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Protein Composition
and Structure

C
Primary Secondary Tertiary
structure structure structure

roteins arc the moet vereatile macromolecules in living systems and
P serve crucial functions in essentially all biological processes. They func-
tion as catalysts, transport and store other molecules such as oxygen, pro-
vide mechanical support and immune protection, generate movement,
transmit nerve impulses, and control growth and differentiation. Indeed,
much of this book will focus on understanding what proteins do and how
they perform these functions.

Several key properties enable proteins to participate in a wide range of
functions.

1. Proteins are linear polymers built of monomer units called amino acids,
which are linked end to end. Remarkably, proteins spontaneously fold up
into three-dimensional structures that are determined by the sequence of
amino acids in the protein polymer. Protein function is directly dependent
on this three-dimensional structure (Figure 2.1). Thus, proteins are the em-
bodiment of the transition from the one-dimensional world of sequences to the
three-dimensional world of molecules capable of diverse activities.

2. Proteins contain a wide range of functional groups. These functional groups
lr_lclude alcohols, thiols, thioethers, carboxylic acids, carboxamides, and a va-
riety of basic groups. Most of these groups are chemically reactive. When

Crystals of human insulin. Insulin is a protein hormone, crucial for
maintaining blood sugar at appropriate levels. (Below) Chains of amino
acids in a specific sequence (the primary structure) define a protzin such
as insulin. These chains fold into well-defined structures (the terziary
structure)—in this case, a single insulin molecule. Such structures assemble
with other chains to form arrays such as the complex of six insulin
molecules shown at the far right (the quarternary structure). These arrays
can often be induced to form well-defined crystals (photograph at left),
which allows determination of these structures in detail. [Photograph from
Alfred Pasieka/Peter Arnold.]

Outlil;c}

21 Proteins Are Built from a Repertoire
of 20 Amino Acids

2.2 Primary Structure: Amino Acids Are
Linked by Peptide Bonds to Form
Polypeptide Chains

23 Secondary Structure: Polypeptide
Chains Can Fold into Regular
Structures Such As the Alpha Helix,
the Beta Sheet, and Turns and Loops

2.

S

Tertiary Structure: Water-Soluble
Proteins Fold into Compact Structures
with Nonpolar Cores

25 Quaternary Structure: Polypeptide
Chains Can Assemble into
Multisubunit Structures

2.6 The Amino Acid Sequence of a
Protein Determines Its Three-
Dimensional Structure
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hapter 4

DNA, RNA, and the Flow of
Genetic Information

Drawn from 1AAY.pdb.]

DNA and RNA are long linear polymers, called nucleic acids, that carry
information in a form that can be passed from one generation t the
next. These macromolecules consist of a large number of linked nucleotides,
each composed of a sugar, a phosphate, and a base. Sugars linked by phos-
phates form a common backbone that plays a structural role, whereas the
sequence of bases along a nucleic acid chain carries genetic information. The
DNA molecule has the form of a double helix, a helical structure consisting
of two complementary nucleic acid strands. Each strand serves as the tem-
plate for the other in DNA replication. The genes of all cells and many virus-
es are made of DINA. Some viruses, however, use RNA as their genetic
material.

Genes specify the kinds of proteins that are made by cells, but DNA is
not the direct template for protein synthesis. Rather, a DNA strand is
copied into a class of RNA molecules called messenger RNA (mRNA),
which are the information-carrying intermediates in protein synthesis. ’I‘bis
process of transcription is followed by translation, the synthesis of proteins
according to instructions given by mRNA templates: Thus, the flow of
genetic information, or gene expression, in normal cells is

Transcription

DNA

Translation .
RNA — > Protein

|Outlinel
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45

Having genes in common accounts for the resemblance of a mother to her dzughters.
Genes must be expressed to exert an effect, and proteins regulate such expression.

One such regulatory protein, a zinc-finger protein (zinc ion is blue, protein is ted), is
shown bound to a control region of DNA (black). [(Left) Barnaby Hall/Photorica. (Right)

A Nucleic Acid Consists o Four Kinds
of Bases Linked to a Sugar-Phosphate
Backbone

A Pair of Nucleic Acid Chzins with
Complementary Sequences Can Form
a Double-Helical Structure

DNA Is Replicated by Polymerases
That Take Instructions from
Templates

Gene Expression Is the
Transformation of DNA Information
into Functional Molecules

Amino Acids Are Fncaoded by Groups
of Three Bases Starting from a Fixed
Point

4.6 Most Eukaryotic Genes Are Mosaics

of Introns and Exons
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