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determining a point in energy parameter
space usually referred to as the quasi-
chemical method [12]. Other approaches
are also possible [7-15]. For example,
given that the physical interpretation of
the effective energy parameters is not
straightforward, one can, at least
temporarily, avoid being concerned about
it and ask whether there is at all a set of
energy parameters such that the
experimental stability changes owing to
mutations are exactly equal to the
calculated ones. If such a set exists then
the road is paved and one can hope to
generalize the result to compute stabilities
that have not yet been measured. Carter
et al. [11] have shown that four-body
energetics [16] is a promising improvement
over two-body energetics and that further
study on this route is likely to bear fruit.
So, can we predict the effect of a small
perturbation on an enzymatic process?
This question is among the most
fascinating in protein science [17]. For
example, altering a single group can
enhance the binding affinity of an enzyme
to its substrate, reduce it or sometimes
even nullify it altogether [18]. Our
increasing ability to accurately predict
such outcome is opening the way to the
systematic improvement of existing
enzymes by computational protein
engineering, for drug manufacturing
and biocatalysis.
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Energetics of
enzyme stability

Response from Carter,
Tropshaand Edgell

We welcome the ‘Research News’
article about our recent paper [1]
establishing a connection between
four-body database-derived likelihood
potentials and experimental
mutational free energy changes.

‘..adecisive new coherence to side-chain
packing analysis.

The Delaunay tetrahedron is the
simplest three-dimensional packing
motif; we noted in our article, and
presented more fully elsewhere [2]
that, unlike potentials of smaller
dimensionality, joint consideration of
four interacting side chains achieves
excellent proportionality between
statistical and thermodynamic
four-body potentials (calculated by
summing the transfer free energies, or
hydrophobicities, of the four interacting
side chains). Decomposing tertiary
structure into elementary
three-dimensional simplices therefore
appears to afford a decisive new
coherence to side-chain packing
analysis.

Practical use of higher-dimensional
potentials may also benefit from our
observation that mutational A(AG
values for different proteins scale
differently to the four-body potentials.
This seemingly counter-intuitive result
reflects the fact that different proteins
employ hydrophobic cores with different
numbers of contributors, on average,
per residue. Thus, even if two
hydrophobic core mutations have
similar contexts in different proteins,
the observed free energies are often
different, owing to different
proportionate changes in the overall
contributions made by hydrophobic
bonding to stability. In Fig. 1, this effect
is illustrated graphically for two valine
to alanine mutations in staphylococcal
nuclease (STN; blue) and chymotrypsin
inhibitor 2 (C12; gold). Side chains
surrounding the mutated residues are
similar enough in the two proteins that
the predicted likelihood potentials are

unfold)
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Fig. 1 Identical valine (V) to alanine (A) hydrophobic core mutations (green spheres) change the experimental free energy
of unfolding [A(AG,, ]: vertical axis) by different amounts at residue 66 of chymotrypsin inhibitor-2 (V66A; gold) and
residue 99 of staphylococcal nuclease (V99A, blue). Quantitative analysis of the same mutants using four-body statistical
potentials (ASNAPP; horizontal axis) suggests that the two mutations should induce the same degree of destabilization.
The observed difference is a scaling effect arising systematically from differences in the proportionate impact of mutation
indicated by the two slopes. The slopes, in turn, are inversely related to the relative contribution of hydrophobic
bonding to stability in the two proteins, suggested graphically here by the density of grey cages and red spheres.

the same. The observed values, however,
are different because thatin CI2
represents a larger proportionate change
than does the same mutation in STN.
The differences are reflected in the two
slopes relating mutant free-energy
changes in the two different proteins

to the statistical potential, showing

that the two mutations are drawn

from systematically distinct
populations.
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Honey I've shrunk biomedical technology!

Suzanne Berry

The Second Annual BioMEMS and devices. Bio-microelectromechanical
Biomedical Nanotechnology World 2001 systems (bioMEMS) usually contain
conference was held 22-25 September in sensors, actuators, mechanical
Columbus, Ohio, USA. The conference was structures and electronics and are,
organised by Mauro Ferrari and the in general, made from silicon. Such
Cambridge Healthtech Institute. systems are being developed as
diagnostic and analytical devices at an
Biomedical devices are getting smaller incredibly rapid speed. BioMEMS
and the time when tiny machines willbe  sensors and tools such as lab-on-a-chip
flowing through our bloodstream will not only lead to ‘point-of-care’
targeting cells for treatmentisnotas far  assessments but also will take diagnosis
away as we might think. Neither are out of the doctor’s hands and into the
point-of-care diagnostic and analytical hands of the patient.

This conference covered topics including
micro- and nanotechnologies for drug
discovery, tissue engineering, proteomics,
microfluidics, biosensors, molecular
assembly and integrated systems.

Bioassays and chips of the future

Many technologies from the field of
electronics have not been exploited in
biomedical fields, but bioassays of the
future will integrate fluid, electronic and
optical tools. Researchers are now moving
from conventional microfluidics to polymer
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