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Taste is a critically important sense for the survival of an
organism. However, structure and distribution of taste
receptors were only recently investigated. Although
expression of the ion channels responsible for the sense of
salty taste and acidity was observed in the non-taste cells,
receptors for sweet and bitter taste were only identified in
taste cells. Salivary glands are involved in the sensing of
taste and plays important roles in the transduction of taste.
The purpose of this study is to examine whether taste
receptors are present in the salivary glands and to provide
clues for the investigation of the taste-salivary glands
interaction. Using microarray and RT-PCR analyses, the
presence of taste receptor mRNAs in the rat von Ebner
gland and submandibular gland was confirmed. Type I
taste receptors were preferentially expressed in von Ebner
gland, whereas type II taste receptors were expressed in
both von Ebner gland and submandibular gland. The taste-
specific signal tranducing proteins, G,gustducin and
phospholipase C 2, were also detected in both salivary
glands by immunohistochemistry. Finally, the activation of
the calcium signal in response to bitter taste in the acinar
cells was also observed. Taken together, these results suggest
that taste receptors are present in the von Ebner gland and
submandibular gland and that type II taste receptors are
functionally active in both salivary glands.

*Corresponding author: Kyung-Nyun Kim, Department of
Physiology and Neuroscience, College of Dentistry, Kangnung
National University, 123 Chibyun-dong, Kangnung, Kangwon-
do, 210-702, Korea. Tel.: +82-33-640-2450; Fax.: +82-33-642-
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S SAlE0] 5 ofok Ale) o A7) Ao oslolw W
=}, g U9} ofoki-g AFEh= A

—% OC:}—E);}:TS__ HE . Ris
2 e fAlhes] WA Solm, Agke] m]ze o]

[e]
® T 7Fseh okt oldAsl Bl giajell Il &

N FA glol] Z3hE]o} v wAEAE Il Wl
ol mA| A bl = e wdelek(Spielman,
1990; Bradley®} Beidler, 2003). 2412 = 7v vlil )
=52 H, 3 9 dEI5s 235A 23] $A=
23k v AE ot o] e 53] s of
of EAls= A=-f-T(circumvallate papilla)e} QA5
(foliate papilla)®] BHg-22]9] 2hgo F 23]},

o Alell mIZHAIE mAlE7]S] 392 Eleog Hof
Aot efello] mlzt 7] wlA| 37 AAC}. S
Af-F(fungiform papilla)l] $12]5h= wZA 2+ el
(Esteleho g el e AR A7, A7
o A7) sHg-22= von Ebner EflAlofA] v

<= oz Fejde] ot 7ol 7 lFe 1
A 2E 4] 3R s ke A EllAlelA
= o] P gleh. a2y wlgFSe] wlAl 3
73 Au g ellEIe v 24 2 s ke
Aol drk(Schmale &, 1990). tiS5¢] w|z A= A7}
el in] o} A5 W3R 7]7] wlistoll m]zt A3 T A
o] WSk = Qlot. olAd w|zhe AT 8
o] el w7t S bk Il Jduke 4
B 7FAE o, e Es SEH R w7t Z3lo
o 7sAE ot & ulE T Aol 7 &4
o] A3 AAE -t Ag7AS AdsAE =
& 7FsAe] Stk HE EEMaL Qe 3e] Fast A
< Ello] 23k Na9] F=of wel #ske] o %
A= AeR A eI 4 ot olE S,
ol AAIZ F Aulel] =% Al 739 ko] 14
=7} 7P Gl vepdol(Bradley2} Beidler, 2003).

oo} o] Elelle] wmiztz} At IHAIE Za glen
2 Ellin]fo] ZolE A gloixH w7t Aozl Fb
e}, Aab opzt eldllel] 23] e AbuAAARIA
(epidermal growth factor, EGF)= 2H5-22]9] o] =l
- Z93lcH(Morris-Wiman -, 2000). Sjogren -2
St kX g R WAk 2ARE W 3ERjolA] ElelA]
7155 7ololl o3l A&} w7t 7)5e] AskEe dAE
&3] = 4 Yrh(Bromley2} Doty, 2003).

ulzt ATle TR oskgeeel EAska, o sk
= Al e 5 & Zdel A=W Aot 7T,
TN, 77 (epiglottis)®] S, QI+ FZFe EA)
gt Foll+= Af-F(filiform papilla), HAF, QA1-F
8 AR 4 S E SAR A A, 2005).
Bhg-2Ele o] 5 AFTE AQg 37HA el EEsh
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o Hig ALEE FAY AFSAE A7)5 YekGilbertson,
2002). ul%alA Frol vHEeelE w7l Aeix A
o o] ek ohE HEAS PG Aew

X
Ao} Aol WdH = Bar) Qleh(Wu &, 2002). ©]
= 28 w7t 7|7t asp)lelA] skekEAe] =4S 7
Alehe 75E "ieiths A AlARER =3 v
o) e] SAAFoME 28 w7t 7)) oo AlsAw
thlA o-gustducine] WAE=T], o] 5 w5 FolnH
ol 2549l BA-o] Eolos AL wolgte MEMALY
715l #HAT Ao g FZHh(Finger &, 2003).

olX& w7t 7)o T kgt ko] Ao
Ae Aol oz, 552 Ao Fa3k dTE Hds)
= Aoz A 5 AQd 7)ol w7t 2t
719 txe] dEie A3l dERlAl ¥
Ak Alste]l fhefdhs o] & FEE wZMIE doj=
£ Aoz EsAut duk, &b, 2HAuks '
sk ulZ gr)7h oh e 2ol EAjdhe Rae A
o] glt}. 53], elA2 vz} dAe dAE e A
712 w)7ke] Azl v Fa3t ATE sl B}
NAo|A] w7t ZhF71e] EA] of e} Tlgel wisiAlE
il wl gloh, 2ejme B odFolxe EliAlelA] T
7k Zhr71e] EATE ERlsle], n|zhEll] AT 2R
o AE)F 715 Wil s Algskast gl

H

E ATe st Aas AdsEe1dsle] sl
= 4 5, 93]y 2SS ew 43 Hooh A
FE2 AT 45-6042 47 Sprague-DawleyA] 31 (4]
el tfehl=n)E s Hisha Aol AdEE8
29 =5 AruA FHEshd 9717 Ak
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z3 9 *g

AFAZ] LEE 9] APsas oAlstekaE A
Aok sollA] SlAAZ] & FA] sef ofsiAlE AAlS)H
ek, AARE 222 A 100% AE7tA2 23 A7)
3 dgoz P77l N-2-hydroxy-ethylpiperazine-N-2-
ethane-sulfonic acid (HEPES) $-Tyrode&<4 (140 mM
NaCl, 5SmM KCl, 1TmM MgCl,, 1TmM CaCl,, 5mM
Glucose, 10mM HEPES, 5mM Pyruvate, pH 7.3l 2.3+
sttt von Ebner E}HAl-S 7] $|s}e]  vibratome
(vibroslice, Campden, 3=r)s o]&3le] & ATt
212 von Ebner E}iAlo] E3kE]x=E 500~1,000 pm
AR ZAepiglet. depd AAs S drle® B
s von Ebner B}Al F-9luks AAlste] A A8l

sl-golol] w2s}gich

RNA ¥

Fe)®l 23S H47](Wheaton, 7]=)e} 283} 2147
(Vibra cell, Sonics & Materials INC, =|=)2 ZA] H
< %, QIAGEN RNeasy Mini kit(Qiagen, »]=7)Z RNA
5 F=3190t}. 2%l RNAE Bioanalyzer 2100(Agilent,
ul= e o]-ated ShHAS Elskaict.

i e

42 7142 CodeLink Rat Whole
Bioarray®} CodeLink Expression Assay Reagent
Kit(GE Healthcare, »|=)g °]&3sl] 33t =
g RNASH AlzAlellA] Al Htelg]o} =7 RNAE
AolA 42°CellA] 2217F st PA A (reverse transcription)
-8 B8l UAb ©hAl cDNAE A|lz3HYgr). o] & 37
uhgol o8 16°CollA 2A17F 53t TF W= 53l
Al ¢cDNAE AlZ313}. o] QIAquick PCR Purification
kit(Qiagen, "= )& ©]-&3le] L2k & 37°CellA] 144
7} &<t in vitro transcription -85 F3l| biotin®-# 3
2% cRNAE <13tk RNeasy Mini kit(Qiagen, @)
£ o|8sled cRNAE AAIgE ¥, 10 ug®l cRNAE hybri-
dizationol] ©]8-3}ict. Hybridization -, vw|5-o]zo =z
7%k cRNAE AlAste] A|AgE F, streptavidin-Cy5 2
TS 9F3A]71 ¥, Axon 4000B(Axon instruments, @
)2 scanningdlo] dlo]E]E AUt ©]F GenePix 6.0
o2 7+ ARl tiglk doleE Aakstslaict.

Genome

o zA 3 g4

Ag5ES urethane AT kg & 1.5g5 &
stod fr=sl AHAIME Slellx 4 545 =FA1A
2AAS E5fo] peristaltic pump (Gilson, =)l 17
H 19 gauge vls= AMY3ka, 1:209 heparine] A7k
H phosphate buffered saline (PBS; 137 mM NaCl, 2.7 mM
KCl, 43mM NaHPO,, 1.4mM KH,PO,)# PBSe] *

9l 4% paraformaldehyde gH-2 F=AlF<] 2 v} A
w9 ko7 FFAZ AR AE B 22+ A
3 & =2] 3¢} oFslAlS A|ASkL, #ollA4 von Ebner
el A} ofsihal AZAEZ, QAFFE 29 =24 Ad
& wojllo] 2 Sllog 34 Sigict wAH =2
< slehdol Zelsled 4 um A9 24 3EE Alte}
ek, 22 3RS vzt Eo] GXPIA a-subunitt] gustducin
(G,gusty®} Phospholipase C &2 (PLCR)E EolFoz
QA= &7 l(Santa Cruz, ml=)ek HE&A17)aL, &
7] GAE QlAlEHE ulo| 9ElskE 94 dkA|eH(Vector, v
=), streptavidin-peroxidases TAIHZ WESA|Zh 3,
3' Diamino-benzidine® 2 1 ¥-§-5 ¢ 07|31 hematoxylin
o7 YRS 3 F, xylene®® F3}slo] E-600
333k&lv]7 (Nikon, )02 #slgict.

|

RT-PCR
RT-PCRS oA Ake} PCRE 3} HlS oz F335l:=
Accupower RT/PCR PreMix(Bioneer, T3Hl=)E o]&

lu

L

=

sted 35k 1 pgel RNAS} -zt So]Z 9
primerg RT/PCR PreMixe} 41 §, Gene Amp PCR
system 9700(PE Applied Biosystems, =|= )& A-8-5lod
42°ColA 60, 95°CollA 5oz oAl Hkg-& 3 F,
94°Col|A] 45%, 45°Col|A45%, T2°ColA] 1H-o] &
40 7] S o] w) P AT E LifolA
FZ3F RNAS AFE3sIedct. odoj#l ¢cDNAE 2% agarose
geloll4l A7193% 3k 3, ethidium bromide® <343}

Ashe salsisict.

AZA L 17

2% von Eber EllAl o ofshal 225 Alzufolg-
7] (Falcon, B3l #7 100% Akrkez 23} A]7])an
oJg-o g Yzkr]7l HEPES 2 Tyrode -&ofo] .33}
Art. odofzl EfelAl A 7120000 WHHE HILE
pH 7.4¢] HEPES ¢ Tyrode 2ol =<l 0.4 mg/ml
trypsin®- & 1547}k, 60 U/ml collagenase2} 2 mg/ml trypsin
inhibitor £3-gN g 10¥7F 37°CollA] FARH o7 A
Slo] TRUAE = AXAZTS A3t doiF Az
medium 199 (Sigma, ®]=7) vljofelol] o 5% o]iksiek
4 wljel7lollA 37°Col|l Hslar S5 Ao ARESIsict.

Ca" A= Fql

w+elE AZAZAA A=EHE U AZ o e
ol x| WilE o] Fxwol WHgsled FHe W
+ fura-2 acetoxymethyl ester (fura-2 AM, Molecular
probe, "= )% olgste] FAsIgiAt. 2 =45 10
uM fura-2 AMe| So}3li= 500 ul HEPES 2% Tyrode
Gllof] W Aol £ 6032 EEA AE R
Fotsiet. 2 AI7F F FAd 2k fow 33] Al
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gk F oA Aol wiekste] AlEZue] fura-2 AMO]
fura-22 A= =5 3130}, Fura-27} F9% AZAZE
Cel-Tek (BD Biosciences, W|=)22 = ¥3t A&z}
cover glassg ©]-835fo] Alzkel £ 200 ple] £7]ol &
7 AE7E wfek 8719 wiEtel FAEEE sla 33E
v]74(TE-2000, Nikon, YE)& ARg-3le] A},
Fura-2¢] &35 WA4]7]7] $1sted Xenon A5 3
oz @ W 3bd A8 (DG4, Sutter, P1F)E AHES
o] 340 nm ¢} 380 nm7} 60 Hz| HI= 2 wofE v]F=
= stk o] Aeldlol <lstel SuE FFL 510 nmel
4] Eolx CCD camera (HQ, Roper, ¥E)Z FAS o
o] 4ol A3l

nlzt Z1g7)e] A=EA2A 20k quinine, cycloheximide,
denatonium, phenylthiourea (PTU), sucrose octaacetate®
AR AL, ok saccharines ARESFY 0w, kA o
Z AFEA 2= carbachol (CChys ARE3IATt. oozl
34 <442 MetaFluor (version 5.0, Universal Imaging
Corporation, ©]=r )5 AR&3sle] F-43513]

AR Aok B3 wAgE AE AlLslae vl
Sigmarle] FAE S o)k AL AREEHA

A AA

von Ebner ElA17} ofsiAlollA]l W =ls m]7t 2147
FAAE A7 9l8ked, CodeLink Rat  Whole
Genome Bioarrays ©]-8-3 -+%2F microarray A=
FRsloint. =3, 2T o g AZAE FHo ZHxA
= Ak Ade] ARE =Alo] A Ao gt
A & EelE=A 2klsh] $15ke] von Ebner BRelAl
o] A ARk W A=E microarrayell 4] 218kl
th(Table 1, Fig. 1). A WA 3 =<l VEGP1
(von Ebner gland protein 1) von Ebner E}§Alolj4]
ofshAl Bk of 3w, S5 Rt of el F=A W
Asjict. 7 A 4] FFAR] VEGP2 (von Ebner
gland protein 2)= von Ebner El}Alof4] <ls}Al W=
oF 4, A Nvke oF ol E=A HEEd o]
gt AE Sote] - AFo] AR 2Ao] e o
A el E = Elskodrt.

von Ebner EfAlF} ofslalol4] Wizt Zhr7]e] A=}
o Wk e AR $ske, ARk A Azl A
ulzk 2] gARAe] e AmE ERlsdn. Ak
Z Aol A28l CodeLink Rat Whole Genome Bioarray
ol oo 18 w7 7] Azkel 84 23 w7t
A7) AR E 23Ee] 9ISl (Table 1).

Table 1. Taste receptor genes and marker protein genes of von
Ebner gland examined in microarray analysis.

Protein Gene Ge?nBank
accession number

Taste receptor, type 1, member 2 Taslr2 AF127390.1
Taste receptor, type 1, member 2 Tas1r2 CB771131.1
Taste receptor, type 1, member 2 Tas1r2 AW143851.1
Taste receptor, type 1, member 2 Tas1r2 AI011510.1
Taste receptor, type 1, member 2 Tas1r2 AF127390.1
Taste receptor, type 1, member 2 Tas1r2 BG374977.1
Taste receptor , type 2, member 1 T2R1 NM _023993.1
Taste receptor T2R5 T2R5 NM 023996.1
Taste receptor rT2R6 T2R6 AF240766.1
Taste receptor T2R7 T2R7 NM 023997.1
Taste receptor, type 2, member 13 Tas2r13 ~ NM_023998.1
Taste receptor, type 2, member 14 Tas2r14  NM 173336.1
Taste receptor, type 2, member 41  Tas2r41 ~ NM 139335.1

Taste receptor, type 2, member 105 Tas2r105 NM_023999.1
von Ebner gland protein 1 VEGPl  NM_022945.1
von Ebner gland protein 2 VEGP2  NM_053574.1

350

300

g

Fluorescence intensity
Arbitrary unit)

VEGP1 VEGP2

Fig. 1. Expression levels of von Ebner gland marker genes. Mes-
senger RNA levels of von Ebner gland marker genes were mea-
sured using CodeLink Rat Whole Genome Bioarray. Values are
expressed with arbitrary unit representing relative fluorescence
intensity. Filled bar: von Ebner gland; Gray bar: submandibular
gland; Empty bar: muscular tissue around von Ebner gland.

13 w7z 247 §32:2 F AF127390, CB771131,
AW143851, BG37977> von Ebner E}§Alolu} 2tslAl
of Al ZH2A Mt 2 W oA} =& WdS Byt vk
AIO11510%+ AF1273902> von Ebner E}dAl3} o}slAlo]
Al EEERARG G st 5] ddEs Bodnk
(Fig. 2). 53], CB771131-> von Ebner E}eiAlof|] o}s}Al
oy} Z5uch A 2 T wEE Ry
o w7t 27]% von Ebner EfiAlol4] Sold oz
e AL o UdTH(Fig 2). 28 vzt 747

Jo nf L
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g & 8 8 3

Fluorescence intensity
(Arbitrary unit)

8

AF1273901 CETT11311  AW1438511 AlID115101 AF1273001 BGIT4QTTI

Fig. 2. Expression levels of type I taste receptor genes. Messenger
RNA levels of type I taste receptor genes were measured using
CodeLink Rat Whole Genome Bioarray. Values are expressed with
arbitrary unit representing relative fluorescence intensity. Filled
bar: von Ebner gland; Gray bar: submandibular gland; Empty bar:
muscular tissue around von Ebner gland.

A=k 5 NM_023993, NM 023996, NM 023997, NM_
139335, NM_023999% von Ebner E}eiAle]u} ofshAlel]
Al ZExAEc 2w ol &= WS Byl vk

Table 2. Primers used in RT-PCR and expected product sizes

NV_0R30E0 1 NM_OZ380G 1T AF2M0TEET NMLGR39OT1  NM (R38BT NMUITIENET  NM_IZ8OE1 NM_0239E 1

Fig. 3. Expression levels of type Il taste receptor genes. Messenger
RNA level of type II taste receptor was measured using CodeLink
Rat Whole Genome Bioarray. Values are expressed with arbitrary
unit representing relative fluorescence intensity. Filled bar: von
Ebner gland; Gray bar: submandibular gland; Empty bar: muscular
tissue around von Ebner gland.

AF240766, NM 023998, NM 173336+ von Ebner E}
N} ofsiAlellA] ZH2A Ut YAV FUE T
S ¥ odrh(Fig. 3). 531 NM 023996, NM_ 023997,
NM 023999 Al 712 +#4x-= von Ebner E}§AlofA]
ofsfilolvt Z5url A H& 57 WS B9
o} (Fig. 3). ©]213F A3+= von Ebner E}iAlz} ofshAl

Gene Sequence Product (bp)
Taslr2 AF127390 iilriisseense g’?AG I::IFGA TCA;‘T(I é:f "I"GAAGCéTCGTCCGTTG C 432
T BT SR GeTATTCTCCTCATCCCT 152
Tl AW S CAGAGGAGG GIC GGTAT 7
Tl ADUSO O GGGCTACCCTCA TOACTCT 2
TR AR O 6 TI0 066 TAG TTA GGG o
Tl BGVTI O GATGAAGOACCAGGAAAC 192
TR MmO AGCCCTGMTOCGACTTG 50
TRS NG O hGGGACTAACA GAC AAATGAC 7
TRG ARG AGTGACTGGGAGGCT AAA i
TRT MmO AAAGGC TG AAG GGT AGA w1
T3 NMOROS O A GATTAG CAG GAG AR A 140
TexisNMITGS O G AGT GAGTIG ATG GaT s
Tl MBS A AGG CAG GAT GGG AGA 152
Tas2r105 NM023999 Se@se GAA GCT GGG CTG GGA GIT 271
Antisense AGA TGC TGA GGC TGG TGG
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oA 18 3 29 w7 ok B e, Bep
A ke DA 46 EAT A4S s

RT-PCR

FAAE Aol A Bl w7t 7)o WEAEE o
A5 A5 R 7] $lsked Table 20 g2]%l primerE
o]&3le] RT-PCRS Faatgdet. 18 w7t 247 f4
A= von Ebner E}YAlolA] 4] wal=]glon], o514l
oxe Aol wle] ElEx] dSke(Fig. 4). Wb 29
vzt 7=7] 4R von Ebner EFHAIF} <)}
= W] ApolE MolA] Skth(Fig. 5). ]
von Ebner E}BAI} olelAlel w)zk 7M47)7}
von Ebner EllAT elslAloll EAlsl= =2
TE27E Aoz} Qg5 Mot

2y
2
fr >

,d
1:1\‘ m
i
lo

HezA3st |44
w"rﬂx} 443+ RT-PCR

F717h ddErhs A salsiglet. vl g1 &
xH o]HE Ao 7 39|51y 9 chlA] Zx)

R 772 Edjo] ellalel] vt

AF127390 (4a32) CB771131 (182)
S—VEMSMF- —VEMSMF’
- = E -

== —| E ==
== SRR = F B2 -

AW143851 (297) A1011510 (241

w VENSHE || - VEMSHFue
- = |= g
:= 5“"-'-': ‘: P -..p-_=
— aE = - -

AF127390 (288)
-VEMSMF

—-—
i Jnmal

BG374977 (193)

S
Cr e
L

|

-

m

==

| 12

=

VLI €
(R

i

Fig. 4. RT-PCR measurement of type I taste receptor expression.
Gene expressions of type I taste receptor in von Ebner gland (VE),
submandibular gland (SM), muscular tissue (M), and foliate papilla
(F) were measured with RT-PCR. Expected size of PCR product
was shown next to the GenBank accession number in the paren-
thesis. Arrowheads indicate PCR products of exact sizes. Foliate
papilla was included as a positive control. Arrow heads indicate
PCR products of expected size from primers. Size markers of 500,
400, 300, 200, and 100 bp were marked with bars in each data.
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N
Fl‘a,o"ﬁ
ir\riﬁ
Li
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n:ZiJm
J?&é
o 2

(]

-
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Ry
o mfu ot

b o7 ZAEIATE. von Ebner Elel i-‘Jr
1o slelal Adeld Gogustet PLCAR FAZ ol
2 5}sld NS 3} 7%,]. -Cr ZA E;‘f—oﬂxi

BNk
fot
o _IO[A

i

ol
o
&
l'iE.l
12

PN

o|2{gt ZZZ von Ebner EfiAlZ} oF

NM023393 (as9)
- VEMSMF

NM023996 (a75)
- VEMSMF

AF240766 (349)
- VEMSMF

NM023997 (451)
-~ VEMSMF

LLL

NM173336 (349)
-VEMSMF

.:mlk

NM023999 (er1)

3

ORI |
T

I 11
2l
L

NM023998 (140)
w - VE M SM F
- VEM SM F

3-
-
[ NM139335 (1e2)
-~ VEMSMF

Fig. 5. RT-PCR measurement of type II taste receptor expression.
Gene expressions of type Il taste receptor in von Ebner gland
(VE), submandibular gland (SM), muscular tissue (M), and foliate
papilla (F) were measured with RT-PCR. Expected size of PCR
product was shown next to the GenBank accession number in the
parenthesis. Arrowheads indicate PCR products of exact sizes.
Foliate papilla was included as a positive control. Size markers of
500, 400, 300, 200, and 100 bp were marked with bars in each data.
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Negative contro

4

[N L

VEG

SM

Gagust

Fig. 6. Inmunohistochemical detection of G gust and PLC/2. G gust and PLC/2 were detected in foliate, von Ebner gland (VEG), subman-
dibular gland (SM) by immunohistochemistry. Primary antibody was omitted in negative control. Scale bar: 20 pm.
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Fig. 7. Ca™ activity in response to b1tter taste in von Ebner acinar
cells. Representative change in Ca’" activity in von Ebner acinar
cells (A). Quinine and phenylthiourea(PTU) elicited increase of
Ca™ activity, however cycloheximide(CHX), denatonium(den),
and sucrose octaactate(S8AC) did not. The changes in intracellular
Ca™" activity elicited by quinine and phenylthiourea (PTU) were
dose-dependent (B). Relative response in B means percent change
of response elicited by 1 uM carbachol (CCh).
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Fig. 8. Ca™" activity in response to bitter taste in submandibular
acinar cells. Representative change in Ca’" activity in subman-
dibular acmar cells A). Quinine and phenylthiourea(PTU) elicited
increase of Ca™* activity, however cycloheximide(CHX), denatonium
(den), and sucrose octaactate(S8AC) did not. The changes in
intracellular Ca®" activity elicited by quinine and PTU were dose-
dependent (B). Relative response in B means percent change of
response elicited by 1 pM carbachol (CCh).
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