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Gene expression

NEWS AND VIEWS

Protein contacts for
promoter location in eukaryotes

from Andrew Travers

WHAT is the mechanism by which RNA
polymerase locates a promoter site? In
eubacteria, location requires the direct in-
teraction of RNA polymerase with con-
served sequences adjacent to the transcrip-
tion start point. However for eukaryotes
the potential for such a strategy of pro-
moter identification must be severely con-
strained by the size of the genome. In a
mammalian nucleus the concentration of a
unique DNA-binding site is ~ 102 times per
genome lower than in Escherichia coli
while the potential number of random
DNA-binding sites is 103-10* times
greater'. These factors imply first that in a
eukaryote, a DNA-binding protein must
have 102-10%-fold higher affinity for its
binding site than would be necessary in E.
coli — assuming all DNA to be equally ac-
cessible; and second, that to achieve effi-
cient occupancy the sequence specificity of
the interaction relative to random binding
must be 10 times greater than for E, coli. The
dilemma posed is made apparent by the j¥%
mutation of the E. coli lac repressor which
increases the affinity of the repressor for
DNA, at both random and specific sites, by
~ 102, This repressor binds so tightly to
random DNA that its efficiency in locating
the operator and thereby repressing /ac ex-
pression is severely impaired?.

In eubacteria the ability of RNA
polymerase to recognize promoter se-
quences is conferred by the core
polymerase binding to the o polypeptide in-
dependently of DNA binding. Thus in
Bacillus subtilis replacement of the major
vegetative o factor by analogous polypep-
tides during endospore formation allows
the polymerase to bind to different classes
of promoter with different conserved se-
quences’. For eukaryotes one solution to
the dilemma posed by an excess of irrele-
vant DNA-binding sites would be fora pro-
tein that can direct promoter-specific
transcription to bind to the promoter site
independently of the polymerase. The
transcribing enzyme could then itself bind
directly to the promoter-recognition pro-
tein. This strategy of promoter location
could be common to cell types with widely
varying amounts of accessible DNA, for
example rapidly growing and highly dif-
ferentiated cells, and would substitute a
primary protein-protein recognition for
the protein—-DNA recognition used by
eubacteria. The promoter-recognition pro-
teins in eukaryotes would, like o factors, be
able to interact with both RNA polymerase
and with specific sequences in the promoter
sited3,

There is already substantial evidence
that the DNA sequences defined in vivo as
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necessary for the activity and regulation of
RNA polymerase 11 (or B) and RNA
polymerase III promoters do not simply
direct polymerase binding. Purified
eukaryotic nuclear RNA polymerase
behaves like the bacterial core polymerase
in initiating on any single-stranded region
of DNA without apparent sequence
preference®. Moreover, in the case of
polymerase 11 promoters, Davison et al.”

-have recently shown that the core promoter

region containing the TATA box common
to most polymerase 11 promoters binds in
the absence of polymerase itself at least one
of the several factors necessary for accurate
initiation in vitro. This binding depends on
the integrity of the TATA box and results
in the formation of a stable preinitiation
complex. Similarly, activity of promoters
used by polymerase IlI for the initiation of
558 RNA, but not of tRNA or other viral
polymerase I1I transcripts, depends on the
binding of a protein, TFIIIA, toan internal
region of the gene determining transcrip-
tional activity and regulation®?,

Although the experiments of Davison er
al. suggest that a specific DNA-binding
protein is necessary for promoter identifi-
cation by polymerase 11 they leave open the
question of how the ability to distinguish
between different promoters is achieved.
The first strong evidence that selectivity
can be obtained ir vitro has recently been
provided by Dynan and Tjian'® who have
partially purified a transcription factor
that is required for transcription from the
simian virus 40 (SV40) early and late pro-
moters but not from other polymerase II
promoters tested. It is not yet known
whether the activity of this promoter-
selecting factor depends on the upstream
control sequences specific to the SV40 early
promoter but it seems highly probable that
the selectivity observed in vitro reflects se-
quence differences between the promoters
tested.

How might such a selectivity factor act?
One possibility is that a specific DNA-
binding -protein recognizes the upstream
promoter element and interacts by protein-
protein contact with either or both the
polymerase and the promoter-recognition
protein. Efficient binding of the poly-
merase at the promoter site would require
either sequential or simultaneous inter-
action with both these protein elements. In
this way the binding specificity of the
promoter-recognition protein could be
bootstrapped to provide high transcrip-
tional selectivity using protein-protein
contacts for the primary interaction.

A major consequence of invoking
protein~protein contact as the primary

mechanism for promoter location by RNA
polymerase is that regulation of those in-
teractions could be achieved by altering the
protein-protein contact, for example by
covalent modification. Such modification
would allow, for example, polymerase I1 to
interact with one set of selectivity factors
and exclude interaction with a second set.
In the case of a gross environmental per-
turbation, modification might permit bin-
ding of polymerase to only one class of
gene. Such mechanisms could explain the
switching off of transcription of other
genes during the heat-shock response in
Drosophila' or the constitutive expression
of the major human heat-shock gene in the
presence of the adenovirus Ela protein!2,
There are also hints that modulation of
RNA polymerase 11 interactions may alter
the developmental phenotype of particular
tissues. For example a class of RNA poly-
merase [ mutants isolated in rat myoblasts
fail to undergo terminal differentiation’.
This mechanism also has evolutionary
implications. For any organism which
utilises high-specificity DNA-protein in-
teractions as the primary mode of
regulating transcription, substantial in-
creases in DNA content which are not ac-
companied by compensating increases in
the content of specific DNA-binding pro-
teins could be viewed as selectively disad-
vantageous by decreasing the efficiency of
the response to environmental pertuba-
tions. For such organisms there would be a
selective premium in maintaining a com-
pact efficiently organized genome. By con-
trast, in eukaryotes, a reliance on protein-
protein interactions as the major determi-
nant of transcriptional control would free
an organism from the deleterious effects of
rapid expansion of the genome and thereby
minimize the DNA load caused by the in-
creased amount of competing DNA. Thus
the potential for evolutionary flexibility
would be increased. Nevertheless, a regu-
latory mode depending on the modifi-
cation of multiple protein-protein inter-
actions might respond less quickly to
environmental perturbation than one
depending on direct alteration of protein—
DNA interactions, and consequently
would be at a selective disadvantage in
niches favoured by many eubacteria. O
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