Announcements

* Lab this week: bring textbook and photo atlas.
* Relevant reading BEFORE lab: Ch. 30

What do these things have in common?
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Prokaryotes: Bacteria and Archaea
(Ch. 28)

l.  Intro - how do prokaryotes differ from eukaryotes?

11. (28.1) Why Do Biologists Study Bacteria and Archaea?
A. Bacterial Diseases
B. Bioremediation
C. Extremophiles
D. Global Change

111. (28.2) How Do Biologists Study Bacteria and Archaea?

1V. (28.3) Themes in the Diversification of Bacteria and Archaea
A. Morphological Diversity
B. Metabolic Diversity

KEY CONCEPTS

* You are only alive because of prokaryotes.
* But they could also kill you

® Bacteria and archaea are the best
biochemists in the world
* very diverse biochemically

l. Prokaryotes vs. eukaryotes

Internal cellular structure

* one double stranded chromosome of DNA in the form of a
ring

¢ smaller rings of DNA called plasmids

¢ specialized membranes for metabolic purposes

* no membrane-bound organelles
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Comparison to eu karyogﬁgyotes
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Sex in bacteria?

* No real sexual
reproduction

e transformation - the
uptake of genes from the
surrounding environment

® conjugation - direct
transfer of genes from
prokaryote to prokaryote

Prokaryotes vs. Eukaryotes

cells small (1-5 mm diameter) | | cells large (10-100 mm)
unicellular unicellular or multicellular
no nucleus or organelles nucleus and organelles
cell wall different cell wall when present
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Actual prokaryotic ancestry
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Consequences of plasmid transfer (transformation, conjugation)
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27.1 Why Do Biologists
Study Bacteria and

Archaea?

Ecological impacts of prokaryotes

decomposers - recycle nutrients
from dead organisms

pathogens - cause P
human disease

mutualism - live closely
with another organism and
both benefit

a. Bacterial Diseases

TABLE 27.1 Some Diseases Caused by Bacteria

Bacserism Linsage Tiswess Aected Disasis
Borrebia burgeiorfer) Sprochasten Skin and renvey Lyme dasae
Chismydia tachomata Planctomyces Urogerital cans Gonital tact infaction
Choatrichum Bxtubens Lew.GE Gram positives toctubar!
o u Vs, rareinss sytem Tetamsn
Hasmophia infuenzas Protschacteria iy groupt Ear canal. nervoun myvtem Ear irdaciions, menngts
Helcobacter pylon Protechacteria (e group)  Stsmach Ucor
Myccbscteram lopros High-GC Gram positives Skin aedd rerves Lagweny
Mycobacterasm hubsrouloss  High-GE Gram pesitives Respiratory tract Tubereubsain
Neitiarla goncrrhonse Protechacterta U groupl  Urogenital canal Gonorrbas
Propandacterum sret High-GC Gram ponithes Skin Acre
Prucdomcnas senugnon Protechactaria (4 groupl  Urogenital canl, eyes, sar canal Infacticns of eye, sas, srinary tract
nalla arericie gronnt Fessd pessoming
Seaphyiococos s Low-GE Gram positives Skin, uregenital canal Ao bods. mpetip, vosic shack
wmdroms
rise i & Baspiratory Praumanis
Sereptococeun pyogenes Low-E Gram ponithess Raspestory tract Strep thrmat, scarlet feves
Troporema palickie Sprochetes Urogerital cans Syphiia
ol Foed poisoning
Versinia paatis Protechacterta (y grospl Ly and blood Plagus
‘Table 37-1 Salogical Science. 3ie
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b. Bioremediation
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Issues with bioremediation

O|I degradlng bacterla in plume
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Microbial degradation of Gulf oil spill?
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Methane concentrations in subsurface plume
(Camilli et al. 2010 Science)

c. Extremophiles
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Archaea
most research has focused on their ecology rather than phylogeny

extreme halophiles

extreme thermophiles

methanogens




d. Global Change
1. The Oxygen Revolution
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Beans, peas & lentils
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Nitrate Pollution

NITRATES AS A POLLUTANT
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2. The Nitrogen Cycle

Nitrogen fixation M \\

¢ Convert atmospheric
nitrogen into
biological form used
in proteins and
nucleic acids

* Anabaena, a
photoautotroph, 24
also fix nitrogg

® Heterocysts™= cells

specialized to carry
out the process

lll. How Do Biologists Study
Bacteria and Archaea? (27.2)

1. What biases arise with using enrichment
cultures to study prokaryotes?

2. How has direct sequencing changed our
understanding of the evolutionary
relationships among prokaryotes?

3. What is one advantage of enrichment
culture over direct sequencing? Vice versa?

4. Don’t worry about details of fig. 27.8.




27.3 What Themes Occur in
the Diversification of
Bacteria
and Archaea?

Morphological Diversity

Compare relative
Small Large sizes

(a) Size varies

Prokaryote shape rod-shaped
(bacilli)

Helical
(spirillum)

M O V e m e n t I Animated bacterial movement towards attractant I

R
{ 7 &

* Flagella (bacterial)
® Chemical gliding

Gram-positive cells retain Gram stain
more than Gram-negative cells do.

Gram-positive 7 "\ #R T g T
cellsarepurple o & 4 ﬁ‘-__b‘
.__.._f_:-,'_‘x‘ X P J \
wpen treated. =gl 4 TP 3 T
with Gram stain ‘: T ;.._a“-'-,‘ & X
A - A
. oy g Y
Gram-negative 7 . " N AN
cellsarepink 257 Ny W el
when treated 7 #"3F ‘\",
with Gram stain L/ 2

Figurs 2713¢ Biological Schence, T
© 2005 Paaruan Prestics Mall, Inc.




Prokaryotic cell walls

Pepidoghyean

= skl @ maintain shape,

— :---/é‘;‘j:f protection

T ¢ complex
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e peptidoglycan
and lipids

* many antibiotics
target this
special
chemistry

Fig 27.5
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Cell walls in Gram-positive bacteria have
extensive peptidoglycan.

Gram-positive
cell wall

s Polysaccharides

Plasma
membrane

Cell walls in Gram-negative bacteria have some
peptidoglycan and an outer membrane.

/‘a\j Gram-negative
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Metabolic Diversity

Aerobic/anaerobic

Cellular Respiration: Variation in Electron
Donors and Electron Acceptors

Photosynthesis
Pathways for Fixing Carbon

Metabolism and oxygen

* obligate aerobes -
oxygen required

* facultative aerobes - use
oxygen when available
but not required

* obligate anaerobes -
poisoned by oxygen

Cellular Respiration:
Variation
in Electron Donors and
Electron Acceptors




High

potential

energy
-

Potential energy of electron

Low
potential
energy

electron donor
becomes oxidized

By accepting an electron,

] electron acceptor
becomes reduced
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By donating an electron,

ATP

is generated by
chemiosmosis

Electron
acceptor

TABLE 27.4 Some Electron Donors and Acceptors Used by Bacteria and Archaea

Elactron Donor Electron Accoptor Product Category”

Sugars =71 HO Organatrophs

Hy er crganic compounds 50, Hy5 Sulfate reducers

Hy co; CH, Mathanogens

CH, o, oy Mathanatrophs

Sof HyS o, 50,7 Sulfur bacteria

Organic compaunds Fa¥* Fel* Iren reducens.

Py o; NGy Nitrifiars

Organic compaunds NOy NyO, NO, or Ny Denitrifiars (or nitrate reducers)
NO; o NOy Nitrosifiors

“Thee name biclogists use to identify species that use a panticular metaboli strategy:
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Metabolic diversity

Table 27.1 Major Nutritional Modes

Mode of Energy  Carbon
Mutrition Source  Source Types of Organisms

Autotroph
Photo- CO, Phaotosynthetic prokaryotes,
autotroph including cyanobacte;
plants; certain protists
(algae)
Cheme. Inorganic €Oy Certain prokaryotes (for
autotroph  chemicals example, Sulfolobus)
Heterotroph
Photo- Light Organic  Certain prokaryotes
heterotroph com-
pounds
Chemo- Organic  Organic  Many prokaryotes and
heterotroph  com- com- protists; fungi; animals;
pounds pounds  some parasitic plants
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TABLE 27.3 Strategies for Obtaining Energy and Carbon: An Overview
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Prokaryote phylogeny
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KEY CONCEPTS

* Bacteria and archaea affect your life:
- Disease (a small percentage of prokaryotes)
- Cleaning up pollution (bioremediation)
- Photosynthetic bacteria: evolution of the
oxygen atmosphere.

- Bacteria and archaea cycle nutrients through
both terrestrial and aquatic environments.

KEY CONCEPTS

* Bacteria and archaea are very diverse
biochemically
- small and relatively simple in their overall
morphologies
- live in a wide array of habitats

- sophisticated chemistry: use diverse types of
molecules in cellular respiration and
fermentation.

- Many species are restricted in distribution and
have a limited diet.




