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15N CSA Tensors and 15N-1H Dipolar Couplings of Protein Hydrophobic Core Residues Investigated by Static Solid-State NMR

Vugmeyster, L. (Colorado U.-Denver, Chemistry); Ostrovsky, D. (Colorado U.-Denver, Mathematics) and Fu, R. (NHMFL) 
Introduction 

 In this work, we assess the usefulness of static 15N NMR techniques for the determination of the 15N chemical shift anisotropy (CSA) tensor parameters and 15N-1H dipolar splittings in powder protein samples. We use the model system of villin headpiece subdomain protein.

Experimental  

By using five single labeled samples of the villin headpiece subdomain protein in a hydrated lyophilized powder state, we determine the backbone 15N CSA tensors at two temperatures, 22 and –35oC, in order to get a snapshot of the variability across the residues and as a function of temperature.  All sites probed belonged to the hydrophobic core and most of them were part of -helical regions.  While a simple one-dimensional line shape experiment was used for the determination of the 15N CSA parameters, a more advanced approach based on the “magic sandwich” SAMMY pulse sequence1 was employed for the determination of the 15N-1H dipolar patterns.
Results and Discussion


 All sites probed belonged to the hydrophobic core and most of them were part of -helical regions. The values of the anisotropy (which include the effect of dynamics) varied between 130 and 156 ppm at 22oC, while the values of the asymmetry were in the 0.32–0.082 range. The L75 and L61 backbone sites exhibited high mobility based on the values of their temperature-dependent anisotropy parameters. Under the assumption that most differences stem from dynamics, we obtained the values of the motional order parameters for the 15N backbone sites.   The 15N-1H dipolar patterns yielded estimates of the dipolar couplings. Accordingly, the motional order parameters for the dipolar interactions were obtained. It was found that the order parameters from the CSA and dipolar measurements are highly correlated, validating that the variability between the residues is governed by the differences in dynamics.
Conclusions

 The values of the tensorial parameters obtained from these simple static measurements can serve as reference values useful in developing more advanced magic-angle spinning recoupling techniques. Additionally, they provide means for assessing the structure and dynamics of the hydrophobic core in the lyophilized powder state. Motional order parameters from 15N CSA and 15N-1H dipolar measurements are highly correlated and also point to the possible role of vibrational averaging due to motions of amide protons.
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	F51
	115.3 ± 0.6
	151.8 ± 1.4
	0.264 ± 0.012
	114.3

	F58
	122.5 ± 0.4
	156.2 ± 1.0
	0.254 ± 0.010
	122.4

	L61
	121.6 ± 0.5
	141.1 ± 1.2
	0.322 ± 0.010
	122.5

	L69
	124.0 ± 0.4
	150.7 ± 1.1
	0.225 ± 0.010
	123.8

	L75
	119.5 ± 0.6
	130.5 ± 1.9
	0.082 ± 0.014
	121.2








Table I  15N CSA tensor parameters at 22oC.














Fig.1  A plot of 15N-1H order parameters� EMBED Equation.3 ���versus  15N CSA order paramters� EMBED Equation.3 ��� at 22oC.









_1508745815.unknown

_1508745816.unknown

