Microbial

Metabolism = Catabolism + Anabolism
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Synthesis of Cell Structures
Enzymes

Sources of energy
Carbohydrates
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Protein catalysts

Catalysts speed up chemical
reactions

Lower activation energy
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Conjugated enzymes
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Enzymes bind to substrate at
active site and alter substrate

“Lock-and-key” fit

Exoenzymes
Secreted—act outside cell

Endoenzymes
Retained—act inside cell

Constitutive enzymes
Always present, constant amount
Regulated enzymes

Produced only if substrate is
present

Types of Chemical Reactions
Synthesis reactions (anabolism)
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Types of Chemical Reactions
Degradation reactions (catabolism)
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Transfer reactions

Addition or removal of functional
groups

Oxidation-Reduction reactions

Breaking bonds liberates electrons
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Role of Enzymes in Disease
Digest tissues

Inactive antibiotics

Enzyme Sensitivity
Proteins
pH
temperature
osmotic pressure

Denaturation

Metabolic Pathways
Metabolic reactions not single
reactions but series of reactions
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Pathway may be controlled by
controlling enzymes

Controlling Enzymes

Direct control

Enzyme already produced
Control enzyme

Competitive inhibition
Molecules with structure similar

to substrate occupies active
site on enzyme

Competitive Inhibition
Normal __- Competitive
substrate ~ inhibitor with
\ / similar shape
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Both molecules

compete for
€.

Reaction proceeds
because substrate is
complete and capable
of becoming product

Noncompetitive inhibition
Enzyme has two binding sites
Active site and regulatory site

Binding to regulatory site inactives
enzyme
Feedback inhibition

Endproduct of pathway inhibits
enzyme in pathway




Controlling Enzymes

Indirect control
Control enzyme synthesis
Enzyme repression
Endproduct of pathway stops
gene expression
Enzyme induction

Presence of substrate causes
gene to be expressed

Energy Formation and Utilization
Energy in cell in electrons involved
in chemical bonds

Intact bonds represent potential energy
Breaking bonds releases kinetic energy
Endergonic reactions require energy

Anabolism
Exergonic reactions release energy

Catabolism

Redox reactions

Coupled oxidation-reduction
reactions

Electron donor (oxidized) ®

Electron acceptor (reduced) + Energy

Electrons move with protons—
hydrogen atom

Use term electron transfer—
hydrogen transfer more accurate

Dehydrogenation—moving
hydrogen from one molecule to
another




Salvages electrons and their energy
Releases some kinetic energy
Energy used in phosphorylation

Electron Carrier Molecules

Repeatedly release and accept
electrons (H)

Most carriers are coenzymes
NAD and FADH

At end of chain is final electron
acceptor

Accepts electron and does not
release it

ATP
Nucleotide

Adenosine + Ribose
+ Phosphate

Phosphorylate
to make ADP

ADP + Phosphate + Energy « ATP

ATP

Manages energy for cell

Energy comes from

* oxidative phosphorylation

* substrate level phosphorylation
* light

Catabolism
Glucose primary energy molecule
Aerobic respiration

Phosphogluconate pathway
Anaerobic respiration

Fermentation

Aerobic Respiration

Glycolysis
Krebs cycle, TCA, Citric acid cycle

Electron Transport System




Glycolysis

Glucose-6-PO, ® 2 pyruvate + 2 ATP
+ 2NADH

Substrate level phosphorylation

Krebs cycle—Tricarboxylic Acid Cycle

Pyruvate ® Acetyl CoA + CO, + NADH

Acetyl CoOA® 3CO, + ATP + FADH, +
4NADH

Electron Transport System
Series of carrier molecules

Cytochromes
10 NADH + 2 FADH, + O, ®

34 ATP + 6 H,0

Oxidative phosphorylation
Chemiosmosis

Phosphogluconate Pathway
Hexose Monophosphate Shunt

Anaerobic utilization of glucose
and other hexoses

Also allows for use of pentoses

Electron carrier NADP

Common pathway in heterolactic
fermentative bacteria

Anaerobic Respiration

Glycolysis

Krebs cycle
Bypasses steps using O,

Electron Transport System
Uses different cytochromes

Final electron acceptor—oxygen
containing inorganic salt

Produces > 2ATP but < 34ATP




Fermentation
Incomplete oxidation of glucose
Oxygen absent
Pyruvate reduced
Acid fermentation
Pyruvate + NADH ® NAD + acid
Alcohol fermentation
Pyruvate ® Acid ® Alcohol

2 ATP (glycolysis), final electron
acceptor is organic molecule

Pasteur’s Theory of Fermentation

Aerobic Anaerobic .
Respiration Respiration Fermentation
Glucose Glucose Glucose
Steps Steps Steps
Glycolysis  Glycolysis Glycolysis
Krebs cycle Krebs cycle  Fermentation
Different organisms produce ETS ETS
different endproducts from fermentation O, 'zozrg:?:ac Organic
Basis for IMVIC 36 ATP < 34 ATP 2 ATP

Major Catabolic Pathways

Biosynthesis—Anabolism

Most molecules in cell amphibolic
used in both anabolism and
catabolism

Cells break down macromolecules
to make energy

Cells use energy to form new
macromolecules

Cells must make proteins, nucleic
acids, lipids, and carbohydrates

Gluconeogenesis—forming new
glucose from non-carbohydrates

Carbohydrate synthesis

» monosaccharides from nutrients
* synthesize monosaccharides

* store energy, build structures




Protein synthesis

* amino acids from nutrients

* synthesize amino acids

* protein synthesis major anabolic
process

Nucleic acid synthesis

* nucleotides synthesized
* DNA replication

* RNA formation




