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Essential idea:
• Proteins have a very wide range of
functions in living organisms.

Molecular Biology
2.4- Proteins

Nature of science:
• Looking for patterns, trends and discrepancies
– most but not all organisms assemble proteins from
the same 20 amino acids. (3.1)

Amino Acids
• Amino acids can be linked together in any sequence giving a
huge range of possible polypeptides.
– Polypeptide of 7 AA = 207 = 1,280,000,000

• The amino acid sequence of polypeptides is coded for by
genes. (Central Dogma)

– Form muscle, skin, enzymes, and signals

Amino Acids
• Amino acids are linked together by condensation to form
polypeptides
• There are 20 different amino acids in polypeptides
• Polypeptides are synthesized on ribosomes (70s or 80s).

Amino Acids
• Most organisms use the same 20 amino acids in the
same genetic code although there are some exceptions.
– 21st: Selenocysteine (derived from UGA stop codon)
– 22nd: Pyrrolysine (from a methanogen)
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Amino Acids

Proteins
• Living organisms synthesize many different proteins with
a wide range of functions. (specific IB examples)

• The amino acid sequence determines the three-dimensional
conformation of a protein. (native conformation)

Genome
• Entire set of genes in a cell, tissue, or organism.
• Determines what proteins an organism can possibly produce.

Proteome
•
•
•
•

Entire set of proteins expressed by a cell, tissue, or organism.
Every individual has a unique proteome.
Function of both the genome and the environment.
Varies over time.

Proteome

Proteomics

• The environment influences what proteins an organism
needs to produce and in what quantity.
• Example factors would be nutrition, temperature, activity
levels and anything else that affects a cell’s activities

• The production of proteins by cells cultured in fermenters.
• Offer many opportunities for the food, pharmaceutical and other
industries.
• To analyze a proteome mixtures of proteins are extracted from
a sample and are then separated by gel electrophoresis

End
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Amino Acid Structure
•
•
•
•

Carboxyl (-COOH) group
Amino group (NH2)
H atom
Variable group (R)
− categorized by
chemical properties
− Interactions of R
groups determine
structure and function
of that region of the
protein

Protein Structure
•
Back

Primary Structure
– The AA sequence
– Coded by genes
– Frederick Sanger
• Pioneered work on AA sequence of insulin
• late 1940s-early 1950s

Protein Structure
•

Secondary Structure
–
–
–
–

Folding due to “R” interactions
Stabilized by H-bonds
 Helix
 Pleated Sheet

Protein Structure
•
–
–
–
–

Protein Structure
•

Quaternary Structure
–
–

Two or more polypeptides
Proteins are commonly described as either being fibrous or globular in
nature.

Tertiary Structure
H-bonds
Disulfide bridges
Ionic bonds
van der Waals

Protein Structure
–

–

Fibrous proteins have structural roles
o Hydrophobic R groups are exposed and therefore the molecule is
insoluble
Globular proteins are functional (catalytic, transport).
o Hydrophobic R groups are folded into the core of the molecule, away
from the surrounding water molecules, this makes them soluble.
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Altering Protein Structure
• Most bonds and interactions of protein structure are relatively
weak can be disrupted or broken.
• This results in a change to the conformation of the protein,
which is called denaturation.

Altering Protein Structure
• Extremes of pH can cause denaturation
– charges on R groups are changed
– breaks ionic bonds within the protein or causes new ionic bonds to form.

• Heat can cause denaturation
– vibrations within the molecule breaks intermolecular bonds or
interactions.

Insulin
• Hormone
• Secreted by β cells in the pancreas and transported by the blood.
• Signals cells to absorb glucose.
– Cells have receptor (proteins) on their surface to which insulin can
(reversibly) bind to.
– Reduces the glucose concentration of the blood.
• Type 1 diabetics don’t produce sufficient insulin
• Type 2 diabetics have defective receptor proteins

Altering Protein Structure
• Denaturation is permanent in most cases.
• Soluble proteins often become insoluble and form a
precipitate.

Rubisco
• Ribulose Bisphosphate Carboxylase
– Enzyme
• Catalyses carbon dioxide fixation from the atmosphere
• Thus provides the source of carbon required by living
organisms
– Found in high concentrations in leaves and algal cells
– The most plentiful single enzyme on the Earth

Immunoglobulins
• Antibodies
• Two antigen binding sites.
– Antigens are a molecule on the pathogen which provokes an
immune response.
• Binding sites vary greatly between immunoglobulins (hypervariable).
• Enables them to respond a huge range of pathogens.
• Other parts of the immunoglobulin molecule cause a response, e.g.
acting as a marker to phagocytes (which engulf the pathogen)
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Rhodopsin
•
•
•
•

Pigment that absorbs light.
Membrane protein of rod cells in the retina.
Consists of the opsin polypeptide surrounding a retinal molecule.
Retinal molecule absorbs a single photon of light -> changes shape ->
change to the opsin -> the rod cell sends a nerve impulse to the brain.
• Even very low light intensities can be detected.

Collagen
•
•
•
•
•

Rope-like proteins made of three polypeptides wound together.
About a quarter of all protein in the human body is collagen.
Forms a mesh of fibers in skin and in blood vessel walls that resists tearing.
Gives strength to tendons, ligaments, skin and blood vessel walls.
Forms part of teeth and bones, helps to prevent cracks and fractures to
bones and teeth.

Spider Silk
• Different types of silk with different functions
• Dragline silk is stronger than steel and tougher than Kevlar
– When first made it contains regions where the polypeptide forms parallel
arrays .
– Some regions seem like a disordered tangle (middle)
– When the stretched the polypeptide gradually extends, making the silk
extensible and very resistant to breaking.

Back
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