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NMR spectroscopy occupies a unique position among biophysical C T —{ 1

techniques due to its particular sensitivity to intramolecular mo- 1.0 24
tions! Rapid movements, up to the range of the characteristic B
rotational correlation time of the molecule (around 10 ns for S (Az)
medium-sized proteins in aqueous solution) are now routinely 45| J14
studied using®N spin relaxation. However while slower time scales
(up to millisecond) can be detected, using for example relaxation ||| | l||| |
dispersion methodsroutine measurement of these functionally 00 |||||I llhl”l“”lh“l”“” l lhll” |||||| 4
important motions remains elusive. 40

Residual dipolar couplings (RDCs) report on averages over
longer time scales (up to the millisecond range) and therefore o(’)
encode key information for understanding protein motions in the 20
submicro- to millisecond rangeRecent studies of conformational
averaging from RDCs have used “model-free” approaches to
characterize the reorientational properties of individuatNM 0 1 ! 1 1 1
vectors? A drawback of these elegant methods is the practically 10 20 30 40 50 60

stringent requirement of finding multiple>6) alignment media Sequence

that induce a sufficiently different residual orientation of the Figure 1. Dynamic parameters from RDC measured in protein G. (Top)

. e . . Order parameters derived from GAF analysis of RDC, (thick line) compared
molecule relative to the magnetic field (the alignment tensor). Itis to & derived from!5N relaxation (thin line) and-factors from the crystal

therefore of interest to develop procedures for detecting confor- gydy (histogram). The position of thehelix is indicated in black, and
mational averaging from RDCs measured using fewer alignment g-sheets, in white. (Bottom) GAF amplitudes derived using all five data
media. sets (open circles) and the two most independent (filled circles). Errors are

We have recently demonstrated the utility of applying a simple estimated from noise-based Monte Carlo simulations, assuming an error of
geometric model of peptide reorientation (Gaussian axial fluctuation

or GAFP to interpret conformational averaging of RDEZhis the least sensitive peptide plane RDC to GAF-like motibibe

study detected average amplitudes of anisotropic peptide planeyajjaple N-NH RDCs for each site were then fit to the crystal
dynamics of around ISin secondary structural elements from  q,ctur& using eq 1 to optimizes with respect to these tensors.
different proteins using data from single alignment media. Here \jn4e| acceptance is based on analysis of the quality of tHe fit.
we apply this approach to the study of local peptide dynamics along there is a clear statistical improvement in the reproduction of the
the protein backbone. _ _ . experimental data using this simple dynamic model, and in general
In the presence of anisotropic peptide plane dynamiesfl  the GAF motional model accounts for a large amount of the
RDC averaging depends on the average orientation of the planegiscrepancy between RDC calculated from the static model and
with respect to each tensor and on the amplitude of the conforma- 1o experimental data (totgd for the 27 sites using the GAF model
tional sampling ¢).° If the orientation and alignment tensors are is 318, while for the static model this is 1267).
known (from a structural model), motional amplitudes can then be Comparison with analogous dynamic amplitudes derived from
determined for each site. Definition of this parameter may be ill- 15 relaxation, reporting on motions occurring on the pico- to
defined in the presence of a single tensor, so that for a robust 3 4second time scales, should allow the identification of sites

analysis of the data-fitting procedure alignment media inducing ,ngergoing longer time-scale motions. We have therefore translated
significantly different tensors are required. We therefore combine 4,4 amplituder into an order paramet&xocse and compared this

RDC data fromm alignment media to extract local motional it 15\ relaxation-derived order parametér&Figure 1a). Similar

amplitudes i) at each site throughout the protein, by minimizing 5 mpjitude motions are found in the centeahelix of the protein,
the function? with higher-order parameters characteristic of a compact, relatively
2 i i 21, qi \2 rigid structural domain. The most dynamic regions are clustered

X = z({ DDmyca'J%AF B Dm,exp} 1(0m)) @) around the protruding loop between strands 1 and 2 oftbleeet,

m while the fourth is located at the same extremity of fhsheet in
We have initially applied this approach to a set of five the loop preceding strand 3. While the location of these larger-

independent data sets recently measured from the third IgG-bindingamplitude dynamics corresponds to that found féSkhrelaxation,

domain from protein G.The non-dynamically averaged alignment for certain positions the amplitude is significantly greater. This is

tensor parameters were determined usiigC' RDC in compari- perhaps not surprising, considering the longer time scale over which
son to the known structure, as this coupling has been identified asaveraging is occurring. Importantly, no order parameters are
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Figure 2. Dynamic parameters from RDC measured in lysozyme. (A) Order
parameters derived from GAF analysis of RDC (line) compardgiactors
from X-ray'* (histogram). Helices are indicated in black. No fits between
residues 123129 were accepted. (B,C) Comparison of GAF amplitudes
derived using 0.9 Axaxis) and 1.5 A (filled circles) and 2.1 A (open
circles) structuresyfaxes) applying selection criteria (B) and for all fits

©).

measurably higher than those derived fré#N relaxation. The
presence of larger-amplitude slower dynamics derived from RDC
is also in qualitative agreement with the distributionBsfactors
from the X-ray study (Figure 1a).

Measurement of RDCs in five different alignment media is still

(Figure 2b) and demonstrate the insensitivity of the extracted
amplitudes with respect to structural noise, at least within this
resolution range. Comparison of fits from all sites, irrespective of
statistical quality (Figure 2c), illustrates the effects of filtering the
parameter fits using the selection critefia.

In conclusion we present a straightforward method for interpret-
ing dynamically averaged RDCs in proteins. We assume a single,
effective geometric model and interpret motional averaging in terms
of the amplitude of this motion. While this is a simplification of
potentially complex motions, the method reduces the number of
independent measurements required for the characterization of local
motions, and by applying appropriate error analysis we are able to
extract apparently robust motional parameters. We note that the
method provides an absolute measure of dynamic amplitudes. By
comparing these amplitudes to rapid motional parameters derived
from spin relaxation, a range of motional regimes can be distin-
guished in protein G. While the-helix retains a degree of structural
integrity similar to that observed on the faster time scale, different
loop regions exhibit large amplitude motions on either fast or slower
time scales. We are exploring further experimental systems using
this method and are optimistic that this approach will contribute
significantly to characterizing slower conformational dynamics in
proteins.
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Supporting Information Available: Plot of motional amplitudes
extracted from protein G using data from the three least independent
alignment media. This material is available free of charge via the
Internet at http://pubs.acs.org.
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