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A Model for DNA-Protein Interactions and
the Mode of Action of the Operator

THE regulation of gene activity seems to depend, at least
partially, on specific interactions between DNA and
protein. In particular, regulation of protein synthesis in
bacteria is probably determined by interaction between
operator genes and proteins acting as repressorst. It is
conceivable that the proteins interact directly with
specific sequences of nucleotides in the groove of double-
stranded DNAZ,

There is, however, another possibility suggested by the °
recent determination of the structure of transfer RNAZ2.
This single-stranded RNA is known to fold back on itself
and to give rise to several small double-stranded regions
where complementary bases are paired. The secondary
structure which results contains branches and loops which
are probably responsible for the specific interaction with
protein, in this case with the amino-acid-activating
enzyme. )

A somewhat analogous model can be postulated for the
interaction of DNA and protein. If each strand of double-
stranded DNA contains sequences of nucleotides x,,

Xy . . . Xp, followed first by a few nucleotides x’, x”/,
x’’" ., . and then by a sequence complementary to x,,
X, . . . Xp, but in reversed order, an equilibrium between

the normal double-stranded structure of DNA (4) and a
branched structure (B) containing segments of DNA
strands folded back on themselves (Fig. la) would be
expected. More complicated structures would also be
possible; there could be several consecutive branches on
the DNA, and the primary branches might contain
secondary and tertiary branches (Fig. 1b). It is postulated
that branched structures (B) may determine specific
interactions between DNA and protein.

In general, structure B, containing a few unpaired
nucleotides, would be expected to be less stable than
structure 4. Protein, however, may stabilize structure B
by association with the DNA, particularly if there is some
specificity of interaction with the loop containing unpaired
nucleotides. Such an association might be involved in the
repression or activation of gene function. For example,
a branched region of DNA containing the operator may be
stabilized by repressors to block starting sequences for the
synthesis of messenger RNA. It is conceivable that there
are chemical modifications of unpaired nucleotides which
help to shift the equilibrium toward conformation B,
~ making an operator more readily accessible to repressors.
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Fig. 1. Equilibrium between continuous double-stranded DNA (structure

A) and branched DNA (structure B). Unpaired nucleotides are only

schematically indicated. There may be structural requirements for

additional unpaired nucleotides in structure B. (z) Example of a simple
branched DNA; (b) example of DNA with secondary branches.

The model could possibly be applied to other problems.
For example, some loops could be susceptible to specific
enzymes such as DNases and methylating enzymes
responsible for host-specific sensitivity and stability of
DNA¢*. The spatial arrangement of DNA in chromosomes
might partially derive from branched structures of DNA
stabilized by proteins.

Experiments to test the hypothetical model can be
based on the prediction that the branches contained in
structure B should be formed by denatured, single-
stranded DNA even without external stabilization. Some
_ base-pairing in single-stranded denatured DNA has been



demonstrated’. One might expect that denatured DNA
would in some cases be more suited to detect the specific
interaction with protein than native DNA.
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