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Measurement of Amide Proton Chemical Shift Anisotropy in Perdeuterated Proteins 
Using CSA Amplification
Ge, Y. (Wuhan Inst. of Physics and Mathematics); Hung, I.; Gan, Z. (NHMFL) and Li, C. (Wuhan Inst. of Physics and Mathematics) 

Introduction
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1H chemical shift anisotropy (CSA) provides useful information on proton environments and probing dynamics but its measurement remains a challenge due to strong homonuclear interaction and relatively small shift anisotropy. We apply the extended chemical shift anisotropy amplification (xCSA) method [1] for measuring amide proton CSA in uniformly labeled proteins under fast magic angle spinning. The xCSA method is robust and capable of distinguishing the sign of the CSA asymmetry parameter, complimenting other multiple-pulse recoupling methods [2]. A three-dimensional xCSA experiment is demonstrated for measuring the proton CSA of amide sites in a GB1 protein sample. Proton back exchange of the uniformly [2H, 13C, 15N]-enriched protein is used to alleviate proton T2 signal losses.
Experimental


[U-13C, 15N]-and [U-2H, 13C, 15N]-enriched GB1 were expressed in E.coli BL21- (DE3) cells using M9 growth media The methods of purifying and getting the precipitated microcrystalline GB1 were described in the literature previously [3].NMR spectra were acquired at 16 kHz magic-angle spinning (MAS) on a 800 MHz Bruker Avance III HD spectrometer using a 3.2 mm low-E triple-resonance MAS probe designed and built at the NHMFL.
Results and Discussion
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Fig.1 shows the 3D NCO/xCSA pulse sequence used for measurement of amide proton CSA. The seven ​pulses in a constant evolution period of four rotor cycles amplify the 1H CSA by 6 times. 1H T2 relaxation times are short due to the strong homonuclear dipolar interaction and 40% proton back exchanged [ 2H, 13C, 15N]GB1 sample was used to increase 1H T2 values. 1H CSA tensor parameters using the xCSA method were shown in Fig.2. Recent work by Andreas et al suggested strong correlation between the principle elements of chemical shift tensor and the proton isotropic shift. The plot in Fig.3 of GB1 data confirms their conclusion [4] and the best fit yields the following relation δ11 = 0.83·δiso + 10.91 ppm; δ22 = 0.97·δiso - 0.43 ppm; δ33 = 1.2·δiso - 10.5 ppm.
Conclusions
We have demonstrated using [40%-1HN, 2H, 13C, 15N] enriched GB1 as an example that amide 1H CSA tensors can be measured using xCSA amplification and deuteration. The results confirms correlation between the . 1H CSA tensor elements and the isotropic shift. 
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Fig.1. 3D NCO/xCSA pulse sequence  for measurement of amide proton CSA.





Fig.2. [40%-1HN, 2H, 13C, 15N] enriched GB1 amide 1H CSA tensors determined in this work using xCSA.








Fig. 3.1H CSA tensors of GB1 as a function of the isotropic 1H chemical shift, 








