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Computer model building with a dynamic energy minimization procedure is used here to study the interac-

tion of a pentapeptide sequence from the lac repressor headpiece (lac 53-57) with different base sequences

of DNA. The peptide fragment for this purpose was considered in the classical f-antiparallel as well as the

B-associated conformation. The model of its interaction with DNA was optimised for various binding posi-

tions and base sequences. Partitioning of energy is analysed for different dielectric constant values and the
main contributing factors to sequence-specific binding are discussed.

DNA recognition

1. INTRODUCTION

The mechanism by which the lac repressor
recognises the 20 bp region of E. coli and has a
very tight binding has been under investigation for
several years [1-10]. It has been established that
the N-terminus headpiece of 59 residues is really
necessary for recognition [2,3]. The region of
amino acid residues from 53 to 59 has been special-
ly identified as ‘recognising’ on the basis of genetic
studies [4]. Physico-chemical studies on the in-
teraction of amino acid residues from this region
with DNA fragments showed that it does not
modify the DNA conformation, assumes a /-
associated structure upon binding to DNA and has
sequence-specific interaction with DNA [5]. In-
crease in the melting temperature of poly[d(I-
O)] - poly[d(I-C)] and poly(dG) - poly(dC) has also
been observed [9].

The aim of this paper is to look into the nature
of the intramolecular forces responsible for
recognition of DNA by a pentapeptide fragment
from this region (sequence 53—57). We use com-
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lac 53-57

Energy partitioning

puter model building along with a dynamic energy
minimization procedure to observe the effect of
peptide conformation, binding position, and
dielectric constant changes on the recognition of
DNA base sequences.

2. EXPERIMENTAL

Pentanucleotide duplexes with 4 different base
sequences d(T)s-d(A)s, d(TATAT)-d(ATATA),
d(CGCGC)-d(GCGCG), and d(C)s-d(G)s (DNA
I, DNA II, DNA III, and DNA IV, respectively)
were generated in B-form on the basis of fiber X-
ray diffraction data of Arnott et al. [11]. Their
conformation was kept fixed throughout these
computations. Pentapeptide in the classical an-
tiparallel #-conformation was generated on the
basis of IUPAC data [12]. All energy calculations
were done on the basis of atom-atom potential
consisting of non-bonded (attractive and
repulsive), electrostatic, polarization and hydrogen
bonding contributions [13]. CNDO/ON charges
[14,15] were used for calculations.

As a first step towards model building, the pep-
tide backbone was considered to be rigid. Side
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chains were allowed to rotate around C,—Cg
bonds. Peptide was allowed to approach DNA in
the major as well as minor groove, in parallel or
antiparallel orientation, with side chains wrapped
around DNA or penetrating the grooves (position
I and II, respectively). Geometry optimization was
done allowing freedom to roll, slide, and vibrate in
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the grooves by a procedure described by us earlier
[16].

In the next step, the backbone of the peptide was
allowed to be deformed. We also allowed rotations
around all single bonds in the side chains. The
geometry of the peptide DNA complex was op-
timised in the minor groove for 2 base sequences
(DNA I and DNA 1V).
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Fig.1. Partitioning of interaction energy of lac (53—57) in classical g-antiparallel conformation, (a) minor groove
wrapped around, (b) minor groove penetrating, (c) major groove wrapped around and (d) major groove penetrating
position. Average values for ¢ = 4-20 are shown.
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3. RESULTS AND DISCUSSION

In the classical #-antiparallel conformation, the
presence of 3 large side chains, Gln 54, Gin 55 and
Leu 56, restricts the entry of the peptide fragment
in the minor groove. As a result of this, DNA bases
contribute less to the stabilization energy (fig.1a).
In the penetrating position only one of the side
chains (Gln 55) has an appreciable interaction with
the bases (fig.1b). The maximum energy variation
is 12 and 13% in positions I and II (table 1). A-T
containing sequences showed preference because
of the electrostatic interaction in the wrapped
around position and hydrogen bonding in the
penetrating position (with N3 of adenine or O2 of
thymine).

The percentage variation of the interaction
energy with different base sequences in the major
groove is about 20 in the wrapped around position
and 33 in the penetrating position. This increase in
specificity is due to the large size of the major
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groove which allows more penetration. However,
the binding affinity of classical #-peptide fragment
in both the grooves is much smaller (AE =
—39.63 kcal/mol) than those of the non-
intercalating antitumour antibiotics netropsin or
distamycin which had AE = -237.25 and
—160.7 kcal/mol respectively at ¢ = 4.0 [16].
Change in the dielectric constant has no ap-
preciable effect on sequence specificity. Peptide
can bind in both parallel and antiparallel positions.

A dramatic increase in the binding affinity
(AF = —113.868 kcal/mol) is observed when
backbone and side chain flexibility is allowed for
the peptide. This is because the peptide in this case
can penetrate deeper in the grooves and make
specific contacts with DNA bases and backbone
(fig.2). We observe that the peptide backbone can
make a beautiful concave surface of radius 4.75
and 5.3 A in the case of DNA I and DNA IV with
alternate amides pointing towards the floor of the
groove (fig.2). The net increase in conformational

Table 1

Partitioning of interaction energy of lac (53—57) for different base sequences at ¢ = 4.0

Peptide Groove DNA base  Peptide Peptide Nonbonded Electrostatic Hydrogen Total
conformation sequence with strand with strand bonding
I(5) I (3"
G deformed minor DNA I —76.854 —43.226 —84.685 — 9.845 —25.550 —120.080
DNA IV —59.523 —48.033 —80.348 - 14.290 -12.918 —107.556
Classical & minor I DNAI - 15.872 —23.904 — 19.060 -17.732 — 2,984 - 39.776
DNA 11 —16.604 —23.638 —19.469 ~18.281 — 2493 — 40.242
DNA 111 —14.704 —21.614 —19.956 ~14.787 - 1.577 - 36.319
DNA 1V —14.999 —21.127 —19.901 - 16.226 0.0 - 36.126
minor I DNAI —23.307 —22.064 —22.870 ~10.178 —-12.322 - 45.371
DNA II —24.213 —21.055 —22.844 - 10.677 —-11.747 — 45.267
DNA III —-20.892 - 19.106 -23.614 - 9.820 — 6,564 — 39,998
DNA IV —22.811 —17.424 —23.555 ~ 8.946 - 7733 - 40.235
major I  DNA I —17.913 —30.644 —23.432 - 15.680 — 9.447 - 48.559
DNA 11 — 8.857 —28.173 —15.227 -21.802 0.0 - 37.030
DNA III —11.063 —31.471 —23.857 -13.323 — 5.354 - 42.534
DNA IV —17.513 —22.228 —20.082 - 15.330 — 4330 — 39.741
major II DNA1 - 7.570 —29.206 —14.180 - 12.860 - 9736 — 36.776
DNA 11 —20.255 —24.607 —18.152 - 71.779 —18.930 — 44.861
DNA 111 —25.419 -21.686 -12.292 - 5.796 —15.315 - 33.402
DNA IV - 6.600 —21.456 —10.154 - 10.839 - 7.063 — 28.056

All energies are in kcal/mol
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Helix axis

Gin54

Fig.2. Top view (perpendicular to the helical axis) of lac

(53—57) with deformed #-conformation in the minor

groove of d(T)s-d(A)s. Peptide backbone is shown in
bold lines, hydrogen bonding by dashed lines.

energy of this model is less than 10 kcal/mol. In
agreement with the detailed model proposed by
Gursky et al. [17] for peptide DNA recognition
and the crystallographic structure of triostin-DNA
(18], we observe hydrogen bonding between
backbone amides (of the 2nd and 4th peptide) with
the 2nd and 3rd adenine N3 on the 5'-strand. The
direction N—C,—C runs parallel to C3'-C5' of the
adenine strand. The obtained ¢,¥ values for the 5
residues (144; 51, 156; 171, 140; -165, 152;
—121°) lie in the allowed region in Ramachan-
dran’s (¢,¥) plot [19]. We observe deviation from
planarity of the peptide bond (w = 180, - 142,
—150; —163°). Such deformation can be induced
by the DNA environment and has been noted in
the triostin-DNA complex [18]. The side chains
can also make specific contacts. Gln 55 could be
twisted within the groove and hydrogen bonds with
thymine O2.

Partitioning of the interaction energy for 2
strands in the case of d(T)s- d(A)s was asymmetric
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Fig.3. Partitioning of interaction energy of lac (53-57)
in the deformed B-conformation.

(table 1). In the case of d(C)s-d(G)s the presence
of NH2 of guanine reduces its binding with the
5'-strand and symmetric partitioning is observed
(table 1). The difference in the interaction energy
with these 2 sequences is 12.524 kcal/mol. This is
derived from the hydrogen binding interaction be-
tween the peptide backbone and DNA bases and
from the electrostatic interaction between side
chains and bases (fig.3). Some amount of sequence
specificity is also shown by the side chain-
backbone interaction which is a major con-
tributing factor to the stabilization energy. It arises
because of a better orientation of the side chains in
the case of DNA 1. No substantial change in
specificity is observed due to change in the dielec-
tric constant of the medium.

4. CONCLUSION

Our results demonstrate that the peptide in the
classical F-antiparallel conformation binds weakly
to DNA without much groove, orientation or se-
quence specificity. It seems to be ill-suited for the
recognition process in the lac repressor. In the
deformed #-conformation, a series of specific con-
tacts are possible between the peptide backbone
and side chains with DNA, which can lead to very
tight binding as well as sequence specificity. Thus,
in agreement with the literature [8,17,20,21], we
feel that recognition of peptide in the minor groove
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involves the G-associated species. More rigorous
model building with peptide-DNA complexes is in
progress. This is the first preliminary report.
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