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Abstract A new method for characterising protein-protein complexes is presented wherein the inter-
face is modelled as a separating surface. This surface is defined by a set of points located halfway on
the shortest distance vectors between surface points of the two molecular partners. The surface is
generated using a grid-based algorithm. The distance to the nearest atom is stored on the grid points and
an isosurface is generated forming the separating surface. Size and shape of the surface characterises
the complex interface. Distances, forces, and other physicochemical properties can be mapped onto the
surface and are used to study the intermolecularaictiens. his is demonstrated with the systems
lysozym-antibody, p53-DNA and trypsin-BPTI.
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The concept of molecular surfaces [1] has been widely
used to characterize the physicochemical properties and in-
) , . teractions of molecules. Tsai et. al related binding proper-
Macromolecular complexes are essential for biological actjes of protein-protein complexes to the solvent-accessible
tivity and speC|f|C|ty, such as S|g'na.l transduction, (.:ell-cyclesuncaCe area of the interfaces [2]. Many authors used the
control, the regulation of transcription and translation, DNAsyalization and interactive inspection of the interface re-
repair, gnd many other processes. The question Of_hOW mob’ions in order to get insight in the molecular recognition
ecules in particular proteins recognize each other is of cenyygcess [1]. Various methods and programs exist for visual-
tral importance. An answer to this question can be given, Ii’inng cavities and surface grooves. The SURFNET program
one has information about the size and shape of the integreyeloped by Laskowski is able to visualize gap regions
face gnq physical properties in the interface region of theetween molecules [3]. It generates a three-dimensional grid
protein-ligand complexes. of density values by fitting spheres in the void space be-

tween the molecules and mapping the positions of the spheres

onto the grid using gaussian distributions. An isosurface of

this density encloses the gap regions of the complex inter-
- ) face. Varshney described a parallel, analytic approach for
Correspondence tal. Brickmann defining and computing the inter- and intramolecular inter-

Presented at the 12. Molecular Modeling Workshop, 19-2G5ces of molecules [4]. Duncan and Olson used a special
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surface generation procedure for the interfacial surfaces #mah the sum of the van-der-Waals radiysfRatom j and the
analysed protein-protein interactions on this basis [5]. Theirtoff radius R, the pseudo-density value is linearly decreas-
interfacial surface is defined as the locus of points “halfwaiig with the distance (see figure 1). Otherwise it is set to 0.
between two molecular surfaces and is computed straightfor-

ward by searching for every point of the first surface the closest U OR/+R-¢ E d

point of the second. The midpoints between these pairsd@h:{ p) = Emjaﬂm R, 0 j <R +R .
points form the interfacial surface where the physical prop- 0 0 4 =R +R 1)
erties of each subunit can be displayed. A similar approach U "=

was introduced by Gabdoulline and Wade [6]. They also gen-

erated a surface, which is defined by an exponential dista@gfare:

function and is obtained USing a grOWing ring prOCEdure. Thenden$pi) is the pseudo-density at gnd point i

a projection of this surface onto a plane was used as a basis is the cutoff radius
for the comparison of physical properties of the complexin- g s the distance between grid point i and atom j
terface like interprotein distances, hydrophobicity, electro- R is the van-der-Waals radius of atom |j

static potential etc.

In this paper a new generation method for separating i grid point is located at equal distance from both complex
faces is described which follows a very simple but effectiygrtners, the difference of the pseudo-densities becomes zero.
algorithm. An isosurface (contour value = 0) of the difference is gener-
ated using a marching cube algorithm [8] connecting all these
points and forming a triangulated surface. This isosurface is

Computational Methods the separating surface.
The size and shape of the separating surface characterizes
L

The separating surface proposed in this paper is defined bhe complex interface. Mapping of the atom-atom distance
P4 9 prop paper hdhe separating surface can be used to identify overlapping
set of points located halfway on the shortest distance vec'[r§l>trosmS or gaps in the interface. Forces and other properties
be:\tl\rqeern :Q,I_L;]rfacerfpomtis (CEKr-Toc??)I) of trri'g ;WO [jnollecm#i ! 9. electrostatic potential or local lipophilicity) can also be
pariners. 1nhe surface Is generated by a g ased aigo ped onto this surface to characterize the interaction be-
similar to the approach O.f Voorintholt [7]. Th? molgcules Yeen the complex partners. Very useful for the identifica-
';:he comhplefxtr?re prIT?CIed '? a regulazltrj(rjei-diltmiencsjl%?nal dgﬂ h of recognition sites are the product of the electrostatic
or each of these molecules a pseudo-tensity IS defined ntials of both molecules or similarity indexes (like the
simple linear function of the distance between the grid poi I—E%d

and the nearest atoms (see Equation 1) . If the distance is Iessgkln index [9]).

Figure 1 Pseudo-density 14 -
function dengp,) versus dis- L
tanced; (see Equation 1) 12
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Figure 2 Separating Surface
of the lysozym-antibody inter-
face color coded according to
the distances to the neares
atoms (red: overlapping at-
oms)

Figure 3 Separating Surface
of the trypsin-BPTI complex
color coded according to the
product of the electrostatic
potential of both molecules
(blue: attraction; red: repul-
sion)
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Figure 4 Comparison of the
wild type p53-DNA (left) and
the Ag248GIn-DNA complex
(right). The Separing Sur-
face is color coded accord-
ing to the product of the elec-
trostatic potential (blue: at-
traction; red: repulsion). The
mutation changes the electro
static interaction signifi-
cantly (yellow circle)

ences at the positions of the mutated amino acids and ex-
plain the loss of the tumor suppressor function (see figure 4).

. ) . We have presented a new, very effective algorithm for the
The density method has some advantage over the,d”eCtggheration of separating surfaces of molecules. The chosen
plementation of Duncan and Olson [5]. It was mentioned Byamples demonstrate that the separating surface concept can
the authors that the direct algorithm of searching the ”ea%tapplied to different types of complexes. It can be used to

pairs of points on both surface is asymmetrical. Interchafgzestigate planar or crooked protein-protein interfaces and
ing the two surfaces yields a slightly different interface. Thgotein-DNA complexes as well.

algorithm described above does not suffer from this disad-

vantage. It is independent of the order of the molecules. Tgﬁpmememary Material Available Statement The lys-
accuracy of the separating surface depends only of the Y&Pme-antibody, trypsin-BPTI, and p53-DNA complex are
width of the grid. Various calculations showed that a stgpailable in PDB- and VRML-format as supplementary ma-
width of 0.5 Angstrem is sufficient for almost all applicagerials. The separating surfaces of the complexes are included

tions. o in the VRML-files and can be examined interactively with a
In figures 2-4 several example applications of the separgkmL browser.

ing surface method are shown. Figure 2 presents the separat-

ing surface of the lysozyme-antibody complex. Clearly vis-

ible is the big, planar interface between lysozyme and its

antibody. The distance mapping reveals the tight binding witeferences

some overlapping atoms but no gaps in the interface. The )

trypsin-BPTI complex is shown in figure 3. In contrast to the Connolly,M.L. Sciencel983 221, 709-713.
planar lysozyme-antibody interface a knoblike part of tfe Tsai, C.-J.; Lin, &.; Wolfson, H.J.; and Nussinov, R.
BPTI binds in a pocket of theypsin. The poduct of the  Protein Sciencd 997 6, 53-64. _
electrostatic potential of both molecular partners is mappéd Varshney, A.; Brooks, F.P.; RichardsonCDh Wright,
onto the separating surface, clearly indicating the attractive W-V.; Manocha, DProceedings IEEE Visualization 95
interaction (blue) at the center of the interface. 1995 Atlanta, GA, 36-43.

The Comparative amis Of W|Id type and mutated p53 4. LaSkOWSk|,R.A. J.MOl.GraphICS].995 13, 307'330
complexed with DNA demonstrated the influence of singke Duncan, B.S., and Olson, AdIMol.Graphics1995 13,
amino acid substitutions [10]. The electrostatic potential 258-264.
mapped onto the separating surface show significant differ-

Results and Discussion
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