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Measuring 14N Quadrupole Coupling in Histidine Containing Dipeptides by 13C/14N HMQC NMR Under Magic-Angle Spinning
Ge, Y. (Wuhan Institute of Physics & Mathematics; NHMFL); Hung, I.; Gan, Z. (NHMFL) and Li, C. (Wuhan Institute of Physics & Mathematics)
Introduction 

14N is a spin-1 nucleus and the most abundant (99.6%) isotope of nitrogen. 14N NMR can be used to measure the electric field gradient (EFG) at nitrogen sites, which is not accessible by observation of the low natural abundance (0.37%) spin-1/2 15N isotope[1]. Indirect 14N detection through nearby 13C sites using heteronuclear multiple-quantum correlation (HMQC) can overcome the sensitivity and resolution limitations of direct 14N detection[2]. Here we report measurements of 14N quadrupolar coupling of histidine-containing dipeptides using HMQC. Histidine has four different tautomeric forms: a protonated, two neutral and an anionic form depending on the pH of the sample environment[3]. Hence, it is of interest to measure the 14N EFG of the different tautomeric forms, which play an important role in catalysis and metal binging in biomolecules[3].
Experimental 
[image: image4.jpg]
The natural abundance His-Asp sample was crystallized from a water solution, while the Ala-His and Gly-His samples were crystallized from aqueous EtOH[3]. NMR spectra were acquired at 18 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 13C/14N HMQC spectrum of Ala-His. Indirect detection through the naturally abundant 13C nuclei yields sufficient signal-to-noise to measure the 14N peak positions along the indirect dimension. The 14N peak positions differ from their corresponding 15N chemical shifts due to the large 14N isotropic second-order quadrupolar shifts, 
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[4]. By comparing the Nδ1 and Nε2 14N peak positions relative to their 15N chemical shifts (251 and 66 ppm, respectively) the 14N quadrupolar coupling constant (χQ) can be obtained: χQ = 3.6 MHz from 
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 = 197 ppm for the Nδ1 site, and χQ = 1.4 MHz from 
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 = 29 ppm for the Nε2 site of Ala-His. For histidine at a pH of 1.0, we have obtained χQ = 2.9 MHz for Nδ1 peak and χQ = 2.5 MHz for Nε2 peak. These quadrupolar coupling constants illustrate the sensitivity of the EFG on the molecular environment, specifically the protonation state and hydrogen bonding among the four tautomeric forms.
Conclusions

We measured the 14N quadrupolar coupling of the Ala-His imidazole ring Nδ1, Nε2 sites using high-resolution 13C/14N HMQC. The 14N quadrupolar coupling is highly sensitive to the protonated states and is also dependent on the surroundings, like hydrogen bonding.
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Fig. 1 13C/14N HMQC spectrum of natural abundance Ala-His. The vertical brackets indicate the isotropic second-order quadrupolar shift � EMBED Equation.3  ��� from the chemical shift measured by a separate 15N MAS experiment shown on the right. 
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