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Determination of Membrane Insertion Depth in 
Differently Curved Membranes by Solid-State MAS NMR 
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Introduction

Membrane remodeling is a key component in many essential biological processes. Here, using spherical supported lipid bilayers (SSLBs)[1] and solid-state MAS NMR, we provide direct experimental evidence that bilayer curvature can affect the insertion depth of curvature-sensitive molecules.
Experimental

[image: image2.png]—
O
-

1.2

0.8

0.4

STD factor (arbitrary unit)

(©)

1 um SSLBs

3 4
Protons

100 nm SSLBs





NMR data were collected on 400, 500, and 800 MHz spectrometers. 
Results and Discussion

As a test system, we have examined the membrane insertion depth of SpoVM. SpoVM is a small peripheral membrane from Bacillus subtilis. During the development of the forespore, SpoVM preferentially recognizes and localizes to the outer surface of the forespore (~1 m in diameter) to initiate coat assembly[2]. Fig. 1b displays the saturation transfer difference (STD) effects for SpoVM and SpoVMR17D peptides bound to 1 m DMPC-coated SSLBs. For SpoVM, the maximum STD factor was on lipid H3 protons with substantial effects on the methyl and methylene protons of acyl chains and smaller effects on the headgroups. Conversely, the largest effect for SpoVMR17D was on lipid H4 protons and on protons of the glycerol backbone and headgroups, but only minimal transfer to the methyl and methylene protons of acyl chains. Thus, these data supported a model in which SpoVM inserts deeply into the membrane with its hydrophobic sidechains interacting with lipid acyl chains, while SpoVMR17D insertion is shallower[3]. Fig. 1c shows STD data on highly curved 100 nm DMPC-coated SSLBs. On this membrane, both SpoVM and SpoVMR17D peptides showed similar large STD effects on protons in the lipid glycerol backbone and headgroup, suggesting shallow penetration. This work has recently been published in the J. Am. Chem. Soc.[4].
Conclusions

We conclude that bilayer curvature can affect the insertion depth of peripheral membrane proteins. 
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Fig. 1: Curvature-dependent membrane insertion depth: (a) 1D 500 MHz 1H HRMAS spectrum of DMPC-coated 1 m SSLBs recorded at 30 ºC, 10 kHz spinning speed. STD factors of SpoVM (red) and SpoVMR17D (blue) bound to DMPC-coated  (b) 1 m SSLBs at a molar ratio of 1:100. (c) 100 nm SSLBs at a molar ratio of 1:280.









