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ABSTRACT

 

—Immunohistochemical studies on the neural complex (neural gland, dorsal strand, and cere-
bral ganglion) of an ascidian, 

 

Halocynthia roretzi

 

, were performed by using an antiserum against porcine
ACTH. The antiserum recognized a considerable number of the cells scattered along the tubular structure
of the dorsal strand and a few cells in the cerebral ganglion. Immunoelectron microscopic studies revealed
that the ACTH-like substance resided within secretory granules with diameter of 300–500 nm. Further-
more, those ACTH-immunoreactive cells were demonstrated to be different from PRL-immunoreactive
cells, the presence of which had previously been reported.
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INTRODUCTION

 

Several series of experimental studies have demon-
strated that the hypophysis in vertebrates from amphibians
to mammals is of neuroectodermal origin (Couly and Le
Douarin 1985, 1987; Eagleson 

 

et al

 

., 1986; Kawamura and
Kikuyama 1992; Kouki 

 

et al

 

., 2001). This suggests that cells
equivalent to the vertebrate adenohypophyseal cells in pro-
tochordates, if any, might be found in neuroectodermal
derivatives. In ascidians, the neural complex (neural gland,
cerebral ganglion, and dorsal strand) is known to be derived
from the embryonic neural tube during metamorphosis
(Dodd and Dodd 1966).

There are a few earlier reports describing the presence
of substances immunoreactive with antisera against pituitary
hormones such as prolactin (PRL; Fritsch 

 

et al

 

., 1982; Pes-
tarino 1983) and adrenocorticotropic hormone (ACTH;
Georges and Dubois 1979, 1985; Pestarino 1988) in the
cerebral ganglion of ascidians. However, it has not been
examined whether these immunoreactive substances exist
within secretory granules. Recently we demonstrated the
presence of PRL-immunoreactive substance within the
secretory granules in the cells of the dorsal strand as well
as in the neuronal cells in the cerebral ganglion of 

 

Halocyn-
thia roretzi 

 

(Terakado 

 

et al

 

., 1997).
As one step to search for the prototype of the vertebrate

pituitary, the present experiment was conducted to see
whether ACTH- immunoreactive substance exists, as in the
case of PRL-like substance, in the cells of the cerebral gan-
glion and/or the dorsal strand of 

 

Halocynthia roretzi

 

, and if
so, whether the substance is contained in cells different from
the PRL-immunoreactive cells and whether it is localized in
the secretory granules.

 

MATERIALS AND METHODS

Animals

 

Adult specimens of the ascidian 

 

Halocynthia roretzi

 

 (weighing
250–450 g) that had been cultured in Mutsu Bay in Aomori City,
Japan were purchased from a commercial dealer.

 

Immunohistochemistry

 

The neural complexes were excised, fixed with Bouin’s fluid
without acetic acid for 15 hr, dehydrated through an ethanol series,
and embedded in Paraplast. Sections (6 

 

µ

 

m in thickness) were
mounted on gelatin-coated slides and stained immunohistochemi-
cally by the ABC (streptavidin-biotin-peroxidase) method using a
polyclonal rabbit antibody against porcine ACTH (Tanaka and Kuro-
sumi, 1986) or bullfrog PRL (Yamamoto and Kikuyama, 1982).
Dewaxed and rehydrated sections were treated with 0.5% H

 

2

 

O

 

2

 

 in
70% ethanol for 30 min to block endogenous peroxidase activity,
washed, and treated with normal swine serum (1: 50; Dako, Copen-
hagen, Denmark) for 30 min to reduce non-specific staining. The
primary antisera against ACTH and PRL, diluted 1: 2000 and 1:
1000, respectively, in 0.01 M phosphate-buffered saline (PBS) con-
taining 0.1% bovine serum albumin (BSA), pH 7.5, were reacted
with the sections overnight at 4

 

°

 

C. Biotinylated swine antibody
against rabbit immunoglobulins (1: 300; Dako) and peroxidase-con-
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Fig. 1.

 

Immunocytochemical staining of the dorsal strand with anti-porcine ACTH serum. The ACTH-imunoreactive cells are distributed
among the tubular structures of the dorsal strand. Empty spaces within and around the tissues of the dorsal strand constitute the dorsal blood
sinus. ds, dorsal strand, ng, neural  gland.  Bar: 100  µ m 

Fig. 2.

 

Four adjacent sections stained with anti-ACTH (A), anti-PRL (B), anti-ACTH preabsorbed with antigen (C) and anti-PRL preabsorbed
with antigen (D). Equivalent cells in “A” and “B” are indicated by black (ACTH- immunoreactive cells) and white (PRL- immunoreactive cells)
arrowheads. Bar: 10 

 

µ

 

m
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jugated streptavidin (1: 300; Dako) were applied successively, each
for 1 hr at room temperature. Immunoreactivity was visualized by
exposing the sections to 0.02% 3,3

 

′

 

-diaminobenzidine containing
0.006% H

 
2

 
O

 
2

 
 in 0.05 M Tris-HCl buffer (pH 7.5) at room tempera-

ture for 3-10 min, after which the sections were stained lightly with
Mayer’s hematoxylin. Control staining was carried out by incubating
sections overnight at 4

 

°

 

C in antiserum against ACTH (1: 2000, 1 ml)
or antiserum against PRL (1: 1000, 1 ml) that had been preab-
sorbed with the corresponding antigen (10 

 

µ

 

g).

 

Immunoelectron microscopy

 

Dissected neural complexes were cut into small pieces and
fixed with 4% paraformaldehyde and 0.5% glutaraldehyde in 0.2 M
phosphate buffer (pH 7.2) for 4 hr at 4

 

°

 

C. These tissue pieces were
washed overnight at 4

 

°

 

C in 0.1 M cacodylate buffer containing 7%
sucrose, postfixed with 1% osmium tetraoxide in 0.15 M posphate
buffer for 1 hr at 4

 

°

 

C, dehydrated in a graded ethanol series, and
embedded in LR white resin (London Kes in Company Ltd, Berk-
shire, UK), which was then incubated at 55

 

°

 

C for 48 hr. Ultrathin
sections were placed on Formvar-coated nickel grids and treated
with 1% meta- periodic acid for 10 min, followed by 1% BSA in PBS
for 1 hr. The primary antibody used was the polyclonal antiserum
against porcine ACTH (1: 200). Sections were incubated overnight
with this antigen at 4

 

°

 

C, washed with PBS, treated with gold-labeled
(10 nm) secondary antibody (1: 20; British BioCell International,
Cardiff, UK) for 1 hr, washed, and observed with a Hitachi H700H
electron microscope operated at 100 kV. Control staining was per-
formed by treating sections with the primary antiserum (1: 200, 1
ml) preabsorbed with antigen (100 

 

µ

 

g) as described above.

 

RESULTS

 

A considerable number of the cells scattered around
the tubular structure of the dorsal strand were immunoreac-
tive with the antiserum against ACTH (Figs. 1 and 2A). A
few cells in the cerebral ganglion were also immunopositive
with the antiserum (data not shown). However, no cells in
the neural gland were ACTH-immunopositive (Fig. 1). Stain-
ing of adjacent sections with the antiserum against PRL
revealed that the ACTH-immunopositive cells are different

from the PRL-immunopositive ones (Fig. 2B). The immu-
noreaction was prevented by preabsorption of the anti-
ACTH (Fig. 2C) or the anti-PRL (Fig. 2D) with the appropri-
ate antigen.

Immunoelectron microscopic study revealed that the
gold particles were mostly localized in the secretory gran-
ules with diameters of about 300–500 nm (Fig. 3A, B). When
the antiserum preabsorbed with ACTH was applied, the gold
particles on the secretory granules were reduced in number
to the back ground level (data not shown).

 

DISCUSSION

 

In a previous communication, we reported that some of
the cells in the dorsal strand and the cerebral ganglion con-
tained a PRL-like immunoreactive material within their
secretory granules (Terakado 

 

et al

 

., 1997). In the present
experiment, ACTH-like immunoreactivity was also demon-
strated in a considerable number of cells in the dorsal strand
and in a few cells in the cerebral ganglion. The preservation
of membranous structures and cell organella of our prepa-
rations for immunoelectron microscopic study was rather
poor. This was due to the use of LR white resin for embed-
ding of the tissue, which is known to preserve immunoreac-
tivity. However, it was obvious that the immunoreactivity
resided within the secretory granules. Moreover, it was
apparent that ACTH-like substance and PRL-like substance
were localized in different cells. Of note, the ACTH-like sub-
stance was contained within the granules with a diameter of
approximately 300–500 nm, which are the largest among
the granules found in the cerebral ganglion and the dorsal
strand. On the other hand, the PRL-like substance was
detected in the granules of about 100–250 nm in diameter
(Terakado 

 

et al

 

., 1997).
Earlier studies by Pestarino (1984, 1985a, b) showed

 

Fig. 3.

 

Immunoelectron microscopy of dorsal strand. (A) Immunoelectron micrograph of ACTH-immunoreactive cells distributed in the dorsal
strand. Bar: 1 

 

µ

 

m. (B) A higher magnification of the region indicated by the rectangle in “A”. Bar: 0.5 

 

µ

 

m. Gold particles are localized over
secretory granules that measure about 300–500 nm in diameter.
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the presence of ACTH-like immunoreactive substance and
PRL-like immunoreactive substance in the neural gland of
another ascidian, 

 

Styela plicata

 

. Although the existence of
these substances in the cerebral ganglion of the same spe-
cies was also reported by the same investigator (Pestarino,
1983, 1988), the occurrence of pituitary hormone-like immu-
noreactive substances in the dorsal strand had never been
pointed out. On the contrary, we have observed the pres-
ence of neither secretory granules nor of ACTH-like and
PRL-like immunoreactivities in the neural gland of 

 

H. roretzi

 

,
whereas a considerable number of the cells in the dorsal
strand of this species did contain these PRL-like and ACTH-
like substances. At moment it is not clear whether the dis-
crepancy between these two species of ascidians in terms
of localization of ACTH-like and PRL-like immunoreactive
cells in the neural complex is due to the species difference,
difference in some physiological conditions of the speci-
mens when examined, difference in properties of antisera
used in each experiment or some other reason.

More recently, Pestarino and his group provided an evi-
dence that some of the cerebral ganglion cells of 

 

S. plicata

 

expressed the mRNA of a POMC-like molecule (Masini 

 

et
al

 

., 1998). In vertebrates, the pituitary POMC molecule is
cleaved by prohormone convertases to generate bioactive
peptides such as ACTH, 

 
α

 
-melanophore-stimulating hor-

mone (

 

α

 

-MSH) and 

 

β

 

-endorphin. In fact, the occurrence of
immunoreactivities indicating the presence of POMC-related
peptides such as ACTH (Fritsch 

 

et al

 

., 1982, Georges and
Dubois 1979, Pestarino 1988) 

 

α

 

-MSH (Pestarino, 1988) and

 

β

 

-endorphin (Pestarino, 1985c) in the cerebral ganglion of
two species of ascidians, 

 

Ciona intestinalis

 

 and 

 

S. plicata

 

has been reported. The prohormone convertases that gen-
erate the POMC-related peptides are known to be PC1 and
PC2 (Benjannet 

 

et al

 

., 1991; Thomas 

 

et al

 

., 1991). Very
recently we recognized that some cells in the cerebral gan-
glion as well as in the dorsal strand possessed PC1 and
PC2-like substances (Kawahara 

 

et al

 

., 2001).
On the other hand, immunoreactive GnRH has been

localized in the dorsal strand and the cerebral ganglion of 

 

H.
roretzi

 

 (Terakado and Ogawa, 1995). Subsequently, two
forms of GnRH have been isolated from the neural complex
of an ascidian, 

 

Chelyosoma productum

 

 and one of them has
been localized in the dorsal strand (Powell 

 

et al

 

., 1996).
In view of these results, it is highly probable that the

cerebral ganglion and dorsal strand of ascidians contain a
cell population equivalent to the hypothalamic and/or pitu-
itary cells in vertebrates.

 

ACKNOWLEDGMENTS

 

This work was supported by research grants from Waseda Uni-
versity, Asahi Glass Research Foundation, Uehara Memorial Foun-
dation, and the Ministry of Education, Science, and Culture of
Japan to S.K. and by a Sasakawa Scientific Research Grant from
the Japan Science Society to G.K. We thank Dr. S. Tanaka at Shi-
zuoka University for the gift of anti-ACTH serum.

 

REFERENCES

 

Benjannet S, Rondeau N, Day R, Chretien M, Seidah NG (1991)
PC1 and PC2 are proprotein convertases capable of cleaving
proopiomelanocortin at distinct pairs of basic residues. Proc
Natl Acad Sci USA 88: 3564–3568

Couly GF, Le Douarin NM (1985) Mapping of the early neural pri-
mordium in quail-chick chimeras. I. Developmental relation-
ships between placodes, facial ectoderm and prosencephalon.
Dev Biol 110: 422–439

Couly GF, Le Douarin NM (1987) Mapping of the early neural pri-
mordium in quail-chick chimeras.II. The prosencephalic neural
plate and neural folds: Implications for the genesis of cephalic
congenital abnormalities. Dev Biol 120: 198–214

Dodd JM, Dodd MHI (1966) An experimental investigation of the
supposed pituitary affinities of the ascidian neural complex. In
“Some contemporary studies in marine science” Ed by H Bar-
nes, Allen & Unwin, London, pp 233–252 

Eagleson GW, Jenks BL, van Overbeeke AP (1986) The pituitary
adrenocorticotropes originate from neural ridge tissue in 

 

Xeno-
pus laevis

 

. J Embryo Exp Morphol 95: 1–4
Fritsch HAR, Van Noorden S, Pearse AGE (1982) Gastro-intestinal

and neurohormonal peptides in the alimentary tract and cere-
bral complex of 

 

Ciona intestinalis 

 

(Ascidiaceae). Cell Tissue
Res 223: 369–402

Georges D, Dubois MP (1979) Immunological evidence for an
ACTH-like antigen in the nervous ganglion of a protochordate

 Ciona intestinalis   (Ascidiacea). Arch Anat Microsc Morph Exp
68: 121–125

Georges D, Dubois MP (1985) Presence of vertebrate-like hor-
mones in the nervous system of a tunicate, 

 

Ciona intestinalis

 

. In
“Current trends in comparative endocrinology” Ed by B Lofts,
WH Holmes, University Press, Hong Kong, pp 54–57

Kawahara G, Terakado K, Tanaka S, Kikuyama S (2001) Existence
of PC1- and PC2-like immunoreactive substances in the ascid-
ian neural complex. Abstracts for 14th International Congress
of Comparative Endocrinology, Sorrento, p 63

Kawamura K, Kikuyama S (1992) Evidence that hypophysis and
hypothalamus constitute a single entity from the primary stage
of histogenesis. Development 115: 1–9

Kouki T, Imai H, Aoto K, Eto K Kawamura, K Kikuyama S (2001)
Developmental origin of the rat adenohypophysis prior to the
formation of Rathke’s pouch. Development 128: 959–963

Masini MA, Sturla M, Gallinelli A, Candiani S, Facchinetti F, Pes-
tarino M (1998) Expression of proopimelanocortin (POMC) in
the cerebral ganglion and ovary of a protochordate. Peptides
197: 1177–1181

Pestarino M (1983) Prolactinergic neurons in a protochordate. Cell
Tissue Res 233: 471–474

Pestarino M (1984) Immunocytochemical demonstration of prolac-
tin-like activity in the neural gland of the ascidian 

 

Styela plicata

 

.
Gen Comp Endocrinol 54: 444–449

Pestarino M (1985a) A pituitary-like role of the neural gland of an
ascidian. Gen Comp Endocrinol 60: 293–297

Pestarino M (1985b) Localization of 

 

α

 

-MSH-like immunoreactive
cells in the neural gland of the ascidian 

 

Styela plicata

 

. Cell Tis-
sue Res 240: 497–500

Pestarino M (1985c) Occurrence of 

 

β

 

-endorphin-like immunoreac-
tive cells in the neural complex of a protochordate. Cell Mol Biol
31: 27–31

Pestarino M (1988) Occurrence of melanotropin-and corticotropin-
like material in the cerebral ganglion of a protochordate. Neuro-
sci Lett 87: 210–214

Powell JF, Reska -Skinner SM, Prakash MO, Fischer WH, Park M,
Rivier JE, Craig A G, Mackie GO, Sherwood NM (1996) Two
new forms of gonadotropin-releasing hormone in a protochor-

Downloaded From: https://bioone.org/journals/Zoological-Science on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



 

ACTH-Like Cells in an Ascidian 1065

date and the evolutionary implications. Proc Natl Acad Sci
USA, 93: 10461–10464

Tanaka S, Kurosumi K (1986) Differential subcellular localization of
ACTH and alpha-MSH in corticotropes of the rat anterior pitu-
itary. Cell Tissue Res 243: 229–238

Terakado K, Ogawa M (1995) Secretory cells scattered along the
dorsal strand of ascidians. 3. Gonadotropic hormone-positive
cells. In “Proceeding of the Japan Society for Comparative
Endocrinology” Ed by Y Sasayama, N Suzuki, Hayashi Kobo,
Tokyo, No 10, p 30

Terakado K, Ogawa M, Inoue K, Yamamoto K, Kikuyama S (1997)
Prolactin-like immunoreactivity in the granules of neural com-
plex cells in the ascidian 

 

Halocynthia roretzi

 

. Cell Tissue Res
289: 63–71

Thomas L, Leduc R, Thorne BA, Smeekens SP, Steiner DF, Tho-
mas G (1991) Kex2-like endoproteases PC2 and PC3 accu-
rately cleave a model prohormone in mammalian cells:
evidence for a common core of neuroendocrine processing
enzymes. Proc Natl Acad Sci USA 88: 5297–5301

Yamamoto K, Kikuyama S (1982) Radioimmunoassay of prolactin in
plasma of bullfrog tadpoles. Endocrinol Jpn 29: 159–167

(Receivd June 4, 2002 / Accepted July 9, 2002)

Downloaded From: https://bioone.org/journals/Zoological-Science on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


