What’'s due in lab this week?

Due: Figuring Bio. Data. Worksheet
Due: Cladistics




The Learning Pyramid*®
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*Adapted from National Training Laboratories. Bethel, Maine

http://blogs.hbr.org/johnson/2011/09/keep-listening-but-start-talki.html




Metabolic Diversity

TABLE 28.5 Some Electron Donors and Acceptors Used by Bacteria and Archaea

By-Products

Electron Donor Electron Acceptor From Electron Donor From Electron Acceptor Category*

Sugars 0, (a0 H,0 Organotrophs

H; or organic compounds SO,? H,0 or CO H,S Sulfate reducers

H, H,0 CH, Methanogens

CH, CO, H,0 Methanotrophs

S$?" orH,S SO H,0 Sulfur bacteria

Organic compounds Fe?! Iron reducers

NH, NO, H,0 Nitrifiers

Organic compounds CO, N,O, NO,or N; Denitrifiers (or nitrate reducers)
NO,~ NO,;~ H,O Nitrosifiers

*The name biologists use ta identify species that use a particular metabaolic strateqy.

Copyright © 2008 Panrson Bonjamin Cummings. All rights reserved
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Prokaryote Nutrition




@) Size varies

The sizes of bacteria and archaea vary. Mycoplasma
cells (left) are about 0.5 ym in diameter, while Thiomargarita
namibiensis cells (right) are about 150 pm in diameter.

v Shape varies

The shapes of bacteria and archaea vary from

rods such as Bacillus anthracis (left) and spheres
to filaments or spirals such as Rhodospirillum.

In some species, such as Streptococcus faecalis
(right), cells attach to one another and form chains.

« Mobility varies

A wide variety of bacteria and archaea use flagella (left)
to power swimming movements. These cyanobacterial
cells (right) move by gliding across a substrate.

Copyright © 2008 Pearson Benjamin Cummings. All rights reserved
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Prokaryote Identification

* Prokaryotes come in all shapes and sizes, but
those characters are not enough to identify
the thousands of bacterial species known

e Scientists (microbiologists) identify bacteria
based on their metabolism

— Sugars, amino acids, nitrogen sources, gas
production




So you want to be a microbiologist?

http://www.iit.edu/magazine/spring_2009/sulfur_eating_bacterium.shtml http://adilclinic.blogspot.com/2011/07/macconkeys-medium-composition-and.html




So you want to be a microbiologist?

http://biologyofmicroorganisms.blogspot.com/2010_09_01_archive.html http://indianapublicmedia.org/eartheats/food-poisoning-crime/




Enterotubes

1. glucose/gas 5. adonitol 9. VP
2. lysine 6. lactose 10. dulcitol/PA

3. ornithine 7. arabinose 11. urea
4. H2S/indole 8. sorbitol

2 3 4 56 7 8 9101112

e
_/

12. citrate

http://www.mesacc.edu/~johnson/labtools/Dbiochem/ent.html




Microscan Plate
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New Frontiers - Metagenomics

| The study of genetic material recovered directly
from environmental samples

—IAlso called direct sequencing

| Our culture techniques are specific to bacteria
that cause disease (37 °C, nutrient-rich agar)

| But less than 1% of bacterial species can be
cultured in this way

“Viable but not cultureable”




Figure 28.9 pg 575

DIRECT SEQUENCING: AN EXPERIMENTAL PROTOCOL

...AGGCTTACCGTAAC ...

1. Collect water or
soil sample containing
bacteria and archaea.
Lyse cells and purify
DNA.

2. Use universal
primers to amplify
specific genes in
sample by PCR.

3. Purify amplified
genes. Insert genes
into plasmids—one
gene per plasmid.

4. Insert plasmids

into E. coli cells.

Each culture contains
the gene from a
different species in
original sample. The
cells grow rapidly,
producing millions

of copies of each gene.

5. Purify genes
from plasmids.

6. Sequence the
genes; compare with
known sequences.

Copyright © 2008 Pearson Benjamin Cummings. All rights reserved




Traditional culturing techniques

Applied and Environmental Microbiology, November 2000, p. 4615-4619, Vol. 66,
No. 11

0099-2240/00/$04.00+0

Copyright © 2000, American Society for Microbiology. All rights reserved.

Natural Antibiotic Resistance of Bacteria Isolated from
Larvae of the Oil Fly, Helaeomyia petrolei

Dana R. Kadavy, Jacob M. Hornby, Terry Haverkost, and Kenneth W.
Nickerson®

School of Biological Sciences, University of Nebraska, Lincoln, Nebraska
68588-0666

Received 13 March 2000/Accepted 17 August 2000

Helaeomyia petrolei (oil fly) larvae inhabit the asphalt seeps of Rancho La Brea in
Los Angeles, Calif. The culturable microbial gut contents of larvae collected from
the viscous oil were recently examined, and the majority (9 of 14) of the strains
were identified as Providencia spp. Subsequently, 12 of the bacterial strains
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Applied and Environmental Microbiology, July 2007, p. 4579-4591, Vol. 73, No. 14
0099-2240/07/$08.00+0 doi:10.1128/AEM.01372-06

Copyright © 2007, American Society for Microbiology. All Rights Reserved.

Microbial Diversity in Natural Asphalts of the Rancho La Brea Tar
Pits"
Jong-Shik Kim, and David E. Crowley*

Dept. of Environmental Sciences, University of California, Riverside, California

Received 14 June 2006/ Accepted 27 March 2007




Metabolic Diversity of
Prokaryotes




Nutrients provide either:

An energy source
A carbon source

Everything else




Prokaryotes are defined by how they
obtain energy to make ATP

 Phototrophs
— From sunlight

Inorganic
CARBON
\Sjuucm DIOXIDE compoun ds

WATER
B m—
—
GLUCOSE
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http://www.adoptionhealing.com/DontEverGiveUP.html

|Wway sane




Prokaryotes are defined by how they
obtain C-C bonds

e Autotrophs  Heterotrophs
— CO2,CH4 — Consumption of other

organisms
~\S:NLIGHT DIOXIDE

WATER
-
—
GLUCOSE

21" MMM/ /:dny

9]/wo23|dwisapewadu

|Wway sane
http://www.adoptionhealing.com/DontEverGiveUP.html
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Nutrition Mode

Photo troph

Energy Source Carbon Source

Light

Chemo troph

Inorganic chem

Photoheterotroph

Light

Organic chem

Chemoheterotroph

Organic chem

Organic chem

All of these nutritional modes are found among prokaryotes!
Eukaryotes are not as diverse in their nutritional modes.




"#3%&!"#'&

e ()&*&+*$,-.#"/&0-,1&#,1&%$*.+23&).2/&456&*3
-3-.08&).2/&9#0:,&#,&#1&*; ;<&
=:2,2*".2,.2>.&

o ()&*&+*$,-.#"/1&0-,1&#,&-3-.08&*37&$*.+23&).
2.0*3#P&/29-$"9-1&*37&#,1&P231#7-.-7&*:<&
4:-[2:--.2,.2>:&




Nutrition Mode Energy Source Carbon Source

Photo troph Light -

* Ancient pathway, but not universal
 Cyanobacteria, Algae, Plants

CO, + H,0 m™ 0, + CH,0

chlorophyli
* Purple-sulfur bacteria

CO, + H,5m S, + CH,O

chlorophyli




Nutrition Mode Energy Source Carbon Source

ol Nitrosomonas - nitrification (forms nitrite)
2 CO, + m NO," + 2 CH,0

£
pras)
{=
[
()
)
=
o
o
X
()
+
(%]
s
S~
(V)
oo
©
o
o
o
X
()
1S
(e}
==
S
S
o
2
w
()
‘=
(e}
)
©
=
o
o)
©
=]
2
3
3
S
>~
=
o
]
d=

8d["'zez0s1pz/00z/aw-2|p/Sa1Is/npa Nsw ge|yaalwwod//:dny




Nutrition Mode Energy Source Carbon Source

Photoheterotroph Light

Bacteria: Rhodospirillum, Rhodomicrobium

Examples:
purple non-sulfur bacteria,

green non-sulfur bacteria,
and heliobacteria




Nutrition Mode Energy Source Carbon Source

e Escherichia coli and most eukaryotes including plants.

[36]+ O, m CO, + H,0 + ATP

Carbohydrate provides both
the energy source
and
the carbon source




Uses organic carbon

Energy

Photoautotroph
o8 P from light?

Autotroph
Energy
Chemoautotroph from inorganic

oxidation?

Energy
from light?

Energy
from inorganic

oxidation?

Photoheterotroph

T

Heterotroph

'

Chemoheterotroph

http://en.wikipedia.org/wiki/File:Troph_flowchart.png




Sulfolobus acidocaldarius
75°C Optimum

Obligate aerobe

pH1to6

Oxidize Sulfur or can use
Fe?* or MnO,% as electron
acceptors...uses glycolysis
and TCA cycle




Which of these metabolic pathways
Is Sulfolobus demonstrating?

* Photoautotrophism
notoheterotrophism

nemoautotrophism

nemoheterotrophism
Hint:

e Organic chemicals for energy

e Organic chemicals for carbon




Additional nutrient requirements

* Nitrogen*

— Amino acids and nucleic acids
* Phosphorus

— ATP, phospholipids
e Sulfur

— Amino acids

e Other trace elements™




Nitrogen

Y I"HHSUN&' SO +E&S(H-S(+#SE. [, B(H-$S

Hydrogen

¥ 0&.',"-$
Pi1'2(+*,$(where?)
PI3+&"2(+*,$
¥ NH,* (ammonium---nitrogen in its lowest oxidation state)

¥ NO; (nitrate---nitrogen in its highest oxidation state)
M atmospheric nitrogen (nitrogen fixing)
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http://biochemistryforlife.wikispaces.com/DNA+Replication




Nitrogen Fixation

* Fixing Nitrogen from air:

— The conversion of gaseous, elementary nitrogen
(N,) into nitrogen available to cellular metabolism.

— Ultimately, this is where all of the nitrogen found
in all organisms comes from.

— N, converted to 2 NH, (ammonia), using 16 ATP




Trace Elements

* Trace elements are needed in very small amounts
* Trace elements are most often used as enzyme cofactors.

 Examples of trace element cofactor include:
copper
iron
molybdenum
zZinc
cobalt
Manganese
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Substrate '

Coenzyme

Apoenzyme Cofactor Holoenzyme
(protein portion), (nonprotein portion), (whole enzyme),

inactive activator active
Copyright © 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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