
Chapter 4
Cellular Metabolism
Metabolic processes – all chemical reactions that occur in 
the body  

Two types of metabolic reactions

Catabolism
• larger molecules are 
broken down
• releases energy 

Anabolism
• larger molecules 
are made
• requires energy



Anabolism
Anabolism provides the substances needed for cellular 
growth and repair 

Dehydration synthesis 
• type of anabolic process
• used to make polysaccharides, triglycerides, and 
proteins
• produces water



Anabolism



Catabolism

Catabolism breaks down larger molecules into smaller ones

Hydrolysis
• a catabolic process
• used to decompose carbohydrates, lipids, and proteins
• water is used
• reverse of dehydration synthesis



Catabolism



Control of Metabolic 
Reactions
Enzymes

• control rates of metabolic reactions
• lower activation energy needed to start reactions
• globular proteins with specific shapes
• not consumed in chemical reactions
• substrate specific
• shape of active site determines substrate



Control of Metabolic 
Reactions
Metabolic pathways

• series of enzyme-controlled reactions leading to formation of a 
product
• each new substrate is the product of the previous reaction

Enzyme names commonly
• reflect the substrate
• have the suffix – ase
• sucrase, lactase, protease, lipase



Tyrosinase and Melanin

Grey 
Squirrels:
Melanic and 

Albino Forms

tyrosinase - A copper-containing 
enzyme of plant and animal tissues 
that catalyzes the production of 
melanin and other pigments from 
tyrosine by oxidation, as in the 
blackening of a peeled or sliced 
potato exposed to air.



Control of Metabolic 
Reactions

Coenzymes
• organic molecules 
that act as cofactors
• vitamins

Cofactors 
• make some enzymes 
active
• ions or coenzymes

Factors that alter enzymes
• temperature and heat
• radiation
• electricity
• chemicals
• changes in pH 



Temperature Sensitive Tyrosinase –
Siamese Cats & Himalayan Rabbits



Human Physiology: Energy 
Releasing Metabolic Reactions

Energy
• ability to do work or change something
• heat, light, sound, electricity, mechanical energy, chemical 
energy
• changed from one form to another
• involved in all metabolic reactions

Release of chemical energy
• most metabolic processes depend on chemical energy
• oxidation of glucose generates chemical energy
• cellular respiration releases chemical energy from molecules 
and makes it available for cellular use



Energy can be transformed 
from one form to another

FREE ENERGY
(available for work)

vs.
HEAT

(not available for work)              



Regulation of energy-releasing (cellular 
respiration) and energy-acquiring 
chemical reactions in biological systems

•Chemically-mediated by enzymes and co-factors 

•Occur in a step-wise manner

2H2 + O2 2H2O + energy

+ +

2H-H + O=O 2H2O + energy



Modes of Energy Transformation: 
Rapid & Uncontrolled

2H2 + O2 2H2O + energy
Release of energy can be uncontrolled and 
liberated mostly as heat!  

On May 6th, 1937 in Lakehurst, 
New Jersey. The German 
passenger Zeppelin Airship called 
the Hindenburg, was attempting a 
mooring when it exploded.



Modes of Energy Transformation: 
Released in controlled steps or 
stages

2H2 + O2 2H2O + energy
Released in steps to salvage free energy and minimize 
heat production

The electrons from the 
hydrogen bond go through a 
series of oxidation & reduction 
reactions.  During each step 
some energy is harvested, 
while the remainder is released 
as heat.



Cellular Respiration

Occurs in three series of reactions
1. Glycolysis
2. Citric acid cycle
3. Electron transport chain

Produces
• carbon dioxide
• water
• ATP (chemical energy)
• heat

Includes
• anaerobic reactions (without O2) - produce little ATP
• aerobic reactions (requires O2) - produce most ATP



ATP Molecules

• each ATP molecule has three parts:
• an adenine molecule
• a ribose molecule
• three phosphate molecules in a chain

• third phosphate attached by high-energy bond
• when the bond is broken, energy is transferred
• when the bond is broken, ATP becomes ADP
• ADP becomes ATP through phosphorylation
• phosphorylation requires energy released from cellular respiration



Glycolysis (sugar-breaking)

• series of ten reactions
• breaks down glucose into 2 pyruvic acids
• occurs in cytosol
• anaerobic phase of cellular respiration
• yields two ATP molecules per glucose

Summarized by three main events
1. phosphorylation
2. splitting
3. production of NADH and ATP



Glycolysis

Event 1 - Phosphorylation
• two phosphates 
added to glucose
• requires ATP

Event 2 – Splitting (cleavage)
• 6-carbon glucose split 
into two 3-carbon 
molecules



Glycolysis

Event 3 – Production of NADH and 
ATP 

• hydrogen atoms are released
• hydrogen atoms bind to NAD+ to 
produce NADH
• NADH delivers hydrogen atoms 
to electron transport chain if 
oxygen is available
• ADP is phosphorylated to 
become ATP
• two molecules of pyruvic acid 
are produced



Anaerobic Reactions (Absence 
of Oxygen)

If oxygen is not available -
• electron transport chain 
cannot accept NADH
• pyruvic acid is converted 
to lactic acid
• glycolysis is inhibited
• ATP production declines



Aerobic Reactions (Presence of 
Oxygen)
If oxygen is available –

• pyruvic acid is used 
to produce acetyl CoA
• citric acid cycle 
begins
• electron transport 
chain functions
• carbon dioxide and 
water are formed
• 36 molecules of ATP 
produced per glucose 
molecule



Citric Acid Cycle
• begins when acetyl CoA
combines with oxaloacetic
acid to produce citric acid
• citric acid is changed into 
oxaloacetic acid through a 
series of reactions
• cycle repeats as long as 
pyruvic acid and oxygen are 
available
• for each citric acid 
molecule: 

• one ATP is produced
• eight hydrogen atoms 
are transferred to NAD+

and FAD
• two CO2 produced



Electron Transport Chain
• NADH and FADH2 carry electrons to the ETC
• ETC series of electron carriers located in cristae of 
mitochondria
• energy from electrons transferred to ATP synthase
• ATP synthase catalyzes the phosphorylation of ADP to 
ATP
• water is formed



Summary of Cellular 
Respiration



Chemiosmosis formation of 
Adenosine Triphosphate



Summary of Catabolism of 
Proteins, Carbohydrates, and 
Fats



Carbohydrate Storage

Excess glucose stored as 
• glycogen (primarily by liver and muscle cells)
• fat
• converted to amino acids



Regulation of Metabolic 
Pathways

• limited number of regulatory enzymes

• negative feedback



Nucleic Acids and 
Protein Synthesis
Genetic information – instructs cells how to construct 
proteins; stored in DNA
Gene – segment of DNA that codes for one protein

Genome – complete set of genes

Genetic Code – method used to translate a sequence of 
nucleotides of DNA into a sequence of amino acids

Genotype: genetic makeup of an individual

Phenotype: physical manifestation of a trait (the genotype 
+ influence of the environment)





Structure of DNA

• two polynucleotide 
chains
• hydrogen bonds hold 
nitrogenous bases 
together
• bases pair specifically 
(A-T and C-G)
• forms a helix
• DNA wrapped about 
histones forms 
chromosomes



RNA Molecules
Messenger RNA (mRNA) -

• delivers genetic information 
from nucleus to the cytoplasm

• single polynucleotide chain

• formed beside a strand of DNA

• RNA nucleotides are 
complementary to DNA 
nucleotides (exception – no 
thymine in RNA; replaced with 
uracil) 

• making of mRNA is 
transcription



From DNA to Protein

DNA replicates DNA
Regions of DNA form basis of genes
When the information stored in a gene is 
expressed this becomes a protein.

DNA transcribes itself into a RNA (leaves the 
nucleus)
RNA interacts with other RNAs and 
translates itself into a sequence of amino 
acids (a polypeptide chain or protein).



RNA Molecules

Transfer RNA (tRNA) -
• carries amino acids to mRNA
• carries anticodon to mRNA
• translates a codon of mRNA into an amino acid

Ribosomal RNA (rRNA) –
• provides structure and enzyme activity for ribosomes



Protein Synthesis





Protein Synthesis





Metabolic Poisons

Examples of Toxins that Disrupt Cellular Respiration 
ultimately preventing production of ATP

Rotenone and cyanide are electron transport inhibitors
2,4 Dinitrophenol is disrupts the electrochemical gradient of protons 
in the mitochondria

Examples of Toxins that Disrupt Protein Synthesis
Alpha amanitin – produced by certain mushrooms (e.g. Amanita 
virosa, A. phalloides, Galerina autumnalis) interferes with RNA 
polymerase (transcription).
Ricin from castor beans inhibits protein synthesis by specifically 
and irreversibly inactivating eukaryotic ribosomes. 

In 1978, Georgi Markov, a Bulgarian writer and journalist who was living 
in London, died after he was attacked by a man with an umbrella. The 
umbrella had been rigged to inject a poison ricin pellet under Markov’s 
skin.  



DNA Replication

• hydrogen bonds break 
between bases
• double strands unwind 
and pull apart
• new nucleotides pair 
with exposed bases
• controlled by DNA 
polymerase





Mutations

Mutations – change in genetic 
information
Result when 

• extra bases are added or 
deleted
• bases are changed

May or may not change the 
protein 

Repair enzymes correct 
mutations





Clinical Application

Phenylketonuria
PKU

• enzyme that breaks down the amino acid phenylalanine 
is missing
• build up of phenylalanine causes mental retardation
• treated by diets very low in phenylalanine
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