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ABSTRACT. Although it has been reported that specific proteins are present to take charge in the gustation in the taste buds, there have
been only a few reports on the distribution of glycoconjugates binding to glycoproteins on the cellular membranes of the taste cells.  In
the present study, therefore, binding patters of 24 biotinylated lectins were examined in the three types of lingual papillae in five species
of mammals belonging to different orders: cow (artiodactyl), horse (perissodactyl), monkey (primate), dog (carnivore) and mouse
(rodent).  As the results, lectin binding patterns were different among circumvallate, foliate and fungiform papillae, among the cells of
the taste buds, and among animal species.  These findings suggest that the different binding patterns of the lectins in the taste papillae
and taste bud cells may be involved in different sensitivities of taste among mammalian species.
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Taste molecules bind to the receptors on the cellular
membrane of the taste cells in the taste buds [1, 12, 19].
Based on the molecular structures of these receptors, it has
been postulated that at least some of the receptors are glyco-
proteins, exposed to the extra-cellular surface of taste cells
[7], and supposed to have a role in perceiving taste sensa-
tions.  On the other hand, although several lectin histochem-
ical studies have been reported until now, all of them
reported only on a single species, such as rabbits [15], frogs
[3] and teleost [16–18] and rats [4, 14]; and no comparative
studies have been made on different mammalian species in
one report.  In the present study, therefore, we lectin his-
tochemically examined the cells of taste buds in the lingual
papillae to determine and compare the types and composi-
tions of glycoconjugates in five orders of mammalian spe-
cies: artiodactyl, perissodactyl, rodent, carnivore and
primate.

In addition, we investigated whether there are any differ-
ences in lectin binding patterns among different types of lin-
gual papillae in these animals.  It has been reported that the
expression patterns of various molecules involved in taste
perception are different depending on the region on the
tongue [8].  The localization of glycoconjugate might reflect
these differences.

MATERIALS AND METHODS

Animals: Four cows, three horses, one monkey, three
dogs, and five mice were used in the present study.  The
cows (Holsteins) were supplied by the Department of Veter-
inary Internal Medicine, the horses (thoroughbreds) by the
Department of Large Animal Gynecology, the monkey (Jap-
anese macaque) by the Department of Veterinary Radiol-

ogy, Kitasato University.  The dogs (mongrels) were
obtained from the Public Health Center, Towada City; and
the mice (C57BL) were commercially purchased from
Charles River Japan Inc. (Yokohama, Japan).

All animals except dogs were undergone euthanasia by
bleeding after deeply anesthetized with xylazine and ket-
amine for the cows, horses and the monkey, or with diethyl
ether for the mice.  The dogs were already euthanized by the
Public Health Center before being given.  All the procedures
were approved by the Kitasato University Animal Rights
Committee.

Histological and lectin histochemical procedures: The
tongue was removed from each animal and immediately
immersed in the fixative containing 4% paraformaldehyde
in 0.1 M phosphate buffer (pH 7.3).  Under a dissection
microscope, lingual tissues including taste papillae were
observed semi-macroscopically to take pictures.  Then, they
were removed and further fixed in the same fixative for 24
hr at 4°C.  They were washed, dehydrated with up-graded
series of ethanol, cleared with xylene, embedded in paraffin,
and cut into 3 µm.  After removal of the paraffin, some sec-
tions were stained with hematoxylin and eosin (HE) or Peri-
odic Acid Schiff (PAS) staining.  The other sections were
processed for lectin histochemistry: they were deparaf-
finized and put into methanol containing 0.3% hydrogen
peroxide in order to eliminate endogenous peroxidase.
Then, the sections were incubated in 10% normal goat
serum (Histofine, Nichirei, Tokyo, Japan) at RT for 30 min
to block non-specific bindings.  The sections were incubated
using one of the 24 types of biotinylated lectins (Vector
Laboratories, Inc., Burlingame, CA, U.S.A.) at 4°C over-
night.  Optimal concentrations and sugar specificity of the
lectins used are listed in Table 1.   Peroxidase-conjugated
streptavidin was applied onto the sections for 1 hr at RT.
The peroxidase was visualized with the mixture of 0.01% 3–
3’ diaminobenzidine tetrahydrochloride (DAB) and 0.003%
hydrogen peroxide in 0.05 M Tris-HCl buffer (pH 7.6) for

* CORRESPONDENCE TO: TANIGUCHI, K.,  Laboratory of Veterinary
Anatomy, School of Veterinary Medicine, Kitasato University,
Towada 034–8628, Japan.

   e-mail: taniguch@vmas.kitasato-u.ac.jp



K. TANIGUCHI, A. KOIDA AND K-I, MUTOH66
10 min.  After each step, the sections were rinsed three times
for 5 min each in 0.05 M phosphate buffered saline (pH. 7.3)
containing 0.005% Triton X-100.  Some sections were
briefly counterstained with hematoxylin.  Control stainings
were performed by preadsorbing lectins with excess amount
of specific sugar residues, or by replacing the lectin or
streptavidin with PBS.  No specific lectin stainings were
observed in the control stainings (data not shown).

RESULTS

Semi-macroscopic observations: On the tongues of the
horses, monkey and mice studied, three types of papillae,
circumvallate, foliate and fungiform, were identified.  In
contrast, on the tongues of the cows and dogs, only two
types of papillae, circumvallate and fungiform, were
observed without foliate papillae.  Circumvallate papillae
were located on the posterior dorsum of the tongue close to
the epiglottis.  The number differed among animals; for
example, a mouse had only one circumvallate on the mid-
sagittal plane, while a cow had more than ten per tongue.

Lectin histochemical observations: Lectin histochemical
findings in 5 mammalian species and the types of glycocon-
jugates detected in the lingual papillae are shown in Table 2
(circumvallate papillae), Table 3 (foliate papillae), and
Table 4 (fungiform papillae.)

In the cows, six of lectins, PHA-L, UEA-I, GSL-II, LEL,
STL and WGA, showed positive reactions in the circumval-
late papillae (Fig. 1A).  PHA-L was intensely positive in all

taste bud cells in the circumvallate papillae.  In particular,
intensely positive reactions were localized on the taste hairs
projecting into the lumen of the taste pores.  UEA-I, LEL,
STL, WGA and GSL-II were positive in some of the taste

Table 1. Binding specificity of the lectins used in the present study

Lectin Abbreviation
Concentration Binding Specificity(µg/ml) 

Concanavalin A Con A 4 α-Man
Wheat Germ Agglutinin WGA 3 GlcNAc
Dolichos biflorus agglutinin DBA 16 (β-1,4) GlcNAc
Ulex europeaeus agglutinin-I UEA-I 8 α-Fuc
Peanut agglutinin PNA 8 galactocyl(β-1,3)GalNAc
Pisum satibum agglutinin PSA 3 α-Manm B-acetylchitobiose-kinked α-Fu
Lens culinaris agglutinin LCA 3 α-Man
Phaseolus vulgaris agglutinin-E PHA-E 2 oligosaccharide (erythroagglutinin)  
Phaseolus vulgaris agglutinin-L PHA-L 2 oligosaccharide (erythroagglutinin)  
Sophora japonica agglutinin SJA 8 GalNAc, β-Gal
Succinylated wheat germ agglutinin s-WGA 8 GlcNAc
Ricinus communis agglutinin-I RCA-I 3 GalNAc
Griffonia simplicifolia lectin-I GSL-I 6 α-,β-GalNAc
Griffonia simplicifolia lectin-II GSL-II 6 α-,β-GalNAc
Vicia villosa agglutinin VVA 4 α-,β-GalNAc,α-Gal
Erythrina cristagali lectin ECL 6 galactocyl(β-1,3)GalNAc
Solanum tuberosum lectin STL 3 GlcNAc
Soybean agglutinin SBA 4 α-,β-GalNAc
Jacalin Jacalin 4 galactocyl(β-1,3)GalNAc
Datura stramonium lectin DSL 2 GlcNAc
Lycopersicon esculentum lectgin LEL 2 GlcNAc
Soybean seedling agglutinin SSA 5 sia-alpha-6G
Griffonia simplicifolia lectin-I-isoform B4 GSA-I-B4 10 β-GlcNAc
Wisteria Floribunda lectin WFA 10 α-,β-GalNAc

Fuc: fucose; GlcNAc: N-acetylglucosamine; Gal: D-galactpse; Glc: D-glucose; Man: mannose; GalNAc: N-
acetylgalactosamine: NeuAc: N-acetylneuraminic acid.

Table 2. Lectin binding patterns in circumvallate papillae

Cow Horse Monkey Dog Mouse

PHA-L ++ – – + –
PHA-E – – + + –
UEA-I ++ ++ + – ++
DBA – – ± ++ –
SBA – – – + –
WFA – + – – –
VVA – – – – –
SJA – – – – –
SSA – ++ – – –
ECL – ++ – – –
RCA-I – + – – –
GSL-I – – – ++ –
GSL-I-B4 – – – – –
PNA – – – – –
Jacalin – – ± – +
GSL-II ++ – – – –
s-WGA – – + – –
LEL + + + ++ –
DSL – – – + –
STL + – – ++ +
WGA + + + + +
LCA – – – – –
PSA – – – – –
Con A – – – – –
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bud cells in the circumvallate papillae.  Positive reactions
for PHA-L, UEA-I, LEL, STL and WGA were evenly dis-
tributed throughout the cellular membranes of the taste bud
cells, while positive reactions for GSL-II appeared granular
in the taste bud cells.  In the fungiform papillae, positive
reactions were observed for the following lectins: PHA-L,
SBA, GSL-I, GSL-I-B4, DSL, STL, WGA and PSA (Fig.
2A).  STL showed granular localizations in the fungiform
papillae.  PHA-L was positive in a small number of cells in
the taste buds, while SBA, GSL-I, GSL-IB4, DSL, STL and
PSA were positive in many cells in the taste buds.  WGA
was weakly positive in many cells on the cellular mem-
branes of the taste bud cells.

In the horses, seven lectins, UEA-I, SSA, ECL, WFA,
RCA-I, LEL and WGA, were positive in the circumvallate
papillae (Figs. 1B, 2B).  UEA-I showed positive reactions
evenly and were intensely positive on the cellular mem-
branes in all cells of the taste buds and on the taste hairs in
the circumvallate papillae.  SSA was positive in many cells
in the taste buds as well as on the taste hairs.  ECL showed
remarkably intense reactions on the taste hairs.  ECL was
positive in many cells in the taste buds.  Positive reactions
for WFA, RCA-I, LEL and WGA were localized on the cel-
lular membranes.  In the foliate papillae, UEA-I, ECL and
LEL were also positive as in the circumvallate.  Reactions
for UEA-I and LEL were localized on the cellular mem-
branes of many cells, while those of ECL appeared on the
cellular membranes of a small number of cells in the taste
buds.  In the fungiform papillae, UEA-I, WFA, ECL, GSL-
I, s-WGA, LEL, DSL and STL were positive.  LEL was
moderately positive in many taste bud cells, while UEA-I,

WFA, GSL-I, s-WGA, DSL and STL were weakly positive
in some taste bud cells.  Reactions for ECL were distributed
on the cellular membranes of many taste bud cells as well as
on the taste hairs in the taste pores.

In the monkey, PHA-E, UEA-I, DBA, s-WGA, LEL and
WGA were positive in the circumvallate papillae.  Positive
reactions for PHA-E, s-WGA, LEL and WGA were
observed evenly on the cellular membranes in almost all
taste bud cells; while those of UEA-I and DBA were granu-
lar in some cells.  Jacalin showed weakly positive reactions
on the cellular membranes of almost all cells in the taste
buds.  In the foliate papillae, PHA-L, PHA-E, UEA-I, DBA,
Jacalin and WGA were positive.  Intense to moderate reac-
tions were detected in almost all cells in the taste buds for
PHA-L, PHA-E, DBA, Jacalin and WGA, while weak reac-
tions were detected for UEA-I.  In the fungiform papillae,
DBA, SJA, SSA, LEL, DSL and WGA showed positive
reactions.  These lectins were moderately to intensely posi-
tive in the cells of the taste buds.

In the dogs, the following lectins were positive in the cir-
cumvallate papillae: PHA-L, PHA-E, DBA, SBA, GSL-I,
LEL, DSL, STL and WGA (Fig. 3).  Evenly positive reac-
tions were observed in many cells of the taste buds for PHA-
L, LEL and WGA, and some cells for PHA-E and DSL.  In
contrast, granular reactions were distributed in some cells
for DBA, SBA and STL.  GSL-I was positive in the cells
with dark slender nuclei in the circumvallate papilla (Fig. 3,
upper left), but not in the fungiform papillae (Fig. 3, upper
right).  The binding pattern of LEL was different from that
of GSL-I as shown in Fig. 3.  In the fungiform papillae,
UEA-I, SJA, LEL, STL, WGA and PSA showed positive

Table 3. Lectin binding patterns in foliate papillae

Horse Monkey Mouse

PHA-L – + –
PHA-E – + –
UEA-I + ± ++
DBA – + –
SBA – – –
WFA – – –
VVA – – –
SJA – – –
SSA – – –
ECL + – –
RCA-I – – +
GSL-I – – –
GSL-IB4 – – –
PNA – – –
Jacalin – + +
GSL-II – – –
s-WGA – – –
LEL + – ++
DSL – – ++
STL – – +
WGA – + +
LCA – – –
PSA – – –
ConA – – –

Table 4. Lectin binding patterns in fungiform papillae

Cow Horse Monkey Dog Mouse

PHA-L + – – – ++
PHA-E – – – – –
UEA-I – + – ++ +
DBA – – ++ – –
SBA ++ – – – –
WFA – + – – –
VVA – – – – –
SJA – – + + –
SSA – – + – –
ECL – ++ – – –
RCA-I – – – – –
GSL-I + + – – –
GSL-I-B4 + – – – –
PNA – – – – –
Jacalin – – – – +
GSL-II – – – – –
s-WGA – ++ – – –
LEL – + + + –
DSL + + + – +
STL ++ + – + +
WGA + – + + –
LCA – – – – –
PSA + – – + –
ConA – – – – –
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reactions.  The positive reaction products for UEA-I and
SJA were localized in the cytoplasm of taste cells, while
those for LEL, STL, WGA and PSA were distributed in
some taste bud cells, but not all of them.

In the mice, UEA-I, Jacalin, STL and WGA were positive
in the circumvallate papillae.  UEA-I was evenly and
intensely positive on the cellular membranes in all cells of

the taste buds and on the taste hairs (Fig. 1C).  Jacalin was
weakly positive in the cellular membranes of some taste bud
cells.  STL and WGA were positive on the cellular mem-
branes of some taste bud cells.  In contrast to the circumval-
late papillae, the following lectins showed positive reactions
in the foliate papillae: UEA-I, RCA-I, Jacalin, LEL, DSL,
STL and WGA.  UEA-I, LEL and DSL were intensely pos-
itive in some taste bud cells.  RCA-I and STL were moder-
ately to intensely positive in many cells in the taste buds,
while Jacalin and WGA were weakly positive in some taste
bud cells.  In the fungiform papillae, PHA-L, UEA-I, Jaca-
lin, DSL and STL were positive.  PHA-L was intensely pos-
itive in almost all taste bud cells.  Meanwhile, UEA-I and
STL were positive in some taste bud cells, and Jacalin was
positive in a small number of cells in the taste buds.  Weak
DSL reactions were seen in some taste bud cells.

DISCUSSION

In the present study, we examined the localization of var-
ious types of glycoconjugates in the three types of taste
papillae on the tongue in five orders of mammals: artiodac-
tyl (cow), perissodactyl (horse), primate (monkey), carni-
vore (dog) and rodent (mouse).  Our examination revealed a
wide variety of binding patterns of lectins among animals
and among types of taste papillae.  We used 24 lectins and
revealed 21 of them as positive at least in some of the taste
buds, but VVA, PNA and LCA were completely negative in
the taste buds.  The present results suggest that the taste buds
contain a wide variety of glycoconjugates: oligosaccharides,
alpha-fucose, alpha-, beta-N-acetylgalactosamine, alpha-
mannose and alpha-D-glucose.  Several lectins showed dif-
ferent binding patterns among animals and among types of
lingual papillae.  To our best knowledge, the present study is
the first extensive comparative study using lectin his-
tochemistry on the taste buds in different orders of mam-
mals.  Although several lectins are supposed to bind to the
same types of carbohydrate epitopes (ex. WGA, s-WGA,
LEL and STL bind to beta-N-acetylglucosamine), the bind-
ing patters of these lectins differed greatly among animals
and/or taste papillae.  As it has been postulated that lectins
identify three-dimensional structures of glycoconjugates
[4], the present results suggest the differences in the spatial
molecular structures of glycoconjugates that even when

Fig. 1. Ulex europaeus agglutinin-I (UEA-I) in the circumvallate papillae in the cow (A), horse (B), and mouse (C). Bars in A and B=20
µm.  Bar in C=80 µm. 

Fig. 2. Solanum tuberosum lectin (STL) in the fungiform papilla
in the cow (A) and Erythrina cristagalli lectin (ECL) in the cir-
cumvallate papilla in the horse (B). Note intense reactions on the
taste hairs in the equine circumvallate (arrows). Bar in A=10
µm. Bar in B=20 µm.

Fig. 3. Griffonia simplicifolia lectin-I (GSL-I) (upper two pic-
tures) and Lycopersion esculentum lectin (LEL) (lower two pic-
tures) in the circumvallate papilla (left) and fungiform (right)
papillae in the dog. The distributions of these two lectins differ
in the circumvallate and in the fungiform papillae. Bars=20 µm.
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cells in the taste buds show the same distribution patterns of
lectin bindings.

Specific bindings to certain types of cells have been
reported in the tongue [11, 13]; for example, Taniguchi, et
al. (2005) reported that PNA bound to type IV cells of the
rat taste buds [13].  In the present study, however, the distri-
butions of PNA were not restricted to type IV cells in the 5
mammals examined, suggesting the binding of PNA to rat
Type IV cells can be species-specific.

The present observations on the taste buds from various
papillae among the five mammals studied revealed differen-
tial characteristics of lectin bindings among the mammals,
as summarized in Tables 2–4.  One of the common charac-
teristics is the frequent detection of positive reactions for
UEA-I, WGA, STL and LEL in the taste buds of the five
mammalian species.  These lectins bind to alpha-fucose and
beta-N-acetylglucosamine.  Since beta-N-acetylglu-
cosamine is ubiquitously localized in all types of papillae in
all mammals examined, it might play an essential role in the
taste bud function.  As for alpha-fucose, the present results
positively correlated with the previous reports on the local-
izations of glycoconjugates in the rat [4], rabbit, frog and
fish [3, 4, 14–18].  In contrast, certain glycoconjugates were
unique in some but not all types of papillae, such as alpha-
N-acetylgalactosamine, alpha-mannose and alpha-D-glu-
cose.  

It has been reported that regional expression patterns of
taste receptors varies in the regions of the murine tongue [5].
Kano et al. (2001) suggested the possibility that nerves
innervating the taste papillae might have some effect on the
types of glycoconjugates [4].  The taste buds located in the
anterior two-thirds of the tongue are innervated by the
chorda tympani nerve, while the taste buds located in the
posterior one-third of the tongue are innervated by the glos-
sopharyngeal nerve [2, 9].  Our results could not deny the
possibility that the variations in the lectin binding patterns
are caused by the differences in innervations.  However, we
failed to find any rules determining the different patterns of
lectin bindings. 

Since our results showed wide varieties of lectin binding
patterns, they might be caused by the differences in the
dietary habits differences among mammals.  The five spe-
cies of mammals used in the present study belong to three
categories: herbivores (cows and horses), carnivores (dogs),
and omnivores (mice and monkey).  The present results
showing the different patterns of lectin bindings among the
animals examined might be partly due to their differences in
the dietary habit.  According to the present results shown as
in Table 2, even cows and horses, representatives of herbi-
vores, display different lectin binding patterns.  Although
both cows and horses eat plants, cows ruminate while horses
do not.  Cows strongly depend on rumens, reticulum, and
omasum when they digest plants, while horses rely on the
colon.  These factors might reflect differences in the taste
preferences between them.  Physiological and taste prefer-
ence tests showed that animals have different sensitivity to
different taste substances [10].  For example, feline animals

such as cats, lions and tigers do not prefer sweet tastes
because they lack the ability to sense sweetness [6], while
other types of carnivores, such as dogs, love sweetness.
Although little is known about the taste preferences in the
other animals, the variety in the lectin binding patterns dem-
onstrated by the present study suggests that they might have
their own unique ways to “enjoy” tastes even humans can-
not ever imagine.
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