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Recording and identification of depolarization-activated current in intercalated

cells
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Abstract: The depolarization-activated current of intercalated cells in the distal nephron was detected for the first time, and the type
of ion channel mediating the current was identified based on electrophysiological and pharmacological properties. The whole-cell
current of distal nephron in kidney of C57BL/6J mice was recorded by Axon MultiClamp 700B patch-clamp system, and the effects of
several K™ channel inhibitors on the depolarization-activated current in intercalated cells were observed. In addition, the immunofluo-
rescence technique was used to investigate the localization of the channel in intercalated cells. The results showed that when K
concentration of the bath solution was equal to intracellular fluid (140 mmol/L K"), the depolarization-activated current could be recorded
in intercalated cells, but this current was not observed in the principal cells. The depolarization-activated current detected in the inter-
calated cells could be blocked by Kv4.1 inhibitors. The immunofluorescence experiment showed that the fluorescence of Kv4.1
protein was only present in intercalated cells and not observed in principal cells. Kv4.1 protein immunofluorescence was observed in
the luminal and basolateral membrane of intercalated cells, but the fluorescence intensity of luminal membrane was higher than that of
basolateral membrane. We conclude that the depolarization-activated current detected in intercalated cells is mediated by Kv4.1 and

this channel is mainly expressed in the luminal membrane of intercalated cells.
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Fig. 1. Whole-cell currents in intercalated cells and principal cells. 4: Whole-cell current recorded in an intercalated cell (IC).

B: Whole-cell current recorded in a principal cell (PC). C: The steady-state current /-7 curves of the two types of cells. The cells were

initially clamped at 0 mV, and then pulse potential was set from —120 mV to 80 mV with 20 mV increments. Bath solution (mmol/L):
133 Na-Gluconate, 5 NaCl, 5 K-Gluconate, 1.5 CaCl,, 1.5 MgCl,, 10 HEPES (pH = 7.4). Pipette solution (mmol/L): 130 K-Gluconate,

10 KCl, 1 EGTA, 10 HEPES, 2 MgATP (pH = 7.4).
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Fig. 2. Large depolarization-activated currents were detected in intercalated cells when the K concentration of bath solution was equal
to the intracellular. The cells were initially clamped at 0 mV, and then pulse potential was set from —80 mV to 40 mV with 20 mV
increments. A: Depolarization-activated currents were recorded in an intercalated cell (IC). B: No depolarization-activated currents
were recorded in a principal cell (PC). Bath solution (mmol/L): 133 K-Gluconate, 7 KCI, 1.5 CaCl,, 1.5 MgCl,, 10 HEPES (pH = 7.4).
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Fig. 3. Effects of Kv4.1 potassium channel inhibitors on the depolarization-activated currents recorded in the intercalated
cells. 4: Inhibitory effect of flecainide on depolarization-activated current. B: Inhibitory effect of heteropodatoxin-2 on depolarization-
activated current. C: -V curves before and after addition of flecainide. D: -V curves before and after addition of heteropodatoxin-2. P <
0.01 compared with values after addition.
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Fig. 4. Localization of Kv4.1 in the distal nephron (medullary collecting duct) of the kidney. Triple immunofluorescence staining
of C57BL/6J mouse kidney medulla: AQP2 (red), H -ATPase (green), and Kv4.1 channel proteins (pink). 4, B and C respectively
showed the immunostaining of AQP2, H'-ATPase and Kv4.1 channel protein. D: The merged staining image of AQP2 and Kv4.1. E:
The merged staining image of H'-ATPase and Kv4.1. F: The fluorescence image showing the merged staining of AQP2 and H'-ATP-
ase. G: Fluorescence microscope image showing the merged staining of AQP2, H'-ATPase and Kv4.1. H: The enlargement of the area

enclosed by a rectangle in image G. PC: principal cell. IC: intercalated cell. Scale bar, 40 or 10 pm.
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