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Exergonic and Endergonic Reactions in Metabolism

• An exergonic reaction
• proceeds with a net release of free energy and is
spontaneous

Repetition
Summary of last lecture

Reactants

Free energy

Amount of
energy
released
(∆G <0)
Energy

Products

Progress of the reaction

Exergonic reaction: energy released

Enzymes Act as Catalysts and
Lower the Reaction Activation Energy (EA) Barrier
• An enzyme catalyzes reactions by lowering the EA barrier

• The effect of
enzymes on
reaction rate
Free energy

Course of
reaction
without
enzyme

The Structure and Hydrolysis of ATP
• ATP (adenosine triphosphate)
• is the cell s energy shuttle (‘currency’)
• provides energy for cellular functions
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The Regeneration of ATP

Three types of cellular energy-dependent processes
ATP: energy currency in the cell

• Catabolic pathways

P

Mechanical

Cell Respiration:
- Glycolysis
- Krebs Cycle
- Oxidative Phosphorylation

Motor protein

Protein moved

(a) Mechanical work: ATP phosphorylates motor proteins

ATP hydrolysis to
ADP + P i yields energy

ATP synthesis from
ADP + P i requires energy

i

P

• drive the regeneration of ATP from ADP and phosphate

Membrane
protein

ADP

+

ATP
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Transport

ATP
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Solute transported

(b) Transport work: ATP phosphorylates transport proteins

P

Chemical
Energy from catabolism
(exergonic, energy yielding
processes)

Glu +

Energy for cellular work
(endergonic, energyconsuming processes)

ADP + P

NH2
NH3

Reactants: Glutamic acid
and ammonia

i

+

P

i

Glu
Product (glutamine)
made

(c) Chemical work: ATP phosphorylates key reactants

Induced Fit Model
• In the induced-fit model of enzyme action:
- the active site is flexible, not rigid
- the shapes of the enzyme, active site, and substrate adjust to
maximize the fit, which improves catalysis
- there is a greater range of substrate specificity
• This model is more consistent with a wider range of enzymes

• The catalytic cycle of an enzyme (conformation changes during the
cycle)

1 Substrates enter active site; enzyme
changes shape so its active site
embraces the substrates (induced fit).

Substrates

Enzyme-substrate
complex

6 Active site
Is available for
two new substrate
Mole.
Enzyme

5 Products are
Released.
Products

2 Substrates held in
active site by weak
interactions, such as
hydrogen bonds and
ionic bonds.
3 Active site (and R groups of
its amino acids) can lower EA
and speed up a reaction by
• acting as a template for
substrate orientation,
• stressing the substrates
and stabilizing the
transition state,
• providing a favorable
microenvironment,
• participating directly in the
catalytic reaction.

4 Substrates are
Converted into
Products.
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Enzyme Inhibitors

• Noncompetitive inhibitors

• Competitive inhibitors

• bind to another part of an enzyme, changing the function

• Bind to the active site of an enzyme, competing with the substrate
A substrate can
bind normally to the
active site of an
enzyme.

Substrate
Active site

A noncompetitive
inhibitor binds to the
enzyme away from
the active site, altering
the conformation of
the enzyme so that its
active site no longer
functions.

Enzyme

(a) Normal binding

A competitive
inhibitor mimics the
substrate, competing
for the active site.

Competitive
inhibitor
Noncompetitive inhibitor
(c) Noncompetitive inhibition

(b) Competitive inhibition

Energy

Repetition

flows into an ecosystem as sunlight and leaves it as heat
Light energy
ECOSYSTEM

Summary of last lecture

Photosynthesis
in chloroplasts
CO2 + H2O
Cellular respiration
in mitochondria

Organic
molecules

+ O2

ATP
powers most cellular work

Heat energy
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Aerobic oxidation of pyruvate and fatty acids in mitochondria

Cell Respiration

There are three main processes in this metabolic enterprise
Electron shuttles
span membrane

CYTOSOL

MITOCHONDRION

2 NADH

or

2 FADH2
2 NADH

2 NADH

Glycolysis
Glucose

2
Pyruvate

6 NADH

Oxidative
phosphorylation:
electron transport
and
chemiosmosis

Citric
acid
cycle

2
Acetyl
CoA

+ 2 ATP
by substrate-level
phosphorylation

Maximum per glucose:

2 FADH2

+ 2 ATP

+ about 32 or 34 ATP

by substrate-level
phosphorylation

by oxidative phosphorylation, depending
on which shuttle transports electrons
from NADH in cytosol

About
36 or 38 ATP

• About 40% of the energy in a glucose molecule is transferred to
ATP during cellular respiration, making approximately 38 ATP

Types of Fermentation

2 ADP + 2

(ATP without the use of oxygen)

• Fermentation consists of
• - glycolysis plus reactions that
regenerate NAD+, which can be
reused by glyocolysis

Glucose

P1

2 ATP

Glycolysis

O

Proteins

2 Pyruvate
2 NADH

2 NAD+
H
C

2 CO2
H

OH

C

CH3

O

CH3

2 Ethanol

2 Acetaldehyde

(a) Alcohol fermentation

• In alcohol fermentation

2 ADP + 2

Glucose

• During lactic acid fermentation
– pyruvate is reduced
directly to NADH to form
lactate as a waste product

O

C
CH3

H

– pyruvate is converted to
ethanol in two steps, one
of which releases CO2

• Glycolysis and the citric acid cycle connect to many
other metabolic pathways

O–
C

The outer membrane is freely permeable to all metabolites, but specific transport proteins (colored ovals) in the inner membrane are required to import pyruvate
(yellow), ADP (green), and Pi (purple) into the matrix and to export ATP (green). NADH generated in the cytosol is not transported directly to the matrix because
the inner membrane is impermeable to NAD+ and NADH; instead, a shuttle system (red) transports electrons from cytosolic NADH to NAD+ in the matrix. O2
diffuses into the matrix and CO2 diffuses out. Stage-1: fatty acyl groups are transferred from fatty acyl CoA and transported across the inner membrane via a
special carrier (blue oval) and then reattached to CoA on the matrix side. Pyruvate is converted to acetyl CoA with the formation of NADH, and fatty acids
(attached to CoA) are also converted to acetyl CoA with formation of NADH and FADH2. Oxidation of acetyl CoA in the citric acid cycle generates NADH and
FADH2. Stage-2: electrons from these reduced coenzymes are transferred via electron transport complexes (blue boxes) to O2 concomitant with transport of H+
ions from the matrix to the intramembrane space, generating the proton-motive force. Electrons from NADH flow directly from complex I to complex III, bypassing
complex II. Stage 3: ATP synthase, the F0F1 complex (orange), harnesses the proton-motive force to synthesize ATP. Blue arrows indicate electron flow; red
arrows transmembrane movement of protons; and green arrows indicate transport of metabolites.
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• Catabolic pathways
– Funnel electrons from many
kinds of organic molecules
into cellular respiration

2 ATP

Glycolysis

O
C

P1

The Versatility of Catabolism

• The catabolism of various
molecules from food

Carbohydrates

Sugars

Fats

Glycerol

Fatty
acids

Glycolysis

Glucose

Glyceraldehyde-3- P

NH3

Pyruvate

Acetyl CoA

Citric
acid
cycle

OH

CH3
2 Lactate
(b) Lactic acid fermentation

Oxidative
phosphorylation
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