Journal of Magnetic Resonandd3,229-232 (2000) ®
doi:10.1006/jmre.1999.2006, available online at http://www.idealibrary.co”ll;%l

Simple and Accurate Determination of Global 7 in Proteins
Using *C or N Relaxation Data
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In the study of protein dynamics by “C or N relaxation
measurements different models from the Lipari-Szabo formalism
are used in order to determine the motion parameters. The global
rotational correlation time 75 of the molecule must be estimated
prior to the analysis. In this Communication, the authors propose
a new approach in determining an accurate value for 7 in order
to realize the best fit of R, for the whole sequence of the protein,
regardless of the different type of motions atoms may experience.
The method first determines the highly structured regions of the
sequence. For each corresponding site, the Lipari-Szabo parame-
ters are calculated for R, and NOE, using an arbitrary value for
7=. The x? for R,, summed over the selected sites, shows a clear
minimum, as a function of 7z. This minimum is used to better
estimate a proper value for 7.  © 2000 Academic Press
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The standard procedure for estimating this parameter is
use theR,/R; ratio for selected sites in the protein sequenc
(3). This approach has been extensively discussed recer
(4-6) and it is based on two principal ways of selecting
residues.

One way requires that the selected sites should fulfill t
extreme narrowing limit, which is a very restrictive condition.
It assumes the second term of Eq. [1] to be negligible (
(model 1 of LS formalism). The value fa, is then estimated
from Eq. [2]:
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Due to the constraint imposed on the minimum valuerof
which is seldom fulfilled,r; is usually underestimated using
this method 4). Besides, the proper sites might not be easil

Recent advances in isotope labeling methods have enaldetectable a priori. Attempts have been made to improve t
C and™N nuclear spin relaxation to become widely used fagelection 8), based on NOE data, but nevertheless, the con
studying internal motions in macromolecules (proteins). Thin of independence d®,/R, on S° still remains.
relaxation dataR;, R,, NOE) are usually obtained at a single The second, less restrictive way to select residues consists
value of the static magnetic field, allowing a poor sampling dftting simultaneously all three relaxation parameters with
the spectral density function. The simplest way to modeliz#, and .. The determination of in the latter approach has

this function is by means of the Lipari—-Szabo formalising),
that is, depending on only three parameters:
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wherery is the correlation time of the global motion (supposed X b [
isotropic) of the molecule in solutiom, is the effective cor-
relation time of the internal motion, an§’ represents the

spatial restriction of the internal motion.

been carried out using the local site treatment of Seuat. (9)

or using the globally linked approach of Dellwo and Wanc
(10). In this case the three LS parameters, &°, andr,) are
calculated by minimizing the’ function described by

(Rlexp - Rlcalc) 2
Uz(Rl)

(NOEexp - NOEcaIc) 2
o?(NOE)

residues

(R2exp - RanIc) 2:|

o 2 ( Rz) [3]

The determination of the rotational correlation time consti-

tutes a primary requirement in the attempt at motion analysisji order to fit best, simultaneously, all three experiment:

tal relaxation data obtained from labeled nuclei.

We propose a simpler method, in which the site selection
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given value forr,, one can obtain the values f6f and . in
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strongly increasing, indicating conformational changes affec
ing only the spin—spin relaxation rate.

The Lipari-Szabo formalism is concerned only with very
fast and hindered motions. Hence, it is very appropriate to
the dynamic parameters wikt, and NOE that are insensible to
slow motions. Assuming a known value fey, it is possible to
find unique solutions foB” and ., exactly fitting the experi
mental data foR, and NOE (1).

We can suggest a new approach to determjrfeom theR,
fitting, in these highly structured domains of the sequenc
whereR, tends to be practically constant. This method is base
only on LS formalism, taking into account the characteristic
of the internal motion of the nuclei, without any further as
sumption onS? or 7.

0 2 0 6 % w 1  From theR; and NOE fittings at an arbitrary chosen
value, one could reconstruct th, values at each site. The
comparison with experimental data is done by calculating tt

FIG. 1. C* spin—spin relaxation rates as a function of residue index in trﬁorresmnding(z function,
NCS protein.

R, (s")

Residue Index

2

XZ — 2 (RZez?z(RR;caIJ , [4]
Eq. [1] which fit exactlyR, and NOE (1). Then, the value for residues ?
7r IS that obtained from the best fit &, among the selected
sites, using only the exact estimatesS3fand 7, from R, and where the sum is done over the selected sites. Note that, he
NOE relaxation data. The extreme narrowing limit condition i§1cac 2nd NOE,, equal exacthR;.,, and NOE,,, respectively,
no longer required but the selected sites should be submitte¢®that Eq. [3] reduces to Eq. [4].
fast and restrictive motion. They are usually located in the The sites involved in the summation of Eq. [4] can b
well-structured regions of the proteins aRd is a sensible Straightforwardly selected by examinationRf (Fig. 1), but a
parameter for making this choice. more objective method is provided by multivariate statistic

In the case of very restrictive motions (low amplitu@2 ~ analysis. For example, a factorial d_iscriminant analys®) (
1), the corresponding time scale of the correlation time Rerformed orR,, R,, and NOE experimental data allow us to
usually in the range of picoseconds. For these nuclei, tpiearly distinguish three regions (Fig. 2), of motionally similal
relaxation parameteiR,, R,, and NOE can be fitted using Eq_sites. Residues inside region 2 have all three relaxation para
[1] for J(w) in the Lipari-Szabo formalism. For other nuclegters fitting the LS formalism while those inside regions 1 ar
submitted to a slow motion regime in the time scale of nand-aré submitted to a slow motion regime (extension of LS) ar
seconds, it is necessary to apply an extension of the LipafiXchange broadening, respectively.
Szabo formalism12). In these cases the value R strongly ~ The dependence of the’ function overry presents a clear
diminishes. Moreover, there are cases where nuclei may h&V@imum (Fig. 3), which gives the best value for the rotations
very slow motions contributing only t&, relaxation mecha Ccorrelation time. The error on the estimation of may be
nisms and not toR; or NOE. For these specific residues,
characterized by conformational changes on a time scale rang-
ing in the domain of micro- to milliseconds, tiig values are
increasing. Such an example is shown in Fig. 1 for the NCS
protein (3). In the figure, one may easily distinguish two

regions in the sequence, characterized by a practically constant L
R, value corresponding to highly structured domains in the 2
protein. On the contrary, the edges of the sequence are char- ¥a,

acterized by decreasd®, values, indicating the presence of
nuclei with fast and high amplitude motions, in the time scale
of nanoseconds. For these specific cases, where motions are
modeled on two widely separated time scales, the Lipari—
Szabo formalism proves to be inappropriate and the extended
model-free approach of Cloet al.is invoked (2). Finally one  fiG. 2. Factorial discriminant analysis on experimental relaxation dat
may notice on the plot a residue (83) where fevalue is (R, R,, NOE) used for determining motional similarities among residues.




COMMUNICATIONS

30000

25000

20000 1

15000 1

X’ (R,)

10000 1

5000 1

0 T T T T T T

4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5

Tg (DS)

FIG. 3. x?(R,) calculated from the se&{, r.) values, fittingR, and NOE
data for the arbitrary chosen value ef (the LS formalism, Eqg. [1]), as a
function of 7.

obtained from a Monte-Carlo simulation. This method h

been tested and compared (Fig. 4) with By¢R, method (5),
using data obtained for the NCS protein, totally enriched
*C, measuring relaxation rates ofaCat 500 MHz. Three
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extended to practically all of the protein backbone, except fi
the few residues at the edges and residue 83 which clea
exhibits an exchange contribution Ry. This selection corre
sponds to all residues contained inside region 2 of Fig. 2.
gives the largest? due to the larger number of terms in the
summation (Eq. [4]). Finally a third selection was tested. |
includes the residues inside the gray region (Fig. 2) of th
factorial discrimant analysis map. Figure 4 clearly shows th
the 75 values obtained by thR,/R, method are systematically
lower than those obtained by the method proposed in th
paper, as expected (for none of the selected residues is
extreme narrowing limit fulfilled). Furthermore, it must be
emphasized that the; values thus obtained do not depend ol
the residue selection that is different from tRe/R; case
which givesty values dependent on the selected sites. As
result, the calculated value fag using the sites inside region
2 of the FDA map is 4.53 nso(= 0.07) for the NCS protein
at 35°C.

We have also applied this method in order to obtairfor
the NCS protein for four temperatures (35, 40, 45, and 50°C
The variation of determined correlation timesin function of
n/T (Fig. 5) shows the expected linear dependence predict
4 the Stokes—Einstein equation:

AT
TRT T3KT

in

5]

different selections of residues were used. The first one, giving
the smallery®, was restricted to a few residues belonging to thiéinally, a global exchange process or an anisotropic motic
most structured regions of the protein. A second selection wasy be a drawback of this approach but it has the advantac
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FIG. 4. x*(R,) as a function ofrg in a Monte-Carlo simulation. To the

lefts is calculated from Eq. [2]R./R; method) using three different residue

selections. To the right is the result obtained with the proposed method, using the same residue selections.
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FIG. 5.

of rapid determination of motion parameters from measurep.
ments at a single value of the static magnetic field. It can also

7 dependence on the)(T) term in the Stokes—Einstein equation
as determined experimentally in NCS.

determine the propery value using the minimum hypothesis,

fitting the best possible motion parameters inside the LS fdf?

malism—model 4 7)—for the highly structured residues of the

protein.
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