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The solute carrier family SLC38 is a class of sodium-coupled transporters.1,2 Transporters in the SLC38 
family, along with those belonging to the SLC32 and SLC36 families, comprise nearly half of the 
mammalian amino acid transport systems.3 However, only one crystal structure with modest (3.17 Å) 
resolution is known across these three families, making mechanistic studies difficult.4 Using site-directed 
spin label electron paramagnetic resonance (SDSL-EPR) spectroscopy,5–10 I will 1) probe structural 
differences between SLC38A9 in a single crystal and in solution and 2) obtain information concerning 
structural changes triggered by the binding of sodium and the native substrate, arginine (Arg).11 Helices 1 
and 6 (Figure 1) are of particular interest as they are hypothesized to undergo major conformational 
changes during transport.4,12 As other SLC families (such as SLC42 and SLC37) share high structural 
similarities, information obtained from this study will provide a basis for the characterization of the rest 
of the SLC38 family.13–17 

Aim 1: Create a library of labeled variants and confirm activity	
MTSL (a methanethiosulfonate nitroxide spin label) will be 
incorporated into SLC38A9 via a covalent disulfide linkage to 
cysteine (Cys) residues.18 In order to selectively spin label the 
protein, the five native Cys residues (not including the pair of 
disulfide-linked residues) must be replaced. Cys residues are then 
reintroduced by site-directed mutagenesis as sites for MTSL 
incorporation. Ten single-variants will be generated: five with a 
single Cys substitution on helix 1a/1b and five with a single Cys 
substitution on helix 6a/6b. Cys will be incorporated at the end of 
each helix and near the putative substrate-binding region (Figure 1, 
“*” sites). Arg transport activity for the Cys-free variant and the 
library of Cys-substitution variants will be determined using a 
published arginine uptake assay.19 This kinetic assay, which 
measures [3H]ι-arginine incorporation into isolated protein 
reconstituted in liposomes, yields information on both overall 
activity and first order rate. 

Aim 2: Identify key helices involved in substrate transport 
Continuous wave (CW) SDSL-EPR spectroscopy of the spin labeled proteins will be used to probe the 
roles of helices 1 and 6 in arginine transport. Solvent accessibility of a nitroxide-labeled amino acid 
residue, as quantified in terms of the accessibility parameter ∏, can be probed by monitoring the effect of 
paramagnetic broadening reagents on the power saturation behavior of the spin label.5,20,21 Thus, by 
comparing power saturation behavior in the presence of O2, a lipid-soluble paramagnetic broadening 
reagent and NiEDDA (nickel(II) ethylenediaminediacetate chelate), a water soluble paramagnetic reagent, 
I will be able to determine which nitroxide-labeled residues are buried in the protein or the surrounding 
lipid environment.11,22–24 The difference in accessibility of spin labels on various parts of these helices will 
be used to determine areas of higher solvent accessibility in the absence and presence of arginine and Na+. 
These experiments will inform whether different portions of helices 1 and 6 become solvent exposed 
during substrate transfer, as would be expected for helices involved in arginine transfer.  

Aim 3: Characterize protein conformational changes during arginine transfer 
I will utilize double electron-electron resonance (DEER) spectroscopy to characterize protein 
conformational changes during arginine transfer.5,9,25,26 For DEER experiments, which can measure 
distances between two paramagnetic species up to 80 Å apart, I will create doubly-labeled Cys 
substitution variants. To measure distances between the two helices, I will simultaneously incorporate 
Cys resides on helices 1 and 6. DEER measurements for such variants in the absence and presence of 
arginine and Na+ will elucidate whether helices 1 and 6 maintain a consistent distance with one another 
during transport. It is commonly proposed that proteins with a helix-loop-helix motif undergo a hinge 
motion at the loop to facilitate function.26,27 To test this hypothesis, I will also create doubly-labeled 
variants with labels on the a and b portion of one helix. Using the distances measured from DEER 
experiments, I will develop a model for Na+-coupled arginine transfer in the SLC38 transporter family.  	

Figure	1-	Crystal	structure	of	SLC38A9	
(PDB:	6c08)	with	helix	1	in	solid	blue,	
helix	6	in	solid	red,	and	arginine	in	green
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