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Figure 3-1 A peptide bond. This

glycine alanine covalent bond forms when the carbon
O atom from the carboxyl group of one

amino acid shares electrons with the

® S nitrogen atom (blue) from the amino

group of a second amino acid. As
indicated, a molecule of water is lost in
- this condensation reaction.

PEPTIDE BOND
FORMATION WITH water
REMOVAL OF WATER

peptide bond in glycylalanine

The repeating sequence of atoms along the core of the polypeptide chain is
referred to as the polypeptide backbone. Attached to this repetitive chain are
those portions of the amino acids that are not involved in making a peptide
bond and which give each amino acid its unique properties: the 20 different
amino acid side chains (Figure 3-2). Some of these side chains are nonpolar and
hydrophobic (“water-fearing”), others are negatively or positively charged, some
are reactive, and so on. Their atomic structures are presented in Panel 3-1, and
a brief list with abbreviations is provided in Figure 3-3.

As discussed in Chapter 2, atoms behave almost as if they were hard spheres
with a definite radius (their van der Waals radius). The requirement that no two
atoms overlap limits greatly the possible bond angles in a polypeptide chain
(Figure 3—4). This constraint and other steric interactions severely restrict the
variety of three-dimensional arrangements of atoms (or conformations) that are
possible. Nevertheless, a long flexible chain, such as a protein, can still fold in an
enormous number of ways.

The folding of a protein chain is, however, further constrained by many dif-
ferent sets of weak noncovalent bonds that form between one part of the chain
and another. These involve atoms in the polypeptide backbone, as well as atoms
in the amino acid side chains. The weak bonds are of three types: hydrogen
bonds, ionic bonds, and van der Waals attractions, as explained in Chapter 2 (see
p- 57). Individual noncovalent bonds are 30-300 times weaker than the typical
covalent bonds that create biological molecules. But many weak bonds can act
in parallel to hold two regions of a polypeptide chain tightly together. The sta-
bility of each folded shape is therefore determined by the combined strength of
large numbers of such noncovalent bonds (Figure 3-5).

A fourth weak force also has a central role in determining the shape of a pro-
tein. As described in Chapter 2, hydrophobic molecules, including the nonpolar
side chains of particular amino acids, tend to be forced together in an aqueous
environment in order to minimize their disruptive effect on the hydrogen-bond-
ed network of water molecules (see p. 58 and Panel 2-2, pp. 112-113). Therefore,
an important factor governing the folding of any protein is the distribution of its
polar and nonpolar amino acids. The nonpolar (hydrophobic) side chains in a
protein—belonging to such amino acids as phenylalanine, leucine, valine, and
tryptophan—tend to cluster in the interior of the molecule (just as hydrophobic
oil droplets coalesce in water to form one large droplet). This enables them to
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AMINO ACID SIDE CHAIN AMINO ACID
Asparticacid Asp D negative Alanine Ala A
Glutamic acid Giu E  negative Glycine Gy G
Arginine Arg R positive Valine Val V
Lysine Lys K positive Leucine Leu L
Histiding His H positive Isoleucine lle |
Asparagine Asn N uncharged polar Proline Pro P
Glutamine GIn Q uncharged polar Phenylalanine Phe F
Serine Ser S uncharged polar Methionine  Met M
Threonine Thr T  uncharged polar Tryptophan Trp W
Tyrosine Tyr Y uncharged polar Cysteine Cys C
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Figure 3-2 The
structural components
of a protein. A protein
consists of a polypeptide
backbone with attached
side chains. Each type of
protein differs in its
sequence and number of
amino acids; therefore, it is
the sequence of the
chemically different side
chains that makes each
protein distinct. The two
ends of a polypeptide chain
are chemically different: the
end carrying the free
amino group (NH3*, also
written NHy) is the amino
terminus, or N-terminus,
and that carrying the free
carboxyl group (COO-,
also written COOH) is the
carboxyl terminus or
C-terminus. The amino acid
sequence of a protein is
always presented in the
N-to-C direction, reading
from left to right.

NONPOLAR AMINO ACIDS ——

Fi
lgure 3-3 The 20 amino acids found in proteins. Both three-letter and one-letter abbreviations are listed. As shown,
"® are equal numbers of polar and nonpolar side chains. For their atomic structures, see Panel 3—1 (pp. 132-133).
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