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Twenty types of amino acids are commonly found in proteins, each with a different
side chain attached to the «-carbon atom. The same 20 amino acids occur over and over
again in all proteins, whether they hail from bacteria, plants, or animals. How this precise set
of 20 amino acids came to be chosen is one of the mysteries surrounding the evolution of life;
there is no obvious chemical reason why other amino acids could not have served just as well.
But once the selection had been locked into place, it could not be changed; too much chemistry
had evolved to exploit it. Switching the types of amino acids used by cells would require every
living creature to retool its entire metabolism to cope with new building blocks.

Like sugars, all amino acids (except glycine) exist as optical isomers in D- and
L-forms. But only I-forms are ever found in proteinsg (although D-amino acids occur as part
of bacteria cell walls and in some antibiotics). The origin of this exclusive use of L-amino
acids to make proteins is another evolutionary mystery.

The chemical versatility that the 20 standard amino acids provide is vitally important
to the function of proteins. Five of the 20 amino acids have side chains that can form ions in
solution and can therefore carry a charge.; The others are uncharged. Some amino acids are
polar and hydrophilic, and some are nonpolar and hydrophobic. The collective properties of the
amino acid side chains underlie all the diverse and sophisticated functions of proteins.
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Transcription as a means of information transfer is simple to understand, since DNA and
RNA are chemically and structurally similar, and DNA can act as a direct template for the
synthesis of RNA through complementary base-pairing. As the term transcription signifies, it is
as if a message written out by hand were being converted, say, into a typewritten text. The
language itself and the form of the message do not change, and the symbols used are closely
related. '

In contrast, the conversion of the information in RNA into protein represents a translation of
the information into another language that uses quite different symbols. Because there are only
4 different nucleotides in mRNA but 20 different types of amino acids in a protein, this
translation cannot be accounted for by a direct one-to-one correspondence between a nucleotide
in RNA and an amino acid in protein. The rules by which the nucleotide sequence of a gene,
through the medium of mRNA, is translated into the amino acid sequence of a protein are
known as the genetic code.

The sequence of nucleotides in the mRNA molecule is read consecutively in groups of three.
Because RNA is a linear polymer made of four different nucleotides, there are thus 4 x 4 x 4 =
64 possible combinations of three nucleotides: AAA, AUA, AUG, and so on. However, only 20
different amino acids are commonly found in proteins. Either some nucleotide triplets are never
used, or the code is redundant and some amino acids are specified by more than one triplet. The
second possibility is, in fact, correct, as shown by the completely deciphered genetic code in
Figure 1. Each group of three consecutive nucleotides in RNA is called a codon, and each
specifies one amino acid.
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Figure 1. The nucleotide sequence of an mRNA is translated into the amino acid sequence of a
protein via the genetic code.
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The cell-cycle control system governs the cell-cycle machinery by cyclically activating and
then inactivating the key proteins and protein complexes that initiate or regulate DNA
replication, mitosis, and cytokinesis. Phosphorylation followed by dephosphorylation is one of
the most common ways by which cells switch the activity of a protein on and off, and the
cell-cycle control system uses this mechanism repeatedly. The phosphorylation reactions that
control the cell cycle are carried out by a specific set of protein kinases, while
dephosphorylation is performed by a set of protein phosphatases.

The protein kinases at the core of the cell-cycle control system are present in proliferating cells
throughout the cell cycle. They are activated, however, only at appropriate times in the cycle,
after which they quickly become deactivated again. Thus, the activity of each of these kinases
rises and falls in a cyclical fashion. Some of these protein kinases, for example, become active
toward the end of G, phase and are responsible for driving the cell into S phase; another kinase
becomes active just before M phase and is responsible for driving the cell into mitosis.

Switching these kinases on and off at the appropriate times is partly the responsibility of
another set of proteins in the control system — the cyclins. Cyclins have no enzymatic
activity themselves, but they have to bind to the cell-cycle kinases before the kinases can
become enzymatically active. The kinases of the cell-cycle control system are therefore known
as cyclin-dependent protein kinases, or Cdks.
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