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A novel mutation in SLC4A1 causing distal renal tubular acidosis: enhancing our understanding of AE1 C-terminal targeting signals
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Failure of urinary acidification by collecting duct (-intercalated cells ((-ICs) results in distal renal tubular acidosis (dRTA), with consequent nephrocalcinosis and nephrolithiasis, which can lead to renal failure. In untreated cases, growth impairment in children and osteomalacia in adults occurs, together with hypokalaemia leading to muscle weakness and cardiac arrhythmias. 

Autosomal dominant dRTA is caused by mutations in SLC4A1 that result in mis-localization of its product, the chloride/bicarbonate exchanger AE1, either away from its normal basolateral membrane residency in the polarised (-IC, or to an intracellular compartment. 

The C-terminal tail of AE1 is a region rich in potential, but incompletely characterised, targeting motifs. We have identified a novel AE1 mutation in a newly-referred family where dRTA segregates with disease through a four-generation pedigree, as determined by DNA sequencing and specific restriction enzyme digestion. This mutation - AE1-M909T - lies within the last four residues of the tail, within a potential PDZ-binding domain. 

Expression of AE1-M909T in Xenopus oocytes confirmed relatively preserved anion exchange function, in keeping with the other defined mutations. To investigate the mechanism of disease, we examined stable expression of N-terminal GFP-tagged AE1 constructs in a variety of cell types. In HEK293 cells, wild-type (AE1-wt) and AE1-M909T fusion proteins both reached the cell surface as judged by surface labeling with an antibody directed against an exofacial loop. Both wild-type and mutant AE1 also reached the surface in stably-transfected, non-polarised MDCK cells. When stably expressed in MDCK cells grown to polarity on semi-permeable membranes, GFP-tagged AE1-wt has normal basolateral residency. In marked contrast, the mutant protein is aberrantly targeted, with new appearance at the apical membrane, in addition to preserved basolateral presence. 

Using an antibody-labelling assay, we demonstrated that AE1-wt traffics directly to the basolateral membrane, without transient passage via the apical domain, or initial non-polarised expression. In contrast, AE1-M909T trafficked directly to both cell surfaces, thus implying gain of an apical targeting signal together with persistent basolateral signals. Aberrant expression at both cell surfaces would cause dRTA through disruption of (-IC function. 

Further experimental constructs lacking all four C-terminal residues, or in which the PDZ ligand motif was disrupted through substitution of methionine by alanine at position 909, were both retained intracellularly, without even transient passage to the cell surface. These results suggest that trafficking to the cell surface requires an intact PDZ-binding domain, or at least extreme C-terminal sequence.

We have thus identified a novel SLC4A1 mutation that results in mistargeting of AE1 in polarised epithelial cells through acquisition of an apical targeting signal. Our results suggest that basolateral targeting motifs are concentrated upstream of the extreme C-terminus of AE1, but that this micro-domain is important for normal biosynthetic traffic to the cell surface, probably through PDZ-based interactions.


