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Abstract: Two types dopamine receptor present in the cell membrane of vertebrates. But in this study D1
receptor was 1dentified in the invertebrate ciliates protozoan, Tetrahymena thermophila by use of fluorescent
ligands. D1 specific agomst SKF-38393 binds specifically to Tetrafymena. The specific binding of SKF-38393
was encountered by equimolar addition of D1 antagonist thus showed no binding of ligands. Tn addition, it was
also proved that the D1 specific agomist did not cross bind with the D2 type receptor due to the equimolar
addition of D2 selective antagonist spiperone. Interestingly this study also showed that the dopamine receptor
present in the endoplasmic reticulum and endosomes of Tefrahymena as well as cell membrane which was
revealed by laser scanning microscope. Therefore, this evidence supports the existence of a D1 receptor in the

ciliate protozoan.
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INTRODUCTION

In vertebrates, two distinct populations of dopamine
receptors exist in the nervous system as D1 type and D2
type. The physiological effects of dopamine are mediated
by at least five G protein-coupled receptor subtypes
encoded by different genes referred to as DI1-D5
(O’Dowd, 1993). The D1 receptor 1s positively linked to
the activation of the ¢cAMP and D2 receptor is linked
to a variety of signal transduction mechanisms
(Enjalbert et al, 1986, Lacey et al, 1987). The
pharmacological profiles of these two dopaminergic
receptor can be discriminated on the basis of their
agomist/antagomst specificities (Creese er al., 1983).
Fluorescent dopaminergic agonist/antagonist ligands play
a vital role to the recognition of cellular localization of
these two dopamine receptors (Ariano et al., 1989). SKF-
38393 agomst 1s high affinity D1 receptor selective ligand
(Torio et al., 1983) and SCH 23390 is an antagonist ligand
to D1 receptor (Kaiser et al, 1982). Both ligands were
chemically derivatized with fluorescent com.

MATERIALS AND METHODS

Chemicals: D1 selective receptor agonist SKF-38393,
antagomst SCH 23390 and D2 selective antagomst

spiperone were purchased from Sigma-Aldrich Chemie
GmbH Laboratory, Germany. Both ligands were
derivatized by fluorescent rhodamine-dye (Monsma et al.,
1989). The stock solutions of these compounds were
prepared in Millipore water according to the solubility
instruction of chemicals by manufacturers.

Equipments: Protozoan cell moculation was maintained
inside a sterile bank (ITeraeus LaminAir® ITBB 2448 S) and
incubated in an incubator (Heraeus kelvitro®™). The
experiment was conducted in sterile tissue culture plates,
96 W and flat bottom obtamed from Gremer bio-one,
Germany. Millipore water was prepared by Milli-Q®
Ultrapure Water Purification Systems (290 Concord Road
Billerica, MA, 01821, TUSA). The binding of dopamine
ligands to the cell was visualized by the two different
fluorescence microscope, one was Axioplan 2 and Camera,
AxioCam MRm (Zeiss, Germany) and the other was the
laser scanning microscope, LSM 510 META (Carl Zeiss,
Germany).

Protozoan cell and culture medium: The ciliated
unicellular  protozoan Tetrahymena  thermophila
SB210 was received from Tetrahymena Stock Center,
C5 155 Veterinary Medical Center, Cornell University,
Ithaca, New York 14853, It was grown axemically at
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28°C in a nutrient Proteose Peptone Yeast (PPY) extract
medium (Ud-Daula et al., 2008).

Exposure of dopamine ligands to the cell: The experiment
was conducted in 96 well plates and 250 ul, inoculums
was taken in each well of the plate and consequently
incubated at 28°C. Imitial concentration of the cells for the
experiment was maintained at 1104 cells mL ™" according
to OECD guide lines. Ligands were added in the well
plates at molar concentration where the selected five
mounted concentrations were 5, 10, 20, 40 and 80 uM. The
rhodamine-labeled dopamine receptor agomsts SKF-38393
was exposed to the Tefrahymena cells and incubated for
two different times, 3 and 6 h. After incubation, 200 ul,
cell-suspension was taken into eppendorf tubes followed
by fixation with 10% formaldehyde and washed twice with
Phosphate Buffer Saline (PBS). Then & ul. cell pellets were
used to prepare slides and subsequently the fluorescent
signal was examined employing fluorescence microscopy.
Just prior to examination, the slides were covered with
cover slips and a drop of immersion oil was added on the
top. Then, cells were observed using the fluorescence
optics of a Zeiss photomicroscope-2 with 546/590 nm
excitation/emission filters for the thodamme fluorophore.
Two-dimensional photomicrographs were captured by an
auto camera with 40xmagnification. Six hours incubation
of ligands elicited the higher fluorescent activity. The
specific binding of the fluorescent probe to dopamine
receptors was assessed with competition between agonist
SKF-38393 and D1 specific antagonist SCH 23390. Both
ligands were labelled with thodamine and added together
to the cells at the same five nominal concentrations; 5 pM,
10, 20, 40 and 80 pM and incubated for 6 hours. The cross
binding of SKF-38393 to the receptors was faithfully
checked by spiperone, a D2 antagonist. These two
ligands were exposed to the cells at same concentrations
as above mentioned and mcubated for 6 h. Afterwards the
binding of SKF-38393 to D1 receptor was scrutinized to
determine competitive cross-reactivity of ligands binding
in the cells.

The 40 uM concentration of SKF-38393 exhibited
the higher binding sensitivity to D1 receptor after
6 h incubation. This binding of SKF-38393 was used
for further assessment employing Laser Scaming
Microscope (LSM) where argon ion laser 488 nm
excitation and Band Pass (BP) filter 500-550 nm
emission were used. Image was magmfied 40 times by
C-Apochromat Water Immersion Lens. (Helium Neon
Laser 543 nm excitation and L.P 560 emission). The L.SM
capture photograph from a different plane; thus indicates
the binding location of agonist m the cell. Slide
preparation carried out as above mentioned.

RESULTS AND DISCUSSION

Rhodamme SKF-38393 agomst and rhodamine
SCH-23390 antagonist fluorescent probes demonstrated
faithfully the cellular localization of the D1 dopamine
receptor subtype. The investigation of D1 type receptor
i Tetrahymena thermophila exerted photographic
representation of ligands binding to the receptor.
Figure 1 illustrates the photograph of control cells. The
control cells were also observed by 546/590 nm
excitation/emission for the rhodamine fluorophore. They
did not show fluorescent signals because they were not
exposed with SKF-38393.

In this experiment, the exposure of cells to
fluorescent agomist SKF-38393 caused the emission of
fluorescent signals. The cells were treated with several
concentrations of the agonist at two different incubation
times. 3 h incubation demonstrated comparatively weaker
signals than 6 h incubation as illustrated in Fig. 2. Longer
incubation causes saturation of receptor binding. But,
more than 8 h exposure of ligand again caused the
decrease of receptor binding as well as decrease of
fluorescent signals. The specific binding of the ligands
was 1nvestigated with exposure to two ligands; one
was agomst SKF-38393 and another was antagormst
SCH-38393. Both ligands are specific to D1 receptors and
were added together at the same concentration. The
exposed cells were mcubated for 6 h and wviewed by

(b)

Fig. 1(a-b). Control Tetrakymena thermophila cell (a) 40>-Magnification (b) 100=xMagnification
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Fig. 2(a-e): Fluorescence localization of D1 dopamine receptor binding of the D1 specific agonist flucrescent. probe,
rhodamine- SKF 38393 in Tetrahymena thermophila. The entire photograph shows total binding of receptor
after 3 h exposure of ligand. This time period causes saturation binding of ligands and reveals stronger
signals. Ligand concentration, (a) 5 M, (b) 10 uM, (¢) 20 uM, (d) 40 pM and (e) 80 MM arrows: Bmnding of
SKF-38393

Fig. 3(a-e): Experiment for specific binding of agomst SKF 38393 to D1 receptor in the Tetrahymena cell. SKF 38393 and
D1 specific fluorescent probe antagomst SCH 23390 were applied together to the cells at equal five different
nominal concentrations and incubated for 3 h. Cells did not show flucrescence signals of receptor binding
for neither agonist nor antagonist. Thus prove the specific binding of SKF 38393, Ligand concentrations of
(a) 5 pM, (b)Y 10 pM, () 20 pM, (d) 40 pM and (e) 80 pM, respectively

employing fluorescence microscopy. The affinities of the that the antagonist of one type dopamine receptor could
two ligands were encountered by each other and exhibited SKF-38393 and SCH-23390 were used together in guinea-
no fluorescence signals. Photographs are presented m the plg not prevent the binding of another type dopamine
Fig. 3. Interestingly the same result was found when, agomist (Furukawa and Monshita, 1997, Zhu et al., 2000).
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Fig. 4(a-e): Assay for the cross binding to D1 receptors. SKF 38393 and non-fluorescent D2 specific antagonist,
spiperone were added together to the cells at the equal five different nominal concentrations and incubated
for 3 h. Spiperone competes only to binding to D2 tape receptors. Cells exhibited fluorescent signals of
receptor binding. So, spiperone did not inhibit agonist binding. This mdicates SKF-38393 agomnist binding
specifically to D1 receptors but not to D2 receptors. Ligand concentrations unit with each No. of (a) 5 uM,
(b) 10 uM, (c) 20 uM, (d) 40 uM and (e) 80 uM, respectively. Arrows: Binding of SKF -38393

It has also been previously reported that two types of
dopamine receptors exists i dopaminergic cells.
Therefore, the assessment of cross-affinity of receptor
binding is also important. That is why we have selected
the D2 specific receptor antagomst spiperone which
compete binding to D2 receptor due to its ligand
properties (Amenta et al., 1999). SKF-38393 and spiperone
were added to the cells together with the five different
concentrations of ligand agam and incubated for 6 hours.
Spiperone did not inhibit SKF-38393 binding to the D1
receptor; photographs are shown in Fig. 4.

It has been previously reported that the affimity of
SKF-38393 Dl receptor agomist is inhibited by the
selective D1 antagomist SCH-23390, but not by the D2
specific antagonist (Ongini et al., 1985). The fluorescent
agonist SKF-38393 binds specifically to D1 type receptors
m Tetrahymena thermophila. Its binding to the receptor
mcreases with the exposure time, thus saturating the
binding capacity of the D1 receptor and increasing the
fluorescence signal. But, longer exposure time of ligands
over 8 h causes down regulation of the number of
receptors and consequently reduces fluorescence signal.
Because prolonged or repeated exposure to a stimulus
often results in decreased responsiveness of that receptor
to a stimulus thus effecting receptor desensitization and
altered affimty for the ligand (Sun et al., 2003). Five
different nominal concentrations of the agomist were
applied for binding to the D1 receptor. Six hours
incubation for all of the applied concentrations of the
agonist revealed stronger signals wherein 20 and 40 uM

concentrations displayed bright signals. The affimty of
agonist binding to the D1 receptors was blocked or
damped due to the use of antagonist SCH-23390 at same
molar concentrations. Both ligands undergo binding
competition for the D1 receptor and antagomze their
affinity by each other; as a result the cells did not show
ligand binding. Many publications reported that the
antagonist of one type of dopamine receptor can not
prevent the binding of another type of dopamine agonist.
Thus, the D2 specific receptor antagomnist spiperone was
used to resolve the dispute of cross-binding of SKF-38393
agomst to the D1 receptor. When spiperone and
SKF-38393 together were exposed to the cells then the
agomist still binds to the D1 receptor. Therefore, D2
receptor antagonist do not compete binding with D1
receptor.

Furthermore, the binding of SKF-38393 to D1 type
receptor in I. thermophila cell was clearly demonstrated
by capturing photograph with employing Laser Scamming
Microscope (LSM). Only one suitable concentration, 40
pM  of SKF-38393 was used for this study. The
transparent picture (Fig. 5) of the cell exhibited a brighter
signal in the cytoplasm than in the membrane site.
Therefore, it is revealed that the receptor is densely
organized and located in the cytosol. This photograph
also showed that then D1 receptors are abundant in
endosome and rough Endoplasmic Reticulum (ER). Rough
ER remains bounded to the ribosome where the proteins
are synthesized and migrated to Golgi bodies through
transport vesicule.
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Fig. 5(a-b): Both of the figures are captured by LSM. (&) Normal and (b) Transparent picture of same cell. The transparent
picture indicated that D1 receptor is abundant in the endosome and rough ER rather than cell membrane. This
receptor 1s mternalized in the endosome may be caused by the agomst stimulation. R: Ribosemal location
of DI type receptor, Arrows: Binding of SKF-38393 both in the membrane and endosome

(G protein Coupled Receptor (GPCR) mediates the role
of D1 receptors. According to the current ideas about
GPCR trafficking in general (Dohlman ef al., 1991), those
dopamine receptors in particular are internalized in early
endosome from which they may be recycled to the
plasma membrane or targeted for turnover in late
endosome (Ng et al., 1994). A number of transfection
studies of D1 and D2 have shown a predomnantly
cytoplasmic localization for D2 (Ng et al, 1994
Vickery and von Zastrow, 1999, Prou et al, 2001).
Surprisingly, agomist stimulation, results i mnternalization
of D1 (Ng et al., 1994; Vickery and von Zastrow, 1999).
Internalization of the receptor following ligands binding
is known to occur for a number of GPCRs, including the
D1 type receptors and this leads to a lowering of surface
receptor density (Sun et al., 2003) which are not visible in
this observation. However, this observation demoenstrated
that D1receptor is more visible in the other area of the cell
e.g. rough ER. This cell organelle contains ribosome
which produces all kind of proteins mcluding D1 receptor
protein. The observation was also claimed that DI
receptor present around the rough ER in addition with
transport vesicles. This mvestigation mdicated only a D1
type receptor. But dopaminergic cells contain both D1 and
D2 type receptors together. Therefore, D2 receptor may
also be present in the Tetrahymena cell.

CONCLUSION

D1 type dopamine receptor is identified in the ciliate
protozoan Tetrahymena thermophila using fluorescent
ligands employing microscopic studies. Both fluorescent
and laser scanming microscope were demonstrated that D1

receptor is present in the cell membrane, rough
The model
invertebrate organisms such as Caenorhabditis elegans,
Drosophila melanogaster and Apis mellifera contains

endoplasmic reticulum and endosome.

Dlnd D2 type receptor and similarly single cell ciliates,
Tetrahymena thermophila showed D1 receptor and may
also D2 receptor. Therefore, Tetrahymena thermophila
may join to these groups of invertebrates as a model
organism for dopamine receptor research as well as for the
understanding of other neurotransmitters
mechanisms.

receptors
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