"NATURE" of PROTEINS
A. Structure

Proteins

Proteins are linear, unbranched polymers constructed
from 20 different α-amino acids that are encoded in
the DNA of the genome.
All living organisms use the same 20 amino acids
and, with few exceptions, the same genetic code

B. Size. Proteins are diverse in size.
The mass of single-chain proteins is typically 10-50
kilodaltons (kdal), although proteins as small as 350
dal and greater than 1000 kdal are known to exist.
Multichain protein complexes of greater than 200 kdal
are frequently encountered.

One from multitude

Function. Proteins serve a wide range of
functions in living organisms. A few of
their functions include
Enzymatic catalysis—Most enzymes are proteins.
Transport and storage of small molecules and ions
Structural elements of the cytoskeleton. Proteins make up the
cytoskeleton, which:
Provides strength and structure to cells
Forms the fundamental mechanistic components for intracellular and
extracellular movement

Structure of skin and bone. Proteins such as collagen, the most
abundant protein in the body, give these structures high tensile strength.
Immunity. The immune defense system is composed of proteins such
as antibodies, which mediate a protective response to pathogens.
Hormonal regulation. Hormones coordinate the metabolic actions within
the body
Some hormones are proteins [e.g., somatotropin (pituitary growth hormone)
and insulin].
The cellular receptors that recognize hormones and neurotransmitters are
proteins.

Control of genetic expression. Activators, repressers, and many other
regulators of gene expression in prokaryotes and eukaryotes are proteins.

Unique conformation
Specificity. Proteins show an exquisite specificity of
biologic function—a consequence of the uniqueness of the
three-dimensional structural shape, or conformation, of
each protein.
In humans, disease states are often related to the
altered function of a protein, which is often attributed to
an anomaly in the protein's structure. Examples of
diseases caused by abnormal protein structure and
function include:
Hemoglobinopathies, in particular sickle cell anemia
Marfan syndrome, which appears to be caused by single amino
acid changes in an elastic connective tissue protein called fibrillin
Cystic fibrosis, the major form of which arises because of a
single amino acid deletion in the adenosine triphosphate (ATP)binding domain of a transmembrane conductance regulatory
protein

Composition
Table lists the 20 fundamental amino
acids according to their side chains.
One of the 20 amino acids, proline, is
an imino acid (—NH—), not an αamino acid as are the other 19.

AMINO ACIDS are the
fundamental units of proteins
Amino acids are
composed of an amino
group (—NH2), a
carboxyl group (—
COOH), a hydrogen
atom, and a distinctive
side chain, all bonded
to a carbon atom (the αcarbon)

Amino acid structures

Amino acid structures

Optical activity
With the exception of glycine, all amino acids
contain at least one asymmetric carbon atom
and are, therefore, optically active.
Enantiomers. Amino acids exist as
stereoisomeric pairs called enantiomers. These
amino acid isomers are typically called l
(levorotatory) or d (dextrorotatory) depending on
the direction they rotate plane-polarized light.
L-Amino acids are the only optically active amino
acids that are incorporated into proteins.
D-Amino acids are found in bacterial products (e.g., in
cell walls) and in many peptide antibiotics, but they are
not incorporated into proteins via the ribosomal protein
synthesizing system.

Amphoteric properties
of amino acids
Amino acids are amphoteric molecules; that is, they have
both basic and acidic groups.
Monoamino-monocarboxylic acids exist in aqueous solution
as dipolar molecules (zwitterions), which means that
they have both positive and negative charges.
The α-carboxyl group is dissociated and negatively charged.
The α-amino group is protonated and positively charged.
Thus, the overall molecule is electrically neutral.

At low pH (i.e., high concentrations of hydrogen ion), the
carboxyl group accepts a proton and becomes uncharged, so
that the overall charge on the molecule is positive.
At high pH (i.e., low concentrations of hydrogen ion), the
amino group loses its proton and becomes uncharged; thus,
the overall charge on the molecule is negative.

Some amino acids have side chains
that contain dissociating groups
Side chains
Those of aspartate and glutamate are acidic; those of
histidine, lysine, and arginine are basic.
Two others, cysteine and tyrosine, have a negative charge
on the side chain when dissociated.

Dissociating groups
Whether these groups are dissociated depends on the
prevailing pH and the apparent dissociation constant (pKi) of
the dissociating groups.
These dissociating amino acids also exist in solution as
zwitterions. For example, glutamate has three dissociable
protons with pKi values of 2.19, 4.25, and 9.67. As the pH
increases above each of these pKi values, protons dissociate
and the charge changes

Post-translational
modification
Other amino acids are found in a number of proteins but are not coded
for in DNA; they are derived from some of the 20 fundamental amino
acids after these have been incorporated into the protein chain (i.e.,
post-translational modification). More than 100 different kinds of amino
acids that arise from post-translational modifications have been
identified. Examples of a few of the major post-translational
modifications of amino acids are:
Addition of hydroxyl (—OH) groups to some prolines and lysines in
collagen and gelatin
Addition of methyl (—CH3) groups to some lysines and histidines in muscle
myosin
Addition of carboxyl (—COOH) groups to glutamates in blood clotting and
bone proteins
Addition of phosphate (—PO3) groups to some serine, threonine, and
tyrosine molecules. Reversible phosphorylation is a common method of
regulating the activity of many enzymes, cell-surface receptors, and other
regulatory molecules.

In addition
There are many nonprotein amino
acids found throughout nature. In
some cases, these amino acids serve as
antibiotics or toxins.

PEPTIDES AND
POLYPEPTIDES
Formation. The linking
together of amino acids
produces peptide
chains, also called
polypeptides if many
amino acids are linked.
The peptide bond is
the bond formed
between the α-carboxyl
group of one amino acid
and the α-amino group
of another. In the
process, water is
removed

Peptide bond
Peptide bond formation is highly endergonic (i.e.,
energy-requiring) and requires the concomitant
hydrolysis of high-energy phosphate bonds.
The peptide bond is a planar structure with the two
adjacent α-carbons, a carbonyl oxygen, an αamino
nitrogen and its associated hydrogen atom, and the
carbonyl carbon all lying in the same plane. The —
CN— bond has a partial double-bond character that
prevents rotation around the bond axis.
Amino acids, when in polypeptide chains, are
customarily referred to as residues.

Amphoteric properties of
polypeptide
The formation of the peptide bond removes two
dissociating groups, one from the α-amino and one from
the α-carboxyl, per residue.
Although the N-terminal and C-terminal α-amino and αcarboxyl groups can play important roles in the
formation of protein structures, and thus in protein
function, the amphoteric properties of a polypeptide are
mainly governed by the dissociable groups on the
amino acid side chains.
Laboratory use. These properties of proteins are not
only important in terms of protein structure and function
but are also useful in a number of analytic procedures,
such as ion exchange or high-performance liquid
chromatography, for the purification and identification of
proteins.

CONFORMATION OF
PROTEINS
Every protein in its native state has a unique
three-dimensional structure, which is referred
to as its conformation. The function of a protein
arises from its conformation.
Protein structures can be classified into four levels
of organization:
primary,
secondary,
tertiary,
quaternary.

The primary structure is the covalent
"backbone" of the polypeptide formed by
the specific amino acid sequence
This sequence is coded for by DNA and
determines the final three-dimensional form
adopted by the protein in its native state.
By convention, peptide sequences are written
from left to right, starting with the amino acid
residue that has a free α-amino group (the socalled N-terminal amino acid) and ending with
the residue that has a free α-carboxyl group (the
C-terminal amino acid). Either the three-letter
abbreviations (e.g., Ala-Glu-Lys) or, for long
peptides, the single-letter abbreviations are used.

The secondary structure is the
spatial relation of neighboring amino
acid residues
Secondary structure is dictated by the primary
structure. The secondary structure arises from
interactions of neighboring amino acids. Because the
DNA-coded primary sequence dictates which amino
acids are near each other, secondary structure often
forms as the peptide chain comes off the ribosome
Hydrogen bonds. An important characteristic of
secondary structure is the formation of hydrogen bonds
(H bonds) between the —CO group of one peptide bond
and the — NH group of another nearby peptide bond.
If the H bonds form between peptide bonds in the same chain,
either helical structures, such as the α-helix, develop or turns,
such as β-turns, are formed.
If H bonds form between peptide bonds in different chains,
extended structures form, such as the β-pleated sheet.

α-helix
The α-helix is a rod-like structure with the
peptide bonds coiled tightly inside and the
side chains of the residues protruding
outward (Figure 2-2).
Each —CO is hydrogen bonded to the —NH of
a peptide bond that is four residues away
from it along the same chain.
There are 3.6 amino acid residues per turn of
the helix, and the helix is right-handed (i.e.,
the coils turn in a clockwise fashion around
the axis).

β-Pleated sheet
β-Pleated sheet structures are found in many
proteins, including some globular, soluble proteins, as
well as some fibrous proteins (e.g., silk fibroin).
They are more extended structures than the α-helix and are
"pleated" because the C—C bonds are tetrahedral and cannot
exist in straight lines (Figure).
The chains lie side by side, with the hydrogen bonds forming
between the —CO group of one peptide bond and the — NH
group of another peptide bond in the neighboring chain.
The chains may run in the same direction, forming a parallel βsheet, or they may run in opposite directions, as they do in a
globular protein in which an extended chain is folded back on
itself, forming an antiparallel β-structure.

β-turn
A β-turn is the tightest turn a
polypeptide chain can make, although
there are many ways a polypeptide
chain can turn.
β-Turns result in a complete reversal in
the direction of a polypeptide chain in
just four amino acid residues.

