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Fig. 1. “K'-recycling” for renal distal tubular Na*
-reabsorption. In renal distal tubules, Na'/K*-ATPase conducts
active transport on basolateral side, and Na'-transporters
conduct passive transport on apical side (upper schematic cell).
Because Na'/K'-ATPase induces K'-entry into the cell, the
pathway for K*-excretion, “K*-recycling”, is indispensable for
continuous Na'-reabsorption. The tubules have two (apical and
basolateral) pathways for “K*-recycling”, and by coordinating
these pathways regulate the net K*-secretion/absorption without
affecting the net Na'-reabsorption (lower schematic cell).
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Fig. 2. Arrangements of exons in the MAGI-1a isoforms, identified from rat kidney, are schematically shown. Splice sites

identified in this study are indicated by gray.
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Fig. 3. Phosphorylation of serine residue in PDZ-binding motif.
A, PKA-phosphorylation of CT portion of Kir4.1. Poly-histidine tagged CT81 segment of Kir4.1 expressed in HEK293T cells
was detected by antibodies indicated. His, anti-polyHistidine antibody; P-Serine, anti-phosphoserine antibody. Sequence of
segments and condition of treatments are indicated above panels. WT, wild-type; S377A, mutant with serine377 to alaning;
PKA, stimulation with cAMP cocktail; H89, inhibition by H89. Representative immunaoblots are shown in upper panels and
relative intensity is summarized in bar graph (mean = SD, n = 4, * P <0.01 compared with WT/PKA+/H89-).

B, Schematic summary of MAGI-1a-long/Kir4.1 interaction. Only PDZ-binding motif of Kir4.1 with unphosphorylated

serine377 can bind to PDZ5 of MAGI-1a-long.
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Fig. 4. Effect of PKA phosphorylation on Kir4.1 channel
activity. The graph summarizes the relative K'-current of
Kir4.1 under conditions indicated above graph (n = 3). No
reduction of the channel activity was observed during PKA
phosphorylation. cAMP cocktail, cAMP cocktail in bath
solution; Ba>*, 3mM barium in bath solution.
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Fig. 5. Expression of MAGI-1a in rat kidney.

A, Immunoreactivity of the anti-MAGI-1a antibody raised in this study. The antibody specifically detected MAGI-1a isoforms
expressed in HEK293T cells. Arrowheads indicate the sizes for MAGI-1a-short (lower) and MAGI-1a-long (upper).

B, Coimmunostaining of rat kidney with the anti-MAGI-1a antibody (green) and the anti-Kir4.1 antibody (red). MAGI-1a was
colocalized with Kir4.1 on the basolateral side of distal tubules in the cortex. Scale bar: 50 um.

C, Mutual immunoprecipitation of MAGI-1a and Kir4.1. Immunoprecipitants of pre-immune rabbit 1gG (Cont) and anti-MAGI-1
antibody (anti-MAGI) were detected by the antibodies indicated. Arrowheads indicate the predicted size of Kir4.1.

% %
o™ gt ™ &®™ kDa
Imput * IF='_'_"._195 .
2
=115
28
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I8: anti- K|r4.1 anti-MAGI Cont Salt

Fig. 6. Increased intrarenal MAGI-1a/Kir4.1 interaction in the salt-loaded rats. Left and middle panels show representative
results of immunoblotting. More Kir4d.1 was coprecipitated with MAGI-1a in the kidney of the salt-loaded rat than the control,
although nearly same amount of Kir4.1 is expressed in both (left panels). The antibody used for coprecipitation precipitated a same
amount of MAGI-I isoforms in the control and salt-loaded rats (middle panel). Bar graph shows the relative intensity of the
coprecipitated Kir4.1 in the salt-loaded rats to that in the control (n=4; * P <0.01). Cont, control; Salt, salt-load.
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Summary

[Back ground and objectives] Being the most common disorder in the industrialized societies and an
independent risk factor for end-organ damage, hypertension is one of the chief burdens of the healthcare system.
The treatment of hypertension based on its pathophysiology can arrest the progression of end-organ damage, and
will relieve the burden on the healthcare system.  Recent genetic analysis has revealed that the Na* reabsorption in
the distal convoluted tubules (DCT) participates in the pathogenesis of hypertension. In the previous studies, we
identified the components of K* recycling pathways, which is indispensable for the Na* reabsorption in DCT. A
member of the Membrane Associated Guanylate Kinase (MAGUK) family, Membrane Associate Guanylate kinase
with Inverted domain structure 1 (MAGI-1a), functions as a scaffolding protein for the basolateral K* channels, one
of the K* recycling pathways in DCT. In this study, we aimed to identify the regulatory mechanism for the
interaction of MAGI-1a and the K* channels.

[ Methods and Results] By raising antibodies that specifically recognize isoforms of MAGI-1a, we clarified
different intracellular distribution of two variants of MAGI-1a in DCT: one variant (MAGI-1a-long) on the
basolateral side, and the other variant (MAGI-1a-short) on the apical side. MAGI-1a-long colocalized with the
basolateral K* channels, and its intra-renal interaction with the channels was increased under a sodium-loading
condition. The interaction between MAGI-1a-long and the channels was regulated by the phosphorylation of the
carboxyl-terminal portion of the channel subunit, Kird.1. The phosphorylation disrupted the interaction and
changed the intracellular distribution of the channels, but did not affect the channel activity at least for short
duration.

[Conclusions] MAGI-1a seem to participate in the intracellular distribution of membrane proteins in DCT,
and different variants function as scaffolding protein for different part: MAGI-1a-long and MAGI-1a-short for
basolateral and apical part, respectively. The phosphorylation-dependent regulation of the K* channels’
scaffolding by MAGI-1a-long is thought to regulate the long-term but not short-term basolateral K* recycling. It
is possible that MAGI-1a-short functions as a scaffolding protein for the apical channels and transporters, and the
scaffolding is phosphorylation-dependently regulated. The in vivo mechanism for the phosphorylation could be a

new target for the treatment of hypertension and hyperkalemia.
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