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In many instances, the activity of a single promoter is controlled by two different transcription
regulators. The Lac operon in E. coli, for example, is controlled by both the Lac repressor and the
CAP activator that binds cyclic AMP (cAMP) before it can bind to DNA. The Lac operon encodes
proteins required to import and digest the disaccharide lactose. In the absence of glucose, the
bacterium makes cAMP, which activates CAP to switch 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 if lactose itself were not present. Thus the Lac repressor shuts off the

operon in the absence of lactose.
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The synthesis of most protein molecules takes between 20 seconds and several minutes. But even
during this short period, multiple ribosomes usually bind to each mRNA molecule being translated.
If the mRNA is being translated efficiently, a new ribosome hops onto the 5" end of the mRNA
molecule almost as soon as the preceding ribosome has translated enough of the nucleotide sequence
to move out of the way. The mRNA molecules being translated are therefore usually found in the form
of polyribosomes, also known as polysomes. These large cytoplasmic assemblies are made up of many

ribosomes spaced as close as 80 nucleotides apart along a single mRNA molecule.
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Thanks to rigorous process of selection, the amino acid sequences of many present-day proteins have
evolved to guarantee that the polypeptide will adopt a stable conformation —one that bestows upon
the protein the exact chemical properties that will enable it to perform a particular function. Such
proteins are so precisely built that a change in even a few atoms in one amino acid can sometimes
disrupt the structure of a protein and thereby eliminate its function. In fact, the structures of many
proteins (and their constituent domains) are so stable and effective that they have been conserved

throughout evolution among many diverse organisms.
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