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Advances in multidimensional NMR methods for the deter
mination of protein structure in solution have led to continual 
improvements in the size of the molecules that can be studied and 
the precision of the structures that can be obtained. These 
improvements have been a result of the increasing number of 
distance restraints that can be obtained from NOE data and 
from the use of dihedral angle restraints derived from vicinal 
coupling constants. Since a structure determination of even 
moderate precision requires approximately 10 distance restraints 
per residue, the assignment and quantitation of resonances in the 
NOE spectrum remains a time-consuming and tedious task. An 
approximate description of the structure would be useful in 
resolving ambiguous assignments and to focus the search for 
assignments that will be particularly useful for defining the 
structure of specific parts of the protein. We demonstrate that 
a method we recently developed for determining protein fold from 
NMR distance restraints is capable of discerning the overall fold 
using highly incomplete and approximate distance restraints, as 
low as 0.5 long-range restraint per residue. In contrast to 
previously published methods for determining overall protein fold, 
our method does not require elements of secondary structure to 
be predefined.1-2 In addition to aiding the assignment process, 
knowledge of the overall fold can provide insights into biological 
activity, establish relationships to other protein folding motifs, 
and serve as a starting point for subsequent structure refinement. 

Our method is based on a two-particle-per-residue represen
tation of protein structure: one particle to represent the trace of 
the backbone and the other to represent the direction of the side 
chain relative to the backbone. We define a simple force field 
that includes pseudobond, pseudoangle, and distance restraint 
terms and an electrostatic term that serves as a generalized 
repulsion to prevent structures from collapsing. NMR distance 
restraints are converted to the two-particle representation by 
addition of appropriate correction factors. The overall fold of 
the protein can then be determined using simulated annealing or 
distance geometry followed by minimization of the two-particle 
energy. The method is readily implemented using commercial 
molecular modeling software; details are given elsewhere.3 

We illustrate the method using preliminary data for LSIII, a 
long neurotoxin from the venom of Laticauda semifasciata. 
Sequential assignments for this 66-residue protein have been 
determined, and 54 long-range interresidue nuclear Overhauser 
effects have been assigned, though not quantified, giving 39 
qualitative two-particle distance restraints (as some of the 
restraints become redundant when reduced to the two-particle 
representation). Using upper distance bounds of 5.0 A for these 
qualitative NOE restraints and adding restraints for the five known 
disulfide bonds, the method yielded the family of folds depicted 
in Figure 1. The root mean square difference from the mean for 
this family of structures is 4.98 A for all particles and 4.68 A for 
the backbone trace. This family of structures contains all the 
significant features of the fold, namely the three strands of 
antiparallel /3-sheet from residues 19-25, 36-42, and 52-58. In 
addition, the three major loops and globular head (the structural 
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Figure 1. Ten two-particle simulated annealing structures of LSIII are 
displayed in red. Each structure required 3.8 min to calculate on an IBM 
RS/6000 Model 320H. The two-particle structure of a-cobratoxin derived 
from the X-ray crystal coordinates (Brookhaven Data Bank entry 1 CTX)4 

is shown in green for comparison. 
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Figure 2. Results of two-particle simulated annealing calculations for 
BDS-I using randomly chosen subsets of NOE restraints. The results 
obtained using quantitative restraints are shown by O and those using 
qualitative restraints by • . 

motif common to long neurotoxins) are evident and consistent 
with the X-ray and NMR structures for the homologous protein 
a-cobratoxin.4-5 

To assess the accuracy and precision of the two-particle method, 
control calculations were performed on the 43-residue protein 
BDS-I, whose solution structure has been determined by Driscoll 
et al.6 (Brookhaven Data Bank entry 1 BDS). Randomly chosen 
subsets of the complete set of NOEs were used. Quantitative 
distance restraints were taken from Driscoll et al.,6 and qualitative 
restraints were derived by setting the upper and lower bounds to 
5.0 and 0.0 A, respectively. Figure 2 shows the results of our 
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calculations. The structures obtained using only 0.5 approximate 
restraint per residue faithfully represent the overall fold despite 
the relatively high root mean square deviation. We note that the 
precision of the structures is independent of the quantitation of 
the restraints, a result consistent with the observations of Havel7 

and Gore.8 Calculations on other proteins (not shown) show 
that regions of helical secondary structure can also be identified. 

In our control calculations, the randomly chosen subsets of 
NOEs were evenly distributed over the molecule. However, in 
practice, it is frequently the case that during the early stages of 
sequential assignment, NOEs are not so evenly distributed. Under 
such circumstances, different portions of the molecule may be 
well defined but their relative orientation may not be, and the 
folding topology for poorly defined regions will necessarily be 
indeterminate. 

This leads to a more general question: when are experimental 
restraints sufficient to define a unique fold? We know of no way 
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to answer this question a priori. As with all methods, short of 
exhaustive search, it is impossible to guarantee that any fold is 
unique or optimal. In practice, we observe that the two-particle 
force field tends to eliminate nonphysical folds. In cases when 
there are many feasible folds consistent with the experimental 
restraints, we observe wide variation in the ensembles of structures. 
We have also seen cases where the structures cluster around a 
single fold but include some outliers, which generally have a higher 
two-particle energy.3 

In summary, the simplicity of the two-particle representation, 
its low computational cost, and its robustness provide a powerful 
method for determining overall protein fold, capable of being 
used with incomplete and approximate distance restraints. The 
approach serves as a useful adjunct to conventional methods that 
require larger amounts of more accurate data. 
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