Microbial Metabolism

Biochemical diversity



Metabolism

o Define

o Requirements
Energy
Enzymes

o Rate
Limiting step
Reaction time
o Types
Anabolic
o Endergonic
o Dehydration
Catabolic
o Exergonic
o Hydrolytic




Metabolism Relationships

Larger Metabolism |
molecules - molecules |




Metabolic Diversity

o Energy generating metabolism
Fermentation
o Alcohol

o Acid Formation
Lactic Acid
Mixed Acids
Others

Respiration
o Aerobic
o Anaerobic

o Blosynthesis of secondary metabolites
Heterotrophic
Autotrophic




Energy

o Forms
Kinetic
Potential
o Use
Chemical
Mechanical
Electrical
Radiation [EM]
o Chemical Types
ATP
UTP
GTP

o Heat
Byproduct
45%

Adenosine Triphosphate

ATP




Various Types of Prokaryotic
Energy Production Processes

o Fermentation

o Anaerobic Respiration

o Aerobic Respiration

o Lithotrophy

o Photohetertrophy

o Anoxygenic photosynthesis
o Methanogenesis



Enzymes

o Structure
Protein
Ribozyme [ribosome]
o Characteristic
functions
Active site
Specific
Modified Forms
o Inactive h

o Active Polymerase
Coenzyme/Cofactor

-ase
Others: Lyases, Hydrolases,
Isomerases, Transferases



Enzyme Characteristics

Reactants /' _ o v = — T
Activation energy

with enzyme

Energy ———p

Products

Progress of reaction ——

Lysozyme



Enzyme Structure

o Apoenzyme

Protein .
Allosteric site Cofactor // \

o Cofactor
Metal ions
o Cu
o Zn
o Mg
o Fe
o Ca
o Coenzyme
Vitamins
CoA
NAD
FAD
FMN

// Substrate |

Active site

Apoenzyme y

/. €Allosteric site

Coenzyme

) ) ) Holoenzyme
Create Holoenzyme with active site



Factors Affecting Enzymes
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Enzyme Inhibition
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Glycolysis: Embden-Meyerhoff

o Glycolytic
o Cytoplasm
o Anaerobic
o End products

2 Pyruvic acids .® gl
4-2 = 2 net ATP ) B
2% 1,3-diphosphoglycerate
2 NADH 8 r = 2| ATP
2 H20 8 “""”"’“j"”;"““
|

2x  phosphoenolpyruvate

2 ATP a
2%



Lactic Acid Formation

Reduced |N NN Oxidized
NAD Al +H A NAD
D Dgl
H,C—C—C—OH » H,C—C—C—OH
Pyruvic acid I!i

Lactic acid



Glycolysis: PPP

B reakd Own 5 _ 6 C Oxidative Stage of Pentose Phosphate Pathway

Cytoplasm K % p

Anaerobic

| glucoze-5-phosphate

End products D
ATP
NADPH ey
CO2
4,5,6,7 C L

0 AA =

HO——H

o Nucleotides Lo

H——0CH

o Glycolytic
pathways
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! EB-phosphogluconate

- NADEH ) i dehydrogenase
o Photosynthesis A —
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ribulose-S-phosphate



Glycolysis: Entner-Duodoroff [E-D]

glucose

ATP
ADF

glucose-6-phosphate

MNAD
NADH,

G-phosphoglucenic acid
l KO

2-keto-3-deoxy-6-phosphogluconic acid

pyruvic acid + glyceraldehyde-3-phosphate
IADF  [Embden-Meverhof
ZATP pathway)
] HAD
acetaldehyde +CO, NADH,
NADH,
i pyruvicacid
ethanal
acetaldehyde+CO,
NADH,

KAD

elhano]

O O O O

Glycolytic
Cytoplasm
Anaerobic
Different enzymes
Pseudomonas
Enterococcus
End products
2-1 = 1 net ATP
NADPH
NADH
2 Pyruvic acids
2H20



Glycolytic Pathways
used by various Bacteria

Bacterium E-M PPP E-D

Acetobacter aceti - + -

Bacillus subtilis major minor -

E. coli + - -

Lactobacillus + - -
acidophilus

Pseudomonas - - +
aeruginosa

Vibrio cholera minor - major




Anaerobic Processes

o Lactic Acid
Lactobacillus

o Mixed Acid
Enterobacteriaceae

o Butanediol
Klebsiella
Enterobacter

o Butyric Acid
Clostridia

o Butanol-Acetone
Clostridia

o Propionic Acid
Corynebacteria

Anaeraobic Respiration

Lactic Acid Fermentation

i H NADH NAD*
=0
H g:c: + H =—H H ”—OH

hydrogen ion H—C—H
|—/ \H H/ \H IL
Pyruvate ion Pyruvic Acid Lactic Acid

Alcohclic Fermentation

hydrog
/\ H/ \H Acetaidehyde
Pyrwvale Pyruvic Acid




Fermentation
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Pyruvate
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Fermentation Pathways

H,0
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Fermentation Summary

Anaerobic
Cytoplasm
Partial Oxidation

Small amounts of ATP generated via substrate
level phosphorylation

Organic intermediaries as final electron acceptors
End products
Acid: Lactic Acid, Acetic Acid, Butryic Acid, Acetone
Alcohol: Ethanol, Isopropyl
Gas : CO2, H2
Contaminants

O O O O

o O



Summary

Glucose
{or other sugar)
0
-
i
2
-
o
LA
Butyric acid
Lact] Homolactic acid y Butyric-butylic butanol,
:é:iéjo , Pyruvic Acid - i Isopropyl
Ll fermentation alcohol, acetons,
and GO,
‘ Ethyl alcohol Butanediol
‘ and GO, and COs
Acefic acid, _— _
succinic acid, Propionic acid,
ethyl alcohal, acetic acld,
GO, and Hy and GO,




Carbohydrate Fermentation Tests




Phosphorylation

o Substrate Level
Direct transfer of phosphate
Glycolysis

o Oxidative Phosphorylation
Electron transfer
Chemiosmosis

o Photophosphorylation
Light energy to chemical energy




Substrate Level Phosphorylation

ADP ATP

F

O O HOO
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Aerobic Respiration




Mitochondria of Eukaryotes

uter membrane
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Plasma [cell] membrane

Copyright © The MeGraw-Hill Companien, Inc. Parmission required for reproduction o display.

Anatomy of a bacterium

Flagella

Cell
membrane
Nucleoid

Cytoplasm
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Functions of Plasma Membrane Proteins

P e e
&
Outside | @ o o
Plasma
membrane
Inside |
(*]
Selective transport Enzyme Cell surface
channel receptor

Cell surface Cell adhesion Attachment to
identity marker the cytoskeleton



Acetyl CoA Formation
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Acetyl CoA Final Structure
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rebs Cycle

. "~ in absence
in presence of Oy
of Oy

Acatyl-CoA

F
COOH a
Fumaric Gllﬂ

|/ n-Ketoglutaric
acid

acid 3
A
D

Succinyl-CoA



Oxidation in Krebs Cycle

pyruvate
C
acetyl CoA ©:
1
oxaloacetate citrate
/8 NADH A
malate isocitrate
FADH,
fumarate x-ketoglutarate
FADH
6 2 NADH 4 co,
succinate succinyl CoA

5
ATP € GTPM GDP + Pi



Dehydrogenation

Foa §

o Use of hydrogen in R-CH - CH.-CH,-C—Coa
oxidative reactions FAD —
Removal of FADRZ =
H 1l

electron from | T
F-CH - —C=C —C—LCo&

hydrogen 2 ]
Carried on vitamin
B derivatives HG
o Energy released is R-CH ~EH-CH - E-con
trapped in NAD"
chemical bonds MY+ NADH .>1
0 0

I I
E—EHE—E -EHE—E—ED#\



Redox Reactions
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Transfer -
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Oxidation

Lactic
acid



Reduction

2 H

Pyruvate L—) Lactic acid



Catabolism + Anabolism

glucnse Amphibolic Pathway
PEP pyruvitﬂ fatty acids
a“ty 1 CoA sterols
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a:r.alnar:»a tate citra t.a
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Eukaryotic ETC
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ETC Steps

o Electrons from NADH or FADH2Z2 to
flavoproteins

o H+ pumped into periplasm

o Electrons transported
To Iron-Sulfur proteins from NADH
To CoQ from FADH2

o Cytochromes

o Final Electron Acceptor
O2 If Aerobic
Other if Anaerobic




Proton Pump

ACTIVE TRANSPORT




ETC: NAD

NAD NADH + H*
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ETC: Cytochromes

ELECTRON TRANSPORT CHAIN

NADH dehydrogenase Cytochrome b-c, Cytochrome
nom_plax complex: oxidase complex

Copyright ©2001 Banjamin Cummings. an imprinl of Addison Wesley Lengman, Inc.



Cytochrome Oxidase

Cytochrome
reductase

2H+1-2

Figure 7.18(2)



Oxidase Test




ATP Synthetase




Anaerobic Respiration

o Use of another
compound than O2 as
final electron acceptor in
the ETC

o Examples >,
Nitrate ion NO3- .@’ _
[Pseudomonas, E coli, NHOH ;
Bacillus]

> Noz e
o N2

Sulfate ion SO4= to NHROH + Hp0
H2S

o Methanogens

Carbonate ion CO3= to
CH4

o Methanogens

NHz + Op + 2 H



Nitrogen Reduction Test

Nitrate Reduction Nitrate Reducti
+ with Zinc itrate Reduction

Nitrate Reduction + Neg with zinc



Other Catabolic Processes

o Protein
Deamination
Decarboxylation
Dehydrogenation

o Lipid
Glycerol

FA

o Beta oxidation
o Acetyl CoA




Biosynthesis

o Polysaccharide
Keto acids
AA
Glycerol from FA
o Lipid
Glycerol + FA
o AA
Keto acids + NH2
o Nucleotides

Nitrogen bases from Keto acids + NH2
5 C sugars from alternate CH20 Metabolism




Functions

o Polysaccharide
Cell wall components
o Lipid i

Cell wall Rena
Plasma membranes flagellum ’ Sk

l

o AA/Protein

Cell wall / membrane
components

Enzymes
Toxins

o Nucleotide
DNA plasma  cell capsule
RNA membrane  wall Fﬂ:n:"ﬁ&"iﬁ
ATP : :
NAD
NADP




Protein Synthesis
and Enzyme Regulation
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Questions?




