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1. ROELEZFAT, BLFORWIZEZ RS, (35 )

Gene expression can be regulated at many of the steps in the pathway from
DNA to RNA to protein
If differences among the various cell types of an organism depend on the particular genes that
the cells express, at what level is the control of gene expression exercised? There are many steps
in the pathway leading from DNA to protein, and all of them can in principle be regulated. Thus
a cell can control the proteins it makes by (1)controlling when and how often a given gene is
transcribed, (2)controlling how an RNA transcript is spliced or otherwise processed, (3)selecting
which mRNAs are exported from the nucleus to the cytosol, (4)selectively degrading certain
MRNA molecules, (5)selecting which mRNAs are translated by ribosomes, or (6)selectively
activating or inactivating proteins after they have been made.

Gene expression can be regulated at each of these steps, and we will describe some of the key
control points along their pathway from DNA to protein. For most genes, however, the control
of transcription is paramount. This makes sense because only transcriptional control can ensure
that no unnecessary intermediates are synthesized. So it is the regulation of transcription — and
the DNA and protein components that determine which genes a cell transcribes into RNA —
that we address first.
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With the exception of identical twins, no two people have exactly the same
genome. When the same region of the genome from two different humans is
compared, the nucleotide sequences typically differ by about 0.1%. That might seem
an insignificant degree of variation, but considering the size of the human genome,
that amounts to some 3 million genetic differences in each maternal or paternal
chromosome set between one person and the next. Detailed analysis of the data on
human genetic variation suggests that the bulk of this variation was already
present early in our evolution, perhaps 100,000 years ago, when the human
population was still small. This means that a great deal of the genetic variation we
possess today was inherited from our early human ancestors.

Most of the genetic variation in the human genome takes the form of single
base changes called single-nucleotide polymorphisms (SNPs). These polymorphisms
are simply points in the genome that differ in nucleotide sequence between one
portion of the population and another—positions where one large fraction of the
population has a G-C nucleotide pair, for example, while another has an A-T. Two
human genomes chosen at random from the world's population will differ by
approximately 2.5 x 106 SNPs that are scattered throughout the genome. Because
SNPs are present at such a high density, they provide useful markers in genetic
analyses in which one attempts to link a specific trait (such as disease
susceptibility) with a particular pattern of SNPs. This type of analysis should lead
to improvements in health care by allowing doctors to determine whether an
individual is susceptible to a disease, such as heart disease, long before he or she
shows any symptoms. The person can then change his or her behavior to help
prevent the disease before it arises.
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The hydrophobic interior of the lipid bilayer creates a barrier to the passage of most
hydrophilic molecules, including ions. They are as reluctant to enter a fatty
environment as hydrophobic molecules are reluctant to enter water. But given enough
time, virtually any molecule will diffuse across a lipid bilayer. The rate at which it
diffuses, however, varies enormously depending on the size of the molecule and its
solubility properties. In general, the smaller the molecule and the more soluble it is in
oil (that is, the more hydrophobic, or nonpolar, it is), the more rapidly it will diffuse
across. Thus:

1. Small nonpolar molecules, such as molecular oxygen (O2, molecular mass 32
daltons) and carbon dioxide (44 daltons), readily dissolve in lipid bilayers and
therefore rapidly diffuse across them:; indeed, cells require this permeability to
gases for the cell respiration processes.

2. Uncharged polar molecules (molecules with an uneven distribution of electric
charge) also diffuse rapidly across a bilayer, if they are small enough. Water (18
daltons) and ethanol (46 daltons), for example, cross fairly rapidly; glycerol (92
daltons) crosses less rapidly; and glucose (180 daltons) crosses hardly at all.

3. In contrast, lipid bilayers are highly impermeable to all ions and charged molecules,
no matter how small. The molecules’ charge and their strong electrical attraction to
water molecules inhibit them from entering the hydrocarbon phase of the bilayer.
Thus, synthetic bilayers are a billion (109) times more permeable to water than they
are to even such small ions as Na* or K*.
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