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FEHMSA R ZICBIT AR RS RDOIEL I ONZED AT =K A
(ZBE3 DT
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TSR ER G P e

B E ELCHIREZAET AWML, R 2 B THBRREHL TV, IR ZICHD L, XL R EO GRS
DNA OEHPEE TR EELFIET D, HENTE ICERINTEY ., BFMEmH RO HEENN EHZ Th ML H O Hsh
BIIRA MK T U1 7 ARRICIREZ E T 5, WRIZET 22N ETOMIET, HiEhKZ 1 EFE DR E RO
TUHE RIS PE DR T A E S CD, FHIO MK ZIZBI D e 58, EERICAIL B =5 iEh K
Z R DR LOBHREIC AL TIIBFZED e\, £ 2 CTHIGEE L, BRI IR EMEN —E L7 D 1 4 A ISHIlaO
BEACEH L BRI 2 N2 72 6 R LW B IO BEN K 2 2~ AT L, TR RS M 2 Mot SR CRl T R,
BRISHE  CTHERS BRI ME DK FNE LT, ZDZEM D, ARBFZE T, EHIMEN K Z RO RFRH, tRAfaOBEhRE,
BROBRMI S A 7 BN R RENAFAET D~ — I — 3 F o LTS A 7 R OB EZ TR 52812 8-> T, iR
DARFEAARRI 3D HSR K Z DFEEE AL T D2 HRELT,

C57BL/6J Sle v A 4 5 W6 6 8 MKHE A & EE4 B RIS 7z, MM E ENDINEICH R T 500
2 ThHDH, A COYEE S HOHENE BT D AT REMEA YRR T 5720 I N IC&EA R ELTZ, 2 b — LREEL
Tl &L HHRERESET, 6 BH%E. MESCTHEOERET LW o7 ROZAbE Mg oM 13 A B TL
TNWDZEERERLTZ,

OB R ZIKELZTRL TNDY YA (LT HEKZ <D R) OBRIZ)T D847 A 48 R S RE TR~ 7o
1,3 mM 7l (BRUR) (S DN R LTz, LU I ED DB IS DB A0 Bl 213 51T R B2 -
7o ZOEALZTRRES MR TIC X Db D0, BEZRIZEDE ODZ ALk Lo Tl ~7z,

~ T AD BRI DI E % Gk LTS R B O 7 = U BRI CIGA MBI 3 B 540723, 1, 3 mM Tl zZEN
72Tz, OBEIZINTH ARG E IO/ B2 2L ool

DN, SRR 152 AT, A EBFLEAD IR BLEE AT o 7o, BRI 2T DA RN BRARRa oD 2 1~
(ZHEGR R Z DN DT L2 2 TS, T AR A dEEh R Z ~ D AREL IR~ T ARE T L7z, Lo, il
BEO M CA AR OIS SO HEI ST b o Tz,

ZIT IV BROBHIFICEAL T 10 43 ISR ERA I T o7 5L, Hfn /K Z ~ U AL B ~ T AR D Z137e<
72ofe, ZIHORE RS FBURCIXEER K Z HRIEN 550 O OMHIE D FHT-CMAE HALERIZBIL TR ABID
BHEIE AT =KX N gD &R ST,

1.8 # B 2 BB R AMEITTHR D1 D ThHD, s iGHk

BIfE, QOL ZFH LR FSEMREFEITIIMERIC (TR EREEROHIEL T DNA RYAT—E X RNA AU A
DY, TOERD 1 HELTHINDRZHHHI TN D, T—EBRRET N5, 16 THENIIAOF 37
gL, ERNTE ORI T EL T2 2RENCE BRGSO TEERRE ZH-TRY, i r e
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A L BB 2NEFE THY | AR DRERLS AL DR
HITH SN B F I AFAET D, HERDKZ T DM
DAIVEDO Y | BRFE AR (R T2 2 LN T
IRHEBZHNTND, FERRICIRR B M Eh R
DRI DIRFEL T & SRR BE L T2V FH #H
mEh TG 2,

LU HEER R ZIZ KD BE R DIEIEAT =X LD
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B3 2006 bo> TELT A 213 S Tng
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BEETIC, MRZREBOBLELUTHEhE R Z S
BTy NI DRI LMEREDH LD SEM 125D
BIERSNIZLVOWENFAET D >, 7o, WK ZIES
FIELTZ T N IR D & — A — X — 73 100 B LA
FRERT ALV ZELAESN TS T, IR EDO LI
BAL CIELHiSR /K Z 7 N CAN bt 35 @i £ D NaCl 12
X9 DEAF A TTHE T HEVI ARSI TVHY HD
ZOREHMEDEACITR T % R Tlx e < N W e o
REICIDLOTII RO ELEZLN TS D, £, il
AR Z Ty MNEITERYE THOERY =— R x5 5
BENFFELEVOHELHY D Z OB EL TR
A a5 % T O SRR R 2 SUSTEIC LA AL
TODZERREN TS P, LinL, HighRZICHET
WD %LIET v Wb DO THY, igh/ R Z~ T A%
RO R ARZEDO BALE T~ T2 SCRIT A 7220,

AW TITHEN R Z v AEAERIL | HIEARRZNE
AU DR R S I DO LI DV TR ET TS
ZEEHMIEL,

2.5 &

ARZEERTIL, C5TBL/6] RALD~T A (AR, 5 M) (2
SFUEE R (3.13 mg Zn/100 g diet) E7/- 13K AEN £ (0.7
mg Zn/100 g diet) & 6 HHIFGEE 2L TER vV A, #

FhR 2~ AEERL T, RIS B ORAIELL FIZARL
(&), mMETIX—VONICeMEHE, Aa 0
PRISDOFSH AR IE I, Fio, AKELTKEARDIR
Pz milli-Q K% 52 7=, 2RI, 7T KB IR
ZEROBEIHES T ToT2,
2.1 MFFRREATE

EHE~UALHEAR T~ AL MR, Z O i iE
SR 2 ) T 5 2 & TSR K ZE D FEIE & RS L
77

5 mg/mL R 7 Z—)VENEVENICHR G352 L THRIH
FEUBAIE L= . DO~/ ZEA LTS 2R TIE
R AR DI MZIT -7, SbZiiki% 4°C. 5,000
pm T 20 Syl 0oL BiEE e, o
JV 0.2 mL (ZREER SR ER LK B2 M TME T HZ & TIK
b, ZRFEHELE S Y 7 L 2RI IAf# % ICP-AES
W Tz,

£ 1. (L)IKHESHEOMAE (F)IKESHEFIRT LV
mix DL

ek (RmEEEL) % =E/g
7T = o 33 4290
T AH T 30 3900
=k S 20 2600
3 A F /mix(Znik) 7 910
a—FA N 5 650
Erm—RNH— 3 390
of LIRS 1 130
B A S rmix(FEEY) 1 130
aEF 100 13000
#pk (2 & 7 /Lmix (Znik)) mg/100g =&
KH,PO, 1730 2249
CaHPO, * 2H,0 1500 195
CaCO; 13554 176.2
I— 2 AF—F 806 104.79
MgSO, * 7TH,0 800 104
NaCl 600 78
FeC¢H;0, * 5H,0 190 24.7
MnSO, * 4H,0 15.4 2
Ca(10;), 1.54 0.2
CuSO, * 5H,0 1.26 0.16
CaCl, * 5H,0 04 0.05
S3F 7000 910
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PR Z L DMEE DI Z DT D IS Ak
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~UADEE O.T.C 2y R Call- s, 77
AT RS NG FHLIAME D AT A REAER L 1=, ZD
ATGA A% T 0y X T —IRGUR, ZIRUEDIEIZK
JESHE B RL — BB TR LT, —IkBUARIC
iZ, TR~ — 2 —& L C Ga-gustducin HriEs <%
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3.% B

AN 6 MO A AT KV g R Z IR RRIC
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FEEE LT~ D R R O A G Hgh IR BE MR R L
TV (B 1), Fo RHESN AL/~ AT E
G2 E DR R Lo T HE8 R ZIE DJEIR E R UAE
RSN (K 2), 76T, AR TIEZ DO~ A%l
R Z AL CEBREI T T,

BN, FERIL 7 B R Z ~ 0 ADWE AL A7~
D7 48 W] RURIRFEBR AT o7, BRIAIRICITEEAR
hkE R HA70—A F=—%, MSG, NaCl, 7T
fe AT, ZORER, PR Z VT A T/ fE 1 mM,
3 mM ST DRl R T DLV B L bz, —
057 AMOBRE 5T DB A - ol BIL T g R Z D
AT R L7 (K 3),

BRESHR RT3 DR A, RIS 72 Cra< AR BRR
REDOEARE LS THIbEINDL BB RIS EA S
%, 2T, AR Z~IATHRLNZZ = 1 mM, 3
mM (2% 32 EalED T A EE RS O FI2 L AH 0
2, bLLITB BRI DL O R ET T 72,

PRI LI T RS, IR A SRR UK ~Me 2
HiLD, HENRZIZEVERILDE R E N> T AR
FRBE DR E CIENELDHE, ZNLEORRARTEIC
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(3]
=
(=]

—
=1
(=]
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1. AECHE SRR AR B 5 MV HE 0 IR BE 0D 281k (mean
£S.E. t test, *;p<0.05)

Zn-deficient (n=7)
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2. [RHEEN AR LD RO L (e IEH <~V A R R Z~ T A)

=
P
| |

Prederence ratio
(=] (= (=3
oo

Pa

(=1

NaCl concentration (mM)

sweet taste (n=06)

1 1
_5 08 - 0.8
£
w 0.6 0.6
=)

&
£ o4 - 04 04
&
E 02 - =*Znadequate 02 02
==Zn deficient
0+ T T T T T 0+ : : : T : 0+

bitter taste (n=6) 1

salty taste (n=8) 1 sour taste (n=7)
08
6 06
44 0.4
R 02
: : : : : : 0 - : : : : : :
1 3 10 30 100 300 0.1 03 1 3 10 30

citric acid concentration (mM)

umami taste (n=38)

0.8
06

3 10 30 100 300 1000 001 003 0.1

sucrose concentration (mM)

quinine concentration (mM)

03 1 3 1 3 10 30 100 300
MSG concentration (mM)

X 3. #hRZ LD~ ADRELEZEY (mean+S.E. Two way ANOVA with post hoc Tukey test, *;p<0.05, **;p<0.01)

%o TZT, IEW~ T ALK Z ~ T AD M THRIEEHE (F
=—X, MSG, NaCl, 7= ) |Z%f T DI B2 ik L
Too ZTORER, 7 BRI T DB LI 171 3 5L
HNIZb DO B ZITFBDOOLIRD o], F=—F MSG,
NaCl (2% 2B MEIE, EOREICB N THIZEALZE
LR RS2 -7- (X 4)

SOITHEEN R Z SRR R (SR A M E T A
P57 | G AT ORI OR Bl i L
720 HEEAR Z A T BRARIE S KD LU 3t e
ML — P —BAMERIC L OBIE TH AL R TEDITT

Thd,

CHVETITHEN R Z DREN RO > T IR, 3
B OERIT T AL T AL, SN RO LT Rk
IRIBHIE CZRESNDENIZERHBIL TS, £2T
AR KO HER R Z N G- 2 D BOREE N R 50T
FRNEE 2 | A HLICAFE T HME N O TR
A2 Z N E D~ ——4y 1T BmYsfais .
fada st Uiz, Lo, IER RS BEN /R Z BFEDO M T
AR oD MR Fs L OB BLEI A I B I A b e o7z
(K5, %2),
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15 - bitter taste 2 q umami taste

g =4=—Zn adequate (n=3) 15 - ==ZInadequate (n=7)
S 1+ =@—Zndeficient (r=3) —i—7n deficient (16}
2 1 -
=
£ g5 A
.;_3 03
0 +— p— . E i - 5 0 - = 3 SR ¢ L 2 : y
01 03 1 3 10 30 03 1 3 10 30 100 300 1000
quinine concentration (mM) MSG concentration (mM)

(]

sour taste

(]

salty taste

15 | =#—Znadequate(n=7)

15 4 =*Znadequate (n=6)

== 7n deficient (r=6} =fi=7n deficient (r=6)
1 A 1 4
03 05
p——_ . T
1 3 10 30 100 300 0.1 03 1 3 10 30
NaCl concentration (mM) citric acid concentration (mM)

X 4. HEHKZ DSRAFRRIL B IZ 5- 2 552 %8 (mean+S.E. Tukey-Kramer test)

Zn-adequate Zn-deficient
GUST CAR4 GUST CAR4

FEE overlay

PLC CAR4 PLC CAR4

FEaE overlay FEm A overlay
5. (_|)Go-gustducin (T AU~ — 2 —) & CAR4 (AR~ — A —) D BG4
("F)PLCP2 (I fHfa~—H—) & CAR4 (MK ~—H—) O " E YAl
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2. HHHKRZICEA T B LO M A E D254l

Zn adequate Zn deficient

Zn adequate Zn deficient

EHEMETERAES MM LSEM (e = 1H# U G IR EROER/ GG S i 2HREn

Ge-gustducin 4214020 (55.1%) 3.64%+0.13 (51.3%) PLCPR2 5.15+0.19 (60.0%) 4.9010.12(59.1%)
CAR4 3.35+£0.16 (44.9%) 3.42+0.10 (48.7%) CAR4 3.46+0.15 (40.0%) 3.38%+0.08 (40.9%)
total 7.56+0.29 7.06 = 0.18 total 8.61+0.28 8.28+0.16
ZZE TR O LT OV TRETL TE A8, I
IR Z ORBIHILAL REFONARN ST, 22T -
W, BEDRAEIEA A U AR I W ClRE S
L7 L i
ABFGE TR ELL TV Tl TR 5 o
¥
— &RV T TR O BB e L LU TR TR S Big | sosmmss
N5, F7-, 7T U BRI NICITHEREERE THDHT 2 —8-7n deficient
0

==V AT R T — R FETHIEL S
AVTEVHEHIRO R ZIZIV72A LI OREENAEL TNE A
BEMEDR DD, DT VU TRA BT HZ LI I AR
W CAEBRBERER 7= L IR 9 Dm8 4% EARSH
EVHZ LB Z NS, £ T, AR TABTE AR
772Uy HCL 2R E S U CHV, 7= BRE[RIERIC 48
IRFfH] IR EBRZAT o7, TORER, 7= U TRD
NI HER R Z I LD 2D RIT RO T, IEH
<AL FREICHEN R Z ~ T AL HCLIZK 95 bt a7k L
7= (& 6),

IHIT, 10 A ISR ER AT 72, B% AT
B TR 20 0% DAELDHEE b TNATD,
DFEBRR TIIEBNREYRT HIENTED, BLER
RO BICIV 7 = O Bl ERL ThzETh
X, ZOEBRARTITET ORENELNLITT THD,
FRAEATT2L A, 48 FFfH] B IRER CRONT 1
mM, 3 mM 7T FRICKRIUIE R ~ 7 ALRRRIC il A 7R
LHSh R ZIC X DB T A2 ~T=, (B 7)

4. % &

BUEETICHEA R Z LB EDEAIL, Hifh /R Z
Ty MBI DEIEE NaCl ~DOREM TLHEN R E ST
%3, A Bl C5TBLI6T ~ 7 AD FEER A TIL, BRkIZ %3
5 BENHER R Z v T AT ELEVIFERITIe o7, B
R e (A) PSP D QNI 1K e Y 3 7 9 = 2

o1 03 1 3 10 30
HC1 concentration (mM)

B 6. HEFH K ZICIDHIRIELFIEZ AL (meantS.E. Two

way ANOVA, n=6)

0.8 -

preference ratio

02 | —*Zn adequate
-B-7n deficient

o1 03 1 3 10 30
citric acid concentration (mM)

B 7. MR RZIZED7 = BRI P22 (L (mean+S E.

Two way ANOVA, n=5)

DIRTHLITAEFIREBO LN E 2 DD, £ 2 THIE
ZAEDEACE TR DT IE R L HEN R Z BEO B
B 7 FERE U T2 203 . RS 56h 32 WA S A L v T
JEIZ BV TBME A AHNTZb DD AH B2 ZITRO D
ootz IFEO BN RHNT-DIE 1 mM & 3 mM
THY , AR BT TR 3 B DT R &
=L,
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Summary

Zn*', one of essential trace elements for both humans and animals, works as a component of various
metalloenzymes including RNA polymerase and DNA polymerase. Therefore it is directly involved in DNA
synthesize and plays an important role in cell division and proliferation. Zn deficiency causes many clinical
symptoms such as taste disorder. The estimated life span of taste cells is quite short, about 10 days. Thus Zn
deficiency makes it difficult to keep continuous cell renewal in taste buds. The morphological changes like a
significant decrease in number of taste cells, loss of microvillus and delayed turnover rates of taste buds in Zn
deficient rats have been observed using an electron microscope. However, the effects of Zn deficiency on taste
perception remain controversial. To investigate the changes of taste perception of Zn deficient mice, we
conducted 48 h two bottle preference test and nerve recordings. Mice were fed the low Zn food for 6 weeks and
led to hair loss and finger deformity in C57BL/6Jms slc mice. The 48 h-preference test showed that avoidance
for 1 and 3 mM citric acid was almost disappeared in zinc deficient mice, whereas the preference ratio for other
tastants did not changed. Chorda tympani nerve recordings from Zn deficient mice showed relatively reduced
responses to citric acid. We also conducted immunostaining to reveal the change of ratio of taste cells with type
IT cell marker, Galfa-gustducin and phospholipase C beta2, and type III cell marker, carbonic anhydrase 4,
however there was no differences between Zn adequate mice group and Zn deficient mice group. These results
suggest that citric acid avoidance was disappeared not because of specific loss of cells and might be postprandial
effect. The 10 min-preference test were carried out to confirm the effect, and the result showed that there was no
difference in the preference ratio for citric acid.

These results in this study suggested that the defense mechanism against Zn deficiency exist in the taste

system.
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