Prokaryote Nutrition




Biology:

What is Life? Properties of Life

Cellular Structure: the unit of life, one or many

Metabolism: photosynthesis, respiration, fermentation,
digestion, gas exchange, secretion, excretion, circulation —
processing materials and energy

Growth: cell enlargement, cell number
Movement: intracellular, movement, locomotion
Reproduction: avoid extinction at death
Behavior: short term response to stimuli
Evolution: long term adaptation




How to organisms get energy?’

e Cells use a high energy molecule to fuel
cellular processes

Adenosine Triphosphate (ATP)




How to organisms get energy?’

* Glucose is the carbon and energy source used
by most cells.

* Glucose is initially broken down in a series of
steps called...
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Glycolysis

10 step process to produce ATP, NADH, and
pyruvate

Occurs in the cytosol

Yields a net 2 ATP, 2 NADH per glucose
molecule

Anaerobic (no oxygen)
— Used by aerobes and anaerobes




Glycolysis

Glycolysis

10 step process to 000000 .o

produce ATP, NADH, and ‘ . T
pyruvate N -
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Occurs in the cytosol ,

Fructose 1,6
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mOIECU|e 1,3 Diphosphoglceric

ocw

Anaerobic (no oxygen) 5- p..o,,...,.,,c.m wta
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http://staff.jccc.net/pdecell/cellresp/glycolysis.html




Krebs Cycle

e Uses a product of Glycolysis to undergo a
series of ~10 steps to oxidize pyruvate to 3CO,

* Produces 3 NADH, 1 FADH,, and 1 ATP per
pyruvate

e Occurs in the mitochondrial matrix
— In the cytosol of bacteria




Not the Krebs Chain,
The Krebs Cycle

(a) The carboxylic acids that are oxidized during cellular respiration

%te - (l&ltrate = &-Ketoglutarate == “Succinyl COA == Succinate == Fumarate == Malate = Oxaloacetate

More reduced More oxidized
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(b) The Krebs cycle hypothesis
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SUMMARY OF GLUCOSE OXIDATION

Glucose smmmsn=n=sps2 Pyruval

Copyright © 2008 Paarson Bonjemin Cummings. All rights maorvod

Figure 9.21




How are we doing so far?

For each glucose molecule that is fully
oxidized, the cell produces:

6 CO2
10 NADH
2 FADH,
4 ATP

Where’s all the ATP?

http://politicalplumber.blogspot.com/2011/08/disappointed.html




Redox Reactions

e Oxidation - Reduction

e A class of reactions that

cause the loss or gain of
an electron.

e An electron donor must

always be paired with
an electron acceptor

Reduced compound A Oxidized compound B
(reducing agent) (oxidizing agent)

A is oxidized, B is reduced,

losing electro gaining electrons
A ) @

B
Oxidized @ Reduced
compound A compound B

NAD + e- acceptor Oxidized
NADH e-donor Reduced
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Redox Reactions

Inter-membrane proteins
and cofactors help move
protons created by redox

reactions to the outside of
i || the membrane
IS




Redox Reactions

 Redox reactions are essential to produce more
ATP in the Electron Transport Chain (ETC)

— indirectly via chemiosmosis

region in

Bacterium animation

cytoplasm

cell memhrane cell wall




Occurs in the inner membrane
__ of the mitochondrion

ELECTRON TRANSPORT CHAIN

Intermembrane
space
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Mitochondrial
matrix

Complex | Complex Il Complex Il Complex IV
What goes in:
What comes out:
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Figure 9.24



Electron Transport Chain

Proton Gradient Created

ATP synthase takes advantage of gradient
Produces ~ 26 ATP molecules per glucose
Membrane-bound process

ATP Synthase




Oxidative Phosphorylation

SUMMARY OF CELLULAR RESPIRATION

Electre

2 NADH

GLYCOLZS'S
Glucose snnsaasssunps 2 .,f\.l"

|2 ATP | ATP

shabladulnhilidt igr-;‘..\;'i?{.\(}""{&fi“)(-\\yﬁ;}ﬁ,
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Figure 9.26




Redox Reactions

Krebs cycle

Electron Transport Chain

AT P Sy n t h a Se 10 2008 Poarson Bonjamin Cymmings. All rights tosarved




Oxidative Phosphorylation

0 .. Co,

oxygen Carbon dioxide

* Oxygen is the best electron acceptor, but what if it is
not around?




Fermentation

* When oxygen is low or absent, ATP can still be
produced via fermentation.

* NAD+ is oxidized from NADH so glycolysis can
begin again




Fermentation

(a) Fermentation pathways allow cells to regenerate NAD*
for glycolysis.
2 ADP 2 ATP

Glucose mmmm- = = = 2 Pyruvate

Fermentation Intermediate accepts
by-product electrons from NADH

Copyright © 2008 Pearson Benjamin Cummings. All rights reserved

Figure 9.27




Lactic acid Fermentation

Pyruvate®* to Lactate

*final electron acceptor

(b) Lactic acid fermentation occurs in humans.
2 ADP 2ATP

GlUCOSE oo

2 NAD* 2 NADH 2Pyruvate

No intermediate;
pyruvate accepts
electrons from NADH

Figure 9.27

http://themusclebody.com/




Alcohol Fermentation

Acetylaldehyde* to Ethanol
*final electron acceptor

(c) Alcohol fermentation occurs in yeast.
2 ADP 2ATP

Glucose mmmme=

2 NAD* 2 NADH 2 Pyruvate

i ./ |
H—?—OH c=0

|
CH, CHg

2 Ethanol 2 Acetylaldehyde
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http://www.responsibleservers.com/web/index.php?siteid=256&pageid=1128
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With all this oxygen around, who
‘ferments’ anymore?

Small
Intestine

Abomasum
)

\

Esophagus

Reticulum

10 billion bacterial cells per milliliter of fluid




With all this oxygen around, who
‘ferments’ anymore?

Up to 100 trillion The Human Digestive System
individual bacterial

cells, representing

more than 1,000

species

These bacteria are
introduced into the
intestines through food
and natural human
contact. They change
very little after year 3
of life.
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Symbiosis

Aphids and Proteobacteria Buchnera
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28
{ Fermentation is inefficient,

but who cares?
We're swimming in sugar!

http://www.ipm.iastate.edu/ipm/icm/2007/6-11/aphids.html http://abbotlab.wordpress.com/2010/11/03/love-hate-relationships-in-aphids/




