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Abstract: Objective: To screen for tea peptides with inhibitory activity against a-glucosidase. Methods: The response

surface method was used to optimize the preparation process of tea peptides. Affinity ultrafiltration was used to isolate tea

peptides that bind with a-glucosidase, and liquid chromatography-mass spectrometry was used to determine the sequence of

the isolated peptides. Virtual screening was performed using bioinformatics methods. Results: The optimal preparation

process of tea leaf enzymatic hydrolysis products was alkaline protease hydrolysis temperature of 50 °C, enzymatic

hydrolysis time of 3 h, and a liquid-to-solid ratio of 10:1 (mL/g). The a-glucosidase inhibitory rate was 57.29%. From this,

624 peptide segments were identified, and LIGF was selected for its a-glucosidase inhibitory activity. At a concentration of

5 mg/mL, LIGF exhibited a maximum inhibition rate of 88.13% against a-glucosidase and an 1Cs; value of 1.22 mg/mL.

Molecular docking showed that LIGF could form 5 hydrogen bonds with a-glucosidase, and the binding energy was

—3.51 kJ, indicating a high affinity, stability and ability to bind to a-glucosidase. Conclusion: LIGF had potential value as a

therapeutic drug for type II diabetes.

Key words: ultrafiltration affinity; liquid chromatography-mass spectrometry; molecular docking; tea leaves; a-glucosidase
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H 3RS T HUEE R . BB B g AR Fn 2 A
ACE GRS Z AR 1 B RTAEME B2 oR
E) W H TR AR Pk . ISR . K255
SR, AR, SCTASPHEE 1 o H 25008 Bl ) K1
Sy X B AN Ty T A BAR A R o o- T 26
PR R A5 B D017 ASHIF SR SR ) N7 T
BARACS B = W A T2, A5 SR FTEE IE - A
o3-S AR N A 5 2R, i e HY HLAT )
a-FAEPHET G MRS Z K, B FE AT PRI I K
BT RS
1 MRS E*®
1.1 MRS

ARt CFEHFR L) R A BRPUAS 7Y £ LR

25 bl o- i APHEHTE(10 J7 U/mg)
ol LN (sl
TR — B (b at)

£ [E Sigma 7R
KRR R A T A RS 5 B
K EEREME A BRAS wl; e —

SEN (ATl . AR (Uil REFORE T
HBRS A SR I (20 7 U/g) TR 32 901

A BRN T 5 b -l KE2E K- a-D- AL T 250 . BTk
WE sl m R ERSRAE ARG R AT N (U5
20 REEFE RN A R . iR S8 . i
IIBERS W2 BT, SE I VAR I AR B v A
BRAAF] S

FA2104 53 #7 R g ESFRHE AT R 7
Multifuge-X3R EEEB AR EL.OHL SEEFBERHCE
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2.5.3.3.5 h S, BEERT IR o~ 25 BT g0
HIZR A RZ s [ PEBUERLEE 55 °C, $EHAHE] 3 h, %
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HISAT T, X a2 T i S i s ]
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B (A) . 2] (B) ARk L (C) = AN ZE M H



- 302 - £ Tl B4

2023 4F 9 A

AR, ISR X o- 52 M8 B i ) 232 (o
glucosidase inhibition rate, GIR) A M W 1B, f# [
Design-Expert 8.0 £f4:*' Box-Behnken 47 =K 2
v S ST NATIRE a2 PPN E ) S B T 2 . B

R W R KR

Table 1 Factors and levels in response surface experiments
K ARBGREE(C)  BEREUNEI(h)  CHURHH (mL/g)
-1 50 2.5 10:1
0 55 3 20:1
1 60 3.5 30:1

1.24 MHZEZ K GIR W E  GIR B xE 2 B Wu
SEUSI 7, IPMGE s K N a7 A 2 AR
ZRZ K45 B 5 mg/mL BIRESIER, 5 a- AT
fi (10 U/mL) A 10 mmol/L PBS(pH6.8) 2% nh it % 18
1:1:4(v:v:v)IRE], 37 °C /K# 5 min; DA SFERE
W AR RS pNPG(1 mmol/L)37 °C K% 5 min, HIl
A 1 mL 0.2 mmol/L Na,CO; ¥ 1 1k B, R H1 =
S, 405 nm M W GIE . Baf IR PR AR A BH
PEXTRE, TN

GIR(%) =1 —(A—A,)/Ax 100

Hod, A SRR B OGIE; A, A FLH I
YMH.
1.2.5 FBUESERNESY B o- 2B BEHM I Tk ZH 4>
275 Chen 5" [HF5%, R B UESE AL 28 o4
ZPREEEEIR. BX 100 pL 2 mg/mL HHZEZ AR S
200 pL 10 U/mL o~ 2 #4157 A, 37 °C 5+ 30 min
{FHIR A, 30 kDa #JEES.C>, 10000 r/min B5.C> 10 min,
FEde B, DLTENIA 200 uL 50% Z)E, ¥as& )5
By 22 Ik A%, 10000 r/min 25.0> 10 min, X 3, B4
g, 453 oA AP P R KL Sy, T HPLC-
MS/MS RG5HT.
1.2.6 HPLC-MS/MS 43¥ié&ff R HPLC-MS/MS
XFr B o- AR EP I R IRE TP 4 . HPLC
2 A% AE Acclaim Pe Cig( 150 pm>150 mm,
1.9 pm); #7& 25 °C; A #H(0.1% HR), B #H(80% 2,
), Fd A 0.6 mL/min, PFFEE: 10 pL. FEBIZ S
ot IE BT ERE, HRTERF m/z 100~1500 Da,
BN R 2 kV, EST'E FIRERE 320 °C, AliHESCH
AR —HIRIESEOEE: 53983 70000(FWHM);
Fl st 25 3 (AGC) HARME 3x10°; fe JyE 5 b [a]
100 ms; FAIGTEFE A 100~1500 m/z, 2155
PEE: 43 ¥R 75000 FWHM) ; AGC HARME 1x10%
F R A STETE] 50 ms; WERERT 20 T TR fiE
TERERME 28, FUiE R 4G SC4# A Byonic & 154
2ESTRTERAT, K2R TS 2, A3 8 = SR T8
1.2.7 &5 IKE: GIR M B0 e AW srFi
X a2 AR R TS, PBS Bl sk 5 mg/mL
FIRE SRR, [F] “1.2.47 300 F 5 iklaZ GIR., KR

Bk . LIGF #1 EFGAF J] PBS 43 S ECHI AL 1. 2. 3.
5 mg/mL FUFRESAER, [7]“1.2.47 350 F )72l 52 GIR .
1.2.8 AEWE M AR BT (s 2R E
B E T H IR B EA 7 P B T AN PP Al . B SR
Peptide Ranker X KBz (1 — L5347 534, T I
Fa 2 PR, Hyk f# A ToxinPred(http://crdd.osdd.net/
raghava/toxinpred/) . Innovagen(https://www.innova-
gen.com/service/peptide-property-calculator) 1 Prot-
param ( https://web.expasy.org/protparam/) 25 7F £k 1.
H, WO AR B IS TEBRETE . KIS TE . SF L RS E
P B, i ADMETLab 2.0 (http://admet.scbdd.
com) IR 55 V-5 , X IRBCAE AR W . 43 A1 L AR
L HE AN RE S BT TR
1.2.9 4y FXf4% 7 PDB & U8 ik B o~
PR ASE 1 (PDB ID: 3A17)P, f#i] Autodock
BAPXTE G EATOAL, IF e SR AL . P T2
R A A B B ) S X4, JTARYE T LT AN RE = VL AT
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MIZE SRR PEATF T HEY, LA G Hh fcf el Gy
e #iH] PyMOL AP A ESS SRR TAEIE, DA
T Gy HIEE AN AT 45 A I 1 o
1.3 HiEasE
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60 rA a a 2 AU T R B IR 45
S I I Table 2 Response surface experimental results for tea peptide
Q_’ b preparation process
g or o T b -
£ - 1 T LS A B C Y: GIR(%)
ﬁ - 1 0 0 0 51.53+2.86
% 20t 2 1 -1 0 28.95+1.96
& 3 -1 0 1 54.3243.03
& 4 -1 1 0 55.72+2.13
0 5 1 1 0 36.25+1.07
45 50 35 60 65 6 0 0 0 53.48+1.98
PR (C) 7 0 1 1 48.68+2.88
60 (B 8 -1 0 -1 57.6143.35
— a 9 -1 -1 5534425
< == 10 0 0 0 52.442.65
:_% wl b b+ + 11 0 1 -1 49.7243.37
g | [ 12 0 -1 -1 45.89+3.62
ﬁ 13 0 -1 1 43.48+2.75
= 14 0 0 0 50.87+1.97
&= 15 1 0 36.5542.7
ﬁ:f 16 1 0 -1 37.09+1.69
0 17 0 0 0 50.64+1.76
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S S R e
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Fig.1 Influence of extraction temperature, extraction time and
solvent-to-substrate ratio on the inhibition rate of a-glucosidase

T AR RN P<0.05 B, R [FZH 22 ) 22 5 W 25 .

1k, FHAT T 17 ZH528, SR 2,

PN 2 FIH, LA o7 20 8 T 156 A8 000 1) 38 g i 1337
B, BIESPTE 3] R BIE 7 Y=50.83—10.25A—
1.48B—0.48C—0.17AB+0.57AC+1.48BC—5.64A>—
10.57B*+0.60C>, Xy FRHAT 7 2853007, G5 L3R 3.

2% 3 Bl g, SR P<0.0001, 8] Y345 KUK
s R P=0.9585, AN 3E, PLAE AL R°=0.9949,
TMME R*=0.9883 SiH# 51 R* ZE/NF 0.2, hiAH
PSR R AT, BEMSRSUERG L FITN AN 534 SRR
Ul BERIAY—IKIN AL B, IKI A2, B? XFIRNEY
s H 3 (P<0.01); 32 H I AB X S (B 40
I3 (P<0.05) 5 52 5% 22 B B X1 28 19V FH I
i A>B>C, RPEff R~ SR B A [a)> 1ot L o

Wi 57 TE 325 FOUIUDRE 255 i A = ) B Al 4 T2
: BEfEREE 50 °C, Bigf#astia) 3 h, Wk 15:1(mL/g),
ot - AEPEF BN 58.2% , SEFRSZYGLH Hhe

®3 AR 220 b
Table 3  Analysis of variance (ANOVA) for regression models

FEFE HBE CFrM ¥ P Pl WEH
AL 1086.06 9 120,67  65.62  <0.0001 o
AlRJE 88515 1 885.15  481.30 <0.0001 ok
B[] 34.90 1 3490 1898  0.0033 o
CHUEHL 6.62 1 6.62 3.60  0.0995
AB 11.97 1 1197 651  0.0380 *
AC 1.89 1 1.89 1.03  0.3444
BC 0.4692 1 0.4692  0.2551  0.6290
A? 71.98 1 7198  39.14  0.0004 ok
B? 54.10 1 54.10 2942 0.0010 ok
c 6.65 1 6.65 362 0.0989
B2z 12.87 7 1.84
AU 7.41 3 247 1.81  0.2854
alitR2s 5.46 4 1.37
BIRZE 1098.93 16

H: +RFP<0.05; #*f8 £ P<0.01,

A T2 R I A U BE 50 °C, A Bt Al 3 h, W&E
10:1(mL/g), B 7= 0%t o1 255 03 5 I 310 il 3R 4
57.41%, ARIIZAA 0 I SEVE, ARPR L b Irfs 5]
B4, R 3 ZHEGIESEES, 158X a- 1200 17 1
IR 56.82%+2.27%, STHIIMEI B2 5.
2.3 FRERSTFEMTFIE

S BB SR ANy B - O - B R R 4y B IR
A, 153 624 5547 THAE 400~2800 Da fYIkE:, & 2
JEAR T S =4 IR B T i X o- R AP
it 14 900 1 95 PR o IX 4B BRBR FEEEON IR R AR, Hirh
266 ZRKBLHYSrTHEN 800~1200 Da, S5y THe N
988 Da, 5 S IKBE Y 42.63%, FIXT a4 26 W8 1 i 19
IRIREEE N 67.04%., A 157 45 400~800 Da IRKEXL,
SP-Y4y 4y F 1A 670 Da, fIH 3R i S REAK A 45.86%
(P<0.05)., 1600~2000 F1 2000~2800 Da kB¢, X a-



- 304 - B Tk B 2023 4 9 H
400 A HEATHr TR
ol 2.5 RS

& I — 2 TR 5 JIKBE LIGF #1 EFGAF Y AH %) 43

= 200| TS5 448.28 1 569.26. ilid UniProt X045

g I == JERTI], WI-ERBE B IE T 11125 (Camellia sinensis)
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Fig.2 Peptide segments in the tea leaf enzymatic hydrolysis
products molecular weight distribution (A) and its inhibition
activity on a-glucosidase (B)

A AR B RN RIS TS 9.84% A1 3.04%
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.
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BeEERRE, i Peptide Ranker T, 4559 o~
A BEEAE WG R BREBE R 35 450 R Toxinpred
Fil Innovagen FELL T EHIWT 35 SARBL R . A
PR AR SRR T, S5 R I E KBS e EE, (H
A 9 ZMKBOKIE R MRS Expasy T, 5771k
6 SRBe R e HEFE BN T 40 HAFH S HE 0.7~
4.9 Z Al IRBE, 2R B KBS B 22 K 15751 %
IR PR,

K ADMET RESF-5 1A 6 SKRIREBr A4 H
Jig TE WS (HLA) I i )5 B 2 375 (BBB) S5 R PHEP8)
2, 6 5 IKEE 10 BBB 45k . 178 fa i PEHR AR
by, IS CYP4A503 A4 g4, xRt
FRELA 28 it i e e ) B 0, fEim sk i iE Wk, A<
2 ACIE CYP4503A4 (R, BENS R iasE T, t
AN TPIALGY AR . 855 HIA A1 30% H IR
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