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Introduction to Proteins:
Amino acids
The Primary Level of Protein
Structure
Amino acids and peptides

Outline
• Structures of the a-Amino Acids
• Properties of the Amino Acid Side Chains
• Peptides and the Peptide Bond
• Proteins: Polypeptides of Defined Sequence
• From Gene to Protein
• Protein Sequence Homology
• Protein Expression and Purification
• Mass, Sequence, and Amino Acid Analyses of Purified Proteins
• How to Synthesize a Protein

Structures of the a-Amino Acids
General

structure of amino acids includes an amino group and a carboxyl
group, both of which are bonded to the a-carbon (the one next to the
carboxyl group). To the a-group
• an amino group
• a hydrogen atom
• a side chain (“R” group)

Many important biomolecules are chiral
• A frequently encountered chiral center in biomolecules is a carbon atom
with four different groups bonded to it.
• Such a center occurs in all amino acids except glycine

Different a-amino acids are distinguished by their side chains.
Among all the possible amino acids, only 20 are usually found in proteins.
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Proteins play an enormous variety of
roles:
• Glycine has two hydrogen atoms bonded to the a-carbon; in other words,
the side chain (R group) of glycine is hydrogen. Glycine is not chiral

• In all the other commonly occurring amino acids, the a-carbon has four
different groups bonded to it, giving rise to two nonsuperimposable mirrorimage forms

Structures of the a-Amino Acids

•transport and storage of small
molecules
•structural framework of cells and
tissues
•muscle contraction
•immune responses
•blood clotting
•enzymes—the biological catalysts

Structures of the a-Amino Acids
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•

There are 20 different kinds of amino acids are commonly
incorporated into proteins.

•

The amino acids are classified by their side chains (R-groups).

•

Two amino acids, selenocysteine and pyrrolysine, are
encoded genetically and incorporated into proteins; however,
they are found in a relatively small number of proteins.

•

For the purposes of this introductory discussion we will focus
our attention on the 20 common amino acids.

5-8
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Stereochemistry of the a-Amino Acids

Stereochemistry of the a-Amino Acids

•

When a carbon atom has four different
substituents attached to it, it is said to
be chiral, or a stereocenter.

•

When a carbon atom has four different
substituents attached to it, it is said to
be chiral, or a stereocenter.

•

All a-amino acids have a stereocenter
at the a-carbon.

•

All a-amino acids have a stereocenter
at the a-carbon.

•

The sole exception is glycine, whose
R-group is hydrogen, therefore is
achiral.

•

The sole exception is glycine, whose
R-group is hydrogen, therefore is
achiral.
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Stereochemistry of the a-Amino Acids
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Properties of the Amino Acid Side Chains

The preference for L-amino acids in
natural proteins has two important
consequences:

The 20 common amino acids are classified by their side chains:

1.The surface of any given protein,
which is where the interesting
biochemistry occurs, is asymmetric. This
asymmetry is the basis for the highly
specific molecular recognition of binding
targets by proteins.

•
•
•
•
•

2.The stereochemistry of the amino
acids plays an important role in the
formation of so-called “secondary
structure” (i.e., a-helices and b-strands)
and thereby the overall structure of
proteins.
Copyright © 2013 Pearson Canada Inc.
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Aliphatic
Hydroxyl or sulfur-containing
Aromatic
Basic
Acidic and their amides
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Properties of the Amino Acid Side Chains

•

•
•
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The R groups in this class of amino acids are nonpolar and hydrophobic.
The side chains of alanine, valine, leucine, and isoleucine tend to cluster
together within proteins, stabilizing protein structure by means of
hydrophobic interactions.
Glycine has the simplest structure. Although it is most easily grouped with
the nonpolar amino acids, its very small side chain makes no real
contribution to hydrophobic interactions.
The more hydrophobic amino acids such as isoleucine are usually found
within the core of a protein molecule, where they are shielded from water.
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Aliphatic amino acids; continue
• Proline, is the only amino acid in this group in which the side chain
forms a covalent bond with the a–amino group.
• The proline side chain has a primarily aliphatic character; however, it
is frequently found on the surfaces of proteins due to its unique
structural constraints.
• The rigid ring of proline is well-suited to those sites in a protein
structure where the protein must fold back on itself (so-called
“turns”).
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Properties of the Amino Acid Side Chains

Cysteine is noteworthy in two additional respects:
1.The side chain has a pKa = 8.3, so it can ionize at moderately high
pH:

2. Cysteine is readily oxidized to form a covalently linked
dimeric amino acid called cystine, in which two cysteine
molecules or residues are joined by a disulfide bond.
Copyright © 2013 Pearson Canada Inc.
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Properties of the Amino Acid Side Chains

The disulfide-linked residues are strongly hydrophobic (nonpolar).
Disulfide bonds play a special role in the structures of many proteins by
forming covalent links between parts of a polypeptide molecule or between
two different polypeptide
chains.

•

•
•
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The R groups of these amino acids are more soluble in
water, or more hydrophilic, than those of the nonpolar amino
acids, because they contain functional groups that form
hydrogen bonds.
The polarity of serine and threonine is contributed by their
hydroxyl groups.
The –OH group of serine and the –SH group of cysteine are
good nucleophiles and often play key roles in enzyme
activity.
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Properties of the Amino Acid Side Chains
Properties of the Amino Acid Side Chains
•

Phenylalanine is one of the most hydrophobic amino acids.

•

Tyrosine and tryptophan have some hydrophobic character as well, but it is tempered by the polar
groups in their side chains. with their aromatic side chains, are relatively nonpolar (hydrophobic).
All can participate in hydrophobic
interactions. The hydroxyl group of tyrosine can
form hydrogen bonds, and it is an important functional
group in some enzymes. Tyrosine and tryptophan are
significantly more polar than phenylalanine, because of
the tyrosine hydroxyl group and the nitrogen of the
tryptophan indole ring.

•
•
•
•
•
•

Tyrosine with a pKa = 10.1 can ionize at high pH.
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Properties of the Amino Acid Side Chains
Properties of the Amino Acid Side Chains

•

The aromatic amino acids, like
most highly conjugated
compounds, absorb light in the
near-ultraviolet region of the
spectrum.

•

This characteristic is frequently
used for the detection and/or
quantitation of proteins, by
measuring absorption at 280 nm.

Properties of the Amino Acid Side Chains

•

Histidine is the least basic of the three, and as its
titration curve shows, the imidazole ring in the side
chain of the free amino acid loses its proton at about
pH 6.

•

When histidine is incorporated into proteins, the pKa
typically ranges from
6.5–7.4.

•

The value of for an ionizable side chain is sensitive
to the proximity of other charged groups.

•

Because the histidine side chain has a pKa near
physiological pH, it often plays a role in enzymatic
catalysis involving proton transfer.

Properties of the Amino Acid Side Chains
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Uncommon Amino Acids

Other uncommon amino acids
• In addition to the 20 common amino acids, proteins may contain residues created by
modification of common residues already incorporated into a polypeptide
• Among these uncommon amino acids are 4-hydroxyproline, a derivative of proline, and
5-hydroxylysine, derived from lysine. The former is found in plant cell wall proteins, and
both are found in collagen, a fibrous protein of connective tissues.
• 6-N-Methyllysine is a constituent of myosin, a contractile protein of muscle.
• Another important uncommon amino acid is -carboxyglutamate, found in the blood
clotting protein prothrombin and in certain other proteins that bind Ca2+ as part of their
biological function.
• More complex is desmosine, a derivative of four Lys residues, which is found in the
fibrous protein elastin.

Amino Acids Can Act as Acids and Bases
• The amino and carboxyl groups of amino acids, along with the ionizable R
groups of some amino acids, function as weak acids and bases.
• When an amino acid lacking an ionizable R group is dissolved in water at
neutral pH, it exists in solution as the dipolar ion, or zwitterion
• (German for “hybrid ion”), which can act as either an
cid or a base.
• Substances having this dual (acid-base) nature are amphoteric and are
often called ampholytes (from “amphoteric electrolytes”).
• A simple monoamino monocarboxylic -amino acid, such as
alanine, is a diprotic acid when fully protonated; it has two groups, the —
COOH group and the —NH3 group, that can yield protons:
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Amino Acids Have Characteristic Titration Curves
• Titration curve of the diprotic form of glycine
• Acid-base titration involves the gradual addition or removal of
protons.
• The two ionizable groups of glycine, the carboxyl group and the
amino group, are titrated with a strong base such as NaOH. The plot
has two distinct stages, corresponding to deprotonation of two
different groups on glycine.
• Each of the two stages resembles in shape the titration

Isoelectric point
• The characteristic pH at which the net electric charge is zero is
called the isoelectric point or isoelectric pH, designated pI.
• The sign and the magnitude of the net charge of any amino acid at
any pH can be predicted in the same way.

Amino acids with an ionizable R group have more complex titration
curves, with three stages corresponding to the three possible ionization
steps

• Within the buffering ranges of glycine, the HendersonHasselbalch equation can be used to calculate the
proportions of proton-donor and proton-acceptor species of
glycine required to make a buffer at a given pH.

• At very low pH, the predominant ionic species of glycine is
the fully protonated form.
• In the first stage of the titration, the —COOH group of glycine
loses its proton.
• At the midpoint of this stage, equimolar concentrations of
the proton-donor (and proton-acceptor species are present
• At pH 5.97, the point of inflection between the two stages in
its titration curve, glycine is present predominantly as its
dipolar form, fully ionized but with no net electric charge.
1 - 32
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Peptides and the Peptide Bond
•

Amino acids can be covalently linked
together by formation of an amide bond
between the a-carboxylic acid group on
one amino acid and the a-amino group
on another.

•

This bond is often referred to as a
peptide bond, and the products formed
by such a linkage are called peptides.

•

Peptides and the Peptide Bond

A peptide composed of 2 amino acids is
called a dipeptide. A peptide composed
of 4 amino acids is called a tetrapeptide.

Glu-Gly-Ala-Lys
or
5 - 33

Chains containing only a few amino acid residues (like a tetrapeptide) are
collectively referred to as oligopeptides.

•

If the chain is longer (>15-20 residues), it is called a polypeptide.

•

Polypeptides greater than ~50 residues are generally referred to
as proteins.

•

Note that most globular proteins contain 250–600 amino acid residues.

•

Peptide and protein sequences are always written in order from the
N-terminus to the C-terminus using the three-letter or one-letter
abbreviations (e.g., Glu-Gly-Ala-Lys or EGAK).

The amide bond formation
leaves an amino group
available on one end of the
tetrapeptide and a carboxylate
group on the other, called the
N-terminus and C-terminus,
respectively.

•

The portion of each amino acid
remaining in the chain is called
an amino acid residue.

•

When specifying an amino acid
residue in a peptide, the suffix
–yl may be used (e.g., glycinyl,
alanyl).

EGAK
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Peptides and the Peptide Bond

Peptides and the Peptide Bond

•

•

5 - 35

5 - 36
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Peptides and the Peptide Bond

Peptides and the Peptide Bond

Polyampholytic behavior of a
tetrapeptide:
•

This titration curve for the
tetrapeptide Glu-Gly-Ala-Lys
shows the major forms present at
several pH values.

•

Note the net charges for the
different ionization states in red.
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•

The amide carbonyl and amide bonds are nearly parallel

•

The six atoms shown in the blue rectangle in usually coplanar.

•

There is little twisting possible around the peptide bond because the
bond has a substantial fraction of double-bond character.
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Peptides and the Peptide Bond
Peptides and the Peptide Bond

•

A peptide bond exist in two possible configurations, trans and cis, which are
related by rotation around the CCO-N bond.

•

The trans form is usually favored because in the cis configuration the R groups
on adjacent -carbons can sterically interfere.

•

The major exception is the bond in the sequence X-Pro where X is any other
amino acid. In this bond the cis configuration is sometimes allowed, although
the trans configuration is still favored by about 4:1.

The peptide bond can be considered a resonance hybrid of two forms.
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Peptides and the Peptide Bond
Peptides and the Peptide Bond

•

While hydrolysis of peptide bonds is thermodynamically favored in aqueous
solutions, the reaction is exceedingly slow at physiological pH and
temperature

•

Peptide bond hydrolysis can be achieved by:
o Strong mineral acid (e.g., 6 M HCl) cleaves all peptide bonds
(including the Asn and Gln amide bonds)

o Chemicals that cleave at specific sites (e.g., CNBr cleaves at Met)
o Proteolytic enzymes (proteases) that cleave at specific sites
5 - 41
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