (e.g. maggots, mice) could
arise spontaneously, but did believe that
microbes could.



History of Microbiology

Leeuwenhoek and Hook observe
Francesco Redi argues against mijcrobes (1676)

spontaneous generation of

1600’s animals (maggots/flies)
|
John Needham argues for Spallanzani argues against
spontaneous generation of spontaneous generation of microbes
: microbes (1745) (1768)
1700’s
| |

1800’s

1900’s




John Needham
(1713-1781)

Pour into

_— clean

-
' ' flask and >
cork seal '

Observation: Microbes grow in liquid ‘soup’ (meat and plant materials).
Question: Do microbes spontaneously generate?

Hypothesis: Microbes do not originate from dead material.

Prediction: Microbes will not form from dead materials in ‘soup’.
Test: Boil ‘soup’ in flask to kill all microbes, then seal and wait.
Observation: Sealed flasks contain microbes.

Conclusion: Microbes originate spontaneously from soup.... WHY???




John Needham’s Experiments (1745)

Needham’s experiments with beef gravy and
infusions of plant material reinforced the idea
that microbes arise via spontaneous generation



Spallanzani’s Experiments (1768)

Spallanzani1 hypothesized that:

— Needham failed to heat vials sufficiently to kill all
microbes or had not sealed vials tightly enough

— Microorganisms exist in air and can contaminate
experiments

— Spontaneous generation of microorganisms does not
occur



Lazaro Spallanzani

(1729-1799)
5m|n b0|l

cork
ol OR cork seal.

heat ' contaminated
seal

(]
e —
' Smin
OR Same flask

1hrbon
1lhr

heat
seal: sterile

Observation: Microbes grow in liquid ‘soup’ (meat and plant materials).

Question: Do microbes spontaneously generate?

Hypothesis: Microbes do not originate from dead material.

Prediction: Microbes will not form in ‘soup’ if properly sealed and prepared.
Test: Boil ‘soup’ in flask to kill all microbes, then heat seal and wait.
Result: Heat sealed flasks do not contain microbes.

Conclusions: Microbes contaminants in air; not all microbes dead in Needham exp;

microbes arise from other microbes.




Spallanzani’s Experiments (1768)

Evidence against spontaneous generation: better
sterilization = no growth

Critics said sealed vials did not allow enough air
for organisms to survive and that prolonged
heating destroyed “life torce”



History of Microbiology

Leeuwenhoek and Hook observe
Francesco Redi argues against mijcrobes (1676)
spontaneous generation of
1600’s animals (maggots/flies) | |

Spallanzani argues against

John Needham argues for
spontaneous generation of microbes

spontaneous generation of
, microbes (1745) (1768)
1700’s |
|

Louis Pasteur publishes Robert Koch, studying anthrax,

Darwin’s Origin of the Species is experiments that refute the validates the germ theory of disease
published and the spontaneous theory of spontaneous (Germany; 1876); later establishes
1800’s generation debate re-ignite|s generation (Fr?nce; 1861) Koc|h’s postulates (1884)

(1859)

1900’s




Infusion
is heated

Sterile infusion
sits in flask

Observation:

Question:
Hypothesis:
Prediction:

Test:

Observation:

Conclusions:

Louis Pasteur
(1822-1895)

from open end Air moves in Dust from
of flask and out of flask air settles
' ' in bend

? v

—_—

. . Months . .
Infusion sits Infusion remains

No microbes appear Sterile indefinitely Paris Academy of Sciences

offered prize to resolve conflict

Flask is tilted Microbes appear
Sterile infusion comes in infusion
in contact with dust

Microbes grow in liquid ‘soup’ (meat and plant materials).

Do microbes spontaneously generate?

Microbes do not originate from dead material.

Microbes will not form in ‘soup’ if protected from airborne contaminants.
Boil ‘soup’ in swan-necked flask to kill all microbes, wait (18 months!),
expose to dust.

Flasks do not contain microbes until exposed to the dust.

Microbes arise from microbes present in dust (wins prize - 1864).



2. Fermentation : Why does wine go bad (acidic)?

What causes fermentation?

Spoiled (acidic) wine threatening livelihood of vintners,
so they funded research into how to promote
production of alcohol, but prevent spoilage by
acid during fermentation
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People argued for four sources of fermentation:

Spontaneous fermentation
(hmmm... sounds like spontaneous generation)
Air

Living organism: Yeast }

o o . : In earlier work,
Living organism: Bacteria

Pasteur had isolated both from wine




Pasteur and fermentation

|/f\]
Observation: ! \_/

Fermenting Microscopic analysis
grape juice shows juice contains
yeasts and bacteria

Hypothesis Experiment Observation Conclusion

Day 1: Flasks of grape juice
are heated sufficiently to kill
all microbes

1. Spontaneous I No fermentation; Reject

fermentation occurs Y  Flaskis g juice remains hypothesis 1
sealed ree of microbes

2. Air ferments — Mo fermentation; Reject
grape juice 7' Flask remains e juice remains hypothesis 2
open to air free of microbes

via curved neck

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Gummings




Pasteur and fermentation

Observation: || — —’

Fermenting Microscopic analysis
grape juice shows juice contains
yeasts and bacteria

Hypothesis Experiment Observation Conclusion

Day 1: Flasks of grape juice Day 2
are heated sufficiently to kill
all microbes

!

3. Bacteria ferment R — = Bacteria reproduce; Modify hypothesis 3;
grape juice o’ Juice in flask is < acids are produced bacteria ferment
into alcohol inoculated with grape juice into acids

bacteria and sealed

4, Yeasts ferment y — fh Yeasts reproduce; Accept hypothesis 4;
grape juice o Juicein flask is - alcohol is produced yeasts ferment grape
into alcohol inoculated with juice into alcohol

yeast and sealed

Copynight @ 2006 Pearson Education, Inc., pubBishing as Benjamin Cummings.

e Pasteurization: fast low (55°C) heat, kills organisms but retains flavor

e Allows inoculation with specific organism (yeast)




Louis Pasteur
(1822-1895)
“Father of microbiology”

Refuted the concept of spontaneous
generation
-swan necked flask experiment

Fermentations (changes in organic matter)
were due to microbes
“diseases” of wines—> “Pasteurization”
-aseptic technique
-sterilization

Discovered attenuation of disease-causing
microbes induces immunity.
Vaccines for anthrax, rabies, fowl cholera.




Attenuated vaccines

Attenuate: To make thin, to dilute, to weaken or lessen

e Pasteurella multocida

*Chicken cholera
*5-15% fatal

e Pasteur left cultures on bench over
vacation and they stopped causing
disease (oxygen)

e Chickens challenged with virulent
http:// .afip.org/ h/WSC/WSC95/i /c18c3.j
form were protected! ttp://www.afip.org/vetpat images/c18c3.jpg
 Chemical methods used to attenuate
anthrax also worked




Rabies vaccine

1880-1885: Pasteur masters his experimental method. He studies rabies. He
tries to isolate the germ but cannot find it. Rabies is a disease affecting the
nervous system. He grows an “invisible micro-organism'' on rabbit marrow
and thereby attenuates its virulence.

He applies this method of attenuation of virulent rabies to human beings for
the first time on July 6th, 1885, when he treats Joseph Meister.

“Pasteur oversaw injections of the child Joseph Meister with "*aged™ spinal cord allegedly infected with rabies virus. Pasteur used
the term ""virus™ meaning poison, but had no idea of the nature of the causative organism. Although the treatment was successful,
the experiment itself was an ethical violation of research standards. Pasteur knew he was giving the child successively more
dangerous portions.”

http://dwb.unl.edu/Teacher/NSF/C10/C10Links/www.asmusa.org/mbrsrc/archive/SIGNIFICANT.htm




Edward Jenner
(1749-1823)

e Vaccination (Vaccinia virus)

e Observation: milkmaids who suffered cowpox infections
rarely contracted smallpox. Latin “vacca” = cow.

* No viruses or bacteria discovered yet...

* 14 May 1796: cowpox inoculation from pustule of Sarah
Nelmes’ arm to James Phipps (8yrs old)

1 Jul 1796: when exposed to disease, James remained
healthy.
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oF
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1798: Edward Jenner introduces the concepts of vaccination using cowpox
material to prevent small pox, unfortunately many questions left
unanswered.

1804-1806: The Lewis and Clark Expedition.




3. What causes contagious disease?

Bad vapors?

Evil spirits?

Sin? B s~ - “Plzgue”,by Arnold Boecklin
: el S (Bubonic plague/Black Death)
State of medicine: dismal - Yersinia pestis




FIGURE 1. Crude death rate® for infectious diseases — United States, 1900-19967
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History of Microbiology

Leeuwenhoek and Hook observe
Francesco Redi argues against mijcrobes (1676)
spontaneous generation of
1600’s animals (maggots/flies) | |

Spallanzani argues against

John Needham argues for
spontaneous generation of microbes

spontaneous generation of
, microbes (1745) (1768)
1700’s |
|

Louis Pasteur publishes Robert Koch, studying anthrax,

Darwin’s Origin of the Species is experiments that refute the validates the germ theory of disease
published and the spontaneous theory of spontaneous (Germany; 1876); later establishes
1800’s generation debate re-ignite|s generation (Fr?nce; 1861) Koc|h’s postulates (1884)

(1859)

1900’s




Robert Koch
(1843-1910)
Contemporary of Pasteur

e Because of the work of Pasteur and others, it

was widely believed that germs cause disease

e Koch gave definitive experimental support to

the germ theory of ‘infectious’ disease

* Koch noted Bacillus anthracis cells and spores

in blood of infected animals; proved that they

were the causal agent of disease via Koch’s

Postulates



Fungal type 1 sFungal type 2
\ / )
Bacterial type 5 \ / ’,4‘35“9"3| type 6
|| \ / 4 ,Fungal type 3
Bacterial type 4, /

Bacterial type 7
\ /

Bacterial type 3

Bact:::e:::::pezl P '.IIIII .‘ ..,,-"'\\f{Baneri;:::;a] s RObert KOCh
' e e, / (1843-1910)
Pure cultures

Isolation of single colonies (pure cultures)

- Grow on solid nutrient source: first potato slices, then gelatin, finally agar (from
seaweed; Fannie Hesse’s suggestion)

- Inferred that each colony arose from a single cell that had fallen onto the surface

- Note characteristic shapes and colors of each colony
e This technique allowed isolation and testing of purified bacterial agents

- One problem: bacteria rarely exist in pure cultures in nature so pure cultures are
largely artificial!




Koch’s Postulates

Causative agent found 1n

every case of disease and
NOT found in healthy hosts.

The agent must be 1solated
and grown outside the host.

When introduced into a
healthy, susceptible host, the
agent must cause the same
disease.

The same agent must be
reisolated from the infected
host.

&) Microorganisms are isolated
from a dead animal.

k _“:.- -_'____'_.;.__
.'_._E' y ..IF : -‘Ir'.'.'_ =
Q}. __!p.-— -:'.::;:;_
o |

Col-::i:ur

%' The microorganisms are _: The microorganisms
grown in pure culture. are identified.

The microorganisms are injected
into a healthy animal.

\

P

& :||
The disease is reproduced #
in the second animal; micreorganisms
are isolated from this animal. _ _

:In Pathogenic microorganisms

are grown in pure culture.
£ Identical microorganisms

are identified.

Copyright @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.




FIGURE 1. Crude death rate* for infectious diseases — United States, 1900-1996T
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“Consumption”, or TB, killed 1 in 7 (more if
you only count young and middle-aged
patients). Cough, wasting, death. Cause
unknown.
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Frederic Chopin
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Tuberculosis
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Heart disease

Stroke

Kidney disease
Accidents
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1882: Koch demonstrated that the
causal agent of tuberculosis is
Mycobacterium tuberculosis:

-isolated from patients

-cultured on blood agar

-pure colonies used to sicken guinea pigs
-selective staining of mammalian tissues
(brown) and a bacillus-shaped
“parasite” (blue)

-Nobel prize 1905



Learn more!

Pathology of Mycobacterium tuberculosis:

http://www.nature.com/nrmicro/animation/imp_animation/index.htmi



Table 1.2 Some Notable Scientists of the "Golden Age of Microbiology”
and the Agents of Human Disease They Discovered

Scientist Year Disease Agent

Rabert Kach 1876 Arthirax Eacillus anthracls (bacterium,)
Albert Meissar 1879 Gonarrhes MNeisseria gonorrheas (bacterium)
Charles Laveran 1880 hlalaria Flasmodium species (protozoa)
Zarl Eberth 1880 Typhoid fever Salrmaonella tyohi thacterium)
abert Kach 1882 Tuberculosis fdvcabactarium twberculoss (bacterium)
Edwin Klebs 1883 Diphtheriz Corynebacterium aiphtheriae (bacterium)
Theadore Escherich 1884 Travelar's diarrhea Escherichia coli (bacterium)
Bladder infection
Albert Fraenksl 1884 Frieumonia Streplococous phaumoniae (bacterium)
Rabert Kach 1884 Cholera Vibrio cholerae (bacterium)
Dravid Bruce 1887 Undulant tever (brucellosis) Brucaila melitensis (bacterium)
Antan Weichselbaum 1887 hWeningococcal meningitis MNeisseria meningitichs (hacterium)
A&, A Gartner 1888 Salmonelicsis (form of Salmonealla species (bacterium)
faod poisaning)
Shibasaburo Kitasato 1889 Tetanus Clostridium tetani (bacterium)
Crmitri vanoweski and 18492 Tobacco mosaic Tobamowirus tobacco
Martinus Beijgrinck 1898 disease rmosaic wirls
William Welsh anc 1892 2as gangrens Clostridium perfringens {(bacterium)
Gearge Nuttall
Alexandre Yersin anc 1894 Bubanic plague Yersinia pestis (bacterium)
thibasaburo Kitasato
Kiyoshi Shiga 1898 Shigellosis (a type of severe diarrhea) Shigalla dysenteriae (bacterium)
Walter Reed 1900 Yellow fever Flavirus yellow fever virus
Rabert Forde and 1902 African sleeping sickness Trypatasoma brucel gambianse (protozoan)

...and see Table 1.1 in your text for a broader (not only medical) view!




4. OK, microbes cause disease (germ theory).

How do we prevent and treat disease”?

Early medicine:

e[Long hours
*No handwashing
* Dirty clothes

*No sanitation systems




Ignaz Semmelweis: aseptic technique to halt germ spread
(1818-1865)

Childbed fever:
e endometrium infection by

Group A Streptococcus

Spread by med students but not

midwives

Wash hands frequently:
* Reduced death rate from 18.3 to

1.3% in one year

[rony:
Semmelweis died of Streptococcus infection in

hospital




In the late 1840's, Dr. Ignaz Semmelwels was an assistant in the
maternity wards of a Vienna hospital. There he observed that the
mortality rate in a delivery room staffed by medical students was
up to three times higher than in a second delivery room staffed
by midwives. In fact, women were terrified of the room staffed
by the medical students. Semmelweis observed that the students
were coming straight from their lessons in the autopsy room to
the delivery room. He postulated that the students might be
carrying the infection from their dissections to birthing mothers.
He ordered doctors and medical students to wash their hands
with a chlorinated solution before examining women in labor.
The mortality rate in his maternity wards eventually dropped to
less than one percent.



Joseph Lister: antiseptic technique to kill germs
(1827-1912)

*Sprayed phenol on wounds during
surgery
*Reduced surgery deaths by 2/3!




John Snow: immunology
(1818-1858)

e On the mode of communication of cholera (1849)
*Cholera is an 1nfect10us agent transferred in stools and vomit

climes (India, S. Amerlca sub Saharan Africa)

*Vibrio cholerae
e Epidemiology
e Public health
e Cholera epidemics in London linked to a single well by Snow’s

research (Broad street pump)

Copyright Dennis Hunh‘F:I |
Vibrio cholera




Yard's

50100 150 200 John Snow: first
" epidemiology (1854)

¥ Pump -Deaths from cholera

Cholera epidemics in London were

Tracked cholera episodes and observed that linked by Snow’s research to a single
homes served by one of two major water

systems were markedly (10X) more
susceptible to cholera, regardless of standard
of living

well (Broad Street pump) — it drew
water from the Thames in an area
where untreated sewage entered the
river.




_earn more!

SEARCH INSIDE!™

Twelve Diseases
THAT CHANGED OUR WORLD

SEARCH INSIDE!™
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Paul Ehrlich: Chemotherapy and antimicrobial drugs
(1854-1915)

*“Magic bullet”

e Tested over 900 arsenic compounds on mice

*One of these (Salvarsan) worked on Treponema pallidum (syphilis) and cured the
disease without killing the patient

e First antimicrobial

T. pallidum spirochete




Alexander Fleming
(1881-1955)

1928: Messy lab bench leads to penicillin discovery.

Pemczlllum

.'_'-'. i -'|I

o uat st plafe wriaek Sl 1938 - Flory and Chain (Oxford) purify

‘rue. st Lt I'-"“'..g!n weitlice

ol ansingilior ghind YT penicillin. It is used to treat infections of
soldiers in WWIL.
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Sergei Winogradsky
(1856-1953)
Microbes in mixed communities

A
e Interested in nutrient cycling: ﬁ
*Nitrification, NH, — NO,
e Showed that bacteria can oxidize iron, sulfur, and

ammonia to obtain energy; showed that bacteria can

incorporate CO, into organic matter as do plants

* Proposed concept of chemolithotrophy (oxidation of

inorganic compounds linked to energy conservation

 Described anaerobic bacterial N,-fixation (Clostridium

pasteurianum)




Sergei Winogradsky
(1856-1953)
Microbes in mixed communities

Showed that bacteria are biogeochemical agents

» Winogradsky Column: device for culturing a
large diversity of microbes; pond sediment +

carbon source + sulfur source + light; gradients of

_ Sheathed bacteria

Aerobic water H

A
O, and sulfide form selecting for various metabolic ﬂ
abilities.

Cyanobacteria

Anaerobic water Purple non-S bacteria

Purple S bacteria
- - — i Green S bacteria

Anaerobic sediment Desutfovibrio

Clostridium




Martinus Beijerinck: Microbes in mixed communities
(1851-1931)

e Described aerobic N, fixation
(Azotobacter, Rhizobium)

e Found in 1892 that filtered plant
extracts would transmit Tobacco
Mosaic

e Filters didn’t allow bacteria to pass

e Called the filterable agent a ‘virus’ by
Beijerinck

Also introduced the idea of using enrichment culture to select for certain microbes:
isolate natural samples in a selective fashion, with careful attention to nutrient and
incubation requirements. Isolated:

-sulfate-reducers

-sulfur-oxidizers

-nitrogen fixers

-green algae

-etc.




History of Microbiology

_ _ Antony van Leeuwenhoek observes
Robert Hooke publishes his ~  “animacules” using his homemade
discovery of cells in cork (1665) microscope (Netherlands; 1676)

1600’s | |
Edward Jenner developed
a vaccination procedure for
. smallpox (England; 1796)
1700’s |
John Snow traces the  Louis Pasteur publishes  Robert Koch, studying anthrax,
spread of cholera to experiments that refute the validates the germ theory of disease
drinking water theory of spontaneous (Germany; 1876); later establishes
1800’s (England; 1855) generati|on (Fra|mce; 1861) Koc|h’s postulates (1884)
Carl Woese recognizes Barry Marshall demonstrates
Chain and Florey isolate penicillin that Archaea are distinct that a bacterium causes
and use it to treat a patient from Bacteria (United stomach ulcers (Australia;
’ England; 194 :
1900'’s (England; 1940) | States; 1977) | 19841)
| |
James Watson, Francis Crick, The first complete nucleotide sequence
Rosalind Franklin, and Maurice of a bacterial genome is completed
Wilkins determine the structure (United States; 1995)

of DNA (England; 1953)



Modern History

¢ 1980's:

Genetic manipulation and cloning (PCR)

AIDS and causative agent HIV

Ribozymes or catalytic RNAs

RNAs used historical documents — Molecular phylogeny
reshapes biological systematics to 3 domains of life

e 1990's:

Genetically engineered microorganisms
Prions or specific protein pathogens
Full genome sequences

e 2000's:

Ed DeLong’s contributions to marine microbiology

Craig Venter’s environmental genome shotgun sequencing

David Relman, Jeffrey Gordon, and others: description of the human supraorganism
Human metagenome sequencing project

What’s next... 777




“The microbes will have the last word.”

- Louis Pasteur



