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cling the taste pore cavity of rat fungiform papillae

Y. Ohishi, S. Komiyama K. Wakid&, T. Uchidd, and Y. Shiba

Department of Oral Physiology, Hiroshima University School of Dentistry, Kasumi 1-2-3, Minami-ku, Hiroshima
734-8553, JapantDepartment of Otolaryngology, Faculty of Medicine, Kyushu University, 3-1-1 Maidashi,
Higashi-ku, Fukuoka 812-8582, Japan @bepartment of Oral Anatomy, Hiroshima University School of Dentistry,
Kasumi 1-2-3, Minami-ku, Hiroshima 734-8553, Japan

Accepted: 14//07/00

Key words: taste pore, actin filaments, transmission electron microscopic immunohistochemistry, confocal laser
microscopy

SUMMARY 1978; Witt and Miller, 1992: Menco and
Hellekant, 1993). In the taste pore cavity, taste
Epithelial cells are connected to each other arourreceptor cells protrude microvilli containing
taste pores in rat fungiform papillae. Cytoskeletareceptor molecules to establish contact with exter-
components are responsible for the maintenance nal taste substances through glycoproteins (Farb-
intracellular adhesion, and we investigated the iderman 1965; Hoort al, 1999). The taste pore and
tification and localization of actin filaments around glycoproteins are essential for receiving the exter-
taste pores. On the basis of observations made nal taste stimuli via the microvilli of taste receptor
immunohistochemical transmission electroncells (Graziadei, 1969; Mistretta, 1989; Farbman
microscopy comparing with confocal laser scannin(1965; Hoonret al, 1999). However, the structural
microscopy using actin-lectin double staining, actircomponents responsible for the maintenance of
filaments were found to be localized, encircling thetaste pores remain unknown.
squeezed taste pore cavity, in epithelial cells a fe' Epithelial cells around taste pores (taste pore
micrometers below the papilla surface. In additioncells) are connected to each other via tight junc-
these observations suggest that the organization tions (Akisaka and Oda, 1978; Jahnke and Baur,
actin filaments around taste pores might be involve1979). The cytoarchitecture through tight junc-
in the constriction of taste pores. tions is maintained with cytoskeletal components
such as actin filaments (Mitic and Anderson,
1998; Denker and Nigam, 1998). Confocal laser
INTRODUCTION scanning microscopy on staining of fungiform
papillae with rhodamine phalloidin reveals posi-
The taste pore of fungiform papillae is a pit in thetive reactions, such as ring shape fluorescence,
papillary epithelium (Parks and Whitehead, 1998)due to actin filaments encircling taste pores
filled with glycoproteins (Brouwer and Wiersma, (Ohishiet al, 1999); but for the identification and

Correspondence to: Y. Ohishi
E-mail: fvgn7971@mb.infoweb.ne.jp 353



Imp. Ohishi 18-02-2002 14:26 Pagina 354 $

localization of actin filaments in epithelial cells colloidal gold particles (average diametgrnm)
around the taste pores, transmission electrocconjugated with goat anti-rabbit Ig G antibodies
microscopy with immunohistochemical tech diluted 1:400 with blocking solution for 30 min.
niques is a potentially powerful tool. In addition, They were washed wifiBS followed by distilled
elucidating the positional relationship of glycopro water and aidried. Silver intensification (Uchida
teins in the taste pore cavity with ring shape fluo et al.1991) was carried out for 7 mifihe sections
rescence should improve our understanding cwere stained with uranyl acetate followed by lead
their localization. citrate and examined with a transmission electron
In the present stugyve investigated the identifi microscope (Hitachi H-300, HitachiTokyo,
cation and localization of actin filaments in tasteJapan).All the processes described above were
pore cells, using immunohistochemical transmiscarried out at room temperature. Immunohisto
sion electron microscopy comparing with confoca chemical specificity was checked by the absorp

laser microscopy tion test as the negative control.
Confocal horizontal sectioning of fungiform
MATERIALS AND METHODS papilla stained with rhodamine phalloidin
Four rats were anesthetized with sodium pento
Animals barbital. Tongues were amputated, cut into small

Male Wistar rats (250-350 g) were used through pieces with a fungiform papilla and washed twice
out the studyThe animals were anesthetized withcontaining phosphate-tfefed saline (PBS, pH
pentobarbital sodium (Nembutal, 65 mg/kg, i.p.).7.4).The samples were fixed in 4% formalin solu
For experiments, the lateral portion of the anteriotion for 15 min and dehydrated with acetone at
one-third of the tongue, where numerous fungi—20°C for 5 min.After drying at room tempera
form papillae are distributed, was used. ture, the samples were incubated with 70 ng/ml

rhodamine-phalloidin for 20 min (Molecular
Immunohistochemistry for actin filaments in  Probes, USA).Thereafter these non-sectioned
epithelial cells aound taste poe of rat fungi- samples were observed with confocal horizontal
form papillae sectioning from the surface of papillae under a

Five rats were anesthetized with sodium pentobaconfocal laser scanning microscope (Carl Zeiss
bital and perfusion-fixed with 4% paraformalde LSM410, Carl Zeiss, Germany) at an excitation
hyde/1% glutaraldehyde in 0.067 M phosphatewave length of 543 nm and an emission wave
buffer, pH 7.4.The tongue was removed and cutlength of 570 nm.
into small pieces containing a fungiform papilla.

After a wash in phosphate lierf the samples were Longitudinal fr ozen sections of fungiform
dehydrated in graded N,N-dimethylformamide ancpapillae for actin staining

embedded in glycol methacrylate at 22QUchk Tongues removed from the four anesthetized rats
da, 1985). Ultrathin longitudinal sections (about 8twere embedded in O.C.Tcompound (Miles,
nm) of taste buds were mounted on nickel grids fcUSA) and frozen in liquid nitrogeflhe tongues
electron microscopic immunohistochemisffpey  were longitudinally sectioned to j5m in thick
were processed for immunogold-silver stainincness at —2@C, mounted on silanized glass slides,
(Uchida et al. 1991). The sections were first and stained with rhodamine-phalloidin for 20 min
immersed for 5 min in a blocking solution consist as described above. Longitudinal sections of the
ing of 0.2% casein, 0.2% ovalbumin, 0.l®een- fungiform papillae were observed under a cenfo
20, and 0.1%Triton X-100 dissolved inTris- cal laser scanning microscope at an excitation
buffered saline (TBS; 20 mMris-HCI, 150 mM  wave length of 543 nm and an emission wave
NaCl, pH 8.2).They were then incubated for 15 length of 570 nm.

min with anti F-actin primary antibodiesr@isfor

mation Research, Inc., MA. USA) diluted 1:200 Lectin histochemistry

with blocking solution After rinsing excess anti  The small pieces of rat tongues with a fungiform
bodies withTBS, the sections were immersed inpapilla and longitudinal frozen sections of fungi
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form papillae stained with rhodamine-phalloidin RESULTS

described above were used for actin-lectin doubl

staining. Fluorescein-isothiocyanate conjugateimmunocytochemistry of actin filaments in

Ulex eupopeus agglutinin-I (FITC conjugated epithelial cells aound taste poe

UEA-I) was obtained from E-Yaboratories (San  The cylindrical pore cavity is 245m in diameter

Meteo, Calif., USA) and diluted to a concentra and about 1Gum deep from the keratinized free

tion of 20ug/ml in PBS After being rinsed with  surface of the papilla forming a narrow region in

PBS, samples were incubated with a diluted-solLan outer part of the pore cavity (Fig. 1A}.ultra-

tion of FITC conjugated UEA-I (2Qig/ml) for 30  structural resolution, silver grains representing

min at room temperature in a moist chambelimmunoreactivity of actin filaments were found in

These samples were examined under a confocepithelial cells constructing the taste pore cavity

laser scanning microscope, at an excitation wav(taste pore cells) (Fig. 1B). Intense immunoreac

length of 488 nm and an emission wave length ctivity to anti-F actin was observed in the restricted

510 nm. region adjacent to the taste pore cavity in taste
pore cells, which were the second or third epithe

Scanning electon microscopy of fungiform lial layer from the papilla surfac&he cavity was

papillae filled with an amorphous material (Fig. Bad B).

Four rats were anesthetized with sodium pentcA dense substance was seen in the upper taste pore

barbital. The small pieces of rat tongues with acavity (Fig. 1B).

fungiform papilla were fixed with 10% formalin

solution for 6 hrs and dehydrated through a gradeDouble histochemical staining: hodamine-

series of alcoholsAfter being dried with a critical phalloidin/FITC conjugated UEA-lin longitu -

point dryer the samples were coated with gold indinal sections

vacuo.The samples were observed with a scannin In the longitudinal sections of the fungiform

electron microscope (JEOUMS-6300, JEOL, papilla from frozen samples, strong positive reac

Tokyo, Japan). tions with rhodamine-phalloidin were detected in
two positions around the upper taste pore cavity: a

Fig. 1 -Electron micrographs of the area around the taste pore showing immunolocalization of actin filaments in longitudinal sec
tions of the fungiform papilléA: Epithelial cells (E) construct the cylindrical pore cavity (PC), making a narrow region (arrows)
under the pore surface. Secretory dense substance (DS) is noted beyond the narrow squeek@d caicitgvilli. Bar=5pum.

B: Higher magnification view of the epithelial cells around the taste pore in Fig. 1A. Intense immunoreactivity of actin filaments
in epithelial cells, just adjacent to the pore cavifyobserved about 2¢4m under the pore surface (arrows). Bapmi.
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Fig. 2 - Confocal laser micrographs of the longitudinal frozen sections of the fungiform papilla stained with rhodamine-phal
loidin and FITC conjugated UEA-A: Strong reactions with rhodamine-phalloidin (shown as red) are identified near the top of
the taste pore cavity (arrow) and in the apical portion of the taste cells in the tastbebtaste bud is shown by white broken

lines. Binding to UEA-I (shown as green) is observed near the surface of the taste porBaes29um. B: Higher magnif

cation view of Fig. 2A. Strong reactions of actin filaments (shown as red spots indicated by arrows) are observed asiand the ta
pore cavity a few micrometers below the papilla surface. Binding to UEA-I (shown as green) is observed in the upper taste pore
cavity. Other strong reactions with rhodamine-phalloidin are observed in the apical portion of the taste cells (starinBar=5

few micrometers below the papilla surface (Fig.cross sections under a confocal laser microscope
2A and B). Positive reactions with UEA-I were (Fig. 3A). Encircling this UEA-I binding, positive
observed at the site of reaction with rhodaminestaining with rhodamine-phalloidin was observed
phalloidin (Fig. 2B), suggesting that the denseas a ring shape in the same sample (Fig. BAg.
amorphous substances seen under a transmissinner diameter of the rings was 308 um
electron microscope (Fig. 1) are glycoproteins(meatSE, n=40). One, sometimes two, taste
The positional relationships between the fluerespores were observed in the central portion of the
cent products of the two reactions is consisterfungiform papilla surface by scanning electron
with the findings of immunohistochemical trans microscopy (Fig. 3B)The diameter of the pore
mission electron microscopinother strong reac observed from right overhead was 8% um
tion with rhodamine-phalloidin was observed in(meaSE, n=40) under the scanning electron
the apical region of the taste bud (Fig. &4d B). microscope.These observations indicate that a
The distance between these two positivities waring of fluorescence due to actin filaments in the
about 7um (Fig. 2B).This is consistent with the epithelial cells encircles taste pores.
interval between grains in epithelial cells a few
micrometers below the surface and in microvilli in
the apical portion of the taste cells observed in thDISCUSSION
TEM image of Fig. 1A.

In the present stugdyy comparing the staining
Scanning electon microscopy and double histo  with anti-actin antibody and with rhodamine-phal
chemical staining (hodamine-phalloidin/FITC  loidin, we clarified the identification and the
conjugated UEA-I) in horizontal cross sections  localization of actin filaments in epithelial cells
The central portion of the taste pore in fungiformconstructing the taste pore (taste pore celisin
papillae strongly binds to UEA-I in horizontal filaments in the taste pore cells were present a few
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Fig. 3 - Confocal laser micrograph of the taste pore in the fungiform papilla after staining with rhodamine-phalloidin and FITC
conjugated UEA-I, and scanning electron micrograph of the dorsal surface of the rat forigaaction with rhodamine-phal

loidin (shown as red) is observed as a ring in the horizontal cross sections of the fungiform papilla near the surfacenunder a
focal laser microscope. Other rgaral lines of epithelial cells are faintly stained. In the center of the ring, another reaction with
UEA-I (shown as green) is observed in the horizontal cross sections of the fungiform papilla near the surfapen.BarA5

taste pore in the central portion of the fungiform papilla as observed under a scanning electron migtesgape.is encircled

by epithelial cells (taste pore cells). Bar3d.

micrometers below the surface of papillae anc The maintenance of taste pores requires the pres
encircled taste pores. ence of nerve terminals, and denervation results in
Glycoproteins occupy the taste pore cavity and co\a loss of taste pores of taste buds (Oaklesl,
er the receptor microvilli of taste receptor cells1993). Since nerve fibers extend close to the taste
(Brouwer andMViersma, 1978\Vitt and Miller, 1992;  pores (Azzalet al, 1996; Kanazawa arbshie,
Menco and Hellekant, 1993The UEA-I binding 1996; Muller 1996; Miller and Jastrqwi998),
glycoproteins account for some of the electron-densthe presence of nerve terminals around taste pores
materials seen in the taste pore cavityese sub  might contribute to the maintenance of taste pores
stances were present in the upper portion of the cathrough actin filament ganization. Further study
ity, adjacent to a ring of fluorescence obtained witlis required to clarify how the neurotrophic action
rhodamine-phalloidin and immunohistochemicalis involved in the maintenance of actin filament
reactions with anti-actin antibodyndicating that organization.
ring fluorescence is due to actin filaments. Taste stimulation modulates taste pore size
In addition, we obtained clear fluorescence in thi(Graziadei, 1969; Henkin and Bradle$969;
apical region of the taste receptor cells about 1Cigeset al, 1976). It is possible that the taste
um below the surface of fungiform papillae. pores are contractildhe special localization of
Intense immunoreactivity of actin filaments is actin filaments in taste pore cells is likely related
found over receptor microvilli of taste cells in theto a contractile function of the pores, since actin
apical portion of the taste bud (Jahnke and Baufilaments are assumed to contribute to contractile
1979; Takedaet al, 1989) and some sensory function in many types of cells (Aderem, 1992).
organs (Flock and Cheung, 1977; Balboni ancThe upper portion of the pore cavity filled with
Vannelli, 1982) These observations indicate thatUEA-I reactive glycoproteins is rather narrow
the fluorescence obtained with rhodamine-phaland actin filaments are localized hefeeatment
loidin in the fungiform papillae under the confocalof fungiform papillae with cytochalasin D
laser microscope is due to actin filaments. enlages the diameter of the ring of actin filaments
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around taste pores (Ohigdtial, 1999).Thus, it is
likely that actin filaments are involved in the eon
striction of taste pore3.he contractile function of
unfixed taste pores has yet to be demonstrated, t
high resolutive observation of unfixed taste pore:
should provide an insight into the contractile func
tion of taste pores.

In conclusion, actin filaments are identified in
taste pore cells as a ring around the squeezed ta
pore cavity The localization of actin filaments
encircling taste pores might be related to the cor
striction of taste pores.
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