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Abstract

Umami taste-yielding foods, such as, Joseonganjang, dried anchovies, dried shiitake, dried Konbu (kelp), and Yukjeot, are widely
used in the Korean cuisine as soup base. While Umami taste enhancement related to Kokumi taste substances has been proposed
in human sensory studies, the potential action of Kokumi taste substances has not been explored on calcium-sensing receptors (CaSR),
here referred to as Kokumi taste receptors. In this study, we investigated the effect of Umami taste-yielding foods on Kokumi taste
receptors using cells expressing human CaSR. We monitored the temporal changes in intracellular Ca®" in HEK293T cells expressing
CaSR in response to aqueous extract of Joseonganjang, dried anchovies, dried shiitake, dried Konbu, and Yukjeot. Kokumi substances
tested-glutathione and y-Glu-Val-Gly- evoked intracellular Ca*" influx in a concentration-dependent manner. A similar increment of
intracellular Ca*>" influx was induced by Joseonganjang, Yukjeot, and dried anchovies, but not by dried shiitake and dried Konbu.
Only Joseonganjang- and Yukjeot-evoked intracellular Ca*" influx was significantly reduced by NPS 2143, a CaSR-specific antagonist.
These data indicated that some Umami substances/Umami-yielding materials could activate CaSR, but this property was not observed
for all the Umami tasting substances.
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Holl A A Al AT Fo|HA |44, thickness,
7S Eol= EAL 7HAE L&, ol& s &5
FEAT} o] L AIARE HILSFHA] A WEE Q) th(Ueda
S 1990). Kokumi 242 A& T-F-9 724, Al doks
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<5 A 4=&A(calcium-sensing receptor; CaSR)}= 27} &
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AASHE Clhass C GBI 2T S8A0IHBrown &
MacLeod 2001). CaSR-2 t}Fst A1 TjAL *1_9_01] sk %
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gt AT 5= ST dHA Q1AL vzt 7| HofA
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Monosodium I-glutamate, monopotassium glutamate(MPG),
inosine monophosphate(IMP), guanine monophosphate(GMP),
adenosine monophosphate(AMP)x= Sigma-AldrichAK(St. Louis,
MO, USA)o| A T3} TE. Fetal bovine serum(FBS), Dulbecco’s
modified Eagle’s medium(DMEM), penicillin-streptomycin 2
trypsin-EDTA= GibcoAHGaithersburg, MD, USA)°J|A], lipofectamin
2000-2 Invitrogen Al(Carlsbad, CA, USA)OA] H£45}to] AME-
ahsict.
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3) ETHA
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Table 1. Extraction yield of Umami taste-yielding food
materials

Extraction yield (%)

Korean soy sauce (Joseonganjang) 39.0+0.48"
Dried anchovy 16.0+2.24

Dried shiitake 35.6+4.69

Dried Konbu (kelp) 49.1+£5.21

Salted shrimp (Yukjeot) 11.4+0.45

D Meantstandard error (all such values).
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CaSR plasmidE- lipofectamin 20002 A&-5}0] HEK293T A
zof AT F 6A7F &, A EZS 96-well black-well plateo]]
20~26A17F B9t v AJFTE AlZEE= 1% penicillin-streptomycin
3} 10% heat inactivated FBS7} Z3+E] DMEME AFE5ha] 37T,
5% CO, of|A HiFAIZ

2) Cell-based high throughput calcium signaling assay

Alg 5HF A(20~26 h)oll calcium sensing receptors
transient® YA A| 7] HEK293TA|ES 96wellof] B3} A
Z W g WskE 3451 91t EAAE FLIPR Calcium
4 assay kit(Molecular Devices, Sunnyvale, CA, USA)E A8
ATt 50 uLo] H=EE A Skl 27°CoflA 3083 WA &,
M| 3= FlexStation [l (Molecular Devices, Sunnyvale, CA, USA)
ol A 1527t bgststqint. Z4He] 28 4 244= A
Al assay buffer(146 mM NaCl, 20 mM HEPES, 1.2 mM
CaCl, - 2H,0, 2 mM EGTA, 1 mM MgCl, - 6H,0O, 10 mM
glucose, 5 mM KCI)E ARESI ). 485 nm, 525 nmOj| A (cut
off 515nm) FFFFEE ST 3, A2 U 29 ¥
Sk= AF/F,2 IEA|S}al, Softmax software(Molecular Devices,
Sunnyvale, CA, USA)E ©]-&5to] 4513t
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GraphPad Prism 5.0(GraphPad Software Inc., San Diego, CA,
USAYS ARg3Te] Sasteit.
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K-Food =& 21| 2419} Kokumizd E4J0f digh A4
= YobE7] fJstoiCasRo] HHAE M EZE Cell-based high
throughput calcium signaling assayS ©]|-8-5}o] CaSRo]| 29Jgt
2 AE SA5H7] Hste] 4 Casre] osf Q1A ==
WEA QA Kokumi =291 ¥-Glu-Val-Gly?} glutathione2 CaSR
o] A A|azo] Z+z} 0.001914 10 yM7HA] F=E S7HA
7194 Agste] 1 &4 FEE 545U ¥-Glu-Val-Gly
9} glutathione 5% BT 9J&F 07 (CaSRY] HIS-& &7}
AL ECsp ZH2Z} 0.16£0.03, 0.89+0.04 uMo] it} T3t o]
182 CaSRO] Eo]2 ZAFAL NPS 2143(10 uM)of| 2]
A= o] CaSR ¥H-3-2] S40] FA o= 25ohS st
Aoh(Fig. 1A).

A1F 9] CaSR HH-SAE 22Ist7] fIsto] tj#2 <l ot
oAl A 2t 2249 MSGF MSGO]| sodium T4l
potassium©] ZQHEl MPG, &4t A &5t 221 IMP, GMP
2 AMPE 78t 242 AHEsto] CaSR BHe= S45HA
of. Ao ARgSH] A WA f8A7F LEEA &
mock-transfected cello]] MSG, MPG, IMP, GMP 2 AMPZ
Z} 1~10,000 uM9] 5= & A1 A S B oA H]
5ol4 H-go] AEHA %= 2= ERI(data not shown)3t
%, g 59 A|RE CaSRo] &dH Axof 2R&A|FATH
MSG, MPG, AMP+= Ag] &%= 57t w2} CaSR BHgo] &
7¥skl o, o] §Eg-2 10 uMe] NPS 21439] oJsf| F-2]% o
2 Adj== AS gIsH3ItHFig. 1B).
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T B2, S4, BRI, AR 2E5EE0] CaSRo|
s Yetli= 8492 gRlsto] o592 Kokumi 5732 221
skt 2A7H(10~100 pg/mL), T3 EX](0.3~10 pg/mL),
FIHA(10~100 pg/mL), HAPH10~100 pg/ml) 2 S31(3~30
ugml) FEE5S FEA7E YAEHA 2 mock-transfected
cello]] ZH&-A171 A} siF FEofA] H[Eo]Z] §Ego] HEE
A] &= AL Ql(data not shown)3t &, o] & CaSRe] H =
Alaof] Z-&A1Fth. CaSRo| HE Ao A5E 5% &
= A2 Al 2A73(10~100 pg/mL)at S731(3~30 pg/ml), T
F](0.3~10 pg/ml) FEE A& 5% S7t et CaSR
Aol FoF oz Z7totg o thAjulel BUHA FE5F
2 A& wEof g2t STt AN §-2) 20l A] adgkth
(Fig. 2A). 24783 S319] A= F7Hd CaSRe| &/
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Fig. 1. Modulation of calcium sensing receptor (CaSR)
by umami compounds. Concentration-response profiles obtained
from known positive allosteric modulators, glutathione and
¥-Glu-Val-Gly in the absence or presence of a known
antagonist NPS 2143 in HEK293T cells expressing CaSR
(A). Responses of HEK293T cells expressing CaSR to
MSG, MPG, IMP, GMP and AMP in the absence and
presence of NPS 2143 (B). Data were presented as mean
+SEM of at least three separate experiments performed and
fitted in GraphPad Prism ('p<0.05 and “p<0.001, compared
to 0 mM sample group; 'p<0.05 and TTTp<0.001,
compared to sample only group).
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Hajeb & Jinap 2012). o]2} E}Eﬂ] CaSR HF-2-0] Kokumi E4]
o] of ®|Eo]Hel WEow veht Wl WAE AMP
02%)%F IMP(0.5%)2 3+95lT Qi Ao BTt
(Kim 5 2003). AMP2} MSG7} Kokumi Z4& 71A|&= Ao
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Fig. 2. Modulation of calcium sensing receptor (CaSR)
by Umami taste-yielding food materials.
HEK293T cells expressing CaSR to Korean soy sauce

Responses of

(Joseonganjang), dried anchovy, dried shiitake, dried Konbu
(kelp) and salted shrimp (Yukjeof) (A). Response of
HEK293T cells expressing CaSR to Umami taste-yielding
food materials in the absence (white bars) or presence (black
bars) of a known antagonist NPS 2143 (B). Data were
presented as SEM of at least three separate experiments
performed and fitted in GraphPad Prism (7 p<0.001,
compared to 0 mM sample group; ' Tp<0.01, compared to

sample only group.

Uit Zatet 9] AMPSF GMPE
HE Al (Back 5 1989)7} FZ MSGE ¢
K 2002)= Kokumi B4-S Ve A 9ttt o] th4=3] 3}
o] JEOo = sl 1 Ad7F Yeh= Zo] ofyH, AE

A& ote] T2 mety AEo] 28-S Ed Uehd Aateta
225k 2= Qlt}, 3k Uk AN 7= Kokumi B3 0] Z+ A]

2o Z3to] Ho] gl Aoz BIHYAY, AR FA
ek st B B 9 ofulAke] 9% M} 9l AA
H(Oh & Kim 1998) A& 22| WfHio] whet s 29| oF
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of ohE 24 Aol A7e Waol Uck
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o-o-tlo| A E2]3 y-Glu-Val-Gly7} CaSRY] 4L Z7HA
Z1t}2 (Kuroda & Miyamura 2015) 3}33 Tt Miyamura 5-(2015)

2 KokumizZ-2 fish sauces, soy sauces, fermented shrimp
pase, T 5 TRFGE WA Ee] 4] o] WAEthy Bush
11, Yamamoto T(2019)+= Kokumi peptide”’} T2 Bt E419]
358 2% + Ukn ﬂ‘ﬂt}. Ea % 2EARA
Kolumi &4& AAH O A g7t 2ash dole o
TS 7 4E oé‘l—% 7FsdtAl oh(Salger 5
2019), Kokumi =82 H7Igto2A Aul gt 22| 43to]
Z7}sle & gFu| Zu|g sfdto] £2o] B 2= Qitky H s}
ArhSuzki 5 2017). WepA] 27T} 83 55| 5
0|8 0 CaSREAFL Z7HA7Itts 2 A Aate o5
B eyt A =& A4dse e H ARSshe Mg
o]-&sto] gl xm|& AEo] =Fo] 2 & g Jor A
=HoH

Ref gl AHAE

=& 92 W7 96 AMSSte Unami 274E
| Q‘@—% Sh= Kokumigd20] A-87158E 4+ 7&1]
BA ol tigt ¥ FRlste] 4% A, 2 A7
A CaSRE B/d3} A]7]aL o] 23t HE-g0] CaSRO| 50]
2 ZAZAQ] NPS 21439] oJsf] Asfj=]o] o] 52 CaSRe| E43
“01]*1 Kokung o] £/4< Hetlol &5
4H°‘ﬂr JEu g’ EA)= CaSR
2 A3 M 01 g/do] AZA Qs Asi=A] A,
F AT ThAJOk= CaSRO] E4d3te] BofstA] A= Ao
2 Ueh 5 o5 AF iE 229 54 9 A8 7]
Aol thgt A7 BT Ao =E AlmHTh

2Atel 2

£ AT FATARY UL ol SBE A7Y
(NRF-2020R1A2C2004661).
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