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Structure Determination of LspA, an M. Tuberculosis Transmembrane Protein
Mooney, V.L. (NHMFL); Qin, H. (Florida State U., Chemistry & Biochemistry) and Cross, T.A. (Florida State U., Chemistry & Biochemistry, NHMFL)
Introduction

The Mycobacterium tuberculosis (Mtb) transmembrane protein, LspA, is a type II signal peptidase important for the maturation of the bacterium’s lipoproteins and necessary for proper growth of Mtb in vivo (1). In order to investigate the structure of LspA, oriented-sample (OS) and magic angle spinning (MAS) NMR techniques were used, a strategy which has recently proven effective for proteins with up to three transmembrane helices (2). 
Experimental 
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Mtb LspA possessing an N-terminal His-tag was expressed in E. coli. The E. coli membrane fraction was subsequently detergent solubilized following mechanical lysis. After purifying LspA via Ni-NTA affinity chromatography, the protein was incorporated into liposomes and the detergent removed. The lipids used were 4:1 mole ratios of either POPC:POPG, DOPC:DOPE, or DMPC/DMPG. The 400 MHz, 600 MHz, 720 MHz, 800 MHz, and 900 MHz magnets at the National High Magnetic Field Laboratory’s facility in Tallahassee were used. 
Results and Discussion


There are many factors which can affect how well oriented membrane proteins are when preparing samples for OS NMR. Three lipid combinations were tested using uniformly 15N labeled LspA at an 1:200 LspA:lipid ratio in order to determine whether a particular lipid composition aided in the alignment of the protein (Fig. 1). 31P and 15N spectra revealed that, of the lipids screened, the DMPC:DMPG sample had the most aligned lipid content (Fig. 1B) and greatest aligned protein content (15N signal ~220 ppm) relative to the unaligned content (~100 ppm) (Fig. 1E). This lipid combination was used to prepare 15N specifically labeled samples for SAMPI4 experiments in order to determine the tilts of the four helices. Preliminary data suggests that none of the helices has a tilt larger than 30̊.
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MAS NMR utilizing dipolar coupling and J-coupling techniques have been used to identify inter-residue contacts (Fig. 2A) and dynamic regions (Fig. 2B). Thus far, several inter-residue interactions have been identified, but further experiments are required to definitively identify inter-helical contacts. The dynamic regions identified using J-coupling based experiments correspond to the N- and C-termini, which are rich in arginine and proline and are predicted to be intrinsically disordered. 
Conclusions

Mtb’s LspA possesses helices with small tilt angles; but, more experiments are needed to determine exact angles and orientation.
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Fig.1 31P (A, B, & C) and 15N (D, E, & F) spectra of U-15N LspA oriented samples prepared with protein:lipid ratios of 1:200. The three lipid combinations used were 4:1 POPC:POPG (A & D), DMPC:DMPG (B & E), and DOPC:DOPE (C & F). Spectra of the DMPC/DMPG sample were collected at 37̊ C, all others were collected at 23̊ C. 
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Fig 2. MAS spectra of LspA in POPC:POPG at a 1:50 LspA:lipid ratio. (A) DARR spectra of U-15N, 2-13C-glycerol labeled LspA collected while spinning at 12.2 kHz at -39̊ C and using mixing times of 50 ms (red) and 500 ms (blue). Four cross peaks likely due to inter-residue interactions are labeled. (B) U-13C,15N LspA TOBSY collec-ted while spinning at 12.2 kHz at 21̊ C. Val1 (green) and Lys199 (cyan) are circled. 









