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For many proteins, binding to another molecule is their only function. An
antibody molecule need only bind to its target molecule on the surface of a
bacterium or a virus and its job is done. There are proteins, however, for which
ligand binding is simply a necessary first step in their function. This is the case for
the large and very important class of proteins called enzymes. These remarkable
molecules perform nearly all of the chemical transformations that occur in cells.
Enzymes bind to one or more ligands, called substrates, and convert them into
chemically modified products, doing this over and over again with amazing rapidity.
They speed up reactions, often by a factor of a million or more, without themselves
being changed — that is, enzymes act as catalysts that permit cells to make or break
covalent bonds at will. This catalysis of organized sets of chemical reactions by
enzymes creates and maintains the cell, making life possible.

Enzymes can be grouped into functional classes based on the chemical reactions
they catalyze. Each type of enzyme is highly specific, catalyzing only a single type
of reaction. Thus, hAexokinase adds a phosphate group to D-glucose but will ignore
its optical isomer L-glucose. Enzymes often work in tandem, with the product of
one enzyme becoming the substrate for the next. The result is an elaborate
network of metabolic pathways that provides the cell with energy and generates the
many large and small molecules that the cell needs.
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In many instances, the activity of a single promoter is controlled by two different
transcription regulators. The Lacoperon in E. coli, for example, is controlled by both
the Lac repressor and the activator protein CAP. The Lac operon encodes proteins
required to import and digest the disaccharide lactose. In the absence of glucose,
CAP switches on genes that allow the cell to utilize alternative sources of
carbon—including lactose. It would be wasteful, however, for CAP to induce
expression of the Lac operon when lactose is not present. Thus the Lac repressor
shuts off the operon in the absence of lactose. This arrangement enables the control
region of the Lac operon to integrate two different signals, so that the operon is
highly expressed only when two conditions are met: lactose must be present and
glucose must be absent. This genetic circuit thus behaves like a switch that carries
out a logic operation in a computer. When lactose is present AND glucose is absent,
the cell executes the appropriate program: in this case, transcription of the genes
that permit the uptake and utilization of lactose.

The elegant logic of the Lac operon first attracted the attention of biologists more
than 50 years ago. The molecular basis of the switch was uncovered by a
combination of genetics and biochemistry, providing the first insight into how gene
expression is controlled. In a eucaryotic cell, similar gene regulatory devices are
combined to generate increasingly complex circuits. Indeed, the developmental
program that takes a fertilized egg to adulthood can be viewed as an exceedingly
complex circuit composed of simple components like those that control the Lac and
tryptophan operons.
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The synthesis of virtually all proteins in the cell begins on ribosomes in the
cytosol. The fate of any protein molecule synthesized in the cytosol depends on its
amino acid sequence, which can contain a sorting signal that directs the protein to
the organelle in which it is required. Proteins that lack such signals remain as
permanent residents in the cytosol; those that possess a sorting signal move from
the cytosol to the appropriate organelle. Different sorting signals direct proteins
into the nucleus, mitochondria, chloroplasts, peroxisomes, and the ER.

When a membrane-enclosed organelle imports proteins from the cytosol or from
another organelle, it faces a problem: how can it draw the protein across
membranes that are normally impermeable to hydrophilic macromolecules? This
task 1s accomplished in different ways for different organelles.

1. Proteins moving from the cytosol into the nucleus are transported through the
nuclear pores that penetrate the inner and outer nuclear membranes. The pores
function as selective gates that actively transport specific macromolecules but
also allow free diffusion of smaller molecules.

2. Proteins moving from the cytosol into the ER, mitochondria, or chloroplasts are
transported across the organelle membrane by protein translocators located in
the membrane. Unlike transport through nuclear pores, the transported protein
molecule must usually unfold. Bacteria have similar protein translocators in
their plasma membrane, which they use to export proteins from their cytosol.

3. Proteins moving from the ER onward and from one compartment of the
endomembrane system to another are transported by a mechanism that is
fundamentally different from the other two. These proteins are ferried by
transport vesicles, which become loaded with a cargo of proteins from the
interior space, or lumen, of one compartment, as they pinch off from its
membrane. The vesicles subsequently discharge their cargo into a second
compartment by fusing with its membrane. In the process, membrane lipids
and membrane proteins are also delivered from the first compartment to the

second.
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