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Abstract
The modeling of large biomolecular assemblies frequently requires a
combination of multi-resolution data from a variety of biophysical
sources, e.g. high resolution structure data from X-ray crystallogra-
phy and medium or low resolution data from electron microscopy.
Several algorithmic solutions to this docking problem (i.e. combina-
tion of these data) have been proposed which are usually based on
the spatial cross correlation. In [1] it was shown that Laplace-�ltering
techniques can improve the docking performance of these algorithms.
The Laplace-�lter gives edge information i.e. introduces the distinction
between interior and contour region.
This poster presents the implementation and �rst results ofthe Laplace-
�lter enhanced �tting into the interactiveSenSitus [2, 3] program,
which supports the docking by virtual reality (VR) techniques (3D-
stereoscopic view and haptic rendering). These are especially well suited
for the analysis of highly complex macro-molecules.
Our tests show that the Laplace-correlation method signi�cantly im-
proves the docking for a resolution of 15�A and below.

1. Motivation

The function of biological macromolecules
is driven by the interaction of thesubunits.
Example: Ribosome, responsible for syn-
thesizing proteins and composed of more
than 50 di�erent proteins.

2. Imaging techniques

� Electron microscopy (EM)

{ routinely applied
{ suitable for large structures

of � (105 � 106Da)
{ typical resolutionO(10 �A)

� X-ray crystallography

{ probe needs to be crystallized
{ suitable for smaller structures

of � 104Da
{ typical resolutionO(1 �A)

3. Multiresolution docking

Typical situation:a large structure only
solved atmedium resolution, subunits
known tohigh resolution.

The problem: how to �nd the correct
position of a speci�c protein within the
large macro-molecule?

Two approaches for the docking-problem:

� Visually (\interactive"), usingcontext information and expert knowl-
edge, howevernot fully reproducible.

� \Algorithmically", i.e. by maximizing some quantitative measure of
the docking-quality (e.g. the correlation).Fully Reproducible, how-
everambiguous, does not use context informationand may fail with
noisy data.

4. SenSitus

The programSenSitus [2, 3] combines both approaches:interactive
�tting supported byalgorithmic information. Displayed below is a VR-
setup for the interactive use of SenSitus with the 3D input device \Phan-
tom".

� Low resolution data� low

� Structure data is blurred into� high

� The cross-correlation is de�ned as:

C� (R; T) =
Z

� high(R; T; r ) � � low(r )d3r

� GradientF = r C� provides the force-feedback which drives the user
into the next local maximum of the correlation.

The feedback-force needs to be calculated in real-time (i.e. > 500Hz)!

5. Vector quantization

� A data-compressiontechnique which
is needed to meet thereal-time re-
quirementof VR.

� Data is translated intocode-book vec-
tors wi .

� high(r ) =
kX

i=1

� (r � wi )

C� (R; T) =
kX

i=1

� low(wi (R; T))

6. Test data and procedure

We perform a Gaussian blurring of an
oligomeric atomic structure into asynthetic
low resolution map with subsequent dock-
ing of one monomer into this structure.
Advantages of using synthetic low resolu-
tion data:
-Resolution adjustable
-Optimal docking position known
Test procedure:
Correlation-scan in a 20�A� 20�A plane
around the optimal docking position.

7. Docking with spatial correlation
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Below 15�A resolution, thespatial-correlationhas only small discrimi-
nation power.

8. Laplace-�lter

� For resolutions> 15�A the spatial cross-correlation performs poor.

� In pure algorithmic applications the correlation ofLaplace-�ltered
maps was successfully employed [1].

Example for a Laplace-�lter application.

L : � (x; y; z) ! r 2� (x; y; z) = � L (x; y; z)

zero� edge
pos. values� contour
neg. values� interior

The Laplace-correlationis now de�ned as:

CL (R; T) =
Z

� L
high(R; T; r ) � � L

low(r )d3r

9. Vector quantization of Laplace-�ltered
data

In order to keep the feedback-force cal-
culation fast we stick to thevector quan-
tization.
Note: One has to recover thesign-
informationwhich distinguishesinterior
andcontour(wC

i andwI
k).

CL (R; T) =
Z

� L
high(R; T; r ) � � L

low(r )d3r

=
rX

i=1

� L
low(wC

i (R; T)) �
sX

k=1

� L
low(wI

k(R; T))

10. Docking with Laplace-correlation
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With the Laplace-correlationdo the docking positions remain distin-
guishable up to 25�A.

cross-section through spatial densities

cross-section through Laplace-�ltered densities
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