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Development and Functional Transition of Taste Buds in Mice

Chiduyo Kacawa', Kenji Ousuca?, Yoshiei MuNakaTa? and Yasuo SUzUKD®
! J

The expression of mouse (C57B1L/6) taste buds and their function were examined to
assess the chronological order at an ontogenic (from the fetal period to birth) employing
level molecular biological and immunohistochemical techniques. The T1Rs family, a-
gustducin, taste receptor mGluR and PGP9.5 were used as indicators of the taste func-
tion.The formation of taste buds began in the fetal soft palate on the 14th day in the
fungiform papilla on the 16th day, and in the circumvallate papilla just before birth.It
was suggested that the T1Rs family developed ahead of taste budformation. mGluR and
a-gustducin participating in taste transduction develop in the fetus at 14-16 days ex-
cept in taste epithelium of the soft palate. On the appearance of taste buds, PGP9.5,
a-gustducin, and, mGluR appeared in the mouse in this order, at first in the soft palate,
then in the fungiform papilla and finally in the circumvallate papilla. Furthermore. It
was suggested that it is effective for molar eruption in preparation for the same period

as taste function development on the tongue in preparation for the weaning period.
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VbR Tng o,

WHEZHFICEE TS G2 v BRERIZE
HICIIREHE L & 4 — FZER (mGluRs) A
b5, TOZEEKRIL—7 I/ BIZELILET

525 EROZECHG LTS vbh b,

R AITIE, WMo MiuERa 7L,
HRZEREHLETLICHE VI ETH D
a-gustducin W < B #E L TH D, T O
a-gustducin I3 EHEPL HEOZEFIZHEFKRT S 2
EDBHEN TS,

WREE OIS e, B R OSSR  o
ST, BT TR S SRR

V) — AL BFEEOSNVIIMEREEL T35,

HIMR R 2 A (M) cFAohTh
D, YFFZNEBOFMICLD X512 DIZHHE
Ehd, VF T RNEERTICARRRE v
T 2% DL B OIS T A & i,
H, YT ZNEE RO T, R &S
A LT3 IR L g h T s, Lid
? a-gustducin &AM T AR O R EZ K %
v —H—=THY, £, MAMRIIARERD v —
751 —T& % protein gene product 9.5 (PGP-9.5)
OYERTER I NS EPSE T B2,
PEDEIIZ, BMEDGTFA S =X LIZDNT
OEEREERNLR O hEL OMEN L ENT
WBEDOD, BKEDEK & 2 HITHED WHEEED
HWAE, &, HMOBLEOENEZ, BEH»S
AR A TRERAITFEMICRET L 22 S IR
Lok,

22T, AFETIE, WEDOREIZODNWT,
HE 46 U 728152 S feE B & MAR RIS DO TR
RI TN BIE %, HTEDERFE e
EFRHWT, v AKREZEROBBEABUC D1 T
FREERA 2 & WA 7% & THRRFIMICEAR S Z &icL
e

ffeC, BEFLHAOSHEMmE TIE, HOBKP
A, Y, HaEICEMPECEEEALND
DT, POFTHARDL & IRFESZ TR DO BEREFE B
L 72,

v A (C57BL-6) DWE & Z OBRED B4,
TR & AR ONEL 73 TP b & O %RE
MR ORM AR L TR L7, WD

(2)

2011

T1R1:
Fp
RP

T1R2:
FP
RP

T1R3:
FP
RP

(in Ex4) aatggacctgaatggacctt

(in Ex6) aggagaggaaaatggeaaac

(in Ex4)
(in Ex6)

geaaccagetettettegac

cggeagaaacaggagaagac

(in Exb)
(in Ex6)

gtgecagteteccagtgtic

gtgageecattggtigitgty

Fig. 1 Nucreotide sequence primers used for PCR

HEOBEELLTIE TIRs 7 7 3 —,
a-gustducin, WKEZHHER TH % mGluR &
PGP9.5 #fiH L TH I & -7z, WEDEKI,
ROZFH 14H, FRFAWA16H, HIHILE T,
WARNCHEE 72, TIRs 7 7 3 U —i3, WKED
ERENBANHIREL 72, BROZICHWTUL, Ik
DEPIZBEE TS mGIuUR L a HFA N T a—V v
DORBAEMAE14~ 16 BICHEFEL 72, WE&HRD
FRIRONERF L, WE, PGPI.5, «-gustducin,
mGluR ZH-Fh, WIZE, HRIAE S&EIC
AERFLIRICHIR U 72, KE O & 7 T IS,
WIS 2B RS 5 2 &3, HEFIC
WA THMTH 5 &mBIhi,

M ETE

1. EREY

FEREIMNICIE, S5EEmOMEE, o2 (B
Ko vrih, ®a) K108EEH 9 T ) v EET
AU, BRESH~EH2IHDO T Y X & KRS
IEERR L THEB L, gk, EBRIZH2-T
FHEPMKREEHYEBRREDOERREHFT, BPK
L REEEIES & M L TIT - 7. (B EBREF
&S $525)

2. 5 *

1) W& RS OMBRFMRES

RSt X H =411 A 6 4 %18H £ TO <
U A H 6 0% & HARIL 72, FRHLL Z280KHE,
4 %37 KN LATLTE FEERK 0.1M U v iBiE
i P A K (PBS pH 7.2) ICCIAMRX ¥, 4°C
TR RIREEE L 7=, WER, WEICnT
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Fig. 2 Developmental changes of taste buds on the soft palate in C57/BL6.
F-14(a), F-16(b), F-18(c), PN-1(d) Bars : (a) : 20um, (b) : 30um, (¢) : 30um, (d) : 40um
Abbreviation : F-14, the 14th fetal days ; F-16, the 16th fetal days ; F~18, 18th fetal days ; PN-1, the
postnatal 1th day.

LA — K, 285 7 4 YEEETD, 3T —
LI2XB5 pum OEYYI T A/EBRLL 72, YU
HE @ AT > Th 6, & LROFBMMOEER
2k & SAMEREBIE U 7=,

2) BIETTMZEER (RT-PCR %)

7 7 ZADWE D mRNA % &4 OIRHHIC
AL (Quick Prep ™Micro mRNA Purification
Kit, GE Healthcare, #5{), RT-PCR%IZLDH
3D cDNA Wi %4372,

72, P TR AT O L2 T o5
IRl #E 7 7= 0b, B b, SRR & R EREE 2 5

(3)

mRNA #Zh 2 U TEEET - 72,

(1) 794 ~—0D%E

RT-PCRIZFHWAET 54 ~v—1F, TUAD
TIRs 7 7 3 ) —® T1R1& T1R2 & TIR3DIE
HEFIHLT, 7+7—F- - T54<—(FP)
EYN—2-75 47— [RP) BEEIL 7= (Fig. 1),
Kk, Ihbid, RENe T 22 5L, Wih
gLy 1OD4 Y bavEgh L IiE
L7,

(2) PCR D&t

a2k 8 HUIBE DT, #RIOZRE A & flith U 7=



Fig. 3 Developmental changes of taste buds on the

circumvallate papilla in C57/BL6.

PN-10(a), PN-15(b), PN-18(c) Bars: (a): 30um,
(b) :30um, (c) :40um

Abbreviations : PN-10, the 10th postnatal days
PN-15, the 15th postnatal days ; PN-18, the 18th
postnatal days.

(4)

Fig. 4
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2011

i
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Developmental changes of taste buds on the
fungiform papillae in C57/BL6.

F-14(a), F16(b), F-18(c) Bars:(a):30um, (b):
20um, (c) - 40um

Abbreviations : F-14, the 14th fetal days ; F-16,
the 16th fetal days ; F-18, the 18th fetal days.
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Fig. 5 The time line of expressions for TIR1, TIR2 and T1R3 family in soft palate (A) and the tongue (B),
Control : (C), Marker : (M). Arrows indicate T1R1, TIR2 and T1R3 from left to right in each photo,

respectively.

i 107

PN-18

F-16

CM 123

CM 123

cCM1 23 12 3

Abbreviations : F-8, the 8th fetal days ; F-11, the 11th fetal days ; F-16, the 10th fetal days ; F-18, the

18th fetal days.

poly(A)*RNA (2%} LT, One-Step RT-PCR Kit

(136232861, QUIAGEN, HE) % T PCR
2T o7,

9B5CSHDRT 247> THh 5, 3044 7LD
PCR 21T o7, &Y% 4 2 MI1395C% 1743, 58~
59CH7 ==Y o %& 14, 72C%273& L7z
Gk, 7= UIOBREER, PRERIZLD
58~59C& L7 (K1),

(3) BXRWHN-L2 PCREMIDAI ) —=V

PCR EMITH % DNAWH I, 7Ha—27 0L
BERAEZ & > THEEL, HHO TIR1 (547bp),
T1R2 (600bp) ¥ & U T1R3 (421bp) © DNA WiF
AR L7, BBBRUKENICE, 1.5% 7 a—
24 e TBE (Tris, borate, EDTA) /3y 7 7 —
W,

(5)

3) R

MR ET & ARk, FRERE, &, D2
HL, EE, Bk, SEEfTVETyR 2/ER L
ey

a-gustducin & mGluRs (metabotropic
glutamate receptors) DIFEEME T 5 729 1T,
anti-a-gustducin (G egust, [-20, Santa Cruz Bio.
Inc, USA) & anti-mGluR4 (H-40, Santa Cruz
Bio. Inc.) & —&bithk& UTHAL 7=,

BRE O MEIRO MR AR T 2 72912,
WD —H — T anti-rabbit IgG 12 &k 1%
fTo7z, 51, WHiaO MM (b B 0idos
F=a—uy) EHERREEROEEIZED S D
TAEE ST 5 72912, protein gene product 9.5
(PGP-9.5, RA95101, Ultraclone, USA) Z{#H L 7=,
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Fig. 6 a-gustducin immunolabeling in the mouse soft palate (SP) fungiform papillae (FP), and cicumvallate
papillae (CP) at different age of the fetus and postnatal. Bars : 20 u m fetuses of SP : 30 um fetuses of

FP :50um

Abbreviations : F-11, the 11th fetal days ; F-16, the 16th fetal days ; F-18, the 18th fetal days ; PN-10,

the 10th postnatal days ; PN-18, the 18th postnatal days.

Table 1 Comparison of expressions for the gene families of taste receptors, gustatory proteins and dental
eruption during development of the mice.

Expressions TB Receptors Anti-Gust | Anti-mGluR PGP 9.5 \
ep T |MRTIRTIR gp| T |qp| T || T |DE| Remarks
Stages (days) cp|rp| 1|23 CP | FP CP | FP CP | FP
D B e
= 11 - | - flx+]-1-]- - =1-]1-]-1-1]«
g 14 sl i e B =0 e B il e I il e B Bl e il
& 16 +l=1+|*|+|+|[+]=] ]|+ |[+]=1+]|—
18 ||+ | 2]k | % | 2|+ ||+ |# | % ||| +]|= =
o S T T S o R I N I N B S B S AN N S B | &
& 5 T S S I N (N I I S S IS AN N N A B g §
g; 10 S I e I T T o T TS IS A N (S (S gg
g 15 T S I (N N I I S B S A B N (N (S .
3 18~21 + | + I IR TM | WP

*

** : Teeth germs were recognized in the fetuses.
**% : Molar teeth were erupted and the total number of taste buds on the tongue was prominently increased.

Abbreviations : TIR1, T1R2 and T1R3, T1Rs family related to taste receptors ; TB, taste bud ; SP, soft palate ; CP,
circumvallate papillae ; FP, fungiform papillae ; T, tongue (fungiform papillae and circumvallate papillae) ; Gust,
gustducin ; mGluR, metabotropic glutamate receptor type 4 ; DE, dental eruption of lower incisors ; TM, complete
maturation of teeth with molars ; WP, weaning period.

(6)

: The stage for the figuration of palatal concrescence and the tongue emergence.
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Fig. 7 mGIuR immunolabeling in the mouse soft palate (SP) fungiform papillae (FP), and cicumvallate
papillae (CP) at different age of the fetus and postnatal. Bars : 30um fetuses of SP : 40um
CP and the postnatal of SP : 50 um in FP.
Abbreviations : F-11, the 11th fetal days ; F-16, the 16th fetal days ; F-18, the 18Th fetal
days ; PN-10, the 10th postnatal days ; PN-18, the 18th postnatal days.

—RARDORIRE, WIh g 4°C T4/ RIE
XHTIT, PR, anti-¢-gustducin & anti-
mGIluR4D — X Fifh & L T3, 20065 % RO
Alexa Fluor® 488G FZ THEFH L 2 v I H v+ ¥
IgG Pifk (A11008, Invitrogen, USA) % 4°C T24
MRS X ¥ 72, F72, PGPO.SEEGBO _RIiA
E LTI, Cy3lE#E Y 3 v ¥ X G iR
(Jackson, USA) #50f5&HR L THAL /-,

TURAR & DB, PBS HEE AT TS,
VECTASHIELD Mounting Medium(VECTOR
Laboratories Inc, USA) IZTH A L, HFEMER
ISTREEL 7 Ak, YR OBkEl K OHUADOR
FUZ1X0.1% Tween 20 (Sigma aldrich Japan, 3
) &HD0.1M PBS(pH7.2) &7z,

3) AR & BT RO R

I =TI KB REFHDHICERR L 72, HES8
H~HZE#IHETOYT XA TEHBEDO T v 7 X

(7)

BWEBHEAWKT v o 2 HBREMEE (Sofron,
SRO-M40, ) 12X DIRFL 72, WM& HFE,
15kv (1.0mA) TEHBRE2~359& L7

b R

1. BREOHIEEFH

1) OBOKRE

HROZE T, FRAEI4HATHR 2 6 BRIZHKE DK
e E 0 (Fig. 2a), BrAE18~20H TIHIHKE 2R
B 7 5 2 DR & 1 lz (Fig. 20). &
BIH T, R (KREOMEE) KRUSKREOM
Ha X AN LT 7= (Fig. 2d).

2) AFLIADOKE

BT, BEIS ~200ICH 0T, WKRE
DFEFE AL I T3 FEER AL N, R
1~10HTiE, 2EORMEWEOFIEIEIE
X N7 (Fig. 3a). EHITRIZE, REAL 22KE
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Fig. 8 PGP9.5 immunolabeling in the mouse soft palate (SP)fungiform papillae (FP), and cicumvallate

papillae (CP) at different age of the fetus and postnatal. Bars : 30 u m fetuses of SP and FP :
40 um CP and the postnatal of FP : 50 um in the postnatal of SP.

Abbreviations : F-14, the 14th fetal days ; F-16, the 16th fetal days ; F-18, the 18th fetal days ;
PN-1, the 1st postnatal days ; PN-10, the 10th postnatal days ; PN-18, the 18th postnatal days.

RRDHOMND LI, £HISHTIE, KA
L72IREDORPBEICEML (Fig. 3b), 41418
Hicik, BEk~ w2 &IZIEROWER R &
77z (Fig. 3¢).

3) HRFLBEOKE

HRILEOWE IIMEICHEIZER BB E D
(Fig. 4a), £% 1 HHICIZEBD BB E N2 D

& b7z (Fig.de).

2. TIRs 773U —D%H

TIR 7 7 3 Y —® mRNA OFRIRIL, [EFHD
RAEITHE L DO L BICHEET % 7= 73 (Fig.
5), OZFICHWTE, Witk 2ERL DL
FEL Tz,

3. a-gustducin OF3E

BRIZ T, «-gustducin D REHSREEL4H
IZRON, SHIBELZ =20 MOTTIEHES

FLRHE L=, BBELISH T, ThLIHT& R,

(8)

a-gustducin DO FEEAEE HBHEIL 7=,

HEFAIATIE, PRAEISHIZH W T a-gustducin
DREBEPRD SNz, T/, £1%10, 11IHEH»
5 DWREMOEMIZELY, a-gustducin DFEW
PR IGATERE X 17z (Fig. 6, PN-10 PN-18),

EHRIAE T, BRA16H I a-gustducin D ¥
AR & 7z (Fig. 6 FP F-16),

4. mGluRs DFH

BOZFETIE, BAEI4H XD mGluRs DEH KR
IBATER Eh, FRAE18H IZIE, BRILAGHEICFHME
LRI BB S iz,

HERFTETIE, BRAE18HIZ mGluR O BTEH
Eh (Fig. 7, CP) HIRILE T, RE16H »
5 mGluRs 0 [ [ 5 2 BI%% % h 7= (Fig7. FP

F-16) .
5. PGP 9.5 %31
WRIIZE T, BRAR14 1 DU K5 M0 B 53 8 a2
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Fig. 9 X-ray Photos of dental germs and eruptions during development of the mouse.
F-18(a) , PN-10(b), PN-(15)
Bars : 1 mm.
Abbreviations : F-18, the 18th fetal days ; PN-10, the 10th postnatal days ; PN-15,
the 15th postnatal days.

I,

HEFLIETIE, BE18HIT anti-PGPY.5I 4
RIGHERD 60, MOBHERIG 2R HlE, 5
A%108 DIBRIZEE®D 5 17z (Fig .8, F-18),

ERAFETE, MREL16H DREIZHIOEBERS
AN ifEs D 5 iz (Fig. 8, FP F-16).

6. EEOREH & EOE LR

Loy 7 AR KD TEHEE ORI AR S iz
DIFMEE18 HT (Fig .9, a), TZELTHR O FE MBS
FA%I0HTH D (Fig .9, b), EIEAAH OR4AA

ﬁ@uc éhﬁ. iﬂ‘i@%l5ﬁf%“)7": (Fig. 9, C)o
SRIOFEER?» 6135 N =245 R % Table 112%
iz,

z
v kR 25 E OWILET

=
&, WREA LA

(9)

DREIZFET SHEZEMIAU- LT S5,
Z DR EMIEEREA DB IZIRE L, %
NoOWBEIZL W REREFMI(EA S,

AR T, WEORE L KEDEEZ, PCR
RO T2 I k0, FERAIAYIC
Rt L 72,

TIR 7 7 3 U —DORBICET 282+ 1LEN

EEORBRICE T, BEIIHOEE?» S, 1K
HZAEAR GBIZT) ORBESHERTE 54, Ak
HEATIIWRE DK RD 6T, RSkt
KBWTERHEICHET s V30 H
a-gustducin ¥ § WK ZEEK T H 5 mGluR » i
REIhanTEhs, ZORETIIREHERILR
AL TOEVEDEELZLND,

FEET14H TREROZICHRE DB SRD 5,
X 512, a-gustducin, mGIluR & FH L T 7z,
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FRAE16H TIRRERIIAICEKEOELRD 5
N, X512, a-gustducin, mGluR & BIRL T
WBZEn6, ZOBIZIFERILEOWEIZE
WTHRBBBESKA L TEX L DEEZEND,
HEIETIZ, FBE18~20H (HAED1~ 2 [#)
KRB ORI RD bh, 7,
mGluR DREB LR SN,

PLE ORI R R ORISR B R E 29
5&, SHEELEIWAEOF T, BOFICE
WTR S PHICHRERESRAT 28D &AL X
7=

PGPI.5D FEIB AR A, SR L 72 3 f#
T OWRE %2 L€ il B T a-gustducin,
mGIluR O RBEFRBRAE R T35 Z &2 b5,
PGPO.SRBIBHMAIERIZ 1L, WRE ICHENIEL
REERIEENE E > T B TR E L b/,

v ZDWR, FRFIZEBT 5 PGPY.5 IR &
TR LR RES L 22282 sk B &, HRE13H
THFABEBIER I LY, KBEI6~17HT
BHALBENICHELIBE L, MAEBRIS,
PGPI.SPUIRIZ & 5 iFakMila s Elm & h, WAER
14 H PIBEIZRER < 7 2 OBEE & [[FZF D PGPY.5%Y
BIRERAEN D L END, KR TIHE, FRE
14H B3RO ZE OBRE VTN IC PGPI.5%HIE S
NEEEh, 72, ThLPEREOHEIBFTICH
3Zkh6, WENOHREE WS KDIZZ DR
IZh SRR (M) MEGR S TR
Zzo6h/(Fig. 7,8P), ZDZ &k, fe%E14H
THESKEICEREL TS Z L AREL, B4
4HBUBROKOZB TEHREBROEENTDH
hTOBEeEd RSN 5, 72, HHIAED
WREIZ W T IR L FRRD PGPI.SRERE
ERIAONZZ L5, FRAEISHLIRIZIZAE
FAFA BT ERRBEES RSN T2 TR
HARE X N7z, KL PGPSR ER R4
FLHb &, PiPGPISOBIERKOBZTREF
WREHICEIER S h, RO THIRALEE, AHFEHD
NEIZHH 2D Z ERHL 7=,

—%, SOZBOWEIZEET 2 HERIGFERD Z
NE TCORE? T, a-gustducin IZx T 3%
ERICPERFBADOZh L DS, 32215 <
PHMRLTEDY, KFEOMEL —FKL T

a-gustducin,

oW ok M

(10)

e =4
T [

2011

% (Fig. 6, Table 1),

TIRs 7 7 3 U —OHFKRFLE & A HRARIC KT
2 TIR1IORBBRE 12 DWW T Offge2» ¢k, H
RILFEIZ B A RIS E I BT 2 RBLD
<, TIR2DREBRE L, HRILEIZH T %
B & 0 BEHILIIZ I T B RO LIRS T
W5, 72, TIRIOFRHIL, 2 DO0OFIETHRE
DA<, TIRIRU TIR2E D 8135 »
IR BB B L a3 h b, REBROBRTIE, 3
DO TIRs 7 7 3V —ORBEEH L, HREHTIE
TIR3A—&F 5 < T1R2, TIR1DIEIZEE < MG L
720 HAERRICIE TIR1IA —FH < T1R3, TIR2D
NEIZ50 < R &R L7 (Fig. )., 2D &k
TIRUTIR3 " BEEPBEHRAZHFL T L Ih
BILEBREELSL L, NERIIYT ZDTK(T
I BE) ISR RS LY 5 T S ETREE S
Eriohd, 7, WOWHH & FREHIZRERD
BinssZ&nn, BEIABICHERL oL EHER
ffABD IR EINTHDEEDEARE S,

PYlozer»s, v 2T, WAL E CIlIoiK
MZEORFEARE AL, Fi o THEFLHIOEHKD
Wi oS & S, T2 B RR BB
T5ZENRHS M7,

b

AEERERY» 6, ROGE@wERF 2.

1. C57BL/6~ 7 A T, BRRAEIIHDEICE
W, HIK, BkOFEEHICEDH S TIRs 77 3 Y —
D mRNA RREBL 72,

2. WEDHBIIHER» GMEE D, WERK
2B % 1 PGPO.SHUARS MR D Y ER,  BRAEHE
gt 24 /% 2 B (a-gustducin) & Bk 2 & &
(mGIuR) 1%, ZORELHMET 2IEFIT, TKROFE,
HiRFLEE, AEAEOMETSH - 7=,

3. BMAIIHICKRREZERBE T IZRE LK
H5EHN, EWHICEETAIHEEY VNI ED
a-gustducin X FHEKZEE T H %5 mGluR T3
BL &0,

4. BRAE16HICITAEFPILIEE B TR A
HEL 0598, AFFLIETIE, l418~20H (H
A1~ 2 BN IZIRWEASHEEL 4D 5. PGPI.5
MR8 ~ 20 H IC A FRFLTE O WE MM IZ B E

8
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LTWwsZenb, ZOMAEIS~20HFTIS,
WRE ISR EET 5 L AL S5,

PEDZ Erb, =9 2TiE, WM E Tz
HIFEDOREMAE S RAL, Ho > THEFLIDE D
W ASEE & 2 RIS, IS d0 1 B BRIEAKAE 2 A
T3 EARRE NI,

E | B

RaEMEA IR, FIEHRBORIC ZEELBOF L
TR CUERRE 2 T AR B B BT BRI R EE B %
BHOBAERLET, £/, THMONE» S TREAEE
D & U 7= A ARHRE AR OYES SAE B 2 5 UNZ OB
AT AP R R BRI B 2 L E . 251, W
BEruvhiEL e ZBE &THE £ LR RBER#E DR
RERE I BN FIE R & 5 ISR REIT IR L WD
TEVE LA, DIEMEE S T O B 0 B,
R FEE A R N R ER RY o B O 3 A U5 1R < LR
LEFEd,

X 73
Elig—1
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