[image: image1.jpg]<



[image: image3.png]CP/MAS

(x0.5)“ M“‘. (x0.5)
NCO
|
A L "
|
260 ' ’IfIJO '

NCA

D

80 60 "Cod, /ppm





Spin-Locking and Cross-Polarization under Magic-Angle Spinning of 
Uniformly Labeled Solids
Hung, I. and Gan, Z. (NHMFL)
Introduction

Heteronuclear coherence transfer is an integral component of many multi-dimensional NMR experiments. In particular, cross-polarization (CP) between 13C and 15N nuclei is an important building block for the study of isotopically-enriched proteins. In this work, it is shown that for uniformly 13C and 15N labeled samples the chemical shift anisotropy (CSA), 1H heteronuclear and 13C homonuclear dipolar couplings can have strong effects on the spin-lock (SL) efficiency of the 13C and 15N nuclei under magic-angle spinning (MAS). Loss of polarization can occur at various resonant interference conditions which should be avoided for optimal 13C↔15N polarization transfer.
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Experimental

Experiments were performed at 18.8 T with a Bruker Avance III HD 800 spectrometer and a 3.2 mm low-E triple resonance MAS probe designed and built at the NHMFL. The MAS spinning frequency was 13.5 kHz and 100 kHz 1H CW decoupling rf field was used during spin-locking.
Results and Discussion

[image: image3.png]
Figure 1 shows the loss of spin-lock due to various resonant mechanisms between the spin-lock rf field relative to the MAS frequency n = ν1/νr. The 13C and 15N rf fields should always avoid the CSA rotary resonance conditions at n = 1, 2, 3, 4.. (black arrows).[1] Interference from 1H decoupling can occur from the high end of the rf field (red arrows) with sidebands orders with m = (ν1H - ν1C)/νr up to 5 for the Hartmann-Hahn condition[2‑4]. This loss worsens with phase-modulated decoupling methods such as SPINAL-64 over cw decoupling. The blue arrows points to interference dips near n = 1/2, 3/2 and very low rf fields from 13C homonuclear dipolar coupling.[5] All three types of interference mechanism need to be considered when choosing the rf fields for 13C↔15N transfer[6] for optimal double-quantum (DQ) and zero-quantum (ZQ) CP[3,6] transfer.


Figure 2 shows comparisons between 1H→15N→13C and 1H→13C CP spectra. The DQ CP using low rf fields achieves an efficiency of ~50% for a GB1 protein sample and is as efficient as the commonly used ZQ CP. The main differences between the ZQ and DQ transfer are the absence of spinning sidebands for the NCO spectrum and smaller aliphatic signals in the < 40 ppm region for the NCA spectrum for DQ CP transfer. This is due primarily to the low rf fields being more selective in terms of frequency offset.
Conclusions

We have shown the MAS induced interferences to spin lock. These interferences are important setting up rf fields for optimal 13C↔15N coherence transfer of the key building block of many multi-dimensional MAS experiments.
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Fig. � SEQ Figure \* ARABIC �1� 13C spin-lock (SL) signal intensity for the CH site of [13C,15N]alanine as a function of the SL rf field, ν1C. Numerous dips in intensity are caused by interference from 13C CSA, homonuclear coupling and 1H heteronuclear coupling.





Fig. � SEQ Figure \* ARABIC �2� Comparison of 1H→13C and 1H→15N→13C spectra of GB1 protein using ZQ and DQ CP transfer.









