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Fig.1. Na,isa soditjm level-sensitive sodium channel, (a) Pseudocolor images
showing [Na’]; of the cells in the control solution ([Na'], = 145 mM) and high sodium solution
(INa'], = 170 mM) at the time indicated with vertical broken lines in (b), respectively.  +/+
and —/~ indicates neurons derived from the wild-type and Na,null mice, respectively.
Scale bars, 50 ym. (b) Time course of [Na*], responses of the cells with an arrowhead and
arrow ina.  Time O indicates the time when the extracellular fluid was changed. (c) [Na'],
response is dependent on [Na*]o, but not on extracellular [CI]  or osmotic pressure.
Instead of NaCl, 50 mM mannitol, 25 mM choline chloride, or 25 mM sodium
methanesulfonate was added to the control solution, respectively (asterisk, p < 0.01; paired
t-test; n = 85). Data are shown as average [Na'], = SD. (d) Relation between [Na*]i-
increase rate (R) and [Na*]o. R was calculated from the slope between 20% and 80% of
the maximum [Na']. The solid line is the fit of the data to the equation R = Ry/(1 +
exp((C,, - C)/a)), where C=[Na"] with values of Rye = 2.02 mM/min, C,, =159 mM, and a
=5.21 mM, respectively. n=21. (e) Whole-cell current responses of DRG neuron to the
increase of [Na*], from 145 to 170 mM (bar). (f) The mean amplitudes of the whole-cell
currents observed in +/+ and —/— cells (asterisk, p < 0.05 by paired t-test; n = 10).
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ABIYYANa xD cDNA ZHEAL TN axHENI ¥ —&HBEL, Nax
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M5N a x AWIFEADT U D AREOEINCEZEDD 2. HFLWIATOFRITA
Fr RN THD I ENHSN Lo (Fig.2).

Fig. 2. Na, cDNA transfection gave [Na'] sensitivity to Na,-deficient cells. (a) GFP
fluorescence image. The cell with arrowheads were transfected both with Na, and EGFP
expression vectors (top). Pseudocolor image showing [Na*}; increase in the 170 mM
solution (bottom).  Scale bar, 50 pm.  (b) Bar histogram compares the response between
cells cotransfected both with Na, and EGFP expression vectors (Nas+) and cells
transfected only with EGFP expression vector (Na,—-). [Na*]}; was measured at 5 min after

[Na*} reached to the plateau. (asterisk, p < 0.05 by paired t-test; n = 30).

3. 2 SFOfM (Fig.3)
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Fig. 3. Sodium-level sensitivity was lost in SFO neurons in the Na,-null mutants. (a)
Pseudocolor images showing [Na'] of the cells in the control solution and high sodium
solution. Scale bar, 50 pm. (b) [Na‘]i response is dependent on [Na*]o, bth not on
extracellular [CI'], or osmotic pressure. Instead of NaCl, 50 mM mannitol, 25 mM choline
chloride, or 25 mM sodium methanesulfonate was added to the control solution,
respectively (asterisk, p < 0.01 by paired t-test; n = 85). (c) Relation between [Na']-
increase rate (A) and [Na']. n=20. R,, =3.04 mMW/min, C,, =157 mM, and a=4.67
mM.
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Fig. 4. Na, expression in ATIl cells in the lung.  (A-E) Cryostat sections stained with X-
gal (A), anti-Na, ahtibody (B and C) and anti-SPB (D and E). Scale bars: 100 _ min (E)
for (A, Band E); 5 _min (D) for (C and D). (F-I) Whole mount lungs stained with X-gal.
Tissues are from PO (F), P7 (G), P14 (H) and adult (1).
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Fig. 5. Na, in the visceral organs. The blue (A-D) and brown (E and G) signals
represent expressions of lacZ and Na, protein, respectively. Samples were derived from
adult heterozygous mutant mice (A-D) and wild-type mice (E-G). (A) A whole-mount heart.
Arrowheads indicate blood vessels in pale brown. The right ventricle is located to the left.
(B) A whole-mount intestine (duodenum). (C) A whole-mount urinary bladder. The
urethra is at the bottom. (D) The celiac plexus. An arrowhead points at the celiac
ganglia and asterisks indicate the kidney. (E and F) Cryostat sections of lingual nerves
stained with anti-Na, (E) and anti-MBP (F). (G) A cryostat section of the body of tongue
stained with anti-Na,. Scale bars: 50 _ min (F) for (E) and (F), 100 _ m for (G).
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Fig. 6. Na, expression in non-myelinating Schwann cells. (A) Whole-mount tongues
stained with X-gal. An arrow indicates the vallate papilla and arrowhead points at a
fungiform papilla. The tip of the tongue is towards the right. (+/-), heterozygous mouse;
(++), wild-type mouse. (B and C) Vibratome sections (50 _ m thick) of fungiform papillae
stained with X-gal (B) and anti-Na, (C). (D) A cryostat section (8 _ m thick) of fungiform
papillae stained with anti-Na,. (E) A cryostat section of the vallate pappila stained with
anti-Na,. Arrowheads in (B)-(D) point at taste buds. (F and G) Immuno-glectron
micrographs of a region underneath fungiform taste buds stained with anti-Na,.
Arrowheads indicate immuno-positive non-myelinating Schwann cells. Arrows indicate
the myelin sheath, and asterisks indicate myelinated axons. Scalebars: 100 _min (B, C
and E); 50 _min (D); 1 _m in (F) and 400 nm in (G), respectively.
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Molecular mechanisms underlying sodium reception in the brain

Eiji Watanabe
Okazaki National Research Institutes, National Institute for Basic Biology

Summary

Mammals feel thirsty or salt appetite when the correct balance between water and sodium in the
body fluid has been disrupted, but little is known about the sensing mechanism in the brain for the
control of salt homeostasis. It has been postulated that the existence of both osmoreceptor and
specific sodium receptor:is essential to encompass the experimental data. In the osmoreception,
stretch-sensitive channels and aquaporin4 in the magnocellular neurosecretory cells, glial cells and
~ ependymal cells in the supraoptic nucleus and subfornical organ (SFO) are thought to be involved.
Here, we show that Na, channel in the circumventricular organs (CVOs) is a candidate for the
specific sodium receptor, using ion-imaging and whole-cell patch-clamp techniques. Na, is a
newly identified type of sodium channel that is sensitive to an increase in the extracellular sodium

concentration, and is likely to be the sodium-level sensor of body fluids in the brain.
Furthermore, we examined the localization of Na, throughout the visceral organs at the
cellular level. In visceral organs including lung, heart, intestine, bladder, kidney and tongue, a
subset of Schwann cells within the peripheral nerve trunks were highly positive for Na,. An
electron microscopic study indicated that these Na,-positive cells were non-myelinating Schwann
cells. In the lung, Na -positive signals were also observed in the alveolar type II cells, which
actively absorb sodium and water to aid gas exchange through the alveolar surface. It was thus

suggested that Na, sodium channel is involved in controlling the local extracellular sodium level

through sodium absorption activity.
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