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Fig. 1 Localization of the membrane steroid binding protein (M SBP)-like immunoreactivity in the
neurosecretory cells. SON; Supraoptic nucleus, PVN; Paraventricular nucleus, V; Third ventricle.
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Fig. 2 Mirror image analysis of co-localization of the membrane steroid binding protein (MSBP)
and arginine vasotocin (AVT)-like immunoreactivity in the neurosecretory cells. (a) and (b) are
lower magnifications. (c) and (d) are higher magnifications.
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Fig. 3 Effect of 2% NaCl loading for 4 days on the membrane steroid binding protein
(MSBP)-like immunostained cell numbers in the supraoptic (SON) and paraventricular
nucleus (PVN). ** P<0.01 vs Control (n=5).
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Fig. 4 Effect of water deprivation (WD) for 4 days on the membrane steroid binding protein
(MSBP)-like immunostained cell numbers in the supraoptic (SON) and paraventricular
nucleus (PVN). ** P<0.01 vs Control (n=5).
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Fig. 5 Effect of water deprivation (WD) and rehydration on the membrane steroid binding
protein (MSBP)-like immunostained cell numbers in the supraoptic (SON) and paraventricular
nucleus (PVN). ** P<0.01 vs Control (n=5).
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Fig. 6 Effects of water deprivation (WD) and rehydration on plasma arginine vasotocin (AVT)

level, body weight and plasma osmoldlity. * P<0.05, ** P<0.01 vs Control (n=5).

Fig. 7 Effect of food deprivation (FD) for 4 days on the membrane steroid binding protein (M SBP)-like
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immunostained cell numbers (left) in the supraoptic (SON) and paraventricular nucleus (PVN)
and body weight (right). ** P<0.01 vs Control (n=5).
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Fig. 8 Effect of adosterone for 7 days on the membrane steroid binding protein (M SBP)-like
immunostained cell numbers (left) in the supraoptic (SON) and paraventricular nucleus (PV N)
and body weight (right). * P<0.05 vs Control (n=5).
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Fig. 9 Alignment of amino acid sequences of the membrane steroid binding protein (MSBP) in the human,
porcine, rat, mouse and quail. The residues printed white on black are the same amino acids as those of quail
MSBP. A hyphen is inserted to obtain optimal homology.



A novel membrane steroid binding protein in the neurosecretory cells is reduced by salt

loading

Kazuyoshi Ukena and Kazuyoshi Tsutsui
Laboratory of Brain Science, Faculty of Integrated Arts and Sciences, Hiroshima University,
Higashi-Hiroshima, Japan

Summary

Steroid hormones, which possess lipid soluble properties, act on several tissues through
intracellular receptors that regulate the transcription of specific genes. In addition, it was known
that some steroids interact with membrane receptors and evoke acute actions.  Recently, it has
been demonstrated that in mammals a membrane steroid binding protein, MSBP, might be a
putative progesterone membrane receptor. Based on our studies concerning neurosteroids, we
attempted to identify MSBP in the quail brain.  We found that MSBP was expressed in
neurosecretory cells that produced an antidiuretic hormone, arginine vasotocin (AVT), and its
expression was affected by osmotic stress such as salt loading.  In the present study, we
investigated the physiological changes on the expression of MSBP by immunohistochemistry
using an antiserum against mammalian MSBP.

To assess the acute osmotic stress on the expression of MSBP, 9% NaCl was intraperitoneally
injected into quails and analyzed the expressions at 1, 3, 6, 10 hours of post-injection.  The results
showed no significant changes compared with 0.9% NaCl injected control birds. On the other
hand, a chronic osmotic stress of 2% NaCl loading for 4 days was examined. The effect of 2%
NaCl drinking significantly reduced the number of MSBP-like immunostained neurosecretory
cells. In addition to the salt loading, the treatment of water deprivation for 4 days caused the
similar result.  Furthermore, the effect of rehydration followed by the 4 days-water deprivation
was also investigated.  Although the immunoreactivity in the quails that were rehydrated for 12
hours showed the same results as that of water deprived birds for 4 days, the immunoreactivity
recovered in the 24 hours-rehydrated birds when compared with control birds. It was observed
that when the reduction of MSBP-like immunoreactivity occurred under the chronic osmotic stress,
then the AVT plasma level increased. In contrast with the osmotic stress, the food deprivation
stress for 4 days did not produce any significant change on the immunoreactivity. In addition, the
subcutaneous injection of aldosterone for 7 days did not effect on the expression of MSBP.

Taken together, our observations suggest that MSBP is a chronic osmotic stress-responsible
protein and its expression may be involved in the production of AVT in the avian brain.
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