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KR

T 52 W) 25 W3 ) Jo R HG A 7 57 0 B A i AR W I, T RES 5 1 8 4 | (Pepsin. PEP) {9 43 ¥ [A] A H

PEFIBLII A A8 . SR IFEOE6T1E . 28 50-nT WOR OGS o 2150 6 1% Fi 43 - X He L3 S H R OF A W BE T
RES 5 PEP MHE A/ A 45 &4 P . NI RES fl PEP B9/E HALH R ML T (5 8, W N RES 762 & 125
AU B B EIE B %, PO RISt 45 R I, PEP WYL BRI E RES e B A 34 fin 2 30 A ML
IREAR . W] RES %I PEP G 28 6 KAER . A RES i J5 . PEP (1448 SR OG 1S & A= W1 A8 1k . 4745 J40 1k
RES 5 PEP WAH EAE )& T# S PEOUH KA AL ; #4E Stern-Volmer J5 #2545 B A [8] 5L BE T s/ I A

R K BRI R T IR A ) R 9 e R T BORE 4 K 2. 00X 107 L+ mol ™!

o5 HEKERH(Ks) 5

WERAAMCKR, #—LWIUET RES 5§ PEP #&TOUM KB, (¥t 85 S MEHRE RA%ST 1,
W —4~ RES 5+ F H#g45 & —4 PEP 4 F. M4 Van’t Hoff R LRIy % 7 BIFAA AL R ER, AG
<0, ¥ RES 5 PEP W& & AT L A & #6475 AH<<0 Al AS<<0, W] RES 5 PEP Z [A]45 & 18 H S 26 Rl
FEEE RS RES 5 PEP MR R A9 ] 28 9¢ 606 1% 0 = 498605 KB, 76 RES MMEATT
PEP (i # G FIIABE Kk A AR A, 0 20 1R a1 0 R Ak 66 i Ak PR B A M 1 0 /K R0k 55 . 3 A 2 A8 15 i
By o 2LAMGHE B8 RES B8 PEP /) “RE5H T o BRHE & HEFRAL, BATS i n . B %% M A1 JCHLIN 45 it 42 1k
AR, XA RESE N PEP 036G M. 40 F X B S 5 45 R B8 RES 5 PEP (i 5k 2 Asp-32, Gly-34,
Ser-35, Asn-37, Tyr-75, Gly-76, Thr-77, Ile-128, Ala-130 F Gly-217 A5 =4 1M, 55k & Te-128
Asp-215 pr A B AL Ha R . 5k K Ser-36, Asn-37, Ile-128 % Thr-218 i & . & F/EH J1{fi RES 5 PEP
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Il RES 5 PEP 2 [i] 1 44 05 BOM 25 4 8 B B A= 1)
EEAER KRR, % PEP Jr AL U5 — R A5 22 1k
BRI 18] 0 AR ELAE I X AR AT 53, M0 T 85 M J2 T 70
Hr RES X PEP =5[] 45 #4) [ B AL MR AR AL WOR SE Y 2 . 578
B RES 5 PEP Z [ pfF AL B IR At B 25 1 .

ISR

1.1 Y57

Cary eclipse 9¢ M B 31 CEREMR 24 H] . USA) ;3 UV-2600
AT W I I (B HEA |, Japan) ; VERTEXT70 41 4b
HEAL (A& 58 A ], Germany) ,

PEP, R\ RESC LA TAY TEKMHERA A, &
ED s WRACHR CR RN BR AL 2R A R A W) A ED o
gl HoAdL N R oA gl Bl 2. 510 mol « L' PEP %
WA 1X10 " mol« L' RESE W, fENEEW, WAF7E 0~4
CTHMHETEM.

1.2 A&
1.2.1 #ARA#ESH

G K RES I PEP 3% . i RES 5 PEP i FE /R L
5 0,0.25,0.5,0.75, 1, 1. 25, 1.5, 1. 75, 2 F1 2. 25, 43 3
TE 298, 304 F1 310 K B9 BE T S Bz 10 min, #4756 5635
FE o M SRR WOk TR B B 5% SE B4 Oy 10 nm, 433
J¥ 4 600 nm « min~ ', KK AR E N 300~500 nm([F] 45
Y65 = 4EBe L HHETE B 200~500 nm) . METH N -
Aex =280 nm 2015 R BEOG I s 23 ) ORI KRR G
WA EFE AX=15 nm Fl AA=60 nm, 30 H 72 56 663
& RES %5 PEP R R 1Y =42 ok . S0 56 A5 19 ¢
B B0k FH RN T S (D AT AR IR

Foow = Fupo X 10@Pex P/ (D
A, Fon HEOERT I PR, Foow N IE JG B9 20 98 BE 5
OD. ¥R WK T 1 58T WM . ODew 8 K 413K T
B 28 A AT D WSO
1.2.2 RAKRMNE

BEEAFEE , #BiinA RES 5 PEP A9%¢ 661451k
45 G MR Stern-Volmer J7 2 20 (2) 38 A Sy 22 2 800,
#578 RES 5 PEP 2 [a] B % 67 KL .

Fy/F=1+K,n[Q] =1+ K«[Q] 2
K2, Fo HEAMA RES 0, PEP i3580 BEAE; F oA
A RES JG PEP W50 BEAH s K, Jy 98 S0 K 2 5 %5
o BUHA 10°° s, RRENGFFHF A [QIHNHE K
(RES) W ; Ksv & Stern-Volmer 75 F& 7 K 5 5.
1.2.3  BS-T o bk B koM

AN [V FE B RES W0 43 50 A 31 — 2 ¥k B2 (1) PEP %
Wb, AT AP KR, HRM BT B EAE 185~700 nm
M.

1.2.4 f# 2ot % B 2r 5 3% (FTIR) 41

# PEP, RES I RES+PEP ¥ ¥2e T4, FFE K
SRR AR 1 100 Gn/m) By BIE A B, 16 4 000~
400 em " P BT L PN XA S HEAT £L ARG A .

1.2.5 - FaimgEma R

F 4> F %2844 ( Autodock 4. 2. 6) 43 #f PEP(PDB 1D
SPEP) [y # X 48, 7 Rk 2 90 AX 100 AX 90 A 1y ¥ #%
a7, &7 N(—17.802 A, 40.376 A, 86.848 A), 4
F X247 100 K. 434t PEP 5 RES 15 FI i 5 /9 16 71 28
RURGS A 00 5 SR 09 B A 2 808y BROUCIE (BRSO 4
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(2): RES 5 PEP M AEAZOWEIEE : (b): RES 5 PEP A1 H.AE ]
LA TR . Hd e & RES, b J& PEP, ¢ J& RES+PEP. d & c-
a; (¢): RES 5 PEP M HAEH K Stern-Volmer fh £k

Fig. 1 The diagram of RES and PEP interaction

(a) : Fluorescence emission spectra of RES and PEP interaction; (b) :
UV-Vis absorption spectra of RES and PEP interaction, « is RES, &
is PEP, ¢ is RES+PEP, d is ca; (c): Stern-Volmer plots for the

quenching of PEP caused by resveratrol at different temperatures
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2.1 RES 5 PEP #HEERBIHLFI

2 T2 s AR — B R O M IR YOI . &
FITR 19 %€ S8 6 1% 7T LA B8 F J5 45 4 R B 7 22 4Rt B A
B PEP B8 A0 S BR AR 5 R X A ik 2 BR R 3, i st
FRILTT DLW FHAE I FE M 28O |, $24E PEP 5/8 2 4 i AH
AR G AL 1 40 56 A5 85 . RES 4 PEP 9% ) 3 J¥ 1 82
Wi AN 1Ca) Brs MR KA 280 nm B, RES 78 1t 4b Y
DL 1D RRASS . 7] Z W A3, I PEP #£ 344 nm 4t
HESER DO D, Bk PEP #9565 Bl i 2 ot 3% 4]
B,

ME 1) P AT LA W, BfiE RES 3B AR Wi in . PEP
F 5 i JBE T W AR (R AR 1 72 B o /N X 3R B RES
5 PEP &4 T AHE AR I 530 PEP N IR 2SR 28 K, #
HATR IR ¥ 19 RES J5 . PEP Wy K R SIS & 4 T 40 Rs . %
B RES [ 47728 PEP Hh () i 2082 5 5 52 92 5% 25 i A 1 37 8%
KAEAST, B 1D JE7 T RES 5 PEP M H.4F F ) 2 4 7y
LIRS, X H iR o i d AT LR L. RBEE RES A,
PEP (1) 58 4R i A WA 8 (Bl 28 . R4 RESYEA R, PEP
MR AR BUE . AT LA A0 H T Y RES XF PEP fiy 25 K AL
HEBPIRT N T — 5 RES Xt PEP B9 58 65 K 2K
K HLBE, K 98 6 KBS R A Stern-Volmer Jy 2 #1741
B, ATAREIM C K S8 (K 1 Fim) R FEE T W
Stern-Volmer MiZE[E 1(c)]. ME 1O AT LLFWE, F/F
HLQIZ MM X 7 R1f, %P RES X PEP [ # K 5 Al )&
J& T8 — AR K B ARE XK AR R TR

FUIPER ER Ko B Ko R TR AT RUR /Mg FE R
AR K HIER T 2.0X 10 L - < s OB KA
AW R 3T W B R BRI 8 O - HLIR KR BORE B R T
i I AR, FRURERIE T RES 5 PEP W4 8] A L AF TR 3L A
SR,

mol ™!

®1 RESEPEPFARAEERNEHREEEXEN
Table 1 Quenching rate constants and correlation
coefficients of RES+ PEP

i PR HH Ksv/ PERHEEER K,/ HXRH
T/K (Lemol !+S™H (Lemol '+S™ 1) R?
298 1.266 4X10° 1.266 4 X101 0.979 6
304 1. 220 8X10° 1.220 8 X10™ 0.951 6
310 1.018 0X10° 1.018 0X10" 0.858 7

4G H BOMSS G 0 S BUR TG /Ny 5 R A R A ELAE A
A E UG . SO G T R SR AN T SE R 45 SR R W] RES
5 PEPERI KB RFH AR, SHFHEPERK Gl Lk
W I 45 4

Ig[ (F, — F)/F] = 1gK + nlg[Q] (3)
KXOH, Fo oy PEP W96 B2, F A A RES J5 PEP (1)
PIEWRIE ; K Oy PEP 5 RES W25 & % 80 n NE G MLSEG
[QIN RES iy #e ¥ .

PLIgl (Fo — ) /FI R A bR 1g[ QI 18 A b 1F XX %
B, P ) R A G (B 2 R D) . AR R AR R R R
M AR FRE F RES 5 PEP W54 % % K Fwifh
N 2Z TR 4 A S R s ZEIRILE 2,

X2 RES5PEP REIRBRHNESH

Table 2 Thermodynamic parameters of RES+PEP reaction process
i 4O WA HXRK F B AG/ Wi AH/ i A/
T/K K/(L + mol™ 1) n r (kJ » mol™1) (kJ » mol™1) (Jemol '« K1)
298 2.600 110" 1.075 0 0.995 2 —25. 187
304 7.341 9X10* 1.182 8 0.982 0 —28.224 —168. 980 —475.972
310 2.272 0X10°% 0.848 5 0.957 4 —19.919
NGB RO K T BUT i T B B AR AT

WR—AEEA 5 . RES 5 PEP 2 [8] 19 {E Fi 1 R R TT AR 8 2
NI ST SRR AS AH L A8 AS, FH A A HEEE AG)
PEATHIWTOOT . MR B AR A R KB, B B KA AR (AHD . iR
(A FHE A H B B g7 (AG) A iy Van’t Hoff 7 & () LI K&
PRGOS,

InK =— AH/RT + AS/R (4
AG =— RTInK = AH — TAS (5)
A, KRR TR A& R 8G R TR H(8.314 ] -

K™,

i 2 AT H, AG<<0, W] RES 5 PEP 4547 LI A K
PEAT . ZIK A K AH<<0 f1 AS<<0, Wi H] RES 5 PEP 2 i
MAE ) 2R A R A A (RS RE HE B AR A

mol ™!

2.2 RES 3t PEP #] 8 1 &I
2.2.1 RES L PEP # R % % % kit

7] 25 5 56 0 135 W] 42 41k 5¢ S F B 3 £ A 5 A8 Ak 9 A G A
B R FOEIE T, MM EMEF K2 Al 15
60 nm B, T L4315 B AR T b A R R e R kA
BFIE Y 23 7 25 4 4 5 . RES 15 PEP AR B 1E F B9 A 2 2¢ )6
WM 2 iR, WNEIR TG H,. EWAERKET. ME
RES (9 AWl A . PEP % 2 B2 R 5 20 B2 1Y & S 05 5 B 14 e
KAk, BT FEMFLE AR . AA=15 nm /£, W% RES #
FEM 4R . PEP RRAE 52 06 B 0 R Wi 28 K . ELER 286 nm 2T
2 291 nm, AA=60 nm AYEAE 2¢ Y6 W UL I IR 7 K, 1R 279
nm ZLF % 281 nm, XK Y] RES fii PEP v & 2 12 I B = R
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BRI B T B IO 8 R AR AR AR PRI S, B K PR N
PEP &5 28 5 a1 . 3 15 29 6 o6 1% o i 45 SR — 3.

100 -
(@)

754

504

Intensity/a.u.

25+

0 T T T T T T 1
275 280 285 290 295 300 305 310
Wavelength/nm

400
(b)

300 l

200

Intensity/a.u.

100 1

0 T T T T 1
250 260 270 280 290 300

Wavelength/nm
El 2 RES 5 PEP A RHEH WA KL
(a): Pk 254 15 nm; (b): P K%K 60 nm
T=298 K, cpepy =2.5X10 " mol « L', ¢(res) (1~10)=1(0,
0.625, 1.250, 1. 875, 2.500, 3. 125, 3.750, 4.325, 5.000,
5.625)X10 "mol « L!

Fig. 2 Synchronous fluorescence spectra
of RES and PEP system
(a): AA=15 nm; (b): AA=60 nm
T=1298 K. cpppy = 2.5 X 107% mol « L™, cres) (1 ~10) = (0.
0.625, 1.250, 1.875, 2.500, 3.125, 3. 750, 4. 325, 5.000, 5.625)
X10 Smol « L1

2.2.2 RES X% PEP # = % % % ki

ST IE R AR T DL SE R M 5 A R R O TE
SR D G BE [ I BE R L R S K A AR A 1 5
W 45 G S E H M5 S . Bl 3 BR PEP JUlf27E
WFCIE 3Ca) JUA & 5 RES #8 B/ A i = 4 58 6 6 3% © [IA 3
(b)Jo W @Quex = A ) R H A HUGS I, W 1 BRI PEP (8
AR B 2 R TR B OB IB AR AE . 1B 3 () B PEP ¥
WU L B AE X 65 B Dy 368. 7, MM A RES J5, H AR X%
JEORBE T REZE 267.0, JRWL B TR A 201 3(b], £
RES 5 PEP JE LA &4, I 51 PEP # g 4846, fm A
RESfij /& . PEP ¥ it 1 19 & ST B 340 nm £1.%% 3] 361
nm, PEP {2 iR 5 s 24 02 Fr 40 0 55 i K PR s 55 o X i — 2P
B 1 96615 A IE 25 90 1k 45 2R

400
-20
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5]
wn
(=}

Excitation wavelength/nm
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200
200 250 300 350 400 450 500

Emission wavelength/nm
400

w
W
S
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133
166
300

5]
wn
S

Excitation wavelength/nm
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(26 u 275, _ibl
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B 3 PEP K RES+PEP gy =43¢ itk
Fig. 3 The three-dimensional fluorescence contour
spectra of PEP (a) and RES+PEP (b)

200

2.2.3 AR E et HeorshokaE

BT B LL A RS T LR B AR R A 4 AR AL B T
(1 700~1 600 e "JEE N, FERE =0 MR M
Bk fi 17 (1 600~1 500 em 'S [H Py, EEER C—N Mgk
A N—H & il = 8l 28 S0 W S & 88 1 o AR AE R 0%, T
IR EATHAT EERAL B, AT RUIRAS 2 (B 2 i A 6
fg B, X PEP Ml A RES HiJg £ 4ME 3% A9 1 700 ~1 500
em A Bl AT EE AL B (K 3, S5 R BRI RES R
J&» PEP Z R 5, o BBHEE Rl 21 196454 17. 23%, B
WA SR 45. 34 %780 49. 76 %, B &M A ik 28. 61 % 7%
Jy 28.08% , JCHLIN G il a4, 866745k 4.93% , X —3L
B4k KW, RES X PEP B9 0 454 7= A 2 0 . il o 12 e
O AR BT A & Y L R AR RN T N 4 it AR b AN B

%3 RESX PEP MK # N
Table 3 The effect of RES on the secondary

structure of pepsin

1 HiE BUIE pHAm KA
® /% /% /% BM/%
PEP 21. 19 45. 34 28.61 4. 86

(PEP+RES)—RES  17.23 49.76 28.08 4.93
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8, XHBEH T RES 5 PEP Z [A] 3 % i@ b & f il 74 )
PREAREAE N, X FAE R0 PEP [ 90454 . #E M52
Hom .
2.3 SHFXNEESIR

T ENE WL e RES 5 PEP i 45 64, FIH 4
TR B AR T AT 22 A M LR AT A LR T A
TR AR R A A R R 2 R, NP RS
REIR IR A AT 204 . AR 45 R A&l 4 T s . RES 55 PEP
Wdia L S A F PEP f M A%, RIEH G0, 566N
—29.59 kJ » mol ', RES 15 PEP i[53t Asp-32. Gly-34,
Ser-35, Asn-37, Tyr-75, Gly-76, Thr-77, 1le-128, Ala-130
L Gly-217 f{61ERTIEM . S50 Tle-128 J¢ Asp-215 77/
I . Bk KE Ser-36, Asn-37, Ile-128 ¢ Thr-218 5
RES A M. & e )1 fff RES 5 PEP Bl fa & &2
a.

3 45 i

FRI D66 1 12 5 22 TG 50R #0230 7 %) e $ER WF 58
RES 5 PEP fyfEMIHLH . &5 R% W RES 5 PEP Z L 1+ 1
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Study on Interaction between Resveratrol and Pepsin by Fluorescence
Spectroscopy and Molecular Modeling
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Abstract Resveratrol (RES) is a non-flavonoid polyphenols found in many plants, such as Vitaceae and Liliaceae. It is a natural
active substance with variety biological and pharmacological functions and widely used in food and pharmaceutical field. Studies
have shown that polyphenols had an interaction with digestive enzymes (such as pepsin, trypsin, etc. ) in the process of digestion
and absorption of organisms. resulting in changes in the biological activity of polyphenols and digestive enzymes and affecting the
digestion and absorption of polyphenols and other nutrients. However, the mechanism of interaction between RES and pepsin
(PEP) has rarely been reported. The attempt of this paper was to investigate the binding characteristics between RES and PEP
at different temperatures by fluorescence spectroscopy, UV-Vis absorption spectroscopy, infrared spectroscopy (FT-IR) and
molecular modeling technique. The experimental results provided important information for elucidating the action mechanism of
RES and PEP. Fluorescence data revealed that the fluorescence intensity of PEP decreased regularly with the increase of RES
concentration, indicating that RES had a fluorescence quenching effect on PEP. After RES was added, the UV-vis spectra of
PEP changed significantly. The K, value (the minimum quenching rate constant) at different temperatures were all much larger
than 2. 0X 10" L » mol ' + s~ ! (the maximum diffusion collision constant of the quenching agent on biological macromolecules).
Moreover, Stern-Volmer quenching constant (Kgy) gradually decreased with the increase in temperature. These results verified
quenching mode between PEP and RES to be static. The value of the stoichiometric binding number approximately equals 1, sug-
gesting that one molecule of RES combined with one molecule of PEP. The thermodynamic parameters indicated that RES could
spontaneously bind with pepsin mainly through the hydrogen bonds and Van der Waals forces. Synchronous fluorescence and
three-dimensional fluorescence results provided data concerning conformational and some micro-environmental changes of pepsin.
According to the results from FTIR analyses of PEP, the content of -sheet increased accompanying with significantly decrease of
a-helix, and no obvious change of f-turn and random coil upon binding with RES. The presence of RES loosened the skeleton of
pepsin. These secondary structure changes might lead to changes of the physiological function of pepsin, such as the enzyme ac-
tivity. Finally, molecular docking further suggested that RES molecule binded within the active pocket of PEP mainly via the van
der Waals forces and hydrogen bonds. There were the van der Waals forces between RES and residues Asp-32, Gly-34, Ser-35,
Asn-37, Tyr-75, Gly-76, Thr-77, lle-128, Ala-130 and Gly-217 of PEP, super conjugation between RES and residues Ile-128
and Asp-215 of PEP, and hydrogen bonds between RES and Ser-36, Asn-37, Ile-128 and Thr-218 of PEP. Various forces make
RES and PEP form a more stable complex.

Keywords Spectroscopy; Molecular modeling; Resveratrol; Pepsin; Interaction
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