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The study of heteronuclear relaxation is now established as an
important probe for local and global dynamics in macromol-
eculest It has been shown that the amplitude and orientation of
the principal components of the global rotational diffusion tensor
can be determined from the angular dependence dRiff ratio
for spins in similarly rigid regions of macromolecules of known
three-dimensional structufe@nd that this ratio can provide a novel
long-range constraint for NMR structure determination. Figure 1. Structure determination using an oblate tensor. Typical

In many studies of the global dynamics of molecules of known structures resulting from simulated annealing calculations using an oblate
structure, an axially symmetric tensor was either assumed or tensor and relaxation ratios from the fully anisotropic diffusion tensorial
shown, using statistical significance tests, to provide an adequatemodel (Figure 3A). Tensorial values used are {f), = 10us™*, Dp =
description of the rotational diffusioh.For the purposes of  17.5us™%} and (B){Dy = 7.5us™, Dg = 17.5us™"}. (C) Relaxation
structure determination the axially symmetric model is also ratios for these structures (A, dashed line; B, solid line) and model ratios
intuitively attractive as the relevant spectral density function (values centered on error bars). Vectorial orientation requireq With_respect
provides a nondegenerate correspondend®/&; and vectorial to these oblate tensors (D for tenggrE for tensoiB). Aptual orientation
orientation with respect to the unique axis of the tefisRecently, is shown along t_he axes. The scale shows the available relaxation rates
structure determination algorithms have been presented using thid™®™ the fully anisotropic tensdf.
model, and an associated restricted description of biomolecular o ) )
form has been proposed to be of generai app“cabﬂﬁy created COf_]SIStIng of thl‘ee Ol‘thOgonal he“CeS, pl‘esent n a

It has recently been pointed out that two orthogonal solutions Molecule with a fully anisotropic tensét.For the purposes of
are present |f the axia”y Symmetric model is used to describe a |”Ustrat|0n, we ha.Ve placed the he“ces Colllnea!’ W|th the prInCIpal
fully anisotropic system, representing the prolate and oblate COmponents of the tensethese represent the limiting values of
approximations to the real tensbin this communication we the.avanable relaxatlon rates for such a system (C and N 'Fermmal
analyze the relevance of using either of these simplified tensorial helices), and all intermediary values. Theoreticil relaxation
models in the structure calculation algorithm for a molecule with rates were calculated for this system and used as simulated
a fully asymmetric diffusion tensor, and characterize the artifacts €xperimental values in all structure calculations. For ease of
resulting from this approximation. This study is of additional Presentation a single long-range distance was used in addition to
interest as it has also been noted that the inappropriate use of arfhort-range helical constraints. This is an unrealistically under-
analogous approximation for structure determination using residual determined system, but one which illustrates the general charac-
dipoiar Coup“ng may aﬁect the accuracy Of resulting Coordirétes terIStICS_ Of the ) use Of Or|entat|0nal constraints In structure

We have implemented relaxation rate constraints in the program calculations. Initially we assume that the component values have
Discover (MS|), incorporating the explicit target poterﬂimto beeﬂ eStImate&, and that Only the orientation Of the vectors Is

the classical potential energy function. A model system was allowed to float during the calculation. Subsequent fitting of the
diffusion tensor to resulting structures would in this case allow
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and that the dispersion iR/R, cannot be explained by an oblate angular Intermediate values (helix 1) cannot be satisfied if they adopt
dependence. However, in the case of fully anisotropic tensors, similar angular

dispersions with respect to bokh,, and Dy can exist in biomolecules, even (9) Eaniso= K[(RomealRimea) — (Racaid Ricaid]70?. In the calculations shown
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Figure 2. Structure determination using a prolate tensor. Typical D
structures from tensors: (A)Dy = 20 us™!, Do = 12.5us ™%} and (B) Figure 3. Structure determination using the fully anisotropic tensor
{Dy = 23.0us%, Dy = 12.5us}. (C) Relaxation ratios for these  description. Model structure (A) and tensor orientation (B) from which
structures (A, dashed line; B, solid line) and model ratios (values centered relaxation values were calculated. The dashed line represents the 10 A
on error bars). Vectorial orientation required with respect to these prolate |ong range distance included in the calculation. Available orientations
tensors (D for tensoh, E for tensor B). Scale and axes as for Figure 1. for vectors using the fully anisotropic diffusion tensor (C). Actual
orientation of the model is shown along the axes. Scale as in Figure 1.
the position of the true model, orthogonal to helices | and Ill, (D). Equally valid structures showing three orthogonal helices (right) and
and must adopt a position between yegaxis and théD plane. two orthogonal helices and the nonorthogonal middle helix (left, center).

An oblate tensor exists that allows all experimental data to be
fulfilled; this gives a low target energy, but is foreshortened along ~ Not surprisingly the model data can be reproduced if the correct
the unique component axis to compensate for the higher relaxationtensor is used in the calculation (Figure 3). The directional
rates, and is therefore no longer physically reasonable. dependence of the intermediary valuefRgR; is however highly

This effect is illustrated generally in Figure 1D,E, showing the degenerate as vectors can adopt a large range of orientations to
relaxation rates from the model system and their respective fulfill the correct values. This degeneracy may be partially raised
orientations relative to the tensor in the two oblate models. The by including relaxation rates defining a second vector in the same
actual solution from which the data are derived, shown along the peptide plane or, as has recently been shown, by optimizing the
axes, is excluded in all cases. In the flattened model (E), all valuesstructure with respect to a favorably oriented second tefidor,
from the real tensor are allowed, but the required orientation of example the tensor available from residual dipolar coupling
intermediary relaxation rates is further from the correct model. measurements.

The same phenomenon is observed when a prolate axially In conclusion, the implications of using the axially symmetric
symmetric model is used to describe the diffusion tensor (Figure model to describe the rotational diffusion tensor of a system of
2). As in the oblate case, the tensor which fulfills all experimental unknown structure appear to be potentially quite serious if this
values is nonphysical and in this case is extended to compensatdensor is in reality rhombic. If used in structure determination
for the lowest relaxation rates. algorithms, this approximation, of relevance for the study of

These observations have important consequences: Any cal-rotational diffusion of a molecule of known structure, can lead
culation designed to determine both structure and tensor usingto the incorrect alignment of vectors. More importantly, any
either prolate or oblate models for this tensorial system will procedure designed to determine structure and simultaneously
inevitably converge to the potential energy minima, even in the evaluate rotational diffusion will provide an equally precise fit
absence of noise, and therefore evoke the incorrect physicalto either of the two inappropriate models represented by the
models represented by a highly prolai®/O; = 1.84) or highly geometrically orthogonal flattened oblate or extended prolate
oblate Dy/Dp = 0.43) tensor. A more general study using a energy minima. Both final structure and rotational diffusion
uniform distribution of vectors shows the same artifactual drift characterization are therefore strongly and nontrivially dependent
to nonphysical tensof§,and studies using experimental relaxation on the initially chosen tensorial model. As the differentiation of
data of macromolecules combined with nOe data show similar experimentaR,/R; distributions from axially symmetric or fully
characteristicd® Note that previously proposed fitting of experi-  anisotropic tensotsis unlikely to be statistically significant given
mental Ry/R; to the expected distribution from an axial tensor the undersampling of angular space available from relaxation rates
will also evoke tensors close to the minimum energy descriptions measured in biomolecules, it appears to be very important to use
in both prolate and oblate cas@s. the fully anisotropic tensorial description in all ab initio structure

We have repeated the calculations allowing the eigenvalues calculations.
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D, and Dy were free to float throughout the simulated annealing protocol.
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