JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Combined Analysis of N Relaxation Data from
Solid- and Solution-State NMR Spectroscopy
Veniamin Chevelkov, Anastasia V. Zhuravleva, Yi Xue, Bernd Reif, and Nikolai R. Skrynnikov
J. Am. Chem. Soc., 2007, 129 (42), 12594-12595+ DOI: 10.1021/ja073234s « Publication Date (Web): 29 September 2007
Downloaded from http://pubs.acs.org on February 14, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 7 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja073234s

JIAIC[S

COMMUNICATIONS

Published on Web 09/29/2007

Combined Analysis of 1°N Relaxation Data from Solid- and Solution-State
NMR Spectroscopy

Veniamin Chevelkov,’ Anastasia V. Zhuravleva,* Yi Xue,* Bernd Reif,*" and Nikolai R. Skrynnikov**

Forschunginstitut fuMolekulare Pharmakologie (FMP), Robert-Bsle-Strasse 10, 13125 Berlin, Germany, and
Department of Chemistry, Purdue Uersity, 560 Qal Drive, West Lafayette, Indiana 47907-2084

Received May 7, 2007; E-mail: nikolai@purdue.edu; reif@fmp-berlin.de

Nanosecond time-scale backbone dynamics in proteins has been
a subject of much interest. While these motions can be detected by
solution >N relaxation methodkthey tend to be masked by the
overall protein tumbling. As pointed out by Chen et al., “sometimes
nanosecond time scale motions with a corresponding squared order
parameter as low as 0.9 can go undetected, even with good quality
data available at two magnetic fieldd"The situation can be
improved if relaxation data are augmented by residual dipolar
couplings (RDCs¥. This approach, however, is experimentally
demanding and the interpretation is complicated by “structural
noise”, lack of absolute reference, and possible coupling between
internal dynamics and alignmeht.

Solid-state methods, on the other hand, are well-suited to detect ) 15 20 25 30 35 40 45 50 55 60
nanosecond motions. In the absence of overall tumbling, slower Residue Number

. . . - Figure 1. 1N solid- and solution-stat&; in spc SH3 as measured at 500,
forms of internal dynamics provide the most efficient channel of 600, and 900 MHz (green, red, and black bars, respectively). The empty

spin relaxation. However, because of experimental limitations it portion of each bar corresponds to the experimental uncertainty. Shaded
has been difficult to obtain a definitive picture of protein dynamics areas in the background indicatesheet structure. Sample conditions are
from the solid-state data alone. For instance, a wide range of listed in Table S1.
effective correlation times, from hundreds of picoseconds to .
hundreds of nanoseconds, have been reported in the solid-statehe diffusion parameters;’ = 7.55 ns (7°C) andD,/Dp = 1.22.
studies of proteins. Consequently, the rotational anisotropy was modeled via the
In this Communication we undertakecambined analysis of the  effective correlation timeseﬁﬁ, assigned to individual NH vectors
solid- and solution-state relaxation dafaom a small globular and to the principal axes dPN CSA tensord? Theser®" values
protein,a-spectrin SH3 domain (spc SH3). Itis common knowledge were used as the input for standard LipeBzabo analysid
that structures of globular proteins as determined in solids and in (definitions of spectral densities are given in Table S2). The
solution are essentially identical. In fact, crystallographic structures interpretation was (predictably) successful, with the experimental
provide the best models for analyzing solution NMR cfarystal solution-state rates reproduced, on average, to wittirb%.
contacts, which involve fluidlike layers formed by outward-pointing The fast-motion paramete&? andz; determined from solution
side chaing, have only limited impact. Taking this notion a step data analysis were subsequently used to predict the solid-state
further, we suggest that internal protein dynamics in solids and in relaxation rates. In doing so, we assumed that fast local dynamics
solution are also similar (assuming that the solid sample is well in solids and solution is identical and that it is the only source of
hydrated and the measurements are conducted at the same tentelaxation in solids. Accordingly, the spectral densities of the form
perature). It is implied that the ‘soft’ interaction with environment J(w) = (1 — S9)w/(1 + w??) were used to calculate solid-state
does not alter native protein dynamics (note that the same rates. As it turned out, the predicted solid-sté&erates were
assumption is made in the RDC-based studies of protein dynamics).significantly underestimated: on average, they amounted to 0.47
The combined analysis usé®N R;, R,, and NOE data (500, and 0.68 of the experimental rates (600 and 900 MHz, respectively).
600 MHz) measured in solution, as well &bl R; rates (600, 900 The discrepancy points toward the presence of additional motional
MHz) measured in solid (see Figure 1). The solution data were modes that remain undetected in solution. Furthermore, the fact
recorded using well-established experiméntise solid-state data  that better agreement is obtained for 900 MHz data suggests that
were obtained using an HSQC-style sequence (Figure S1, Supportthese motions occur on the nanosecond time séale.
ing Information (SI)) applied to the deuterated sample with a 10%  In attempt to capture these motions, all data (six solution and
content of amide protorfsin the latter case, deuteration allows for ~ two solid rates per residue) were analyzed jointly using the extended
1H detection at high resolution, alleviates problems arising from Clore-Lipari—Szabo modélparametrized witt&?, 7, S, andry.

proton-driven spin diffusioR? and avoids extensive probe heating N calculating solution rates;z® was treated as a global variable

T, [s] solid

T, [s] solution

caused by proton decoupling. and adjusted to 7.75 ns. The tumbling anisotropy was accounted
As a first step toward data interpretation, the solution data at for as described above. In calculating solid rates, the contributions
two fields were analyzed by means of fRéR, approack yielding from overall tumbling were omitted (Table S2). Following careful

optimization, the solution rates were fitted on average to within
 Forschunginstitut fuMolekulare Pharmakologie. i22% gnd the sol!d rgtes to withit3.6%. The outcome of the
* Purdue University. fitting is illustrated in Figure S2.
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Figure 2.y surfaces for data from GIn-16 (a) and Leu-8 (b) interpreted by

means of the CloreLipari—Szabo modely = Oj(I™ — &/ re®
wherel; denotes the complete set of relaxation data,1—8, for a given
residue. The map is generated by a grid searc&@nes plane, followed
by simplex optimization relative t&?, 7: at each point of the grid. The
magnitude ofy is color-coded as follows:<2% (blue), 2-5% (cyan),
5—10% (green), 1620% (yellow),>20% (red).

It can be readily recognized that the above procedure results in
overfitting: indeed, solid-state rates are reproduced far better than
can be expected based on the low precision of the measurement
(Figure 1). Furthermore, the obtained solutions are not unique.
Figure 2a illustrates the typicglsurface in the coordinat&¥?, .

The long “valley” appearing in the plot demonstrates that the
analysis effectively determines the ratio {1S?)/zs and fails to

separate the two parameters. This is to be expected when solid-

S

small-amplitude ns motions observed in solution simulation can,
in principle, account for the relaxation rates measured in solid.
Several conclusions can be reached on the basis of the presented
results. (i) Fast (ps) motions are responsible for a significant portion
of backboneR; rates in solids, while the remainder comes from ns
dynamics. (i) Small-amplitude ns motions observed in solids are
likely to be present also in solution. (iii) The combined analysis of
solid- and solution-state relaxation data offers a promising tool for
detailed characterization of psis motions in the protein backbone.
Such combined analysis can be strengthened by the addition of
new solid-state relaxation experiments. In particular, if the data set
is complemented with solidR,-type data (e.g., transverse cross-
correlation®®) the reliable separation &? andzs can be effected.
It is expected that the proposed approach will provide new and
stimulating insights into protein dynamics.
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Supporting Information Available: Solid-state pulse sequence for
measuring®N R; relaxation; table of solid- and solution-state relaxation
rates; expressions for spectral densities; figure illustrating data fitting
with Clore—Lipari—Szabo model; comparison of the experimental and
MD-simulatedR; rates in solids; comparison of the experimental and
predictedR; rates in the waterglycerol solution; table 062, 75, S?,
andt;. This material is available free of charge via the Internet at http://
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state data are limited t&; rates ands; falls in the macromolecular
limit, 7s > ~10 ns. Similar behavior has been observed in the
pioneering study of Giraud et &f.

The above treatment shows that solid- and solution-state data

can be interpreted jointly using the same set of dynamic parameters.

To validate this result, we prepared three additional samples of spc
SHS3 containing 20%, 30%, and 40% w/w of glycerol (see Sl for
details). Protein molecules in a wateglycerol mixture tend to be
surrounded by watétand thus retain nativelike internal dynamics.
The overall tumbling, however, is slowed dow{is 11.0, 13.8,
and 17.4 ns, respectively), so that slow local motions play a more
prominent role in spirlattice relaxatiort As it turns out,R;, Ry,

and NOE data from the three wataglycerol samples can be
successfully included in the solid and solution fitting procedure.
The result is a credible picture of internal dynamics in the spc SH3.
For example, when the optimization is restricted to a (physically
reasonable) regioB? > 0.8, the solution-state relaxation parameters

are reproduced, on average, to within 3.2% and the solid-state rates

to within 5.4%. For half of the analyzed residues (17 out of 35)
the amplitude of the slow motion turns out to be very snfafl >
0.97 (furthermore, for all but three residu€g > 0.92). The
respective correlation times fall in the interval from 0.8 to 54 ns
(average 11.5 ns). The fast-motion order parame&érsinge from
0.77 to 0.90 (average 0.83) androm 0O to 39 ps (average 14 ps).
Note, however, that separation &f andzs remains tentative even
with the addition of the new data.

For further corroboration of the method we turned to the MD
simulations. A 30-ns trajectory of spc SH3 in explicit solvent was
generated using CHARMM equipped with the CMAP module.
The correlation functions were extracted in a standard fashion (with
the overall tumbling subtracted otitpnd used to predict the solid-
statel®N R; rates. While the agreement on a per-residue basis was
poor, roughly one-half of the simulated rates turned out to be

overestimated and another half underestimated (Figure S3). Thus,
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