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� First, the general TFs present in all cells. These are compon-
ents of the basal transcription machinery, which form a large
complex attached to the basal elements (sometimes called the
pre-initiation complex). These are essential for all eukaryotic
gene transcription.

� Second, there are the sequence-specific TFs which bind to
their cognate upstream control and enhancer elements. They
activate genes, so that the term activator is frequently used for
them rather than TF. These are at the heart of eukaryotic gene
control.

There are common elements such as the CAAT box and the GC
box. Transcriptional factors for these are found in all cells. Most
gene promoters appear to have at least one of these common
factors (CAAT and GC boxes are the most frequently found).
In addition there are TFs or activators for a wide variety of
control elements found as appropriate only in specific cells to
bring about patterns of gene activation appropriate to the cell
type and to the signals arriving at the cell. To give an example,
there is a factor that binds to the GATA element. This is found in
developing red blood cells and is required for activation of
genes coding for proteins specific to red blood cells, such as
haemoglobin. A tissue such as muscle does not have it and
therefore haemoglobin is not produced there.

Most transcription factors themselves are regulated

The TFs that bind to common elements such as the CAAT and
GC boxes are present in cells in an active form. However many
TFs are regulated in activity. Those that exist in an inactive form
in the cell cannot stimulate transcription until they are acti-
vated. Activation may be by phosphorylation (or dephosphory-
lation) or other change causing a conformational change in the
protein which then can bind to the DNA sequence in question.
Often the activation is associated with the movement of the TF
from the cytoplasm to the nucleus where it can then bind to its
cognate DNA elements. The activation is usually the result of
signals arriving at the cell from other cells. Figure 24.18 gives a few
examples, in outline, of the activation mechanisms involved: in
Fig. 24.18(a) a steroid hormone is shown to enter the cell
directly (due to its lipid solubility) and on binding to a soluble
receptor protein causes a conformational change in the latter so
that it is now an active TF for cognate genes; Fig. 24.18(b) shows
that cAMP, which is elevated as a result of the action of certain
hormones (page 262), activates protein kinase A which phospho-
rylates an otherwise inactive transcription factor—the latter
activates genes appropriate to the hormone signal; Fig. 24.18(c)
shows the general concept of the way in which many hormones
bind to membrane receptors and induce a signal cascade inside

the cells. This results in activation of specific TFs often by phos-
phorylation of the protein. The regulation is effected largely by
signals from other cells in the form of hormones, cytokines, and
growth factors. This type of control lies at the heart of cell regu-
lation and is much more fully dealt with in Chapter 27.
Inappropriate activation of TFs is important in the generation
of cancer since genes are activated when they should not be. The
same is true of overproduction of certain TFs which leads to
improper stimulation of cell growth as covered in Chapter 30.

An active TF has two domains (Fig. 24.19)—the DNA-binding
domain and the activation domain which is a binding site for
other initiation proteins.

How do transcription factors promote transcriptional
initiation?

Before we can answer that we must first deal with another
important aspect.

The role of chromatin in eukaryotic gene control

Eukaryotic genes in vivo are in the form of the protein—DNA
complex known as chromatin, not as naked DNA, as discussed
earlier. In this, two turns of DNA are wrapped around nucleo-
somes made of octamers of histone proteins. Individual nucleo-
somes are separated by linker DNA which varies somewhat in
length in different species but averages about 50 base pairs, so
the whole length of DNA per nucleosome is about 200 base
pairs (see Fig. 22.7).

Chromatin used to be regarded as an inert structure whose
sole function was to condense the DNA to fit into the nucleus.
However, as mentioned, when a gene is activated, the chromatin
opens up, making the DNA more accessible. The ‘default’ state
of chromatin (the state in the absence of any action to counter-
act it) is a ‘shut-down’ condition—the genes are inactive. The
reason is that gene promoters are blocked by nucleosomes
which prevent assembly of the basal initiation machinery on the
promoters.

Gene control in eukaryotes involves ‘opening up’ or unblock-
ing of the promoters. It requires modification of the chromatin
structure known as chromatin remodelling (Fig. 24.20). This
term means the effective removal of nucleosomes from the pro-
moter site of the gene to be activated. It is not known whether a
nucleosome physically leaves the DNA or just changes its
attachment so as to permit the transcription complex to assem-
ble on the promoter. The term ‘remodelling’ avoids implication
of what exactly is happening in molecular terms. It is not known
how many nucleosomes need to be remodelled—a nucleosome
and its linker is about 200 bases in length which is about the size
of a promoter, so one might suffice.
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How do transcription factors open up gene promoters?

Once again, we see a reading engine assemble at its reading start
point. This complex way of beginning a reading process seems to
be favoured by nature. It happens at the initiation of DNA syn-
thesis and, as we shall see, at the initiation of protein synthesis.

First, one (or more?) transcription factor(s) attach(es) to
cognate elements on the promoter and/or the enhancer (in
Fig. 24.21(a) only a single one is illustrated). A TF has two
domains, one to attach to the DNA element and the other, the
activation domain, being free to bind to other proteins. The role

Fig. 24.18 Examples of transcription factor activation. (a) A steroid hormone enters the cell; it attaches to a receptor specific for that hormone and
causes a conformational change in the receptor protein which is now an active transcription factor. This activates the gene(s) which are controlled
by the particular hormone. A whole family of steroid hormone receptors exists. (b) cAMP is produced as a result of epinephrine binding to cell
receptors (page 468). The cAMP activates a protein kinase, which phosphorylates the inactive transcription factor, which is activated. (c) Protein
hormones such as insulin do not enter the cell but bind to receptors on the cell surface. This results in a sequence of events which ends in the
phosphorylation of the appropriate inactive transcription factors and activates them. Note that there are many different hormones which bind to
different specific receptors and activate different transcription factors. In many cases the activation involves transport from the cytoplasm into the
nucleus. The transcription factors bind to specific response elements of different genes. Thus each hormone can exert control over appropriate
genes (activation of transcription factors inside cells by steroid binding and receptor-mediated signal transduction is dealt with in Chapter 27 on
cell signalling).
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of TF binding is to cause the opening up of the promoter by the
mechanism described below so that all of the factors required
for initiation can bind. There is obviously a chicken-and-egg
dilemma here—a TF has to bind to open up the promoter so
that factors can bind. The probable answer is that some TFs are
able to bind to their DNA elements even before chromatin
remodelling has occurred. This leads to remodelling of the 
promoter which allows all the other factors to assemble on 
the promoter.

One of the latter factors so far not mentioned now enters the
picture—the coactivator. This is a protein complex which binds
to the activation domain of the TF. The coactivator is not a TF
and does not itself bind to DNA but is essential for gene tran-
scription. Its attachment to the DNA-bound TF positions it close
to the promoter and its blocking nucleosomes (Fig. 24.21(b)).
A family of coactivators have been identified, two well-known
ones being p300, the related CBP, and PCAF. (To explain the nam-
ing of only one of these, CBP stands for CREB-binding protein
and CREB in turn stands for cAMP-response-element-binding
protein. CREB is a transcription factor activated by a cAMP-
induced phosphorylation (Fig. 24.18(b).) It has been shown that
when CREB is activated it binds to the coactivator CBP.

An exciting discovery was that several coactivators have an
enzymic activity known as histone acetyltransferase (HAT;
Fig. 24.22). It catalyses the transfer of the acetyl group of acetyl-
CoA to the �-NH2 group of lysine residues in the N-terminal
domains of the histone octamer subunits which form the
nucleosomes (Fig. 24.21(c)). These domains are exposed on the
surface of the nucleosomes like short tails so that they are
accessible to HAT activity. Acetylation eliminates the positive
charge on the amino groups and is believed to loosen the
attachment of the negatively charged DNA to the nucleosome

and nucleosome–nucleosome interactions. It appears to be a
factor in chromatin remodelling (Fig. 24.21(d)) and therefore
for opening up the gene prior to initiation. Acetylation has
been studied most but methylation of arginine and lysine
residues of histone tails is also known to be involved. (Initiation
is a very complex process.)

Oddly enough it is not the only mechanism known for
remodelling chromatin; separate ATP-dependent remodelling
machines have been discovered first in yeast and later in humans.

How is transcription initiated on the opened promoter?

The next step is to assemble the basal initiation machinery
on the promoter. Let us look at the components of this first.

Fig. 24.21 Remodelling of chromatin—the first step in gene
transcription. (a) Chromatin with a promoter blocked by nucleosomes.
(b) An activator (a transcription factor) attaches to its site. 
(c) A coactivator with histone acetyltransferase (HAT) activity attaches
to the bound activator and acetylates the histones of the blocking
nucleosome(s). (d) The blocking nucleosomes are removed or
remodelled. Several different activators are involved in control of a
typical eukaryotic gene (see Fig. 24.16 for illustration of this) and
several or all may be involved in recruiting the coactivator. In case of
the activation of the thyroid hormone gene, three or four nucleosomes
are removed from the DNA.

Fig. 24.20 Chromatin remodelling. The principle is that the promoter
in chromatin is blocked by nucleosomes. Gene activation requires
exposure of the promoter; this may require the physical removal of one
or more nucleosomes, or it could be some change in the relationship of
the nucleosome(s) to the DNA which effectively gives accessibility to
the promoter. Use of the term ‘chromatin remodelling’ reflects the
current uncertainty about exactly what happens at the molecular level.
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Discovery of the mediator

An enormous complex of 23 proteins in yeast and 25 in humans
was isolated called the mediator. When this was added to the
experiments, TF-modulated transcription was achieved.
Mediator does not bind to DNA but is known to bind to the
RNA polymerase. This is illustrated in Fig. 24.24 which dia-
grammatically attempts to depict the entire transcription com-
plex. It seems that the mediator physically links the TFs and
other components of the initiatiation complex to the RNA
polymerase and in some unknown manner integrates all their
efforts and modulates the polymerase according to the instruc-
tions of the TFs. Figure 24.25 summarizes what currently
appears to be the events in the initiation complex assembly
leading to the control of RNA polymerase.

The discovery of the mediator probably (?) completes the
catalogue of factors needed for eukaryotic gene transcription,
and opens the way for elucidating how the whole astonishing
system works.

In all cells there are general transcription factors required for
initiation of all genes. One of these is a large complex called
TFIID (transcription factor for type II genes, the D indicating
which of several it is; about 10 different proteins are involved in
the complex). The heart of this complex is the protein TBP
(TATA-box-binding protein) which attaches the TFIID to the
TATA box. The other components are known as TAFs (TBP-
associated factors; Fig. 24.23). RNA polymerase II is a large
multi-subunit enzyme which exists in the nucleoplasm. It joins
up to the TFIID complex on the TATA box; several other general
initiation factors bind such as TFIIB which plays a role in link-
ing up the polymerase to the TFIID. Since the TATA box is in
a fixed position relative to the start site the position of TFIID is
fixed and therefore the polymerase in joining up to it is auto-
matically correctly positioned at the start site and pointing in
the right direction. As already mentioned, rather disconcert-
ingly, some genes do not have a TATA box; in these cases it is the
Inr that positions the basal transcription machinery.

The opening up of the promoter now permits the collection
of sequence-specific TFs to attach to their appropriate boxes.
A seemingly unlimited number of these may attach giving their
messages from different signals, which may be contradictory
since negative as well as positive signals may be given. Somehow
the gabble is integrated to give the intensity of transcription
that should occur on the gene.

However it was found that something was missing. When
DNA, general transcription factors, and RNA polymerase II
were added in experiments in vitro, gene-specific transcription
occurred but it did not respond to the upstream TFs unless
crude extract was added. This enabled a new initiation compo-
nent to be found.

Fig. 24.22 Acetylation of the lysine residues of the N-terminal tails of
subunits of the histone octamers of nucleosomes. The acetylation
reduces the positive charge on the protein and is believed to result in
lessening the attachment of DNA to the nucleosome leading the
chromatin remodelling described in the text.

Fig. 24.23 Diagrammatic representation of the components of the
basal initiation complex. TFIID is a complex of the TATA-box-binding
protein (TBP) and a number of TAFs (TBP-associated factors). RNA
polymerase attaches to the preinitiation complex and forms the basal
transcription complex. This figure is to illustrate the components of
the basal complex but this does not exist in isolation; it is part of a 
very large assembly and interacts with transcription and other factors
(see Fig. 24.24).
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