Microbial Metabolism

Chapter 5

METABOLISM

· CATABOLISM: reactions that release energy/heat

· Usually via breakdown of larger molecules into smaller molecules

· ANABOLISM: reactions that require energy

· Usually building of polymers

· Anabolic or biosynthetic

· Metabolism = Catabolism + Anabolism

WHY STUDY METABOLISM?

· Continuance of life depends upon metabolism

· Energy production is required for motility, nutrient transport, reproduction

· Why microbial metabolism?

· Easier to study because simpler

· Discover unique pathways

· Utilize in genetic engineering

ENZYMES

· CATALYSTS

· Most are protein molecules that catalyze reactions

· The enzymes DO NOT CHANGE
· Increase rate of a reaction (formation/break down of chemical bonds by decrease the amount of energy required by decreasing the ACTIVATION ENERGY

· ACTIVATION ENERGY = amount of energy required to start a reaction

· SPECIFIC

· Each acts on a specific substance ( SUBSTRATE

· 3-D SHAPE is UNIQUE

ENZYME COMPONENTS

· HOLOENZYME = APOENZYME + COFACTOR

· Apoenzyme = protein component

· Cofactor/coenzyme = non-protein component
· Many enzymes associate transiently with other molecules called coenzymes

· COENZYMES 

· May be metal ion or a complex organic molecule

· “Carrier” molecules: atoms/electrons to and from the substrate

· NAD- carries electrons

· ATP carries phosphate groups (high energy)

· RIBOZYMES – unique type of RNA

· Work like protein enzymes but substrate is RNA

SUBSTRATES

· Molecules, compounds that are acted upon by an enzyme

· Each enzyme has a SPECIFIC SUBSTRATE or set of substrates

· Each substrate and enzyme has a unique 3-D structure

· Fit together in “LOCK & KEY” fit

· Substrate binds into the ACTIVE SITE of the enzyme

E + S -----------> E + P

· End result of enzyme-substrate reaction = PRODUCT

· Enzymatic reactions often occur in steps

· E + S -------> [ES]

· [ES] ---------> EP

· EP -----------> E + P

· ENZYME IS RECOVERED INTACT! 

· Goes on to the next substrate molecule

INFLUENTIAL FACTORS 


· Temperature
· Increasing T -----> increased rate

· Too high T -----> denaturation of the protein
· pH
· [H+] concentration increases with decreasing pH

· State or protonation of proteins may alter structure

· Substrate concentration
· Velocity of reaction increases until reach [S] saturation

ENZYME INHIBITORS 


· COMPETITIVE

· Competes with S for ACTIVE site

· Does not undergo enzymatic reaction

· Prevents enzyme from functioning

· NON-COMPETITIVE

· Does not bind within the ACTIVE site

· Allosteric control ----> “other space”

· Alters 3-D structure of the enzyme changing the shape of the ACTIVE site

CONTROL OF ENZYMES

· Synthesis of the protein portion

· Regulation of protein activity

· Allosteric inhibitors

· Allosteric activators

· Feedback inhibition

· End-product inhibition

· Usually [P] acts on the first enzyme in the pathway

POLYMERS <---------> MONOMERS

· CATABOLISM: generates energy

· LARGE MOLECULES ( SMALL MOLECULES + energy

· ANABOLISM: requires energy
· SMALL MOLECULES + energy ( LARGE MOLECULES

ENERGY PRODUCING REACTIONS

· Large polymers = storehouses of energy

· CHOs, lipids, proteins = energy rich

· Carry energy in the form of the bonds between the monomers

· Energy is released with the breaking of the bond
· Energy rich carbohydrates contain many H atoms 

· H atom = 1e- + 1 H+ therefore can DONATE them to other molecules

· To form polymers from monomers requires energy to make the new bonds

· Requires e- to form the bonds

· Get the e- from an electron DONOR 
OXIDATION-REDUCTION REACTIONS: The transfer of electrons

· OXIDATION: LOSS/REMOVAL OF ELECTRONS

· Reactions usually produce energy

· Electron donor becomes OXIDIZED
· REDUCTION = GAIN OF AN ELECTRON

· Reactions involve gain of “energy”

· Electron acceptor becomes REDUCED
· OXIDATION and REDUCTION REACTIONS MUST BE “COUPLED”

· Can’t have free e- “floating” around

· Must have an electron DONOR and ACCEPTOR

· May use a CARRIER to transfer the electron

OXIDATION-REDUCTION REACTIONS: REDOX

· “A” loses an e- and “B” picks up the e-
· “A” has been OXIDIZED

· “A” is electron DONOR

· “A” starts as reduced

· “B” has been REDUCED 

· “B” is the electron ACCEPTOR

· “B” starts as oxidized

· DEHYROGENATION REACTIONS

· Electron (e-) + Proton (H+) = H atom

ATP

· ATP is the major molecule that traps and carries the energy released in catabolic reactions

· There are 3 ways organisms form ATP by adding Phosphoryl group to ADP

· Substrate level phosphorylation

· Oxidative phosphorylation

· Photophosphorylation

1. SUBSTRATE LEVEL PHOSPHORYLATION (SLP)

· This is a direct transfer of high energy PO4 (~P) to ADP

· The ~ indicates a high energy bond to to PO4

· Substrate~P + ADP ----> Substrate + ATP

· Phosphoenolpyruvate + ADP ( Pyruvate + ATP

2. OXIDATIVE PHOSPHORYLATION

· Electrons donated by oxidation of high energy macromolecules are transferred to a series of electron carriers 

· NAD+ ( NADH

· NADP+ ( NADPH
· ELECTRON TRANSPORT CHAIN (ETC)

· Prokaryotes: plasma membrane

· Eukaryotes: Mitochondrial inner membrane

· FINAL ELECTRON ACCEPTOR = OXYGEN

· Energy required to phosphorylate ADP to generate ADP is COUPLED to the energy released by the oxidation of NADH ( NAD+

3. PHOTOPHOSPHORYLATION

·  Only in photosynthetic cells

· Green plants, algae, cyanobacter

· CHLOROPHYLL: light trapping pigment

· Trapped light energy used to generate chemical energy

· END RESULT: ATP from SUNLIGHT 

BIOCHEMICAL PATHWAYS

· CATABOLISM of CHOs

· CATABOLISM of LIPIDS

· CATABOLISM of PROTEINS

· PHOTOSYNTHESIS

CARBOHYDRATE CATABOLISM

· CHOs = PRIMARY ENERGY SOURCE

· CHOs exist as highly REDUCED (lots of H’s) 

· GLUCOSE = most common CHO utilized

· Three different mechanisms M/O  breakdown CHOs

· AEROBIC RESPIRATION: Final e- acceptor = O2

· Glycolysis: Glucose ---> pyruvate + NADH 

· Pyruvate ----> KREBS CYCLE ----> more NADH

· NADH ----> e- to the ETC

· FERMENTATION: Final e- acceptor = an organic molecule, not O2

· Uses e- carried by NADH generated during glycolysis

· Pyruvate ----->  Ethanol, lactic acid

· ANAEROBIC RESPRIATION: Final e- acceptor is an inorganic molecule (nitrate, sulfate or carbonate ion)
GLYCOLYSIS: Splitting of sugar
· Series of 10 reactions where GLUCOSE (6 C) is OXIDIZED to 2 molecules of PYRUVIC ACID (3C)

· Glucose is CATABOLIZED to PYRUVATE

· aka Embden-Meyerhoff pathway

· During glycolysis:

· NAD+  is REDUCED to NADH

· 2 ATPs produced via SLP

· No requirement for OXYGEN 

· Preparatory stage: uses 2 ATP

· Glucose -----> Fructose 1,6-diPO4 

· Energy-Conserving Stage: Generates 4 ATP + 2 pyruvic acid molecules

· Net ATP gain from glycolysis = 2 ATP

GLYCOLYSIS ALTERNATIVES

· Pentose Phosphate Pathway
· Cyclic pathway that oxidizes hexoses & pentoses

· Provides nucleic acid & amino acid synthetic intermediates

· Generates NADPH -----> biosynthetic reactions

· ONE ATP is produced/glucose vs 2 ATP/glycolysis

· Bacillus subtilis, E. coli, Entererococcus faecalis

· Entner-Doudoroff Pathway
· Found in bacteria lacking glycolytic or pentose phosphate pathways

· Some Gram negative: Pseudomonas, Rhizobium
· Oxidation of glucose yields: 2 NADPH + 1 ATP

KREBS CYCLE (CITRIC ACID CYCLE)

· Pyruvic acid ----> Acetyl CoA

· Series of oxidation and decarboxylation

· Acetyl CoA = contains a high energy bond

· Acetyl CoA + OAA -----> Citric acid

· Series of oxidations and decarboxylations

· Generate reduced coenzymes (NADH & FADH2)

· 1 SLP step: Succinyl CoA ----> Succinic acid

· Generates 1 ATP

· Each pyruvate yields: 4 NADH, 1 FADH2, 1 ATP, 3 CO2 
· Each glucose yields 2 pyruvic acid molecules

ETC: ELECTRON TRANSPORT CHAIN 

· Specialized set of molecules that can carry electrons to another molecule

· Flavoproteins, cytochromes & ubiquinones

· Pairs of electrons are passed from one member of the chain to the next, series of oxidation reduction rxs. Occur.

· Final electron acceptor = end of the chain




O2 + H+ + e- ----------> H2O

· “Respiratory chain” due to requirement for O2
· Electrons in ETC lose free energy

CHEMIOSMOSIS

Proton pump: actively transports H+ out of matrix 

· Energy for pump from free energy from electrons

· Electrochemical gradient: 

· “Electrical” because of the difference in charge

· “pH” because of the difference in [H+]

· E/C gradient has potential energy = PMF

· Proton Motive Force (PMF) generates energy sufficient to drive the ATP synthetase

· ATP synthetase: complex that synthesizes ATP 

· ADP + ~P -------------> ATP

· Movement of H+ back into matrix  through and driving the ATP synthetase complex

Let’s do the math

· 1 glucose ( glycolysis

· 2 ATP, 2 NADH, 2 pyruvate molecules

· 1 pyruvate ( Krebs cycle

· 4 NADH, 1 FADH2, 1 ATP, 3 CO2 
· Electron Transport Chain

· 1 NADH ( 3 ATP

· 1 FADH2 ( 2 ATP

· Glycolysis + Krebs ( ETC 

· 4 ATP, 10 NADH, 2 FADH2

· 4 + 10(3) + 2(2) = 38 ATP

ANAEROBIC RESPIRATION

· Final e- acceptor  O2
· Pseudomonas & Bacillus: NO3-----> NO2-, N2O, N2
· Desulfovibrio: SO42- ---> H2S
· GLYCOLYSIS: Glucose --->Pyruvate

· Pyruvate -----> Lactate

· Krebs cycle does not operate completely

· So do not generate more NADH or FADH2

· ETC is less efficient without O2 as final e- acceptor

· RESULT: NADH, FADH2, 

· TOTAL # ATP = much less than AEROBIC

FERMENTATION

· Releases energy from sugars & organic molecules

· Glycolysis ----> pruvate
· Does not require O2 or Krebs cycle/ETC

· Final e- acceptor = ORGANIC MOLECULE

· Generates a small amount of ATP

· Most of energy stored in fermentation products

· Transfer electrons from NADH, NADPH

· Electrons transferred to end-products

· Generate NAD+ and NADP+

TYPES OF FERMENTATION

· HOMOLACTIC ACID

· Product = only lactic acid

· Glucose + 2 ADP + 2~P -----> 2 Lactic acid + 2ATP

· Streptococci, Lactobacillus

· HETEROLACTIC ACID

· Product = mix of lactic acid + acetic acid + CO2

· Often use the pentose phosphate pathway

· E. coli, Clostridium

· ALCOHOL

· Product = acetaldehyde ----> ethanol

· Saccharomyces

· MIXED ACID
· Product = mix of lactic, acetic, succinic, formic acids

USES OF FERMENTATION

· Products of fermentation:

· Yogurt

· Sauerkraut

· Pickles

· Acetic acid

· Citric acid

· Ethanol

· Methanol

· Mechanism to identify microorganisms

· Identification of end products

LIPID CATABOLISM

· Fatty acids released by lipases

· Mechanism =  oxidation 

· 2 Cs removed at a time

· Acetyl CoA often generated

· Products enter Krebs cycle

PROTEIN CATABOLISM

· Proteins broken down into amino acids by proteases & peptidases

· Deaminations: amino acids (NH4+ + organic acid 

· Organic acid enters Krebs cycle
PHOTOSYNTHESIS

· Conversion of light energy from the sun to chemical energy that is used to convert CO2 to organic compounds ( glucose).

· Takes place in two sets:

· Light rxs: light is absorbed by chlorophyll, electrons are excited, and ATP is generated

· Dark rxs: Calvin – Benson cycle using ATP generated before CO2 is fixed to produce glucose.

· 6 CO2 + 12 H2O ------( C6H12O6 + 6O2 + 6H2O

NUTRITIONAL PATTERNS

· ENERGY SOURCE

· LIGHT = PHOTOTROPH

· REDOX = CHEMOTROPH

· CARBON SOURCE

· CO2 = AUTOTROPH

· ORGANIC C = HETEROTROPH

· Methanococcus

· ENERGY + CARBON SOURCES
· Chemoheterotroph: energy and carbon sources are organic compounds.

ANABOLISM = BIOSYNTHESIS

· Catabolism of CHOs generates intermediates

· Polysaccharides: glycolytic intermediates

· Lipids: Glycolytic product + Acetyl CoA 

· Amino acids/proteins: Amination/transamination of pentose phosphate pathway, Krebs cycle, EDP 

· Purines/pyrimidines: Pentose phosphate pathway, EDP Krebs cycle

· AMPHIBOLIC PATHWAYS = reversible

· Anabolic & Catabolic

