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Probing Hydronium Ion Histidine NH Exchange Rate Constants in the M2 Channel via Indirect Observation of Dipolar-Dephased 15N Signals in Solid-State MAS NMR
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Introduction 
[image: image2.jpg](@) o0, 180° 353,

LGSL [LGCP,

0
O 051015 20 25 3.0
REDOR LG spin—lock time ts. (ms)



      Water-protein chemical exchange in membrane-bound proteins is an important parameter for understanding how proteins interact with their aqueous environment, but has been difficult to observe in the presence of relatively strong 1H spin diffusion in membrane-bound biological systems. Here, we describe one-dimensional  pure chemical exchange measurements for probing the specific water-protein chemical exchange kinetics of membrane-bound proteins in solid-state MAS NMR [1]. There are two debated proton transport mechanisms: 1) the proton is transferred via the breaking and reforming of H-bonds between two pairs of His37 dimers[2] or 2) individual His37 residues shuttle protons through imidazole ring reorientations and exchanging protons with water without the process of forming inter-monomer His37 H-bonds[3]. A direct measurement of the water-protein chemical exchange may shed light onto how the water with hydronium ions interacts with the protons in the His37 tetrad. 
Experimental 

High-resolution solid-state MAS NMR spectra were acquired on a 63 mm mid-bore 800 MHz magnet equipped with a Bruker Avance console using a NHMFL low-E double-resonance 1H-15N biosolids MAS probe. The reversely labeled 13C,15N H37-labeled M2 mutant (H57,93Y) at pH 6.2 was reconstituted in liposomes.
Results and Discussion
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Fig. 1a shows the pulse sequence for probing the specific water-protein chemical exchange via indirect observation of 15N signals. After 1H excitation, a rotational-echo double-resonance (REDOR) based dipolar dephasing scheme is used to prepare the initial 1H magnetizations, M(0) and I(0). A 35.3° pulse flips the 1H magnetizations to the magic angle, spin-locked by a LG sequence (LGSL), during which the water-protein chemical exchange takes place. The S spin is then brought into a short contact with the I protons by applying the ramped rf field on the S spin, such that the cross polarization (i.e. LGCP) is established to transfer the I magnetization into the S spins46,47
. Thus I(tSL) can be monitored indirectly by its nearby S spins as a function of tSL. When I(0) is dephased by REDOR, the increase of I(tSL) as a function of the LGSL time reflects the pure chemical exchange from the water magnetization M(0). Fig. 1b shows the simulated I(tSL) buildup curves at various exchange rate constants. Fig. 2 shows the normalized dipolar-dephased 15N signals from the His sidechain NH region as a function of tSL. Thus the exchange rate constant of 1,750 ± 552 s-1 between hydronium ions and the protons in the His37 NH bonds for the M2FL at -10°C can be obtained through the fitting.
Conclusions

Our new data provide important details about how the protons are conducted at the heart of the His37 tetrad in the proton M2 channel. The buildup of the dipolar-dephased 15N signals, as observed here, discriminates the proton shuttling mechanism from the hydronium pore mechanism in the M2FL proton channel in lipid bilayers.
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Fig. 1 (a) Pulse sequence used to probe specific water-protein exchange via indirect 15N observation. (b) Simulated buildups of the dipolar-dephased 1H magnetization as a function of tSL at various exchange rate constants kIM, using �= 16.2 ms and p=10-6.
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Fig 2. Normalized dipolar-dephased 15N integral of His NH intensities vs. tSL for the His37-labeled M2FL (pH 6.2) at -10°C. The red line represents the fitting curve with kIM=1750 s-1. The dashed green and blue lines are the curves for kIM=2250 and 1250 s-1, respectively.
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