
SUPPLEMENTARY FIGURES &METHODS 
 

for 
 

“Dominant negative mutation in oxalate transporter SLC26A6 associated with 
enteric hyperoxaluria and nephrolithiasis”  by Nicolas Cornière, R. Brent Thomson, 
Stéphanie Thauvin, Bruno O. Villoutreix, Sophie Karp, Diane W. Dynia, Sarah Burlein, 
Lennart Brinkmann, Alaa Badreddine, Aurélie Dechaume, Mehdi Derhourhi, 
Emmanuelle Durand, Emmanuel Vaillant, Philippe Froguel, Régine Chambrey, Peter 
S. Aronson, Amélie Bonnefond, & Dominique Eladari 
 

 
 

 

 

 
 
 

Supplemental Figure S1.  Abdominal CT scan of the proband showing the presence of 
bilateral kidney stones. White arrows indicate the presence of kidney stones 
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Supplemental Figure S2. Family pedigree and molecular analyses.  
The pedigree of the family is illustrated panel A. Panel B, the proband (II1) carries a 
heterozygous c.1519C>T/p. R507W missense mutation in SLC26A6 (NM_022911.2) that is 
inherited from her father (I2). The mother (I1) is wild type. The mutation is represented with a 
blue star in the sequencing chromatograms. Partial black shading in patient I:2 indicate the 
presence of isolated hyperoxaluria; full black shading of patient II:1 indicate the presence of 
hyperoxaluria and kidney stones. 
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Supplemental Figure S3.  Detailed description of a single representative 14C-oxalate 
uptake experiment depicted in Figure 1. 6 wells of a 24-well plate were seeded with 1x105 
cells per well of untransfected (UTX; transfection reagent alone), HA-WT transfected (0.1 μg 
cDNA per well), or HA-MT transfected (0.1 μg cDNA per well) OKP cells. For each condition 
14C-oxalate uptakes were performed in either the presence (+ grad; 3 wells) or absence (- grad; 
3 wells) of an outwardly directed Cl- gradient. Chloride-dependent 14C-oxalate uptake was 
determined as the mean difference in uptake observed in the presence or absence of the 
imposed chloride gradient (Δ) for untransfected, wild-type SLC26A6 transfected, and mutant 
SLC26A6 transfected cells respectively.  The component of chloride-dependent 14C-oxalate 
uptake directly attributable to either wild-type or mutant SLC26A6 per se (ΔΔ) was determined 
by subtracting ΔUTX (endogenous chloride-dependent 14C-oxalate uptake) from ΔHA-WT or 
ΔHA-MT respectively. This results in n = 1 for subsequent statistical analyses. CPM, counts 
per minute. 
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Supplemental Figure S4.  Representative OKP cell cotransfection experiment 
depicting expression of both total and cell surface biotinylated myc-tagged and HA-
tagged SLC26A6 expression constructs. OKP cells were cotransfected with myc-tagged 
wild-type human SLC26A6 (myc-WT; 0.1 μg cDNA per well) and either HA-tagged wild-type 
(HA-WT; 0.1 μg cDNA per well) or HA-tagged Arg507Trp mutant (HA-MT; 0.25 μg cDNA per 
well) human SLC26A6. Individually transfected myc-tagged SLC26A6 (0.1 μg cDNA per well) 
is included for comparison. Upper Panels: Western blots probed with an anti-myc antibody 
depicting expression of the myc-tagged wild-type SLC26A6 expression construct (myc-WT) 
under various transfection conditions.  Lower Panels: Identical Western blots with aliquots of 
the same protein samples probed with an anti-HA antibody depicting expression of the HA-
tagged wild-type (HA-WT) and mutant (HA-MT) SLC26A6 expression constructs under 
various transfection conditions. 
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Supplement Figure S5.  Specificity of cell-surface protein biotin labeling of transiently 

transfected OKP cells. A representative Western blot of SLC26A6 transfected OKP cells 

was probed with an antibody directed against the abundant intracellular protein, β-actin. 

Specificity of cell-surface protein biotin-labeling was confirmed by absence of β-actin staining 

in the biotinylated protein lanes despite evidence of high levels of β-actin expression in the 

total cell lysates. OKP cells were transfected with equivalent amounts (0.1 μg cDNA per well 

of a 24 well dish) of either wild-type (WT; HA-WT; replicates W1 to W3) or mutant (MT; HA-

MT; replicates M1 to M3) human SLC26A6 cDNA. Cells were subjected to cell-surface 

biotinylation 72 hours post transfection. Total cell lysate lanes were loaded with 5% of the 

total RIPA lysate harvested from each respective well of a 24 well cell culture dish after the 

biotinylation reaction. Biotinylated lanes were loaded with biotin-labeled proteins isolated 

from 45% of the total RIPA lysate harvested from each respective well. The resulting 

Western blot was probed with an anti-β-actin mouse monoclonal antibody (Santa Cruz sc-

69879; 1:5000 dilution). 
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Supplementary Fig S6. Sequence and structural alignment of human SLC26A6 and 
mouse Slc26a9 proteins 
This sequence alignment was used to build the structural model of human SLC26A6. The 
sequence of the human protein was aligned to the mouse Slc26a9 protein as this protein is 
the closest homologue with a known experimental structure. This alignment generated with 
PROMALS3D takes into account 3D structural information. The amino acids colored green 
are in beta strand structures in the mouse Slc26a9 protein while the residues in red are 
located in helices. The underlined residues highlight the STAS domain. Human SLC26A6 
R507 is flagged. The secondary structure elements of the mouse Slc26a9 protein are 
expected to be highly conserved in the family, and as such, should be present in the human 
SLC26A6 protein. Insertions/deletions are indeed located outside these secondary structure 
elements, as expected in most situations. The long insertion in the human SLC26A6 protein 
in the STAS domain could not be predicted but as it is far away from position 507, this does 
not interfere with our structural analysis. 
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Supplemental Figure S7. R507W mutation flower-donut traffic-light chart analysis  

Different parameters evaluating the impact of an amino acid substitution on the structure and 
function of a protein were computed. The R507W amino acid substitution has several types 
of predicted negative impact.  These include altered intermolecular interactions (e.g., 
damages proper interaction of the mutant protein with the membrane), altered dynamics of 
the protein by forcing a large residue into a region that has not much room to accommodate 
such a change, and altered stability as hydrogen bonds and a salt bridge are perturbed 
together with the creation of numerous steric clashes with the surrounding residues. Further, 
the DUET predicted stability change (ΔΔG) value for the R507W mutation was found to be -
0.934 kcal/mol (destabilizing), while the value computed with SAAFEC was -1.767 kcal/mol 
(destabilizing). Other factors important to consider when evaluating the R507W amino acid 
substitution are that the R residue at position 507 is overall highly conserved as are the 
surrounding residues, and that it is partially buried and located in an alpha-helix. Taken 
together, these observations suggest that a W at this position is deleterious to the normal 
structure and function of the protein.  
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Supplemental Fig S8. SLC26A6 residues interaction networks. 
Residue interaction network computation can be used to gain knowledge about a protein 
structure and function. In this context, amino acid residues are referred to as nodes while 
edges represent non-covalent interactions. Structural features can be reported for each node 
such as degree, here the number of non-covalent interactions with surrounding amino acids 
or cofactors. Intuitively, a substitution that involves a highly connected residue (non covalent 
interaction with its surrounding, high node degree) is likely to perturb the structure and/or the 
function of a protein. Here we show a degree sorted circular layout representation of the 
computed RING network visualized in Cytoscape (few non covalent interactions around any 
amino acid of the protein 3D model, small red/orange dots, towards many interactions, large 
red dot). The non-covalent interactions between the protein amino acids, as computed from 
the predicted 3D structure, are shown as grey lines and each dot on the circle represents a 
residue. Here, we focus on R507 (yellow dot) to illustrate the use of such visualization. This 
residue (node) makes only five non-covalent interactions with its surrounding (node degree = 
5) but if we investigate residues that are very close to R507 (eg., V506 or T508), it is seen 
that these residues have numerous interactions with the surrounding amino acids. The R507 
to W substitution will create steric clashes and further perturb this highly connected region 
with most likely an impact on the structure (e.g., damage the last helix of the domain where 
R507 is located, a critical secondary element in this family of proteins), the stability, and the 
dynamics of the mutant protein. 
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