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RIRE) y-A BB IZ A7 T S
KRR b i R EY TP -4 2K
AR, ELor A0 22 0K, SR, = KR fa g b y—
B A BEIK (y-Glu-Val-Gly) {9 & 75 A 0.4~12.6
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mg/L, WSO Ty S BRI S A
3.59 mmol/kg™, HI IR UL, R AR y—4r 2 e IR DA 75
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Glutamyl transpeptidase, GGT) ] iZ f# 16 T 4 Wy {k
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AR, IR SR, GGT 1 %% JIK 52 b it
450 37 °C .pH 10.0 S R B[] 3 h, 5 8 7= 3R
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S i e IR TR AR L, T 5 P ot 2 B o P R B v )
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Fig.1 The catalytic reaction mechanism of GGT
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B (P. Aeruginosa)"™FI K i ¥ % J& (Escherichia
coli )R 1Y) A5 S It g Tl 18 e 4 1 T AL -
P HE Ak 4 55 /N O 1 W B 4 G A Ny A A
Wy A LA R A B (P nitroreducens ) JE 5 Y
A A I Tl B AT y— A I R T R S T TR
A AW AR 1Y SR AR R b, B RE RS AT A
Y- FA RS 5 52 5 R, Tomita 45 R 57 3% W K i
By PR ST g Tl 1 y— 4 S IO R 06 12, O I 52
A Tt Y Tl T LI AL B 2 Bl y— A I AR 151
iy =Glu =Gln 7y —=Glu =Glu .y =Glu —Ala \y =Glu -
Ser .y-Glu—Phe .y-Glu-Val .y-Glu-Ile #l y-Glu-
Gly, 4R WA Az E W 5 Z A=)
U5 4 A Tt e B 5 2 B oy -4 A E KT, Yang
S5 19-200F1] Y DA by 2 LA T R0 OK it B 3R AR 1 B &=
W5 B T y—[Glul<u<s)—Phe , JT-4 H Hfe )2
W FE 37 °C, e pH (2 10, DL KSR AR B2 I
] 3 by B 5830 6 B, DA SR 0 3 2 J AT 14T o 32 Y
— T T P L i A A IR BN, B A B
Y=1Glu] s 3.4~ Val 3% y—[Glu] 5.4~ Met FY 5% K il
WPE o AW AT BN A 21 e it o il #4175 22
g £ RIS B 8 IR By Z K, WS K
I3 32 A B RE A% A R 3 T 7 R s [T R A
B, e 285 R AT AR (e i A 39.38% ), B 4%
A T i Tt 0T P T A Ry I, (R
S22 H oy A B AL A 05 A B AR ME R ]
TR E P2 B R y- R AR
113 y-HABEEDEERR G y-2 2B
R Ay WL (y—Glutamyl cysteine synthetase ) 1] f#
A B — 28 y— 23 ZEAK . Nakayama 552U 38 M AT
SR TEAT B Al A Y y— 48 2 DG R G
£ 30 CH AT LL& B A iR 1Y y—47 A BEAK,
4145 y—Glu—-Cys . y—=Glu—Abu ,y—Glu-Ser F1 y-
Glu—Hse, KT, 15 80l 16 A A B B3 e v o
IHAE ATP, ™ 532 31 ADP FIZE 7y () 54540
FR 552 B 1 D] I 7 y— 2 2 It TR ) ) 5 v il O
=8
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TR R W e TR A BRI T, R A 22 63
A= AR R AR A A R AL B -
Tk AR Y — )74 . Hasegawa S5 58 & B4 &R
PR o i e 7 A= i A R 1) i FE vh e y- B &R

5 K AL VE R T L& R 2 y- 2 ALK
Sofyanovich Z&PIWF ¥ A B R 9% B1 B 1 AT LA™ AR
GSH 4k, & vl LIAEAAE B y—Glu-Val #1 y-Glu-
Val-Gly, ' y-Glu-Val-Gly J& B+ 24~ d 24k
P ER A =Y, RIE R R IR FETE T
BN, Yan SEPHESY T y- 2 A BEE A R %
1 (GCL) 76 & P [RZLFF P LTHS5448 & 1 y- 4+
WA RER, KRB R ELAT AR 3
Aty GCL By Horh 2 O [CELATF R P i 2 4>
H BB T A M y-Glu-Tle 1 y—Glu-Cys, 3 Fl H
HA BUEA HRE R y— 4% 2 Bk R & B ) 35 52 9
AT 08 K Tt ) XU | Yang 552U 5% 2 1L, 7
— 2 R AT P A A P G ELFF B R GCL,
A DI AL A AT R e SR IR 0 y— 4 Ik K
(y-Glu-Ile Fl y—Glu-Cys) , %} F & B2 WK &y, 0]
DL g AR E A YRR S 5k, 0 w4 T
PR = R S A B TR E S y-
A T A P AT R 1 AR A i, SR, DA -5 B
JUR T 2 00 A i B = DLy SRR A O H Y
14 52 Tk TR ol e FL R I 6 AR 5 B i S f
FEAS B RO T8 F B /3 GSH 7= 3%, A
SRR BERCRA T, (AR R g S WA T
20% o 8 13 PRI S AR AT y— 4% S I K R ™ TR Rk 1T
B B A R BiF 90 e 22 B0 v i A
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B AT O A B0 e iR SE B B AR R -
QB SAL, W H T A 2l B 1)y &K
Amino 5FP5E 1 y— 4% SRS ) N—o— 2R S Pk SR
1, DL Glu Val Al Gly 5% %y = 8RR 40 45 il 4%
y-Glu-Val-Gly, X 1fi , % L AFESRAE R 2% 7 )
Gy 77 A TE AR, 3 BEME RE K, 77 F 1K WA s A
A, T LA s A v e A e K ) A
BEAL IR, 25 5 F RO Y XA A E T
By E K Tk A 7K ) KOBAR A= 7= | 9%
1M, He ] BT -4 2 e K A R 5%, Ry itk — 2P
V) Yy — 4 2 T G 2 R ML B R AL S 4
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WRFR y— - B BE AR AT S R HLIB 5 Pk 17

WRJEEBRIZ SRS, 24 y— 43 S I R 1) 94 o kv g S
231 | R TR JEL R 5 Y DRR ST Bl XS y— A S K
SEIRFEMEIE ST TR A, B UE SE y— 75 20 Ik K 1
JEEBR AZ A R 5 U AZ AR (Calcium sensing recep-
tor,CaSR), H ¥ JEE bR 19 1R 38 5 B 5 0% CaSR
Y BE 7 5 I AR G TR A y— 2 Z BE Ik CaSR
ZEG MM, WRAIZHIEVRIE R 1 SR, AT
Y- IR S RS> AL AT R A B R 2
21 y-BREAE CaSR WL &L

CaSR J& C % G & A MK 3Z & (G-protein—
coupled receptor, GPCR) [ —Fh | J& T 41 il 1 24 FE
Mt s R M, KM THE CHEGCEAMKZ
A, CaSR 51 L A4 1 G A SSAFAE T — DRI N
AR Venus Flytrap 45 ¥ 3% (VFT) , b 45 #4938 il 2
X (LB A LB2) 4 pl, Bt4h, CaSR b4 5 —
ANE 5P b= R 1 45 749 3k (Cysteine—rich ,CR) , B
W VT A5 e i 42 31 25 15 XIS, 2 52 (AR o A o5
R, L RS IR DL K y— 45 2 ok JO o, #15 J2 l
5 VET 45 & KI4E & WG CaSR, Jf il 1d
T145A/S170T W5 72 1A ity 3 17 AL i) 4 #4845 1T, T
fig 48221 VET S5 #3800 8 S 45 6 00 4,
22 ESEESUH

GG Z R IBEL (Taste receptor cell, TRC) /&
N SRR e 0 s I L~ I B |
FIV AL (VB A0 MU BN AL 2% ) o Forr, I AL 200
A GBI Z K TIRs Al T2Rs, #TIE 0k

i B¢ 5 B (TIR1/T1R3) A1 & B (T1R2/T1R3), 1M
T2Rs &R 5 32 K ; CaSR 72 [T I #Y 2 Fh 20 Jig
Tl A ik, H AR T AL 40 i v kB anfE 2
JiiR ,CaSR FEZLAE 11 BUAN A b 55 1 B8 | ) T2Rs

FL[R] Fe ik | I XE IR (40 Ca® sl 2% B IR 5 )
Kfﬁu;aﬁ&&y%%mmwm%ﬁkﬁﬁ

M., BAKIMS, #5 CaSR R VE — Bk ok CaSR/
T2R SEUR R, 2 (1 38 23 8 5 g (PLC) fR i 1:
ARG ML N Ca™ e B, S 24 30 200 JH R s
2236 0T ATP % 20 M 4217 CaSR ¥ 3l 51 T B 4%
U 2 TR T R 06 32 AR A L 2 1T A CaSR, 2 1717 38 2o
HHAX #f 28 22 48 (Central nervous system, CNS) 2 15t
B KA

it R ) I3 4 2 TR A RV JE R ) St GSHL W] 43

W5 I RN A T1Rs A1 CaSR 454, i i 4
IR Ca> R, 2 4 M 3 AR A7 JF A
HEATP BRI, DS o e R A 8OCR . 78 T 2
e (& 2) =4 20 AR T 1) CaSR 5,
i PLC MO 1915 5 38 #6175 5 40 LN Ca Wk B2 1)
B, [ B T A B PN Ca® Wk BE 3 N5 5-F2 e
JHe (5-HT) I BEA 3¢, 1 S-HT 23446 11 %L 40 i
HATP BB, BT A RS 5 B Y
M), F3k CaSR MY MR B 32 VK 20 H AT DA S e J5 IR
MIPEI SR T i DR W) BAAAE G DL T y— 2 2 T
JU ) i A 398 i A R A5 O T CaSR A9 30T 1T
A HET A2 A RriE— i,

FfE RS t GPCRs 19, 5+ ZRIKZ 4K T1Rs
) o . 00 *
Calciumions v-glutamyl peptides @g0 y-glutamyl peptides ose **
0 (Bitter taste) (Kokumi taste) o, ®* (Kokumi taste) =
0 T2R o) CaSR - e
DAG  PIP2 ). | N ! | Q DAG PIP,
ROMK .E [r\ll H il ljlii l“ Iiju‘ 'l'_l
[ P |
CaSR m
IP;R
(- D polarlunon o *
=> T pms + anx1 ATF
% ==
‘ ° ER
: KDR channels ? °
——— P2X
_ Typel S =& Type Type —
(Glial-ike cells) l@ (Receptor cells) (Pre-synaptic cells)
Sensory afferent fibers

Bl 2 CaSR 7ERk 5 40 i H B9 1 A i 20
Fig.2 The role of CaSR in taste cells®™
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3 KEK y-A SELRKEI 2 0R &2 0m E =

v G K Ve SR R R M LSRR KRR T
ZARMEMEm, 0N HEERBIENE RS
o y— 2% SR JIK 2 B A AN () 1 e JEE A AR | Yk R
pH {E A5 IREE R Rt 252 i 2 R . Rk, ROk
SRR B AR FR LA B y— 4 I A v R
AN B4 i ROV PR 77 R R 22 57 o AR 1 A X5
M) y—2% 2 Tk A Ve JEE R 1) DR 3R R AT 2038, R y- 1
Pl JOK 7 AN [R]85 1R 2R b ) B 2 R B R B IS S
%,
3.1 Bzt

Y- R A 4544 5 H X CaSR (9 0 g
WYIMOC, M y—4F 2 BEARE CaSR MI6E ) 5
JEE DR DR E S A DG WY y— A 2 T I 1 S A A
K R AT B F R AN ) y— 23 S I K 1 v R ok 2
WA R AL 2T 07 0 3 A R N R B AR R P N -
HAEMEAK . Amino FEPHIE | HAT LUF 2544 F5 21
Y- AWK RE S AT TS CaSR: 1) 7E N K Ui f7 £
1A y-L-A 2T ;2) 455 2 s b &5
TR, A I3 CHEFZH2DHCHL1A 0K
S BF BRI h UL (0 Val Leu %) ,JF
HoA LR 3) 58 3 AR IEMIAAAE  FR IR AF7E C

R Sty ) B R L WA % 1A % 25 (AN Gly ) K 2 S 81
H 5k CaSR WY BLIG BE /1, P 2 0P 90 45 R IERA T
DL _E R RORLEE . Ohsu S5PHE5E R, y—Glu—Val -
Gly .y-Glu—Cys Il GSH (y-Glu-Cys—Gly) ¥ B4 #%
% CaSR HUBE 1, 1AL, Amino ZEPIHIF5E & BX £ Fif
SR (1 y— 45 E LKt B A 0% CaSR WY fig
71, B EA BRI HREIR 1R 1 s, y-L-B &
Pk —S— F J—L —>F Jbe 22 ik H 202 11 CaSR 101 A
I3, TSR R B AR T R BUR AU CaSR
TERE T S BRI , y-L- 4 Rt -L-E 2
R y-L-4F A BE-S—(IE T3 ) —L—F R & R .y -L—
B & B -S— (2N M 3k ) - L B R Al y-L-A &
Pk —S— (2N 4 55 ) —L—>F b 208 . R4 A 43 1 &
BRI M55 SE A SR, 76 CaSR 1% M T4 vh oK e
LA P, Hn] DAHEI y— 45 S BEAK AT CaSR AH
25 A LA IR I R X Ty R BE K 1 25 8] 45
FA LR 43 %4, Amino 25558 K B 1 B AL 9 5%
b 0 B vk B RE A, A AR A, 5 BELAS y— 4% S
JEFN CaSR MUAH EAEH, JF H AL a—L-45 24 I Ik
ANBEWIE CaSR 24K, #F — LAk T y-L-8 &
it 5% 5 X 5 PSR 4% CaSR BT BE S 19 45 K
RGN

x1 EMEERN y-BSEBAKH CaSR HiFE g H™

Table 1 CaSR activity of sulfur amino acid-containing y—glutamyl peptides®™

Y- BB K

5B Z AR BE A J1 (ECs)/mmol - L

y-L—% R Fe—L—F P R B A% (GSH)
y-L— B B —L— ¥ B R B

y—L—%- R B —S—(2— 7 K A& ) —L—F e R R
y-L—-5- R B —S—(2— R M Ak ) —L—F PR 2 B T AR
y-L—% R B—S—F H—L—¥ B R R
y-L—% R B —S— 9 H ——F Bk S8R I 2R
y-L—2% R B-S—(E 7 Ak ) -L-¥ B A B
y—-L—5- R B —L -7 R R

y-L— 8 L & B TR

YL BB —S— (27 ¥ B ) —L— 3 Bk ZUBE B AL BR

YL~ BB —S— (2 7 Hi Ak ) —L— - Bk Bk H B AR B AL

YL~ BB —S— P Ik —L—F B B H LR
YL B BE—S—F Ik —L— ¥ Bt 2Bk A SUBR T A
QL5 B -S— (2- 7 4 A ) -L—F B A B

0.70
0.46
&k
&k
1.47
&K
&R
&R
>100
&K
182
0.32
43.6
&R

32 HEREZ

y—4% T K ) 45 0 e MR JEE R RO R
A R 28 T SR AL AR pH (B 55 K 28 25
Y- BT CaSR MBS BUR S, E W y- B2

O JOR A 552 o £ ity 107 T v 22 0 8 JRE DR A ], X
THIEIR y- 13 EBEIKAY = 24— L R R R B oA
PR FF y— 4 G ek B i 2] n S8 Ae gl 8 &
P82 4 20 7 26 XUIR R Joi oy — 4 2 B K ) TR
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JBok y—5 R BERKAT S0 R MLIB

5 Bk 19

G ) S S RAIG, O L S R T RUBR L Y
I 2% 111 0%k 11 JERRIR 22 1186, Dunkel 45508 1o J8%
BV R R AL 7 WP y—Glu-Leu . y—-Glu-
Val \y-Glu—Cys—B-Ala y—Glu—-Cys—Gly A9 i J& ik
(5 2% )3 W 1Rk A 24 J3%) [0 (8 43 53l 0.8,0.4,
0.2,0.2 mmol/L, %I y-Glu-Cys—B-Ala A
HARME IR A WS, BIE T Y 32
W TE NN ARG A8 4 ¥ AR AE Wi ok s 23 7 AR 2

U RCEREN, e A y—25 2 e IR A 5T 19 pH {E
25 5 ) R TR R () 3 5 . Simone SR ECE PF

Wik % y- A A BEAKAE pH (E 59 4.7,5.7,
6.7,7.7 B AR IR 5 5 Y pH {H R 6.7 B y—4%
ST UK 17 v JEE R 5 A, 24 pHL (BN 5.7 I i
W R, TE AR pH {E (4.7) FIE & 1Y pH {H
(7.7) TR MEL R B B AR IR XK v
P JUAC S R 11 v DL A i B B FUAR T pH (., T
Y- ABKA B R HAG SR, RAFESA K

Yy R 2 v A REAR B S R AR I I y- B &
POt A S22 Bk JEE R 114 BE ) AN 32 11 B 45 ) AR 1Y)
SR, 3 55 L A B R R PRI AT G BRI R
X y— A% G I IR S R P 1) R R KL A T o — A0
wr5E,

4 y-BRERKERBTEGN TTIE

AT y- 45 GBI (UR T & W B2 R EE
WR B8 B2 R | 0 18 5 BE AR S DR W) BT ) £ R R
PRI S BT 00 A0 e T2 IR i 8 R F 5T y— A A I JIK
s BT HE . AT, PR -1 G R S R 2K
R T7 5 E A BCE O % CaSR kAT T
T N 2 B o X 45 B K A T R R B
PE T ) E B A B R Tk X T -2
2 T JUK A T 2 o AR il Tk Al AR 7 B R

R2 REK y-AREBREEBRERIITENFE
Table 2 Methods for assessing kokumi y—glutamyl peptides and their taste—enhancing effects
7k R o5 HH LK
B IR & DR E ST %4 2) 53R %, B FFEaad a7 Bt AR5 R, [36],[47],[48]

Ji A N R Rl U R SR

SRR OP L 2S5 FA
ZJE AT 3)XTZ:F]{1‘_\7‘F/\F‘ a\?x*ﬂﬂ«ﬂwﬁ’fﬁ’

H, FiEm Ik TE
Bei N R ERS REK, L

B 0 2 RN Gt gy kAT ML 4 5%
CaSR 1)4% CaSR % cDNA # % Z e AR R 5 % DAL FEER, KK [34]
MAE R A RFFEA DA ALFRNEFE KA
R PR 45 B T i R R e R AT R B A REFHAAA — MR
T A
BT E ok DM Faxd e FE#AT A BE RERST HREENZH, HEHkE, TH [42],[49]
Wis2) BRI T ERABEANETFEFRAR  TEHEASHN

boEE TS

B Rk BN TR Bk iR R

41 BEEME

JECE VPR 2 T8 B | MRS i | A R T
B JE R e W S RN 3 B A R B 43 BT O iR
B — BRI PE A y— 45 2 B K T B vk SR R
BT o FBAE 1997 4F  Ueda W AR -8 &
Pk Ak——GSH M BCE AN 735, AT e T 7K R
DR T GSH. Y [0 (i S FEXT FEAS R 3 (1R IT
R B BT RE . IR %k XA R E
(40 T8 A5 35, Bl 12 I e SRR A 1 T

ZI

S

PEAN R QL 1) SRR SR SR ol g kR
HUPEA G2 — RAMCERIR R A
JEEA () BER RS, A AT Sk S R i HLA Y Y
N IR R PR IE F TRk . 2) B0 %
AN [R1HR BE B BRI A B v i T 5 A 2 AL B SRR
PR Z i (AR 2 S R ), 1S TEA
B 22 IF 0 G PRS2 (0~10 04K YR 26 7% R 58 58 3
MTCENAEH R EL ), R (I 3 B0 B R v JE IR 4
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J5 TG RE I RE S HEATHT 43, 3) 10 B i 22 A TR 5
YPGB S5 RO R Ge it 24 05 ik AT 43 B, 45
WA AP AN A R

PRGT y— 4 Sk B I 30 ik Bt ] R R
TEAN T o R B R (v 3 3 ok R i Y B A R
SIHTE) S AT k a E , RE EAENL A
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Research Progress, Opportunities and Challenges in the Research of
Kokumi y—Glutamyl Peptides

Fu Yu, Zhang Yuhao'
(College of Food Science, Southwest University, Chongqing Key Laboratory of Speciality Food Co—Built
by Sichuan and Chongging, Chongging, 400715)

Abstract High salt intake poses potential health risks for the whole people. The sodium salt substitutes commonly used
in the food industry can easily lead to the reduced sensory quality in food. How to scientifically reduce sodium content
in processed food under the premise of quality assurance is the bottleneck issue to be addressed urgently. y—Glutamyl
peptides can endow food with a kokumi taste, and play a synergistic role with sodium salt to increase saltiness and im-
prove umami, which can provide a solution for "salt reduction without flavor reduction". Currently, there is still a lack
of efficient preparation method for y-glutamyl peptides, and the mechanism of taste transduction and structure-activity
relationship are currently unclear, while the standardization method of kokumi taste evaluation needs to be further devel-
oped. The preparation method, taste conduction mechanism, influencing factors and evaluation method of y—glutamyl pep-
tides were systematically reviewed in this review to discuss the progress, opportunities and challenges in the research of
y—glutamyl peptides, which can provide new ideas and strategies for the food industry to efficiently utilize y—glutamyl
peptides to achieve "salt reduction without flavor reduction".

Keywords y-glutamyl peptides; kokumi; enzymatic preparation; mechanism of taste transduction; structure—function re-

lationship; evaluation methods



