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Predicting metal binding sites
from apo protein structures and
translated gene sequences

Metal ions are crucial
for protein function. They
participate in enzyme catalysis,
play regulatory roles, and help
maintain protein structure.
Current tools for predicting metal-
protein interactions are based on
proteins crystallized with their metal
ions present. However, a majority of
resolved structures are free of metal
ions. Moreover, metal bindingis a
dynamic  process,  often involving
conformational rearrangement of
the binding pocket. Thus, effective
predictions needto be based on
the structure of the apo state. Our
group has developed an approach
that identifies transition metal-
binding sites in apo forms with a
resulting selectivity >95%. Applying
the approach toapo forms in the
Protein Data Bank and structural
genomics initiative identifies a large
number (>1200) of previously unknown,
putative metal-binding sites, and their
amino acid residues, in some cases
providing a first clue to the function of
the protein. Fig. 1 presents an example
from our CHED server for predicting soft
metal binding sites in proteins. A major
feature of our algorithm is that, in the
first step (geometric search), structural
rearrangements upon metal binding are
taken into account. Filtration by machine
learning is then applied to increase
selectivity. The server produces a
graphical presentation of the predicted
binding site(s). PDB or user-generated
structures can be submitted.

We also find that structures obtained
by modeling translated gene sequences
are sufficient for effective prediction
of metal binding-sites. The basis
for this is the major overlap already
achieved between structural and linear
database space (> 40%) and the minor
extent by which side chain modeling
reduces predictive accuracy (~ 5%).
The procedure involves: inputting a
translated gene sequence (“target”);
seeking a homologous PDB sequence
(“template”); structurally modeling
target side-chains using the template

backbone; outputting the predicted
metal binding site using the CHED
algorithm. Analysis of the approach
finds selectivity to be uniformly high
(~85-90%) irrespective of the level of .
sequence homology between template L1 BT S
and target (Levy, in progress). 972 8 946 9124
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Fig. 1 Output of CHED server (http://ligin.weizmann.ac.il/ched) for the apo form of the
Colicin E9 Dnase domain. A metal binding site is predicted containing four residues. Analysis
of the holo form of the protein (PDB entry 1fr2) confirms correctness of the binding site
prediction.
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Fig. 2 Calculated AAGs compared to experimental AAGs (based on surface complementarity)
for 92 mutants in the TEM1-BLIP complex. Computational and biochemical studies of Dana
Reichmann and others in Gideon Schreiber’s group showed that the protein-protein interface
can be considered as a set of mostly independent modules. Points on the graph are color-
coded according to the module from which a given mutation originated. Note that good

correlation is achieved for all modules.

Predicting stability of protein-
protein complexes

The ability to modulate protein-
protein interactions and to engineer
proteins with new functions and
specificities is one of the goals of protein
science, with implications for practical
application. This requires quantitative
understanding of the energetics of
protein-protein binding and mechanism
of specificity. We developed an approach
for computational redesign of protein-
protein interfaces in collaboration with
Gideon Schreiber’s group, combining
natural template fragments from
resolved structures with a new scoring
function. An algorithm for predicting the
change in stability of protein-protein
complexes upon interface mutation
was developed (Vladimir Potapov, PhD
thesis, Department of Plant Sciences).

The scoring function was based
on surface complementarity. The
assumptions are that change in protein
complex stability is proportional to
change in contact surface areas, and
that proper weights can be found
based on experimentally determined
stability changes. Protein atoms were
divided into eight classes (hydrophilic,
donor, acceptor, aromatic, hydrophobic
and three neutral classes). To avoid
overfitting, atom-atom contact areas
were grouped according their physico-

chemical properties. Contact solvent
areas, and electrostatic and residue
volume terms were also included while
an entropic term was not, as it had
negligible contribution. The areas were
weighted based on experimentally
determined stability changes for a set
of over 90 interface mutations in the
TEM1-BLIP complex (PDB entry 1JTG,
1.7 R resolution). The overall correlation
between theoretical and experimental
values is 0.72 (Fig. 2), with the leave-
one-out cross validation, 0.64.
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