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Abstract

D-Aspartate (D-Asp) is localized in prolactin
(PRL)-containing cells of the rat anterior
pituitary gland ", In order to determine
whether D-Asp is actually produced by the
anterior pituitary gland and whether it plays a
physiological role in PRL function, a PRL-
secreting clonal strain of rat pituitary tumor
cells (GH;) was employed in this study.
HPLC analysis and immunocytochemical
staining detected the presence and synthesis of
D-Asp in the cytoplasm of these cells. In
addition, thyrotropin-releasing  hormone-
stimulated PRL secretion was increased in a
dose-dependant fashion by D-Asp from these
cells. These results suggest that the anterior
pituitary gland synthesizes D-Asp and that D-
Asp acts as a messenger in this gland.
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D-Aspartate (D-Asp) is now known to be
involved in several biological activities in the
mammalian  body: D-Asp  suppresses
melatonin ~ synthesis in  cultured rat
pinealocytes ¥ and the isolated rat pineal
gland ¥, and stimulates testosterone synthesis
in isolated rat Leydig cells ¥ by increasing the
expression of Steroidogenic Acute Regulatory
protein (StAR) V. D-Asp is found within
specific cell types during development, and
displays alternative intracellular and tissue
locations during development %% These
results suggest that D-Asp functions as a novel
type of messenger for cell regulation in
mammals. Recently, a serine (Ser)-specific
racemase was cloned from rat brain,
suggesting that it might be responsible for the
synthesis of D-Ser in the mammalian body ',
We reported that D-Asp was synthesized in
mammalian cells (pheochromocytoma 12
cells), but the precise synthetic pathway was
not elucidated '¥. Moreover, our results
supported the notion that D-Asp is synthesized
by the mammualian body, but failed to identify
the primary tissue(s) responsible for D-Asp
synthesis. In our recent report, we suggested
that the rat anterior lobe was the site of D-Asp
synthesis and that D-Asp acted as a messenger
in a paracrine or autocrine fashion in this
tissue ). An immunohistochemical study
with anti-D-Asp antiserum demonstrated that
D-Asp was localized to prolactin (PRL)-
containing cells or some other very closely
related type of cells in the anterior lobe of the
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gland V. Therefore, D-Asp appears to be
involved in PRL function in the rat pituitary
gland.

In this report, we demonstrate that D-Asp is
actually produced in a PRL-synthesizing
clonal strain of a rat pituitary tumor cell, GHs.
Moreover D-Asp was found to increase the
thyrotropin-releasing  hormone  (TRH)-
stimulated secretion of PRL in these cells.
These results strongly suggest that D-Asp is an
important messenger in mammals, whose
production in the anterior lobe of the rat
pituitary gland results in increased secretion
of PRL.
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In the anterior lobe of the rat pituitary gland,
at least six different types of cells are
represented, five of which produce and secrete
different types of hormones such as growth
hormone, PRL, ACTH, thyroid stimulating
hormone and gonadotropic hormone ¥, p-
Asp 1s spectfically present in the cytoplasm of
PRL-containing cells or some other very
closely related type of cells. Recently we
proposed that D-Asp is produced in the rat
pituitary gland and acts as an messenger in a
paracrine or autocrine fashion in the tissue ',
In order to address the question whether D-
Asp is produced in the pituitary gland, we
investigated D-Asp synthesis in GH; cells, a
clonal strain of rat pituitary tumor cells which
produces and secretes PRL and growth
hormone '*'¥ In Fig. I, the D,L-Asp levels
were determined in GHj; cells and the media
during culture. D~ and L-Asp contents were
significantly increased in the cells, while the
contents in the media were unchanged during

! day culture. This result indicated that D-Asp
is actually synthesized in the culture of GH;
cells, since this amino acid is not
supplemented during the culture. Cellular D-
Asp contents at "0 day" and "1 day" were
approximately 2.0% and 2.9% of total Asp
{D+L), respectively.

The Asp fraction obtained from GHj cells
was separated on another chiral column of an
opposite configuration and the peak in the
chromatogram was confirmed to be that of D-
Asp, and not that of other possible
contaminants (data not shown). By this type
of column, the elution order of D,L-Asp was
reversed and therefore the peak can be
identified as D-Asp, as described in our
previous report '3,

The localization of D-Asp in GHj cells was
examined with anti-D-Asp antiserum which
was prepared and characterized previously in
our laboratory >, As shown in Fig. 2, D-Asp
immunoreactivity (IR) is apparent over the
entire cytoplasm of GHj cells. However, its
intensity between the cells was somewhat
different as previously observed in PC; cells
'3 while details on the regulation of the
cellular D-Asp content still remain to be
known. Preabsorption of the antiserum with
D-Asp hapten abolished IR and preimmune
serum revealed no IR (data not shown).

GH; cells secrete increased amounts of
PRL in responce to a variety of physiological
secretagogues such as epidermal growth
factor 17), msulin 18), estradiol '9), vasoactive
intestinal peptide ®® and thyrotropin-releasing
hormone (TRH) ¥, In Fig. 3, the effect of
D-Asp on TRH-stimulated release of PRL
from GHj cells were investigated. GH3




FIG. 2, umunwytechemica] statning of GHy eolls with ante
Axp unt fwaly. Gy eells oultired o DREEM for 4 doys weere probed
with B Asp anfiseram G and poeabaorbed aotlseeam (B by the
metbiod descrtbes] wcley Atertabs and Methols. The aenowhesds
Lncheittes v vells with different frersities Bar, 10 pm,

cells were incubated for 30 min with 0, 10 and
50uM of D-Asp in the presence or absence of
1pM TRH and subsequently PRL level in the
medium were quantitated by enzyme
immunoassay. As shown in Fig. 3, PRL
secretion was increased in the cells which
were incubated with D-Asp and the effect was
dose-dependent on D-Asp treatment (the result
with 50uM D-Asp + tuM TRH was
statistically significant from that with 1puM
TRH).

In this study, significant quantity of D-Asp
is present in various mammalian tissues 2%
In the rat pineal gland and the rat testis,
approximately 30-40% of total Asp is in the
D-form %420 Recent investigations
revealed that this unique amino acid is
involved in biological activities in these
tissues. The pineal gland produces and
secretes melatonin, an important pineal
hormone. We have demonstrated that
melatonin secretion from primary culture of
the rat pinealocytes, parenchymal cells of the
pineal gland was inhibited by D-Asp treatment
%) In addition, our previous reports indicated
that testosterone production by Leydig cells in
the rat testis was enhanced by D-Asp
treatment ¥ by stimulating the gene expression
of Steroidogenic Acute Regulatory protein
(StAR), which is an essential factor for the
production of the steroid hormone ¥, These
activities were not observed with other D-
amino acids ? or stereospecific to D-isomer of
Asp and not observed with the corresponding
stereoisomer (L-Asp) ¥,

In the rat pituitary gland, D-Asp
concentration is approximately 2-4% of total
Asp **%® Immunohistochemical staining
demonstrated that D-Asp is specifically
localized in the cytoplasm of PRL-containing
cells in the anterior lobe of the gland .

Furthermore, our recent study suggested that
D-Asp is synthesized in the rat pituitary gland
and acts as a messenger in a autocrine or
paracrine fashion . In this investigation, we
used a PRL-secreting clonal strain of rat
pituitary tumor cells, GHs, and addressed the
question whether D-Asp is synthesized in the
cells and whether D-Asp has any biological
role in PRL function. The results described
here indicate that D-Asp is actually
synthesized in GHj cells and increases TRH-~
stimulated PRL secretion from the cells.
These lines of evidence support the proposal
that D-Asp is produced and acts as an autacoid
in the rat pituitary gland.

D-Asp 1s known to be an agonist for Glu
receptors, similarly to L-Glu and L-Asp **%.
Several pituitary hormones are well
documented to be secreted from the pituitary
gland through the activation of Glu receptor(s)
in the hypothalamus 2®. However, the
presence of Glu receptor(s) are demonstrated
in the anterior lobe of the rat pituitary gland
235 These Glu receptors are functionally
active *) and present in various types of the
anterior pituitary cells including PRL-
containing cells *?%. In fact, hormone
secretion is induced by direct action of Glu on
the isolated anterior pituitary cells 3236 Glu
activation of the receptors presumably elicits
the increase of intracellular  Ca2*
concentration 2, which results in the
increased secretion of the anterior pituitary
hormones including PRL 3% p-Asp
therefore possibly acts as agonist for the Glu
receptor in the anterior lobe of the pituitary
gland and our preliminary results indicated
that L-Glu and L-Asp also enhanced TRH-
stimulated PRL secretion from GH; cells 13
Alternatively, it has been suggested that D-
Asp in addition to L-Glu and L-Asp activates
the pituitary cells through the mechanism
involving a high affinity Glu transporter rather
than Glu receptor 138 The stimulatory
mechanism of D-Asp on the PRL secretion
remains to be elucidated.

Recent reports demonstrated that Glu
receptor(s) is involved in the physiological
reactions in the peripheral endocrine tissues
such as the pineal gland *) and the pancreas
Y4D " The secretion of melatonin >,
glucagon *? and insulin ***¥ are modulated




through the activation of Glu receptor(s} and
significant amounts of D-Asp are also found
in these tissues 2** In the anterior pituitary
gland, D-Asp may be an endogenous and
stimulatory transmitter via Gl receptor (s) for
the secretion of PRL and possibly other
hormones.
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