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All major types of nutrition and metabolism evolved among
microbes: they are the ultimate biochemists

The microbes exhibit some unique modes of nutrition as well as
every type of nutrition found in eukaryotes.

Major Modes of Nutrition:

Microbes exhibit a great diversity in how they obtain the necessary
resources (energy and carbon) to synthesize organic compounds.

= Some obtain energy from light (phototrophs), while others
use chemicals taken from the environment (chemotrophs).

= Many can utilized CO, as a carbon source (autotrophs) and
others require at least one organic nutrient as a carbon
source (heterotrophs).

Energy Sources
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Depending upon the energy source AND the carbon source,
microbes have four possible nutritional modes:

1. Photoautotrophs: Use light energy to synthesize organic
compounds from CO, - Includes the cyanobacteria. (Actually
all photosynthetic eukaryotes fit in this category.)

2. Chemoautotrophs: Require only CO, as a carbon source
and obtain energy by oxidizing inorganic compounds. This
mode of nutrition is unique only to certain microbes.

3. Photoheterotrophs: Use light to generate ATP from an
organic carbon source. This mode of nutrition is unique only
to certain microbes.

4. Chemoheterotrophs: Must obtain organic molecules for
energy and as a source of carbon. Found in many bacteria as
well as most eukaryotes.
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Redox Rxns: H:=>2e +2H"
Electron-donating half reaction

10, + 260> 0%

Electron-accepting half reaction

2H" + 0° - H,0

Formation of water

Electron _——Electron
donor—H, + 30, = H,0 acceptor
Net reaction
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Adenosine-5'-triphosphate (ATP)

The energy molecule
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Nicotinamide adenine dinucleotide (NAD)
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Two Ways to Make ATP: Quick & Dirty
or Turbo-Charged
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7 1 Cellular Locations for Energy Pathways
f in Eukaryotes and Prokaryotes
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Citric Acid Cycle
aka TCA cycle

The short form!

2 ATP (via 6TP)
8 NADH+H
2 FADH,

All Carbon to CO,
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Electron transport chain in aerobic bacterium
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Abbreviated electron transport
chain of an iron-oxidizing bacterium
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ATP Synthase
Structure & Function

ADP +P;
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Energetics Balance Sheet for Aerobic Respiration

(1) Glycolysis: Glucose + 2NAD* + 2 ATP — 2 Pyruvate™ + 4 ATP + 2INADH
+4ADP | t
to CAC to Complex |
(a) Substrate-level phosphorylation
2ADP +Pi— 2 ATP (x 2) 8 ATP
(b) Oxidative phosphorylation
2INADH — 6 ATP

(2) CAC: Pyruvate™ + 4NAD* + GDP + FAD — 3CO, + @NADH + FADH+ GTP
¥ {

(a) Sub RIS I R to Complex| to Complexli

L L FIER
1GDP+Pi — 1GTP
1GTP + 1 ADP—1ATP + 1 GDP
(b) Oxidative phosphorylation
4NADH — 12 ATP
1FADH — 2ATP

15 ATP (x2)

(3) Sum: Glycolysis plus cac — 38 ATP per glmose
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Fermentation - Key Features

(1) Substrate-level phosphorylation is the rule*.

(2) Always anaerobic (even when some O, might be around).
(3) No externally supplied terminal electron acceptor.

Many types.... 2 major themes

(1) NADH+H* gets oxidized to NAD*

(2) Electron acceptor is usually Pyruvate or its derivative.

*Rules are always meant to be broken!

Pasteur Effect: ~20X more biomass when aerated

Respiration Glucose

2 Pyruvate

2CO,
+ 2 Acetaldehyde
2 Ethanol -—J

.0
Yeast, aerated Yeast, anaerobic

Glycolysiz Glucose

Glyceraldatyde -3-(F)
NAD HAD

1
|
HACH + H NADH + H ‘
1,3-bisphephoghyernte |

Fermantation NADH + H e

pathways NAD

Loctale X NADH + H
NAD

Y

Figure 9.9  Reoxidation of NADH During Fermentation. NADH
sis is reoxidized by being used w reduce pyruvatz or 2
itive (X Either lactate or reduced product Y resnle
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1. Lactie aei Bacteria (Srmptocooous. Lackabacilsr), Bacin
2 Veant, Zymomenss

3. Propion: sckd bacteria Prapiorbacteries)

& Evteratatter, Semana, Bacibus

5 Entersc hactens Eschenchia, Fntarohacter, Saimonalts, Proteusl
& Cleatrium
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(b) Lactic acid fermentation
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fa) Mixed acid f ion (for I i col) Typical products (molar amounts)
St o Pyruvate Lactate e

S,
€O, oo?n
~ oM succinate

20
Fomate _[::’

Methyl Red Test

i) (for ! ter) Typical products (molar amounts))
— 2,3-Butanediol + CO, ﬁddl::f I'smmﬂ
CO,: H,
—= Ethanol 5:1
s | actate
Glucose —L2__ pynvate —|
|--* Succinate
.-+ Acetate
—= COy+Hy

Voges-Proskauer Test

15



Clostridial Fermentations
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Fig. 8.4, The formation of acetate, ethanol, n-butanol, butyrate, acetone,
and 2-propanal during clostridial fermemtations.
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Tal .7 Examples of common bacterial fermentations and some of the organisms carrying them out
Type Overall reaction®
Adcoholic Hesose — 2 Ethasol + 200;
Homaolactic Henose —= 2 Lactate™ = 2H"*
Heterolactic Henose —= Lactate” + Eihanol + €0 + H'*
Propiceic acid Lactate™ — Propionste™ + Acctabe™ + 0
Mived acid Hesose — Ethanol + 2, 3-Butanedicl
Lactate” + Acetate” + Formate™ +
Butyric ackd
Butanal
Hy + OO
Capevate d + Acetate” + OOy —Capeoate” + Bulyrate” + Hy
+3 Acetate” + 31 0

Homoacetogenk:

OO + H* = Acetale” +

ac-ICR: 8 Examples of products generated
during fermentation of glucose and

the microorganism involved

Micro-
Type Nongaseous Product organism
Mixed acid  ethanol + acetate + lactate  Escherichia
coli
Butanediol  2,3-butanediol + ethanol Enterobacter
(neutral) aerogenes
Alcoholic  ethanol Zymomonas
mobilis
Homolactic  lactate Lactobacillus
acidophilus
Heterolactic lactate + ethanol Lactobacillus
brepis
Butanol / acetone + butanol Clostridium
acetone butyricum

The short list
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Table 170 Some unusual bacterial fermentations

Glyouylae

|:> Succinate Succinate™ + HyO — Propionate” + HOOy
Onaliste Craalate® + H0—= Formate” + HED,
Mulorute Malonase® + Hy0— Acetate™ + HODy

Bersaute 2 Benanate” — Cyclohexane carborylaie™ + 3 Acetate”+ HOO, “+ 3H"
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The unusual fermentations of succinate and oxalate
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The unusual fermentations of succinate and oxalate
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