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Abstract-The molecular geometry of rabbit NP-1 defensin is fully optimized by means of molecular
mechanics andMNDO methods. Atomic charges are calculated, and an estimate for the dipole moment of the
molecule is obtained (m 4.0 D). The possible mechanism of defensin3receptor interactions is discussed.

Defensins are low-molecular cationic proteins. The
term, as such, reflects the most important function of
such peptides, namely, to protect a macroorganism
from pathogens [1]. At present, a variety of mammal
defensins has been isolated, and their primary struc-
ture has been assessed [1, 2]. The high antibiotic
activity of defensins has given impetus to their wide
physicochemical exploration. However, regardless of
small molecular dimensions of defensins and defensin-
like proteins, experimental (NMR and X-ray diffrac-
tion) geometries are now available for only few such
molecules [339], which is explained by severe dif-
ficulties associated with their isolation and purifica-
tion. On the other hand, unclear are reasons for the
lack of reported quantum-chemical simulations of the
steric structure of defensin molecules, since know-
ledge of their geometry and electronic structure would
give one insight into the mechanism of action of these
endogenous antibiotics.

In the present work we performed a quntum-
chemical study of rabbit NP-1 defensin whose anti-
microbial properties are well-documented [10].

The molecular geometry of NP-1 was fully opti-
mized by means of molecular mechanics, as well as
MNDO semiempirical calculations by the
GAUSSIAN 98 program [11] realized on Cray-J90-
Unicos. The starting geometry was constructed on the
basis of the primary structure Val3Val3Cys3Ala3Cys3
Arg3Arg3Ala3Leu3Cys3Leu3Pro3Arg3Glu3Arg3
Arg3Ala3Gly3Phe3Cys3Arg3Ile3Arg3Gly3Arg3Ile3
His3Pro3Leu3Cys3Cys3Arg3Arg [1, 10] with three
intramolecular S3S bonds: Cys33Cys31, Cys53Cys20,
and Cys103Cys30 (numbering from Val1 to Arg33).

As follows from our calculation results, the NP-1

molecule has a closed ellipsoidal shape (linear
dimensions 30018016 A), which is consistent with
the reported experimental molecular dimensions of
the monomer of human HNP-3 defensin (260150
15 A) [8]. On the outside of the NP-1 molecule (see
figure), there are side radicals of arginyl residues,
which are basic and readily protonated guanidine
groups. These groups determine the hydrophilic
properties of the molecule and are responsible for its
interaction with negatively charged phospholipids of
cell membranes. The NP-1 molecule contains a total
of ten arginine fragments, six of which form two
groups by three: Arg7, Arg14, Arg16 and Arg23, Arg25,
Arg32, arranged on the opposite ends of the molecule.
The internal surface of the NP-1 molecule are formed
by hydrophobic amino acids, such as leucine (Leu),
alanine (Ala), and phenylalanine (Phe). Thus, hydro-
philic and hydrophobic functional groups are spacially
separated, and this explains the amphipathic properties
of the molecule.

The molecular volume of the NP-1 defensin mo-
lecule is 4100+100 A3. This estimate is given by all
the calculation methods used. However, the conforma-
tion of the molecule and some its geometric para-
meters depend on the approximation used for optimiza-
tion. In the structure of NP-1, optimized by molecular
mechanics, six O...H3N hydrogen bonds are present,
with O...N distances of no less than 2.1A, which
seems unrealistic. The semiempirical calculation gives
no hydrogen bonds shorter than 2.5A. The MNDO
optimization is disadvantageous in that it slightly
underestimate C3S and S3S bond lengths. According
to our calculations, they are 1.74 and 1.9331.94 A,
respectively, whereas the experimental lengths of
analogous bonds in theN,Ǹ-diglicylcystine are 1.87
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Steric stucture of the NP-1 defensin molecule, optimized by theMNDO method. The sulfur atoms of disulfide bridges are
shown by black circles. Atoms of theg-carboxy group of Glu14 are shown. Hydrogen atoms are omitted.

and 2.04A and in dimethyl sulfide, 1.78+0.03 and
2.04+0.03A [12]. However, it is hardly probable that
this underestimation will considerable affect the
conformation of the peptide as a whole.

One undeniable advantage of semiempirical cal-
culations in our case is that they gave us estimates for
the charge distribution in and the dipole moment of
the defensin molecule. As would be expected, the
negative charge is mostly localized on the guanidine
fragments of arginine residues [q(N) 30.3 to 30.5 e],
while sulfur atoms bear a small positive charge [q(S)
0.0130.04]. The dipole moment of the NP-1 molecule
is m 4.0 D. Regardless of the fact that the defensin
molecule has a considerable molecular volume and a
nonuniformly distributed arginine fragments, the
dipole moment is not too high, implying that the me-
chanism of interaction of the defensin with cell
membranes is chemical rather than electrostatic.

Knowing the steric structure of the NP-1 defensin,
we can draw some conclusion concerning the me-
chanism of its biologic action. Recently [13] we
demonstrated the ability of the NP-1 molecule to
selectively bind (stoichiometry 1 :1) an unidentified
receptor of a sensor neuron membrane. This result
suggests that the NP-1 molecule has only one fun-
ctional group involved in donor3acceptor interactions
forming the ligand3receptor complex. In this con-
nection it is quite important that the single free

hydroxy group incorporated into theg-carboxy group
of glutamic acid (Glu14) points away from the NP-1
globule (see figure). Such steric arrangement of Glu14

allows us to propose that it is this amino acid residue
that ensures, due to intramolecular hydrogen bonding,
ligand3receptor interaction with, apparently, one of
the membrane glutamate receptors. Importantly, Glu14

is present in most studieda-type mammal defensins
[2], which implies that theg-carboxyl hydroxyl of
Glu14 is generall involved into the mechanism of
recognition of defensins by excitable membrane.
Evidence for this assumption comes from the fact that
the ethanol molecule, being capable of interacting
with receptors via intramolecular hydrogen bonding
only, too, binds in a 1 :1 ratio [14].

Thus, the MNDO method provides a more realistic
steric structure of the NP-1 defensin molecule com-
pared with molecular mechanics. Moreover, based on
the results of semiempirical calculations, one can
examine the electronic structure of the protein mole-
cule and gain insight into the mechanism of its
biologic action.
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