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Abstract

Three applications of the new Roche Interactive Molecular Gra-
phics system are outlined. They include (i) the computer-assisted
fitting of various brodimoprim derivatives into the active sites of
L.casei and E.coli dihydrofolate reductases (DHFR), (ii) the mode-
ling of complexes of L.casei DHFR with its natural substrate and
reaction product, dihydrofolate and tetrahydrofolate, respectively,
and (iii) the docking of the cofactor NADPH into the binary com-
plex of E.coli DHFR and methotrexate.

Some features of the Roche Interactive Molecular
Graphics (RIMG) system are discussed. This software
package [1] is being developed at Hoffmann-La Ro-
che, Basel, on a DEC VAX-11/780 computer connec-
ted to (i) an Evans & Sutherland Color Multi-Picture
System with dials, function switches, a data tablet,
and a VT100-type control terminal as parallel interac-
tive devices and (ii) a Tektronix TEK-4113 color raster
terminal with a TEK-4662/31 eight-color XY -plotter.
RIMG provides various facilities for interactive exa-
mination of protein structures and cavity analyses,
for modeling, superposition, and comparison of small
molecules, and for design and evaluation of protein-
molecule complexes. Efficient new algorithms for
complete topological analyses of complex molecular
structures enhance many features of molecular mode-
ling and structure matching. An extended module for
interactive and computer-assisted superposition of
fully or partially flexible molecular structures with va-
rious optional constraints is a major asset of RIMG.
Several graphic techniques are available for examina-
tion of intermolecular packing, such as dotted-
surface, space-filling, chicken-wire, or body/surface-
differentiated raster respresentations of molecules.

* Editorial remark: This article is a condensed version of the lec-

ture that the author after having received the Werner-Award
1983 has given at the fall session of the Swiss Chemical Society
on October 14, 1983 in Berne.

Three applications of the new graphics system are
briefly discussed. They are based on refined X-ray
structural data for complexes of L.casei and E.coli di-
hydrofolate reductases (DHFR) with methotrexate
(MTX) and reduced nicotinamide adenine dinucleoti-
de phosphate (NADPH), as obtained by the group of
J. Kraut [2] and available through the Brookhaven
Protein Data Bank.

All applications were performed at the Evans & Sut-
herland Color-MPS. A large set of color slides was ta-
ken directly from the monitor and used to document
the discussions below. Since these slides cannot be re-
produced here, a few relevant pictures were regenera-
ted, using our Tektronix facilities, and are included
here to illustrate the main points.

The first application involves a series of homologous
brodimoprim derivatives [3,4], which exhibit a pro-
nounced affinity to both L.casei and E.coli DHFR’s
(Fig. 1). Comparison of the binding constants shows
that binding to L.casei DHFR does not change mono-
tonically with increasing length of the alkanoic acid
side chain, but reaches a maximum for the pentanoic
acid derivative. By contrast, highest affinity for E.coli
DHFR is obtained for the hexanoic acid derivative,
and even the next higher homologue seems to be well
accommodated by the enzyme. The biochemical data
for brodimoprim derivatives and E.coli DHFR are
well paralleled by those for corresponding trimetho-
prim derivatives [5].

In an attempt to rationalize the differences in chain
length accommodation by the two enzymes, the five
brodimoprim derivatives with two to six carbon
atoms between the phenyl ring and the terminal caro-
xylate group were modeled, using X-ray structural da-
ta for trimethoprim [6] and standard structural para-
meters for the elongated side chains. These models
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sional degrees of freedom in order to minimize spatial
conflicts with the (rigid) protein. Only minor changes
in torsion angles were necessary in order to produce a
fitting conformation, as can be seen by the superposi-
tion of the resultant NADPH structure (Fig. 6, struc-
ture b) and the experimentally determined NADPH
conformation (Fig. 6, structure a) retrieved from the
ternary L.casei complex [2]. Major conformational
changes are predicted to occur mainly in the adenosin-
2’-phosphate unit resulting in modified relative orien-
tations of the adenine ring and the 2’-phosphate
group.

Comparative raster analyses of the packing of
NADPH to DHFR for both ternary complexes reveal
striking similarities between the experimental L.casei
and the hypothetical E.coli cases. The most notable
differences occur at the enzyme surface where
NADPH is ’wrapped’ by interacting residues in the
L.casei case, but is more exposed in the E.coli case.
Thus, it appears that the cavity for NADPH is essen-
tially preformed in the binary E.coli DHFR-MTX
complex and that binding of NADPH will not induce
major conformational changes in the protein, except
for conformational adjustments of mainly peripheral
amino acid residues.
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