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Inhibitory Effect and Mechanism of Gallic Acid on a-Amylase and a-Glucosidase Activities

SHEN Heyu, LI Mengyang, AO Jingfang, WANG Jun, XU Huaide, LUO Anwei™
(College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: In this study, the inhibitory effect and mechanism of gallic acid on a-amylase and a-glucosidase were investigated
in terms of inhibitory rates, inhibition kinetics, ultraviolet (UV) spectra, fluorescence spectra, circular dichroism (CD)
spectra, and molecular simulation. The results showed that gallic acid had a good inhibitory effect on a-amylase and
a-glucosidase, with half maximum inhibitory concentrations (ICs,) of (0.72 £ 0.01) and (0.59 + 0.02) mmol/L, respectively,
and inhibited a-amylase in a non-competitive manner and a-glucosidase in a mixed competitive-non-competitive manner.
The results of UV spectroscopy and fluorescence quenching indicated that gallic acid statically quenched the fluorescence
of the enzymes by altering the microenvironment around their aromatic amino acid residues. CD spectroscopy showed
that gallic acid reduced the a-helix content and increased the f-sheet, f-turn and random coil contents of a-amylase and
o-glucosidase, thus leading to changes in the enzymes’ conformation. The molecular docking results showed that gallic acid
bound to a-amylase and a-glucosidase mainly through hydrogen bonds and hydrophobic interactions.

Keywords: a-amylase; a-glucosidase; inhibition; spectroscopy; molecular docking
DOI:10.7506/spkx1002-6630-20230116-132

T2 TS201.4 SCHRFR SRS A WE G 1002-6630 (2023) 22-0031-08
E[B e S

VoA &, 288 IH, RS 5, 85 VR RN o-E Ay T A oo T 460 R T P4 A6 Y LR, iR, 2023, 44(22): 31-38.
DOI:10.7506/spkx1002-6630-20230116-132.  http://www.spkx.net.cn

SHEN Heyu, LI Mengyang, AO Jingfang, et al. Inhibitory effect and mechanism of gallic acid on a-amylase and a-glucosidase
activities[J]. Food Science, 2023, 44(22): 31-38. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-20230116-132.

http://www.spkx.net.cn

ks H#A: 2023-01-16

BEEUH: “+=h" EFESPRTRIESLSH (2019YFD1002404)

BEAEHEE AN PE S (1998—)  (ORCID: 0000-0002-9510-0869) , 2, i-LWF7A:, WA T7 A R EE 5 5 hn 1.
E-mail: heyushen0727@163.com

SEEEE RN Bt (1971—)  (ORCID: 0000-0001-9505-0729) , 5, F|#d%, i+, W7 MR # 50T,

E-mail: luoanwei @nwsuaf.edu.cn



32 2023, Vol.44, No.22

E6miltl =

XA MY

2RUHE LR (diabetes mellitus type 2, T2DM) & H
BLAAR 48 %o JBR & 2 IR A E AP, A5 b
RTE AL P AERE 2 —", T2DMA ZAER,
e AR JRAR, 1 AR o ek AR, s e A AN AR
WERE, SEUTEARMS R, R, FRAEK
EEZK, BAT2DMPFER NEREZ . 20194, AR
AERER AT, F4.514418 B UL LI EGE N EEHE
PR BRI, F120304F, T2DMK 4Bk B %
WBiEEIE1077 A7 079 NP, HEl, AR
o-SE K B A o= %0 B B T2DMA R 7 8E 05 e a-3E A
Tt 0 o0 ] 265 M T TSRO 1) 550 T DA o BELRS R £ ik KA 5 4
BIH A, ST K 4E R AR I K. Ak, Jk
T o-VE Koy I 1 o= 56 28] W EF 1R 70 v LR 24990 AT K
Sk, B RORE . ARKE SRR K AR SRS, SR, X L
HIFE SAEIER, WS, KA. PR SREZED,
DRI, A R B 005 ST 114 -V A9 T A - ] 267 3 S T 10
170 A2 4 A6 v R 245 it SRR ) — AN B DR T I

BETRZBRATT Zam THDEaEmmags
PR R B2 —Fh 2 a8, BlinstaE" .
#HEL M PRE A A TERA BRI, BT
. PR BEAR. PUE. PURBEEAIPLARSMERY. HAl
BT I B T BT - ViE Ky Bl Al o1 260 W P A R 4 (1)
Pl R, AR BT RN ST B LR R
AR NEGEN J15% . LA SRR K B Ak
(circular dichroism, CD) DL T RCHLIX L8 7 TH BT 70 7%
BT IR - VE Ky g Al o1 260 B EF BRI HD R MLEE, DU R ER
S OB IR R A £ R 24 R TR ) B 2 B R
PSR HEHT S, AIF R & A & T IR 0 % Ik 25 P 55
R RREE RS %,

1 Me5HE

1.1 Mk

BT (A4 =98%) . FFyH (4
FE=98%) « RUET ZF AT B B a-VE ¥ B (50 U/mg, A4
FARG) « SRR T ER P RERE (1) o- 8 % BEF B (50 U/mg,
AVEARGD REEN AR RA R HARH
By = oy At
12 5%

DK-98-11 AH#EIE KB H  RET R WA
BIRAF]; SparkBbril 7 WHRA R ITEA A
UV-T22840-AT oy Fok g R R AR A TR
AFE; F-71000908 00 e T HALRMEGEE (EED
HIR/AF; Chirascan V10O =64 HLE N
I

13 Jjik
131 a-VE A TR o 161 267 R T WA 1) 3 M 0 s
o= V€ By B 1) 355 14 U 52 2 2% Shen Heyu 2573,
FE0.1 mol/L pHAH Jy7. 0% B2 45 22 pi i i BT J 90 52 R 4t
HREEAT . AR TR BN ONS0 WL K 25, 50,
100, 300. 600. 900 ng/mLFI&E & FTRRIEW, 505
M1 mL 0.4 g/LEVEM MR, 37 CitH 5 min/5 A
50 uL 0.01 mg/mL[¥a-JE M BFA . 37 C/RB7.5 minjs,
AT mL#0.01 mol/LAR AT R, FH 48 Ak~ 0T W43
e VLR K660 nm Ak I 5 WG B
o H T WEFF AN 1) P40 52 2 % Shen Heyu s J7i4,
7£0.1 mol/L pH 6.8 1) [ B 2 iyl (1) i vi%s 0l i & e v
BEAT . 7E96 FLACH I 100 pLff10.2 U/mL -7 %) B
B DA S 100 pLAN Ao 2R FE (25, 50, 100, 300,
600, 900 pg/mL) IFFMIFE S, 37 CHFE 10 minf5,
JIN50 uL 2.5 mmol/L ¥4~ i 5 28 - B-D- it i 7] 45 b
(4-nitrophenyl-f-D-glucopyranoside, PNPG) &7k,
37 CH%E 10 min/5 T 4405 nmAbil & oL
SCER I E 3 K, LARH RO 9 FE XTI . HISPSS
BRAF LG T SRR i 6] PR 2 B A B2 Chalf maximal
inhibitory concentration, ICs)) . %30 (1) {HEEE TR
XoF ou-ViE Ho T o= 75 R A Sl P D 1) 2.«
Ay — A

i LB
fdmmI 2/ % =100— —— ——— X100 (D
Aoy ™ Agriin

T Ay AR U o R0 S S PR PR '
A 9 S INFE ARG SRS IO RE Aoy e AN RS
SOINBESRRL G PR GE s Ay 9 IV T 5 22 I 948 1) IR
HoE o
132 B REN )% 5 b

B 2 51 79 2 0 %€ 2 2% Zhao XiaohuiZs!" 71k
100 pL A [A] o & o B i & & T RR VW (0. 0.3,
0.9 mg/mL) T, [E & o-VE By B ¥ W &K E
(0.01 mg/mL) Flo-5 %P5 EFBFA (0.2 U/mL) , K48
RN B, BIVER VTR 2R E (0.1, 0.2, 0.3,
0.4. 0.5, 0.6 g/L) HIPNPGIAWIKE (1. 1.5, 2. 2.5,
3. 3.5mmol/L) , 7853 5 NG I 5 VR G A VR R I ' E A
13 B A [R] JEC A7 o 5 34 P55 1) AR s S 28 o DA R P e S it
AR 5T B2 IR JE R 31 80/E Lineweaver-Burk X3 55 h £k
B, A3 B ) 70 Bl P ) R A
133 &AMk

AR E3.0 mL 0.06 mg/mL (¥ a-VE ¥ i 7% A
0.5 U/mL o-% % f FF G AW T A Ll e, 454
240~310 mm ¥R BOLIE" . HfisE e, FMREERE
FOrHIMA300 uLANFE R EEKE (0. 0.2, 0.4, 0.6,
0.8 mg/mL) Ff &I & A BRI L, JRAT, R
BE3~5 min/5 FRRICOEE . DLUAS N AR ot R
BFE R TATAE T



XA ML

E6mill=

2023, Vol.44, No.22 33

134 506k

0.1 mLA )it & FE AR (0L 10, 50, 100,
150, 200 pg/mL) 23 5IF10.05 mL 0.01 mg/mL a-3E ¥
B, 0.1 mL 0.2 U/mL o- % %5 5 5 B 1 TR VR )
Je s s H AR . BRI K N280 nm, KK
N300~400 nm, 4% TE NS nm P e K 2R i Stern-
Volmer /5 f& i 52"

F,
7§:1+Kﬂmﬂ:1+KJQ] 2

s FORIES B AR INFE SRR & (1925 56k
FEs K FAK 53 R R0 53§ FF K i $R Stern-Volmer K
WHG o E A A R KD ¢ [QIRFE &
[ BRI
13.5 =45 eit

R K N200~600 nm, BMABKN
200~540 nm, WI5E 7E& T ERAETE T a-VE K0 B Al o &
BRI =4O, HARS S 1.3.475 ik A [ .
1.3.6  CDYiEE

CDYM i % k. HfVEH200~250 nm, FE G E R
(0.1 mg/mL) So-Je ¥ BEE W (2 mg/mL) Flo-7 & HE
TR AT (2 mg/mL) 73 HlHEAFELL (1:0, 4:1.
2:1. 131D HINF1.0 mmAr bk U, DU R 2%
MRS N A, R R MR R R A R A
S WIECDIEHE, Hid CONNEHH a5 &
&, NTRE R ST N AT R AR AR A
137 R

KD FREEARTPMEE TR a-TEMEE. o
EREH M B ENEGMS . a-TERHE (PDB ID:
1UA7) Mo-#ZHETiEE (PDBID: 3A4A) ks
ME AR B ZE Chttp://www.resb.org/pdb) F13k45 ., K
F AutoDock 4.2 {45t o= i Ky 1 F o~ 5] 57 W 7 Il 1047 45
FITRAL R, (046 23R FrA /K 4 F RO, MR T
FS FH AT . {# I ChemBioDraw 2 /5 #4 22 3% & T W2 1
3DSE K. RAMM2 5164 7> T Re i /ME, S
Minimum RMS Gradienti & 50.01. F AL #4119 4b 2K
MADT, A ipdbqt AT R4, f Jm il id Vina e Jy i
1Tyt 8z, BB TR a- Ve N B o- 1] 4] B g 45
BRI 45 B A AT b7
14 HEGiH500

FRFTE SR EL3 K, BRI EsRR. E
FlOrigin 2018%fF45: P, i I SPSSH 1 kAT K 4b FHL AN
AT

2 HRSHH

2.1 BB TR a-TE A I AT o R 260 R I PO 4906 P
KR, B SR T IR N, X a-iE

93 T A o= 38 267 BT IR BB B R R, XRR R
TR i P A 4 B B A = AR . 1C,
N BTG 7735 2K 50 % It BT I N g ] r ok BN, AT DA LR R
BB TRRANG R R CPHYEXT IR X i A 40 1) 28R
B TR e CBRIPERTIBY) X o- T4 g A1 C 502>
W28 (0.72+0.01) mmol/LAT (0.31+0.02) mmol/L,
XF a7 %] B B 1C 5053 7 9 (0.59£0.02) mmol/LAN
(0.0840.01) mmol/L. EIRST-RFEMLL, B & T
XoF oY 0y B AN o= 381 260 W EF T ) B0 AR SR RIS, (AR IEE R
UFRAMEI R . Rk, B TR E T TE 1 a- Ve A i A o- ]
T T A R 7)o

1004 A
80

S

£ B

-.H:é 40 4 +&§7r@&

s —o— TR b

20

0 T T T T T 1

0 1 2 3 4 5 6
WZ/ (mmol/L)

759 B
70
65
60
554
50 4

45

40 T T T T T l
0 1 2 3 4 5 6

WZ/ (mmol/L)

1 BRI a-GeB (A) Rle-i 4R (B) (3R
Fig. 1 Inhibitory effect of gallic acid on a-amylase (A) and

i 2/ %

o

a-glucosidase (B) activities

22 BB B

WE2AFT 7S, AN R o Bk 5 P X o2 T 2 4 58
HAZ S b bRl b, SHBRPREE AR, ATRIKEA
ARy TV e 2 N RS, RWIRAE TIRUARSE S 7 0
a-JERIEE" . R BTV IR 5 a-VER B b LA SD
MRS IATH G, R R BIREA AR & TR
X o-JE AR B A0 £ . anEI2B AR, ANIE] A R
IREEPTR N LA SIAE SR 2R IR, SRR K, 5
BEARFRBEE AR /N, ATRNKEAE K, TV, T s, &
W3R T IR AR 3 58 4 05 s\ il o- R A BE I, RE S IR
W) 5% G o BT RE R WS M PO g A AL Y X SRR
TBERE XS o= oy R o= 36 267 W L AT #6147 FH 28 L 20 a1 R 5
gz CuE TR A i it el e N M = v U e A
45t L 2 S S EUNHIBCRAR AR, RAR B RS R
Vi 2T I



34 2023, Vol.44, No.22

E6miltl =

XA MY

A A 20r =0 mg/mL
<<DI *0.3 mg/mL
= 14 40.9 mg/mL
\%
g 8 /
%_ 1 1 1 1 |
-2 0 2 4 6 8 10
—4= 1/[S) (mL/mg)
B ~ 32r
a =0 mg/mL
9] 26 .03 mg/mL
E 20+ 40.9mg/mL
g
~ 14
S
L %' 1 1 |
-z _,lo 2 4 6

1/[S)/ (mL/mg)

P2 B riife-GERnE (A) Flo- 455517 (B) mBs £l 2k
Fig.2  Lineweaver-Burk plots for the inhibition of gallic acid against

a-amylase (A) and a-glucosidase (B)

2.3 BE TR -G R i Ao H AR R S DG R

—— a-VEREE (A)
—— A+0.2 mg/mL¥ 1
244 A —— A+0.4 mg/mLE T TR
22 4 A+0.6 mg/mLE T TR
204 —— A+0.8 mg/mLE X TR
184 ———
LlrLe4+——
=14
124
1.0 4
0.8 =
06 T T T T T T 1
240 250 260 270 280 290 300 310
PK/mm
— a- Wi B (B)
124 B ——B+0.2 mg/mL¥ T
: ——B+0.4 mg/mL% £ 182
1.0 / B+0.6 mg/mL&% & TR
——B+0.8 mg/mL&E T ¥R
0 08
R 0.6
=
0.4+ -
o244
0.0 T T T T T T 1
240 250 260 270 280 290 300 310
WK /mm
Pl 3 B IR RS X a-TE R (A ) Fio- 4555 ¥ (B)
E3( 5 R

Fig. 3  Effects of different concentrations of gallic acid on UV spectra of

a-amylase (A) and a-glucosidase (B)
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Fig. 4  Effects of different concentrations of gallic acid on fluorescence
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Fig. 5 3D fluorescence spectra of a-amylase, a-glucosidase in the

absence (A, C) and presence (B, D) of gallic acid
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Table1 Effect of gallic acid on the secondary structure contents of

a-amylase and a-glucosidase

fify R a-l2iE%  pITBI%  pEEI%  TCHEMI%

1:0 25.10 22.60 18.20 40.20
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1:1 19.70 28.10 19.80 44.80

1:0 43.40 12.70 15.20 25.80

ok 41 39.50 14.20 15.80 28.10
T 2:1 33.40 17.10 16.90 31.90
1:1 27.00 21.30 18.10 36.90
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