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Heteronuclear NMR relaxation &¥N-labeled proteins represents
a rich source of dynamic and thermodynamic information with
atomic resolutior::2 For the assessment of ns and sub-ns time scale
processes longitudindl, transversd,, and heteronucledrtH} —
15N nuclear Overhauser (NOE) relaxation parameters are tradition-
ally interpreted in terms of model-free parameféirsthis approach
the spatial aspects of reorientational motion of NN vectors are
described by a generalized order parame#&rand the temporal
aspects by an internal and an overall tumbling correlation time. In
a recent study, Goodman et al. have statistically analyzed, for a
database containing 20 proteins, the influence of various factors
on backbone N-HN & order parameters, such as secondary struc-
ture, amino-acid type, and side-chain voluhWhile many of these
properties exhibit non-negligible correlations with respectto
no single factor could be identified that dominates $heehavior.

An analytical relationship is presented here for the estimation
of NMR & order parameters of NHN vectors of the protein
backbone from high-resolution protein structures. It rel&fesf
the N—HN vector of amino acid to close contacts experienced by
the HN atom and the carbonyl oxygen of the preceding amino acid
i — 1 with heavy atoms:

§°= tanh(o.BZ(exp(—rfi WL1A)+
0.8(expt-rii/1 A)) + b (1)

whereri'ilyk is the distance between the carbonyl oxygen of amino
acidi — 1 to heavy atorrk and ri'fk is the distance between the
amide proton M and heavy atork. The parametep is set to—0.1,
which takes into account that order parameters of rigid protein
regions typically lie around 0.9. The sum ranges over all heavy
atomsk that do not belong to amino acidsindi — 1. Equation 1
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Figure 1. Backbone N-HN 1 — & values of interleukin-4 plotted as a
function of the amino acid number. (a) Experimental vafués) Values

predicted from the X-ray structifreising eq 1. (c) Values predicted from
the first 10 NMR structurésdeposited in the PDB using eq 1.
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Table 1. Pearson’s and Spearman’s Correlation Coefficients
between Experimental and Predicted N—HN S? Order Parameters
Using Eq 1

PDB entries X-ray NMR
protein? X-ray/INMR [ re [ re
interleukin-4 1HIK/1CYL? 0.81 0.67 0.75 0.62
lysozyme 4L ZT41E8LLS 0.67 0.71 0.63 0.69
ubiquitin 1UBQ7/1D3Z8 0.96 0.76 0.95 0.77
calmodulin 4CLNY2BBN*  0.49 0.39 0.75 0.69
HIV protease 1ME&/1BVER 0.67 0.52 0.59 0.56

aExperimental S values are taken from refs 5, 16, 19, 9, 20 for
interleukin-4, lysozyme, ubiquitin, calmodulin, and HIV protease, respec-
tively, deposited in the Indiana Protein Dynamics Database (http://
pooh.chem.indiana.edu/IDDY) P Linear correlation coefficient (Pearson’s
r).8 ¢ Spearman rank-order correlation coefficient

was not obtained in a deductive manner; it rather emerged as anAnangous figures for lysozyme and ubiquitin are given in the

optimized parametrization from a series of empirical attempts.
Equation 1 is illustrated for proteins whose backb&erder

Supporting Information.
Predicted and experiment®& values are quantitatively compared

parameters have been measured and whose 3D structures have be%@ing Pearson’s linear and Spearman’s rank-order correlation

determined both by X-ray crystallography and NMR. Figtyalues
were predicted for the following monomeric proteins without
ligands: interleukin-4, hen-egg white lysozyme, and human ubig-
uitin. As a representative example, experiménaald predicted 1

— & values are plotted for interleukin-4 in Figure 1. The order
parameters predicted from the X-ray structagree well with the
experimental values. For the NMR structure-based prediction, the
first 10 NMR structure5in the PDB were used. For individual
NMR structures, the predictef? values can significantly vary,
especially for the mobile regions, as is reflected in the standard
deviations indicated in Figure 1c. After ensemble-averaging the
predicted values compare well with those of the experiment.

*To whom correspondence should be addressed. E-mail: bruschweiler@
nmr.clarku.edu.
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coefficients® which are compiled in Table 1. For the three proteins
the two correlation coefficients are similar with values calculated
from the X-ray structures only marginally higher than for the
corresponding NMR structures.

The method is also applicable to proteins with bound ions as is
illustrated for calmodulin. The four Gaions are treated for th&
prediction in the same way as all other heavy atoms of the protein.
The prediction from the NMR structurésis in good agreement
with the experimental value$ (Figure 2), which includes the
correct prediction of high mobility in the central linker region that
connects the two domains. In contrast, from the X-ray strutture
low mobility in the linker region is predicted (Figure 2b) because
in the crystal it adopts a helical structure whose peptide planes
exhibit numerous close contacts. Thus, 8erediction using eq

10.1021/ja027847a CCC: $22.00 © 2002 American Chemical Society
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is typically not better than the one obtained using eq 1, MD

o 8'2 a simulations provide additional insights, such as information about
(,')0:2 ( ] correlated dynamics between different protein parts. For globular
T o ‘ ) ) ) ) ) proteins, it was found that the largest reorientational amplitude
~ 06[ b ] motions generally involve a small number of atoth® This
Do.4f ] explains why low-order parameters can be well-predicted by local
T 0.2 “ \ M N A /J\ A M contacts entering eq 1.

(0] } " ; Related observations were recently made by Jacobs?tetho
woef ©C qualitatively predicted protein flexibility in terms of local constraints
—0.4} and by Hallez> who explained crystallographB:-factors of proteins

0.2¢ 1 in terms of the local packing density.
0 50 40 60 80 100 120 140 The results presented here support the notion that local protein
Residue number flexibility is to a significant extent directly encoded in the average

Figure 2. Backbone N-HN 1 — $ values of calmodulin. (a) Experimental 3D structure, illuminating the intimate relationship between mo-
values? (b) Values predicted from the X-ray structufgc) Values predicted lecular structure and dynamics. In particular, the contact strength

from the first 10 NMR structuré$ deposited in the PDB. of neighboring atoms to the peptide plane is a powerful indicator
for the amount of ns and sub-ns time scale reorientatioraHN

oef 2 ] motion in globular proteins.
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