
SCIENCE'S COMPASS 

incredibly fast computational or physical 
sampling in 10-l5 s would mean that a 
complete sampling would take los0 s, 
which exceeds the age of the universe by 
more than 60 orders of magnitude. Thus, 
real ~rote ins  fold in a more clever wav 
than by random trial, presumably by spe- 
cific pathways and starting at specific nu- 
cleation patterns, and some information on 
the pathway must be present in unfolded 
states as well. Computers should try to do 
it even more cleverly because at the pre- 
sent state of the art detailed molecular dy- 
namics simulations of proteins including 
explicit solvent cover real times on the or- 
der of 10 ns. Although in 10 years time, 
this will increase to microseconds. simula- 
tions will still be six orders of magnitude 
short of reality, which must be bridged by 
methodological simplifications. 

Simplifications abound, but they are in- 
effective. Most effort has gone into the use 
of lattice models; with residues only al- 
lowed on regular lattice sites, these models 
are caricatures of the real world. They 
can-and are often meant to-teach us 
principles of folding, but they yield no so- 
lutions to real folding problems. The re- 
quired properties of the free energy land- 
scape for folding have been extensively 
discussed (2), and several rules have been 
formulated. However, in a thoughtful arti- 
cle on the folding of a simplified protein- 
like model, Crippen and Ohkubu (3) have 
shown most of these rules to be inade- 
quate. Simplified force fields have been in- 
vented in variety: elimination of solvent, 
reduction of each residue to a few pseu- 
doatoms, and hamiltonians derived from 
the database of folded structures. But 
structural aspects are extremely sensitive to 
details of force fields [in one example from 
our laboratory (4), we found that a specific 
fold of a tetrapeptide in water, observed by 
nuclear magnetic resonance, could only be 
reproduced by simulation with one popular 
model for water and not with another, 
slightly different, but equally popular mod- 
el], and it is unlikely that reduced force 
fields can come up with the required preci- 
sion. No one knows how models that are 
precise enough can be applied to short-cut 
the folding process such that available com- 
putational power suffices to reach the de- 
sired goal. Many despair: The application 
of force field-based methods in the "criti- 
cal assessment of methods of protein struc- 
ture prediction" '(CASP) contest tends to 
worsen rather than improve predictions (5). 

Thus, one of the "grand challenges" (6) 
of high-performance computing-predict- 
ing the structure of proteins-acquires 
much of the flavor of the Holy Grail quest 
of the legendary knights of King Arthur: It 
is extremely desirable to possess but ex- 

tremely elusive to obtain. 
Now Duan and Kollman have not only 

succeeded in applying molecular dynamics 
simulations to a solvated protein (small, 
but still 12,000 atoms) over a full mi- 
crosecond but also saw the chain fold dur- 
ing 150 ns into a compact structure resem- 
bling the native state (known from nuclear 
magnetic resonance). It then unfolds again, 
and refolds for a shorter period toward the 
end of the simulation. Apart from compu- 
tational details, their molecular dynamics 
method is quite standard and, as far as the 
treatment of long-range interactions is 
concerned, even somewhat below stan- 
dard. This gives hope that "brute force dy- 
namics" can go a long way toward protein 
folding in the future. 

We should be careful, however. Folding 
to the stable native state has not (yet) oc- 
curred, and the simulations do not contain 
any relevant statistics on the process. The re- 
al protein will fold and refold hundreds to 
thousands of times until it stumbles into the 
stable conformation with lowest free energy. 
Because this hasn't happened (and couldn't 
happen) in the simulations, we still cannot be 
sure of the 111 adequacy of the force field. 

A prudent approach to the simulation 
of folding would be to choose a simpler 
system on which sufficient statistics can in 
fact be obtained. This is just what Daura et 
al. (7) at the Eidgenossische Technische 
Hochschule, Ziirich, have recently done. 
These authors studied the folding of a 0- 
heptapeptide in methanol (5400 atoms, he- 

lical structure in the native state) over a to- 
tal of 0.25 ps in several simulations and 
established a statistical folding-unfolding 
equilibrium at various temperatures. Such 
simulations allow precise comparison with 
experiment and validation of force fields. 

Molecular dynamics simulation is back 
in place on the road toward protein folding. 
Improving its physical and computational 
performance is worth the trouble, but for the 
time being we also need to augment the ab 
initio physics with all the experimental 
knowledge we can lay our hands on to un- 
ravel the protein-folding problem. 

"The Grail had many different manifes- 
tations throughout its long history, and 
many have claimed to possess it or its 
like" (8). We might have seen a glimpse of 
it, but the brave knights must prepare for a 
long pursuit. 
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