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Figure 1. An example of determination of taste recognition threshold by stair-case method. Taste recognition threshold was

determined as mean concentration of 4 peaks (indicated by arrows No.2-No.5)



Table 1. Taste solutions (mM)

Tastant Concl Conc2 Conc3 Conc4 Conc5 Conc6 Conc7 Conc8

Sucrose 100 50 25 12.5 6.25 3.13 1.56 0.78
Glucose 400 200 100 50 25 12.5 6.25 3.13
Aspartame 1 0.5 0.25 0.125 0.0625 0.0313 0.0156 0.0078
HCI 10 5 25 1.25 0.625 0.313 0.156 0.078
quinine-HCI 0.1 0.05 0.025 0.0125 0.00625 0.00313 0.00156 0.00078
MSG+0.5mM IMP 1.56 0.78 0.39 0.2 0.1 0.05 0.025 0.0125

Additive: 3 mM NaCl, 3 mM NMDG-CI, 3 mM KCl, 3 mM NaHCO;
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Figure 2. The effect of addition of 3 mM NaCl on taste recognition thresholds. Tested solutions were sucrose (A, n=22),

aspartame (B, n=22), glucose (C, n=22), HCl (D, n=14), quinine-HCl (E, n=13) and monosodium glutamate +

inoside-5’-monophosphate (F, n=13) with or without 3mM NaCl. X mark in the box plot indicates the mean threshold for all

participants. NS: no significant difference, *: P<0.05, **: P<0.01 (Wilcoxon signed-rank test)
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Figure 3. The effect of addition of N-methyl-D-glucamine (NMDG)-CI on taste recognition thresholds for sweeteners.

Tested solutions were sucrose (A, n=16), aspartame (B, n=16) and glucose (C, n=16) with or without 3 mM NMDG-CI. X

mark in the box plot indicates the mean threshold for all participants. NS: no significant difference, *: P<0.05 (Wilcoxon

signed-rank test)
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Figure 4. The effect of addition of KCl on taste recognition thresholds for sweeteners. Tested solutions were sucrose (A,

n=20), aspartame (B, n=20) and glucose (C, n=20) with or without 3 mM KCI. X mark in the box plot indicates the mean

threshold for all participants. NS: no significant difference, *: P<0.05, **: P<0.01 (Wilcoxon signed-rank test)
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Figure 5. The effect of addition of NaHCOs3 on taste recognition thresholds for sweeteners. Tested solutions were sucrose (A,

n=12), aspartame (B, n=12) and glucose (C, n=12) with or without 3 mM NaHCOs. X mark in the box plot indicates the

mean threshold for all participants. NS: no significant difference, *: P<0.05 (Wilcoxon signed-rank test)
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Figure 6. HEK cell responses to isoproterenol (Iso) in Na free and low Na bath solutions. A. Sample recordings of HEK cell

responses to 1 UM Iso in Na free bath solution. Iso was applied with 0, 3 or 10 mM Na ion. Horizontal bars indicate Iso

stimulation (30 sec). B. Summarized data for HEK cell responses to 1 pM Iso with 0, 3 or 10 mM Na ion in Na-free bath

solution (n=35). C. Sample recordings of HEK cell responses to 1 uM Iso in Na free, 3 mM Na and 10 mM Na bath solution.

Horizontal bars indicate Iso stimulation (30 sec). D. Summarized data for HEK cell responses to 1 uM Iso in Na free, 3 mM

Na and 10 mM Na bath solution (n=33). Values are means £ SE. ***: P<(0.001 (post hoc Tukey HDS test)

B B RS 7eny 72 (one way ANOVA, P>0. 1,
Figure 6C,D), ZD72th, LA T DFEFRTITNAEIKIZ 0,
3 F721E 10 mM O NaZa & T4 TR A THOZL T,
Na* DR EIZOWTRFILT,

HIRZ AR TIR2/TIR3 BL O Gal6-gustdd &5,
72 HEK #lfaiX APM (2G4 Uiz, 7S ARIEDY 0, 3,
10 mM @ Na™Z & {5 TD 1 mM APM IZXE3 505

A EZEITALNZ2D > 7= (one-way ANOVA, P>

0.05, Figure 7A) , B> N THWECTHS Sucra THIPLL
T2, ZRAREDN 0, 3, 10 mM O Nata & e 4E/H T
® Sucra JHEITIFAFEZED LS (one-way ANOVA,
P<0.001), Na ¥#&/I1"C Sucra J&Z 23 K32 A 23 A b4
7= (Figure 7B) , —J7, Gal6-gust44 %R HXH7= HEK #ll
IZX T2 Iso JEE TH/ SRR A0, 3, 10 mM @ Na*

G R CA B AN AHA7273 (one-way ANOVA,
P<0.001), Na #H1T Iso I D3B3 DA 23 b7z
(Figure 7C) . [FI#EIC, #EZ A Kb T2R38 &
Gal6-gust4d ZFEHLEH7- HEK MRS 4% PTC &
THARARFEN 0, 3, 10 mM O Naa & Lo Ca &

M RLBHH (one-way ANOVA, P<0.05), Na #/1C PTC
B DD 3 B E A LS 7= (Figure 7D)

4. % &

AWFZETIL, BEBAICE IO TODIEICK D H IR
HRIZDOUWTIRIT 21T o 72 ERDBRTESZ T ATl
TIFROFEFA T XAV MEJR D NaCl(3 mM) %szé
7215, Suc, Gle, APM 2k 5 H BRERMBIMEIME FL
7= (Figure 2A-C), —J7, NaCl ¥RINIEEHE (HCD), 51k
(QHCD), 9 EM: (MSGHMP) FBAN MBI Z B4 5% 7270
-7z (Figure 2D-F) , ZAUEHR EE NaCl MO R H
WICIRESNDZ AR T, £z, N LHHEETHD APM
(2RI 9D H R A BIEIE NaCl IITCTOME L, BT
&5 Suc, Gle (ZxF 73 % H k8 %n BB 13 fth o> 3 HH
[NMDG-CI(Suc ®#), KCl, NaHCO;]D U THIL F§°
DA R bz, ZhuE, HIRSZEITEE DT AT L)
BMbsra etz e 35, APM L H K= &K
TIR2/TIR3IZIVZAHINDHEE ZBNDHON, v T ATIX
Suc X Gle (235 H s 2 13 bE ik (4 (SGLT,



A
(= 7
o
W 4
Cc v~ (08
S
E% 06 =
<
23 041
©
S E 024
[1 0
Na free bath 3 Na bath 10 Na bath
B
1 = hkk
5 —
2+ 08 I
S
v @ 06 -
U]
25 047
"=
o E 0.2 =
x — 0
Na free bath 3 Na bath 10 Na bath
C k¥
1_
o — |
52 08+
o
0 o 0.6 =
1]
_gg 0.4
o
E:D.Q-
o 0
Na free bath 3 Na bath 10 Na bath
D
s ] | : |
[ S)
2+~ 08
g_u
n O 06 -
SR
55 0.4 -
"“-j' 3
Eg 0.2 =
I'_'IZE 0
Na free bath 3 Na bath 10 Na bath

Figure 7. HEK cell responses in Na free and low Na
solutions stimulated with APM, Sucra, Iso or PTC.
Summarized data for HEK cell responses to 1 mM APM (A,
n=53-73), 0.1 mM Sucra (B, n=42-56), 0.1 uM Iso (C,
n=37-47) or 10 uM PTC (D, n=10-15) in Na free, 3 or 10
mM Na bath solution. Values are means £ SE. *: P<(.05,

**%: P<0.001 (post hoc Tukey HDS test)
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Summary

It is well known that sweet taste is enhanced by addition of NaCl, however physiological/molecular
mechanisms for sweet enhancement by addition of NaCl is not elucidated. Sweet receptor forms heterodimeric
complex of TIR2 and TIR3. Therefore, sweet enhancement by salt may be caused by modulation of TIR2/T1R3
activity by salt. To test this possibility, the effects of addition of salt to tastants on taste recognition thresholds in
humans and human T1R2/T1R3 activity in heterologous expression system were analyzed. In human taste
sensitivity tests, sweet recognition thresholds for sucrose, glucose and aspartame were significantly lowered by
addition of 3 mM NaCl, which was almost tasteless to participants. In contrast, recognition thresholds for bitter
(quinine), sour (HCI) and umami (monosodium glutamate + inosine-5’-monophosphate) were not affected by
addition of 3 mM NaCl. Other salts such as N-methyl-D-gluconate chloride (NMDG-CI), KCl and NaHCOs also
lowered sweet recognition threshold for sucrose and glucose but not for aspartame. These results suggest that the
addition of salt selectively enhances sweet taste sensitivity in humans and that there are multiple sweet receptor
systems in humans. In heterologous expression system using human embryonic kidney (HEK) cells, HEK cells
were able to respond to their intrinsic receptor agonist isoproterenol even in Na free bath solution, which did not
contain Na* by substitution of NMDG. However, HEK cell response to isoproterenol was significantly reduced
by addition of low concentration of Na*, indicating that the effect of Na* could not be assessed directly by simple
addition of Na*. Alternatively, the effect of Na* was assessed by adapting HEK cells to Na free and low Na
containing bath solution. In such experiments, response of HEK cells expressing human T1R2/T1R3 to sucralose
but not to aspartame was significantly larger in low Na containing bath solution. On the other hand, HEK cell
response to isoproterenol and response of HEK cells expressing human bitter receptor T2R38 to
phenylthiocarbamide were significantly smaller in low Na containing bath solution. In conclusion, Na ion may

affect TIR2/T1R3 activity, which would lead to enhanced sweet responses.



