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Abstract 

Using the theoretical model for DNA bending we have analyzed the Mu mom promoter wild type and its mutant tin7 
which showed differential binding to the RNA polymerase. We have demonstrated here the structural change as a result of 
the point mutation which may be responsible for the altered binding of RNA polymerase. Analysis using both sets of 
parameters essentially gives the same result. 
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1. Introduction 

The fundamental processes that occur inside cells 
(packaging, replication, recombination, restriction 
and transcription) all involve a complex interplay of 
protein-DNA interactions. The structural, biochemi- 
cal, and molecular genetic studies of protein-nucleic 
acid complexes have revealed two main sources of 
sequence specificity in protein nucleic acid interac- 
tions: (i> direct hydrogen bonding and van der Waal’s 
interaction between the protein side chain and the 
exposed edges of base pairs and (ii) the sequence 
dependent bendability or deformability of duplex 
DNA or RNA (i.e. certain nucleic acid sequences 

take up a particular structure required for binding to 
a protein at lower free energy that other sequences) 
([l] and references therein). 

The overall structure of DNA, being sequence 
dependent, has been the subject of intense theoretical 
and experimental investigations and is now a well 
established fact [2-41. The ability of protein to dis- 
criminate between different regions of the DNA 
molecule depends first on the fact that the sequence 
of such a molecule is not uniform [5 ]  and this is 
directly reflected in its local structure. The 
sequence-dependent deformability of duplex DNA or 
RNA that provides specificity for sequences being 
recognized by protein can include the melting of 
base pairs. Sequence recognition by protein is also 
attributed to the sequence dependent ability of single 
stranded nucleic acid to take up the conformation 
required for protein binding. The distortions pro- 



 

duced in nucleic acids has an indirect role in se- 
quence specificity, this is because: (i) the nucleic 
acid conformation to which the proteins bind is 
altered after binding and is different from its uncom- 
plexed solution conformation, and (ii) the frce en- 
ergy cost associated with various nucleic acid se- 
quences to assume a particular conformation for 
binding to a specific protein is different for different 
sequences [I]. 

One of the most important events wherein pro- 
tein-DNA interaction plays an important role is the 
process of transcription. Balke et al. [6] have experi- 
mentally investigated the binding of RNA poly- 
merase in the case of the bacteriophage Mu, which 
controls an unusual DNA modification function en- 
coded by the mom gene. The mom gene is located in 
an operon that consists of two overlapping genes. 
The transcription of the phage Mu com/mom operon 
is trans-activated by another phage gene product, C, 
a site specific DNA binding protein. The mechanism 
by which C activates transcription has been studied 
earlier [6]. Our main interest in studying the aspect 
of differential binding of RNA polymerase was to 
look at the structural changes that would occur in the 
Mu mom promoter region due to a single-base sub- 
stitution. We present here our analysis using the 
theoretical model wherein we have analyzed the 
structural changes using both the set of parameters 
(i) obtained by Trifonov and co-workers by fitting 
experimental data [7] and (ii) obtained by De Santis 
and co-workers by energy calculation [8-101. The 
two approaches yield quite different values for roll, 
twist and tilt, yet both parameter sets appear to fit the 
experimental data reasonably well. These models 
have been previously used in analyzing the super- 
structures associated with different segments of DNA 
and have also been experimentally validated [8,91. 

2. Experimental 

2.1. Analysis using the experimentally determined 
parameters 

We have used the CURVATURE programme [ l l ] ,  
which uses the experimentally determined wedge 
angle [7] to calculate the curvature map and the 
DNA path of the Mu mom promoter and it mutant 

tin7. The programme has been specially modified by 
Shpigelman and Trifonov to study structural changes 
caused by such point mutations. The modified pro- 
gramme permits the projection of fragments on the 
same plane rather than on the maximum curvature 
plane where the comparison of fragments is not 
possible. Both the fragments are projected on the 
same plane (m). 

2.2. Analysis using the energy minimized ualues 

The theoretical model for the sequence dependent 
superstructures of DNA was proposed by De Santis 
et al. [8] on the basis of conformational energy 
calculations. The model has been used to obtain the 
structural deviations from the canonical B-DNA 
structure in terms of the curvature vector C(n,u) 
which represents in the complex plane (in modulus 
and phase) the directional change of the double helix 
axis between sequence number n and n + u. Whilst 
one may refer to the original work of De Santis et al. 
for details of the calculations [12,13], we state that 
the calculations require knowledge of u" = 10.4 
which is the average periodicity of the DNA, d j  = 
( pi - 'Ti) representing the orientational deviations of 
the jth base pair average plane from the canonical 
B-DNA. pi and r j  are the roll and tilt angles, 
respectively, obtained by energy minimization [8]. 
Curvature is expressed by a pair of diagrams where 
both the modulus and the relative phase of the 
curvature vector C(n,u) are reported versus the se- 
quence number n. In our calculations we have as- 
sumed u = 31 (i.e about 3 turns of the DNA helix) 
and the value of curvature is assigned to the center 
of the sequence tract considered. The curvature dis- 
persion ~7 was also calculated following De Santis 
et al. [9]. 

3. Results and discussion 

We have used theoretical models for DNA curva- 
ture to understand the superstructural features associ- 
ated with the Mu mom promoter region and its 
mutant. Experimental studies reported by Balke et al. 
[6] have revealed that in vivo and in the absence of C 
(a transacting factor), RNA polymerase bound the 
wild type promoter region at a site designated P2 
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Fig. 1. Sequence of the Mu mom promoter region. The tin7 
mutation is a T to G substitution at position - 14 with respect to 
the transcription start site (see Fig. 1 of Ref. [6]). 

(see Fig. 1). The P2 region was shown by DNase 
I-footprinting to extend from -74 to -24 with 
respect to the transcription initiation. A known C 
binding site -35 to - 54 falls within this region. In 
the presence of C in vivo, RNA polymerase bound 
the wild type promoter region at a site designated P1. 
The P1 region was shown to extend from - 56 to 
+21 by DNase I-footprinting. The analysis of the C 
independent mutant (which initiated transcription at 
the same position as that of the wild type) revealed 
that in vivo in the absence of C, RNA polymerase 
bound mutant tin7 (which contains a T to G substitu- 
tion at - 14) predominantly at P1 [6]. These observa- 
tions point to the fact that the T to G substitution at 
position - 14 in the Mu mom promoter alters the 
signature (in terms of it structure) which the RNA 
polymerase is unable to recognize. 

The structural deformations associated with the 
upstream region of the mom gene have been investi- 
gated using nearest neighbor models which take into 
account the influence of the flanking sequences on 
the overall structure. The overlap of the curvature 
map of the Mu mom promoter and its mutant is 
shown in Fig. 2. The curvature, given in DNA 
curvature units [14], has been calculated using the 
experimentally determined 16 wedge angles. A steep 
drop in the curvature value is seen in the vicinity of 
the mutation; this necessarily means a change in the 
shape of the DNA. The other region shows a perfect 
overlap of curvature. The substitution of T by G at 
the - 14 position in the mom promoter produces a 
TG step (see Fig. 1). The TG step kills the T runs 
thus severing local curvature. It also changes, at this 
point, the direction of the DNA axis. TG stack also 
adds flexibility, thus changing the binding constant 
[15]. A clearer perspective of the change in shape 
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Fig. 2. Curvature map of the mom promoter and its mutant tin7 
showing the separated and overlapping region. Curvature is given 
in DNA curvature units which is the ayerage curvature of DNA in 
the nucleosome core particle, 1/42.8 A (see Ref. [14]). 

can be obtained from the DNA path. The overlap of 
the DNA path of the wild type promoter and its 
mutant is shown in Fig. 3. Both these fragments have 
been projected on the same plane to facilitate com- 
parison. The deviation of the DNA axis in the vicin- 
ity of the mutation can be clearly seen and may be 
responsible for the altered recognition. 

We obtained essentially similar results with the 
energy minimized parameters obtained by De Santis 
et al. This model has been very successful in predict- 
ing the gel electrophoresis retardation due to point 
mutations in a tract of SV40 DNA [12] which was 
experimentally investigated by Milton et al. [16]. 
Because the model was very successful in predicting 
gel electrophoretic retardation changes induced in a 
tract of 173bp by a single-base substitution we also 
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Fig. 3. Overlap of the DNA path of the mom promoter and its 
mutant. (a) Calculated using experimentally determined parame- 
ters. (b) Calculated using the energy minimized values. 



used it to study structural changes induced in the 
Mom promoter caused by a single-base substitution. 
Fig. 4 shows the overlap of the curvature profile, 
phase and curvature dispersion of the mom promoter 
and its mutant. The curvature dispersion ( a 2 >  easily 
allows the individual recognition of the sequences of 
higher curvature. The DNA path calculated using the 
energy minimized values of the DNA parameters is 
similar to that obtained with the parameters obtained 
by experimental calculations and also shows a devia- 
tion in the DNA axis. 

The results of our analysis using both sets of 
parameters suggest that there is definitely a change 
in the DNA superstructure due to a single-base sub- 
stitution. As a consequence of this, the relative am- 
plitude of the DNA grooves are changed with respect 
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to the canonical B-DNA. This results in the develop- 
ment of a differential electrostatic field along the 
curved DNA tracts, changes in hydration and, fi- 
nally, in affinity towards proteins. 

Further in conclusion we would like to stress that 
the theoretical models based on the simple nearest- 
neighbor interaction hypothesis are capable of trans- 
lating the deterministic fluctuations of the base se- 
quences into information on DNA superstructure. 
Similar deviations of the DNA axis due to a single- 
base substitution are predicted by both sets of param- 
eters even though the values appear to be different. 
This may be due to the fact that in order to calculate 
the preferred configuration of a DNA molecule, the 
important parameter is not the absolute value for an 
individual base step but the relative differences be- 
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Fig. 4. Overlap of (a) curvature profile, (b) phase and (c) curvature dispersion u 2  for the mom promoter and its mutant. 
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tween base steps. We would further like to suggest 
that this change in the shape of the DNA contributes 
to changes in the complex array of factors discussed 
above which in turn may be responsible for the 
altered binding of RNA polymerase. 
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