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Abstract

Since ascidians, a primitive chordate, spawn at a fixed latency after sunrise, light must reg
reproduction in the ascidians. A retinal protein found in the cerebral ganglion of the asci
photoreceptor that might drives the change in gonadal activity via the gonadotropin-re
Photoresponses of the cerebral ganglion of ascidian, Halocynthia roretzi, were
responses recorded extracellularly, a light-evaked slow potential and light inhibj
discharges. These results suggest that pacemaker signals of GnRH neuron
activation. Immunohistochemical studies showed photoreceptor celis loc
the photosignal might proceed from photoreceptor cell to GnRH neuron i
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The predominant Zeitgeber for a biological clock for
reproduction is photoperiod that may drive annual chang
in gonadal activity of the preoptic-hypothalamic gonadgygd-
pin-releasing hormone (GnRH) system [1]. Since the feriod
of most productive biological clock is annual, it cult
to accumulate reproducible data for behavior

logical studies. The ascidian, a primitive an
ideal animal to study the molecular r the
biological clocks for reproductio scidians
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the spawning season [5,7,12,16
reproduced in the laboratory,
Halocynthia roretzi spawnd

everyday in

ph®homena can be
aMple, a noon type of
er exposure to light

Pise, respectively, [12]. These
biological clock is initiated by
ime is specific to the type of H. roretzi.
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niigl for seasonal reproduction [18]. It has been
§ ted that a photoreceptor that controls the spawning
exists in the cerebral ganglion of the ascidian [4,8]. Recently,
etinal proteins in the cerebral ganglion of an ascidian, H.
roretzi, were successtully visualized and their localizations
were determined by the retinal protein imaging method [8].
Retinal proteins in the cerebral ganglion of the H. roretzi,
were localized mainly at the surface of the anterodorsal root
and the posterodorsal root ganglia. In cross sections along the
anteroposterior axis of the cerebral ganglion, cells bearing
retinal proteins were found in the peripheral cellular cortex.
GnRH immunoreactive neurons were shown to exist in
the cerebral ganglion of ascidians [2,6,11,15]. Since the
GnRH of the vertebrate brain plays a pivotal role as a neuro-
transmitter or neuromedulator facilitating reproductive
behaviors [3,10], regulation of GnRH neurons by light
may be important to drive the biological clock for reproduc-
tion. It was demonstrated that injection of GnRH into the
body of ascidians induced spawning, especially injection
into the lumen of gonoduct was most effective [14). Since
most of GnRH neurons exhibit a spontaneous beating
discharge pattern [10], it could be potentially involved in
a pacemaker for biological clock.
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In this paper, we report two light-evoked responses
recorded extracellularly, a light-evoked slow potential and
light inhibition of high frequency spontaneous discharges in
the cerebral ganglion of the ascidian, H. roretzi. Localiza-
tion of retinal protein immunoreactive cells (photoreceptor
cells) and GnRH immunoreactive cells in the cerebral gang-
lion were determined by immunchistochemical method.

Ascidian, H. rorerzi, was purchased from fishermen in
Sameura Bay at Miyagi, Japan and animals were maintained
inrunning artificial scawater (Marine Art BR, Senjyu, Osaka,
Japan) at 8-10°C in our laboratory. The cerebral ganglion,
which is located between the base of the oral and the atrial
siphons of H. roretzi, was isolated surgically and the periph-
eral muscles and connective tissues removed. The isolated
cerebral ganglion was fixed by insect pins at the bottom of
Silgard resin of the chamber. Two types of recording electro-
des were used. Tungsten electrode was used for recording of
slow potentials and a glass electrode for spike activities. The
indifferent electrode of an Ag-AgCl; plate was fixed at the
chamber. Responses tolight were led to an oscilloscope and a
pen recorder through DC or AC amplifiers and stored on a
DATA recorder simultaneously.

When light (2.0 mW/cm?) from a halogen lamp was irra-
diated on the surface of a cerebral ganglion, a slow potential
with the recording electrode side positive was recorded as
shown in Fig. la. Superimposed recordings indicate
responses for different duration but an equal intensity of
light. This positive response lasted during the light illumi-
nation. The amplitude of responses increased with increase
of the intensity or duration of light. The response for stimu-
lation of the duration less than 2 s did not reach the maxi-
mum amplitude even if when strong light was used. The
amplitude of the response increased when the electrode
was touched on the surface of the anterodorsal and pos
odorsal roots of the cerebral ganglion, where retinal begfing
cells were shown to locate abundantly in our previ
[8]. The light-evoked positive slow wave is a fi
which is similar to an electroretinogram (ERG#fin gge
The positive slow extracellular potential
intracellular recording the cell would

A second type of light-evoked r
with a glass electrode, filled wi
tip resistance of 10-20 M(} in
electrode was inserted in tj
high frequency spontanec i
shown in Fig. 1b. W, ral ganglion was illumi-
nated by light, the sfntaneRus discharges were completely

and Oka [16] recorded several
t from neurons of cerebral ganglion

recorded
and having a
ater. When the
anglion in the dark,

s was similar to the present results —
f a spontaneous discharge. The origin of
these spontancous discharges is not known. The cerebral
ganglion of an ascidian contains an extremely small number
of neurons compared with those of invertebrate ganglia [13]
and GnRH-immunoreactive neurons were found in the cere-

bral ganglion of Ciona intestinalis [6,15). It has been
demenstrated in a teleost brain that GnRH neurons show
regular spontaneous discharges [9]. Thus, it may be possible
that the extracellular recording of spontaneous activity of
the ganglion of H. roretzi is generated from GnRH neurons.

The present results suggest that two different responses to
light were recorded from the cerebral ganglion of H. roretzi,
a slow potential generated from the photoreceptor cells and
spontancous discharges from the GnRH neurons, respec-
tively.

To know the relationship between photoreceptor cells and
GnRH neurons, we examined the localization of retinal
protein bearing cells and GnRH bearing cells in the cerebral
ganglion by immunchistochemistry. Immunohistochemical
procedure of Terakado et al, [13] was followed. The cere-
bral ganglion was fixed with formaldehyde solution. After
the tissues were dehydrated through graded alcohol, they
were embedded in paraffin and sectioned at 6 pm. The
sections were treated with the primgg¥f antiserum (antibody

and antibody against GnRH,
esis LTD, USA). Immunores
different methods, the
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Fig. 1. Light-evoked responses were recorded extracellularly
from the cerebral ganglion of H. roretzi. {a} The light-evoked
slow potential which was recorded with tungsten electrode,
Superimposed reccrdings indicate responses for different dura-
tion but an equal intensity of light. Lower traces show duration
of light, which changed height in order to indicate length of light.
The response for short flash of light less than 2 s does not reach
to the maximum amplitude. Upward deflection indicates onset
of light in Fig. 1a,b. As for the characteristic of a response for
long light stimulation, long-lasting potential which was contin-
ued for about 1 min after cessation of light was observed.
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Fig. 2. The figure shows the cross sectj
poiyclonal antibody against octopus
reacted with antibody against GnRH

octopus rhedopsin and antibodyifig
FITC {b) and the immunopositife cell
superimposed to Panel e.

labeled by fluores
specificity of

vanate (FITC). To test the
, control sections were incubated

in antibody p ed with antigen (octopus rhodopsin, 5
pg/ml ordgpm nRH, 2.5 pg/ml}). Omission of primary
antibody w performed. These procedures completely

blocked specific immunostaining (data are not shown).
Immunoblot analysis of the extract of the cerebral gang-

lion was performed with eight different antibodies against

rhodopsins, three polyclonal antibodies against bovine, frog

th&anteroposterio axis of the cerebral ganglion. The immunopositive cells to the
ere visualized by DAB (a) and FITC (¢). The cross sections of the cerebral ganglicn
y DAB {b) and FITC {d), respectively. Double staining of the section by antibody against
nRH. The immunopositive ¢slls to antibody against octopus rhodopsin were visualized by
tibody against GnRH were visualized by DAB (c) in the same section. Panels b and ¢ were
anei f was a part of Panel e. Bar, 20 pm.

and octopus rhodopsins, and five monoclonal antibodies
against octopus rhodopsin. We found that only polyclonal
antibody against octopus rhodopsin was immunopositive to
the 32 kDa protein in the extract of the cerebral ganglion
{paper is in preparation).

Fig. 2 shows the cross section along the anteroposterior
axis of the cerebral ganglion. The immunopositive cells to
the polyclonal antibody against octopus rhodopsin were
visualized by DAB (Fig. 2a) and FITC (Fig. 2c). Both panels
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show that immunopositive cells localized at the peripheral
cellular cortex. The localization of the rhodopsin immuno-
positive cells in the cerebral ganglion was essentially the
same as those shown by the retinal protein imaging method
[8]. These results suggest retinal protein bearing cells
existed in the peripheral cellular cortex of the cerebral gang-
lion of the ascidian.

Next, we examined the localization of GnRH-immunor-
eactive neurons in the cerebral ganglion. Fig. 2b,d show the
cross sections of the cerebral ganglion reacted with antibody
against GnRH visualized by DAB and FITC, respectively.
GnRH-immunoreactive cell bodies and fibers were distrib-
uted in the entire part of the cerebral ganglion. However, the
cell bodies of the GnRH neuron densely existed at the
peripheral cellular cortex and the neurites from the cell
bodies extended to the central neuropile. Thus the retinal
bearing cells and the GnRH neurons existed in the same
area, the peripheral cellular cortex, of the cerebral ganglion.

In order to examine whether the retinal bearing cells and
the GnRH neurons are the same or not, double staining of
the section by anti-GnRH and anti-rhodopsin antibodies was
performed. The sections of the cerebral ganglion were first
treated with the antibody against GnRH and stained by
DAB, as described before. Then we applied the antibody
against octopus rhodopsin to these sections, and washed
with phosphate-buffered saline (PBS) and treated with
second antibodies that were labeled FITC. The fluorescence
micrograph of rhodopsin-immunoreactive cells stained by
FITC (Fig. 2c) and the light micrograph of GnRH-immu-
noreactive neurons stained by DAB (Fig. 2b) were super-
imposed as shown in Fig, 2e,f, These results showed that the
both types of neurons do not overlap with each other and
retinal proteins are not present in the GnRH neuron, but are
in the photoreceptor cells located close to the GnRH ne
in the peripheral cellular cortex.

The present results suggest that light activategfretin
protein leads to hyperpolarization of the p

tion. Thus, the GnRH neuron
reproduction system [14].
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