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Each  protein is composed of a specific se- 
quence of amino acids (its primary structure). 
However, its functionality is determined by 
its full three-dimensional structure (second- 
ary and tertiary structure). The relation be- 
tween the one-dimensional seauence and the 
final structure is part of the puzzle of protein 
folding. The possible number of sequences is 
enormous: 20m potential proteins of length 
400 can be constructed from 20 amino acids. 
Statistical mechanicians are thus intrigued 
by why only a very small fraction actually 
occurs in nature. One hv~othesis is that the , L 

naturally selected sequences are special be- 
cause thev code for structures that have uniaue 
and stable native states, allowing for easy 
folding. O n  page 666 of this issue, Li etal .  (1 ) 
provide an alternative perspective: The ob- 
sewed  rotei in structures are s~ecial  because 
they ca; be easily coded (desi'gned) and are 
stable against mutations in the sequence. 

The recent theoretical interest in under- 
standing the folding of proteins is partly in- 
spired by developments in the statistical 
mechanics of polymers and glasses. The hope 
is that some important emergent features of 
a complex system can be captured by simple 
models. Thus, rather than focusing on the 
chemistry of the amino acid side chains, 
simple models of proteins attempt to unravel 
organizing principles starting from simple 
interactions on a lattice. For exam~le. con- . , 

siderable modeling has focused on polymers 
of length 27, occupying all sites of a 3 x 3 x 3 
cube. [This model was first suggested by 
Shakhnovich and Gutin (2) and is now con- 
sidered standard.] 

One principle that was embraced early on 
by the practitioners of this approach was that 
of"foldabi1ity." The great majority of sequences 
have multiple ground states and hence (as- 
suming kinetic accessibility) may fold into 
different structures. Such sequences are un- 
likely candidates for coding functional (model) 
proteins. Potentially good sequences are those 
with a unique ground state, preferably sepa- 
rated by a large gap from the first excited 
state. The latter ensures the thermodynamic 
stability of the ground-state structure against 
thermal fluctuations and other perturbations. 

Whereas "foldability" focuses on the se- 

quence, selecting potentially functional ones, 
"designability," the principle introduced by 
Li et al. ( I  ), is based on the structure of the 
resulting protein (see figure). This concept is 
quantified by measuring the number of se- 
quences that uniquely fold into a particular 
structure (foldability is thus implicitly in- 
cluded). A great technical achievement of 
these authors is that they are able, for the first 
time, to compute the energies of all 103,346 
structures, for all 227 possible sequences of 27- 
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Li et al. (I ) indicates that this gap suddenly 
jumps up beyond a designability of 1400 se- 
auences. an unex~ected and remarkable re- 
sult. (iii) The well-designed structures are 
also more robust against simple changes in 
the sequence (random mutations). Thus, a 
major claim of the Li et d. oaDer is that the . . 
designability principle unites several proper- 
ties (thermodvnamic stabilitv and mutation- 

Structures 

. 

a1 plasticity) occurring in real proteins. 
In a partial answer to the question of "why 

proteins look like proteins," the authors find 
that welldesigned structures have subunits and 
symmetries reminiscent of the secondary and 
tertiary structures of real proteins. (The secon- 
dary structure refers to the intermediate or- 
ganization of proteins into subunits such as a 
helices or P sheets.) The intriguing similarity 
between some local motifs of twodimensional 
compact polymers and the secondary struc- 
tures in three dimensions was pointed out by 

Yee etd. (3). Some imagination is nec- 
essary to see these patterns in the small 
27-men, and it is more usual to compare 
the similarity in complexity and topo- 
logical structure of proteins and 27- 
mers (4). Thus, the direct association of 
designability to the structural elements 
such as "superfolds" (5) is a bold new 
direction for protein-folding studies. 

Although one needs to be cautious 
of results obtained from small chains, the 
aDDarent coincidences uncovered so far 

L .  

suggest that there may be some deep 
truth in the designability principle. Like 
most fertile concepts, it immediately 
suggests various tests and experiments 
to check its viability. Given a statistical 
mechanician's mistrust of tails of dis- 
tributions, it is important to check that 
the results are inde~endent of such de- 

Deslgnablllty of each structure is measured by the num- tails as the particular type of interac- 
ber of sequences that uniquely produce it as a ground tions em~loyed bv Li et al. ( I  ). Recent 
state. Well-designed structures, such as the second work finds ;hat the designability of a 
from the top, have folds similar to real proteins. The red does depend on the na- beads are hydrophobic and the blue beads are polar. ture of interactions between monomers (Courtesy H. Li, NEC Research, Princeton, NJ) 

(6). While similar interactions lead to 
similar degrees of designability, differ- 

mers (consisting of simplified sequences of ent interactions yield different patterns. A 
polar and hydrophobic entities) on the cube. major success for "designability" would be to 
This exhaustive enumeration enables them generate new superfolds that guide in unrav- 
to make a plot [figure 2 in ( I  )] of the design- eling the structures of real proteins-an am- 
ability of various structures. (Some structures bitious, but perhaps not unrealistic, goal. 
are not designable as they do not correspond 
to the ground state of any sequence; the best References 
structure is obtained from 3794 sequences.) 

Several interesting patterns emerge from 
the enumeration. (i) At the tail of the distri- 
bution, there are structures that are highly 
designable: the number of sequences that 
fold into them is much greater than expected 
from simple probability distributions. (ii) 
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