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SRR, RIRIE AL YW R R
o A BT A R 0], AT DAk e R ), H AT,
A RFIT A, R A IR Ak A X o A R
ity EL A G vy A o 4 S g B o
2 R T AT ) 9% e 1) G B 5 ) R R A 1 AR
I

YT I AR ST E ST I MR F:45 A HSCCC 43
B A D LA R oo A0 T Wl VR M 0 AL O
i 3 e AT ST 2T AN T | R AT 3 -
JO T 3R FH B A i R S e L 4 5 R FH 26O |
] €0 335 F1 o3 7 X e R R0 AL 0 S o
7 W il R B

1 MRE5FE
1.1 #HREIRF

BB R TN Z I I SR
VB, HARET o R U PR BB RE BB AT 3, SR
AL T80 CUKMHE 12 h, B 45 s 5 HL B
TEHERHR TR LT 72 h, R 5 R E
PR WEALKE JERRE 3 40 H 0, i 75 05 A SR A,
FOREGIRAFTE-18 CUKAR T 285 H

o1 2 BEAT B (50 U/mg,68.5 ku, BRI 71 )
R A MR BR A ] 5 RS B —a-D -l
M 8 ¥ 1F (4 -Nitrophenyl a—D-glucopyranoside,
PNPG), bt 35 2 AR AL BHECAT BR 2 5 5 00 A 4 1y
(P-nitrophenol ,PNP) , Z& M R AL T4 BHE BR 2
Ay H S RUT JEfE (Methyl tert —butyl ether,
MTBE) , L1 4 8 2R Sl A BRZ2 7l 5 1E T % (1-bu-
tane, 1-BU), FIgKHIEZRHEARAR; CF
(Acetonitrile, ACN) , "1 T EE 25 R 4 G R 7
=% £ I8 (Trifluoroacetic acid, TFA), Fg &t 5 A< Ji
"= W Bl B A BR 2N 7] ;Sephadex LH-20 7 2 b ¢
JBe, AU I FERE R A BR S W) T £ R
IR (M a2 ) , 1L B = 2 R FR 2 W)
12 UFEHE&E

LC-40 SRR A (38, |7 AR mERHCA PR 2
] s LCMS—8080 H A< [ it — F PUAR AT AR (0 3 5
AL, B A B H 2 H]  HSCCC-TBE1000A
O (01 TRIINE] AR AL H AR A R W LANY -
1-650CT 7 i S AL, ¥ 22 A5l A7 R W
3-18KS sl g0 AL, Jbntiv B AU A R A

SHZ-D & G FR K 2 F H 25 5 il e 4 1A 45 1l
& A BR 2N A ; Advance 400MHz % 2 3 98 35 4%, 1%
A 50 A W 752N SRAM T W R, B
U ok = BT 2R A A RS A s PHST-3F &5 4% B 15 20
B pH BREETH, L) RALES BB R A A
RGF-6300 Ji 950536 BE T B AR L 4%
AR E ; DSM 20 CD B/ 46354, Ak
P52 5 (1) A B2 7] ; DITOR-K6 JLFH &3 AL,
W25 JUBH B AT RS 7] 5 124—1CN 2007 K-, & K
F (U ) BT RHE A RA

1.3 Hik

1.3.1 FEMEREUIHI & B se ny Al R
JFH RS il Bl 4 BCHE g b B 0] oo 2 W
T A A, T 60% 2 BEATE R 4R U 7 FREL
1 000 g Wi B A, % UL I 1:3 o/mL Sl A 60%
VKB ERMRAE, & TREA RIS, %
JE L T 350 W, H BUE FE 50 °C £ BT ] 25
min, Ff $2 OS5 A $2 RO 2o 5 1R 0 B
(7 000 r/min, 15 min) , 3 PEUCEE JEWR . 5kt R H]
R4 Y 7 R I 3 W, & 0T U8, BB SE i@ At 40

CHeRE 28 KAXBR LRI WA, JFE T HESRIE
THEAL R LR T, A5 2 AR R R (43,18
). W EHLEE YRR S 2K Z IR IR, K Y i 500
ml A7 B | 20 B8 2T R IE TP AR B, 8 A R
3 30 0 R BORGHE AT A TR S, 4075 3] 0.69 ¢
LMY (FERL 1) 2.84 ¢ £ TR ST LY
(FEAh 2).7.03 g 1E T BEERHUY) (FEGH 3)F1 18.47 ¢
IKAEHUY) (FEal 4)

1.3.2 HSCCC 718 =% e R w00y O ik | ik
% 1-BU-MTBE-ACN-/K-TFA (2:2:1:5:0.01,V/
VOAE R HSCCC i MR & |, e b ARAE [ 41,
TARYE R I SN AE o AR oo~ AR T B AR 3
B B, B 4 KT oo 26 B AT A 280 R P AR
TH e, KL PR 4 3 — 2250, 735
FRIC0.20 g #E i 4, % T 20 mL FAHFI 20 mL &
A B AR 5 6 LR A A S ORI
30 min B G EESF BT, 152 ik B R A R
I35 25 CAT 15 mL/min, 13 [ 52 A 753 A4~
BRI AT I F ML, 38 % 3 850 r/min, Ff % 2
HEE, $imshH L 2 mL/min i3 & A 36475
B R 254 nm ARG AR HE HPLC X R (1) H
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W FEESHRERECHES B EEETERSALL oK H 45850940 ZAE R 43

WA BT ) AT 53 20 WO A 43, O %o v i T4 SR s
WECIRATE T —18 CokA P 45 .

1.3.3  Sephadex LH-20 % R bkt /8 K H
Sephadex LH-20 7 2 # & ik i — P 4fifb , &
HSCCC 73 8§ 4R 15 HAT 5 sy o— ) 280 0 1 1l 400 ) 0%
P53 (F4), FRHL 20 ¢ Sephadex LH-20 &E1,
200 mL ZE 48 K L A, i B 2= PR AE (30 emx
2.5 cm) 1, I AR B 45% N B PE R, AREX 1.0
mg F4, 7&K B, >R 0.22 pm Gl AL IR A
i VR 8 SRS R R BEICR b R 40 58
2B BNEERORG , R4 50% H EE 7 I
TR 38 AT W R I, Ok vk A TR ) D
TR A i 2B 1) oo 4 W T AT A0 1 A G (A

1)
134 dHho 1 %%
1341 540EH K45 T EH AL 0.1 mg/mL

RS, SRIGTEIE K 200~700 nm 35 B P9 F1 4
ST T SN ETERRAE

1.3.4.2 fEEMZAMEIEE PRI 2.0 mg 4147
I ,3% 8 1:100 (g/g) I A KBr 3 A, e [F] B B
R, SRJE R HAE P K 400~4 000 em™ 75 Bl N 17
JEIEEHG, Ao T LA EIE R

1.3.43 HPLC 434 FESLALER . 43 51K B 1.0 mg
Fedh 4 F4 M 1 T8 d, A 0.1%HCI-H
P W, TE 1 B 0.1 mg/mL %W, #IH 0.45 wm JE
JEON W AT 08, T HPLC 434 .

3 k. B HE-228 Cy k(6.0 mmx150
mm, 5.0 pum) ; BE RT3 50 209% H RV 0 Bt 3h Al
A, BB 60% L NEVE i shAH B, BEMLRE)T .
5%~20%B,10 min;20% ~25%B,5 min;25% ~30%
B, 10 min;30%~33%B,5 min;33%~5%B,15 min,
FERL | A B RS 0 4 43 ik Ok 25 °CL20 L,
520 nm, ARAEA K (1) IHEAE AT 2l

pi (%)=

A P——FRF M RE S () e FRA 4 8L
A—— R IE B s A ——FRRIRE A (0) i TR
1.3.4.4 HPLC-MS 78 Fuik & . ot i ok H 1E
B O SO RE AT, L 100~
1 000 m/z , [ s 43530 % 7 25 A i T 1 M A

100 ()

YN 430 138 kPa, 335 °C,4.5kV,
1345 NMR %% a3 FRIC 5.0 mg 457
I, AT AR Y B 0 A%, T B 0.1 mg/mLL Y
VW, R 0.45 um 8 X Hod i T '"H NMR
1 3C NMR 237,
1.3.5  o—# A0E H RG0S o A BE
fiE K i PNPG A= B 8 {4 9 PNP,PNP 7£ I K 405
nm A0 fe K , 225 SCRR LT R 5 2%, 43l B
1 mL o—7 29 B 7 B (0.2 wmol/L) B T4 i, 43
BITA 1 mL T R 10,20,40,80, 160 pg/ml,
BEMIATR (FESY 1~4 F HSCCC 7 B 3R 2443 )
AT mL 419y 1 (K 3 -3-0-# % B, Cyanidin—
3-0-glucoside,C3G) (10,20,40,80,160 pmol/L.),
IR FE IR A AR RAE S SCHR[17]09 7 i
MAEZ (2) B S X oo 25 T T 1 %
%rnﬁ%u%%):A*'fjlﬁ"(j***'ﬂ‘Af"')
Xof
1.3.6  ZOUGIENE 2 M Zeng N J5 1L K
1 mL A [E%E €3G(10,20,40,80,160 wmol/L) 43
S5 4 mL oGBS (0.2 UmL) 51 A,
3 AE 25,30,37 CH&AF T RN 10 min, 98 J& X 3
HEAT DO, e A KL E Y 320~
380 nm, BRI KR 295 nm, & FF RN K B4k 4% B
FE¥4 10 nm,
1.3.7 B 48 SR AR A& C3G Xt
R ERETT I S R0, R R a—H
2 B 1 (20 wmol/L) Fll o— 7] %5 B 1 (20 mol/
L)+C3G (40 wmol/L) , [Fl — i i B 2 . 3
#2260 nm/min, YG1E 3 FEE 1 nm, N 1 s, 7 58
1 nm, 2 EE S AE 200~250 nm (328 28 2Rz i
T a-# AP e o-180E -5 .
B R TR I 45 it A A2 Ak
1.3.8 S FXHEREAL R AutoDck4.2 34
300 FXHERL, C3G(CID:132989527) 43 4%
¥k B PubChem 73 &, 1l TRCAR AT 45, FhAR 4
¥ o~ Z BT B (PDB 1D :3A47) W 7E RSCB #
18 B 3Rk 45 (https < //www.resb.org/ ) £ X 2
i R AR Z 4 R Lamarck i f4 53515
BCARFN R o3 F AT RE A 5 o AR HEH 45 1 b LA 2%
Bt/ N RN AR AT EZE R It HT

x100 (2)
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2 #HERE5HMH
21 a-BEEEHINH IR

AHIFGE LA oo ] 46 B0 400 )0 2 Dy R 1)
AT EU B, O Hh LA oo R0 46 R 8 40 ) 355 2
W AR 2 4y o W RE R B DA SR o 28 W 1 il 0
T ZCRANE 1a FiR , FE 1a AT, 2405 B HLEE Y
FE i BB R FEAE 10~160 we/mL Y5 N, -7 45 B
T R 00 1) 23 B 0 KL 2 A R U A B T
FHUM(P<0.05) , H Rk B v Y i s b AR
R TR M 160 /ml B oc— 7 28 4 1T i 4
iR F ik 72.82%+1.64% , 45K, &Y
FE S A BT oo B T VR R Y
510 K RN 90 R 7 S S SO N L
RELEZ P AE S AR UG 3 A Tk . 2R TR AN OE T
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(c)

R, 43 A5 B AS [F] 4 B | B2 3000 7 fe R i it vk
JE (160 we/mL) £ X co— ) 28 A7 1l 470 1) 250 SR
WE b B, mE b ol B S 1~4 X a2
BEH MR SORFAE B 22 5% (P<0.05), FEah 1
FURE 2 BEAE HF o7 25 W 1 i R FEVE . LD I
A RE R R T A Tk R U RN 2R TR B U R
T P A1 T oo 2 A T A 6 S R, A
FIFHE 2 A, BEh 3 FIRE S, 4 BRE4 203m i
oo 71 25 W R IR I TRTAE S 4 X oo 2 B T
0 R W AL T RES 3(P<0.05), DIt , eFEkE A
4ERT =Mt g, FAEES S84
HSCCC 73 B 2iAb A i 4 b A oo~ 45 1 1 i 7
il 280 1 1 M LA

60
w0 L)

20

il %
Inhibition rate/%

Zo

FEh2

c

T B U R
Liquid extract samples

(b)

i
Inhibition rate/%

10 20 40 80 160
Eiv g B33
Component I concentration/pmol - L™

(d)

TE ARG R oR 4 6] B A 35 22 57 (P<0.05)

B1 E&EMEREY(a).R-RREM (b) HSCCC A% (c)MAE 5 | (d) 3T a—7H % 4 F Hy 0 ) 2 i %1

Fig.1

Effect of blueberry crude extract (a), liquid-liquid extract (b), HSCCC component (¢) and component I (d)

on the inhibition rate of a-glucosidase

2.2 HSCCC &4 RE a-E R FEE BN H R
PEHL 1-BU :MTBE: ACN: /K : TFA=2:2:1:5:

0.01 (V/V)YE N HSCCC & HIE &, I T /0 B AL f
4, HEEEmE 2 gron, BIE 2 ATA, FEA 4 £
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150
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210

in sample 4 separated by HSCCC

HSCCC /& Ja 13 5] 6 sy, ilfn 240 F1.F2,
F3 . F4 F5 Fl F6 , i} [ 7 A f B8 55k 68.52%, [
S F1.F2 F3 . F4 F5 fl F6 5 & ¥ & N 160 pg/
mL, P X oo— 80 4 0 i 1 00 ) o5 4 2R An
1C s, K Le AT%0 P4 XF oo— ) 2 B 1 4 ol
REFERTHEY4 5 (P<0.05), it %H# F4 Ut
— BT A AL,

2.3 BEHEHETE

2.3.1 HPLC 4381 RJH HPLC XF#E & 4 A1 F4 HF
— R M HPLC 43 #r, HE5R K 3 o, hE
3a~3b R, FESL 4 F1 R4 B 240 ULBEE 5 4
M F4 R EW, &HZRMA o, & 5 m i d o
Wi el s 1 . R A Sephadex LH-20 % B EEIR
PE—2palifh P4 RS m A Ay 1. da 1 i
HPLC & WL 3c, & 3¢ AT, A TAVE 14
e, SRR A IO RS el A Y, K
P (D) IHEA 5 1 aifE R 95.06%

232 EAMVAAER ML ANSGRE T T Ed
vl SET =B ) R DOl B e E|
i, R ANE da s, BRI 4a AT A5 T 7R
278 nm Fl 519 nm %+ Ab EAG FRAE W W0, 150 28
s 1B TAEETT 2K, M5 — x4 1R
FHAG B 2D AN B 4 L ZE R 4b iR,
Kl 4b AT HT,3 372 em™ F1 2 927 em™ I 4 A0 X 17 1
W g 43 ) 2 B O—H Al C—H 81 45 4 3h 5[ 01
1 631 em™ P4 A0 XTI (9 W Wi i mT BB 5 C=C 55 1]
PRENA 5 LA, 1497 em™ Fl 1 116 em™ Z A A 4T
AN BEAE Ry T 80T K, Z X U i C-0.C-C,
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Fig.3 HPLC chromatogram of sample 4 (a), F4 (b)

and component 1 (c¢)

C-H fh4adiRshs &, A VAL S Wit w5 B2,
Molaeafard Z5EPUAT Ma 45 P2/w) 4 A FH A B2 021 705
T 43 BT AR R BEOK A T Y B R AT

2.3.3 HPLC-MS #I NMR 5341 it — %
43 T S5 4, # ] HPLC-MS NMR #1232 k3t
A 4y 1 M gh, A4 1 — 205 il — 9
JE i 43 A& 5a~5bh BR 2143 1 40+ 5 IV
K omlz 449.2, FEFUIE T, K BRSO miz
287.1, m/z 287 J& TR AEH R FHER +, ZR M

L !
10 15
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W2 B
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e
Wavelength/nm
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B R
Transmissivity/%

ol I 1 1 1 1 1
2(‘)1000 3500 3000 2500 2000 1500 1000 500
et
Wavelength/em™
(b)

B4 A5 | WEN a)FIEEMLIMEE(b)
Fig4 UV (a) and FTIR spectra (b) of component I

W miz 162, AT g S 2% 25 20 U0 F1 A 4 4, W) s
R 3 21 53 1 e KWWK 516 nm, 2% 41 ¢
SCHRFR B! W10 W2 53 1 8 R 4246 -3-0-Fi 4
B, BEJE A2 T 4T NMR ORI, B an s .
'H NMR (CF;COOD-CD;0D): 86.64 (1H, d, J=
1.2 Hz, H-6), 86.86 (1H, d, J=1.2 Hz, H-8),
8.22(1H, dd, J=8.8, 2.2 Hz, H-60), 8.02(1H, d,
J=2.2 Hz, H-2"), 7.04(1H, d, J=8.8 Hz, H-5"),
8.98(1H, s, H-4); 5.31(1H, d, J=7.8 Hz, H-1
gle), 3.69(1H, m, H-2 ¢le), 3.56(2H, m, H-3,
S5¢le), 3.46(1H, m, H-4 ¢glc), 3.73(1H, dd, J=
12.2, 5.6 Hz, H-6b ¢glc¢), 3.96(1H, dd, J=12.2,
2.2 Hz, H -6a glc);*C NMR (CF;COOD -
CD;0D). 8164.5 (C-2), 1458 (C-3), 137.2(C-
4), 159.6 (C-5), 103.7(C-6), 170.8(C-7), 95.4
(C-8), 157.9 (C-9), 113.6(C-10), 121.5(C-1"),

9 inten.(x10%) +MS (449.2)
351

w
=

N
[}

[y 3

Intensity
N
(=}

—
W

1.0

1550 2193 8254 5er
1252 |159.1 306.1 3963 5153

1883 2582 349. l412.5 544.1
0.5 4719.2)

582.0

6115 6672

0.0 lil mh\mm\m“\mu ol o 0, A gl s A
100 200 300 400 500 600 700

i far te m/z
(a)

118.7 (C-27),147.6 (C-3"),156.0 (C-47),117.7
(C-57),128.4 (C-6"),104.1 (C-1 glc), 75.0 (C-2
gle),78.3(C-3 gle),71.3(C-4 ¢glc),79.0(C-5 ¢le),
62.6 (C=6¢glc), @4 1 'H A1 BC & E WA 5¢~5d
JIoR o ZMPREER Y Lee 5514 8 1Y F MR 2
REH-3-0-HFBEH B9 NMR 58— 20, w4
Wi 1 MR EH-3-0-H %1 (Cyanidin—
3-0—-glucoside, C3G),

3 1 (C3G) X o % W1 g 1) 410 1) 32 45 2R
WE 1d Fras, BB 1d ol BEZ o 1 kB m
oo— 7 26 B AU ) 3R 5 B (P<0.05) , Sk
HOMIME . X R BE AT IR LML AT 1S4 1
X o= 7] 2 B A ) R A 1Cs fEL R (47.5240.85)
wmol/L, PRIt B 5> 1 (C3G)#H— K S
o HI AT I A AR ELAE I .

281 ; )
Inten.(x10°) +MS* (449.2)
24 2871
20
=
i g 16
)
T E 12f
08
04 M52 2000 2613 3920
4532
0.0

100 200 300 400

J 7 L miz
(bh)

500 600 700
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Fig.5 primary mass spectrometry (a), secondary mass spectrometry (b), 'H (c¢) and “C spectra (d) of component I

2.4 WHENIGHH

AN[E M E C3G (0~160 pmol/L) %t or— 7 % B
DS GG 52 M 45 R 4n & 6a~6¢ TR , H &l 6a~
6c AIHT, 7 3 ANIRE (25,30,37 °C) N, -7 2 4
FF A ¢ 600 B Bl C3G ¥ 38 i T 28 ek 5, ¥l
FEFN C3G e BB, o— 7] 2 A T8l 1740 9 16 5 8
559 2 25 SR o W T ) O R A7
C3G V& J3 Tk B A8 M 2 K iy sz e Vs ke Ak 7
C3G YER T, o~ % W 17 5 1 fe R W i 0 (339
nm) %A LER ), KW C3G S o
BTG R A, A T o 26 B0 il P (0 R Y
TR 0K o= ) W g R 2 DI 87 5 2

1=
w

FRIMZ WY (FAET R B2 MR £ M) fg -
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Fig.6 The effect of C3G on the fluorescence spectrum of a—glucosidase at 25 °C (a), 30 °C (b) and 37 °C (c¢);

Stern—Volmer curve of fluorescence quenching of a-glucosidase by C3G(d); Modified Stern—Volmer diagram
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Table 1 The values of quenching and binding parameters for C3G binding with a-glucosidase at different temperatures
2 EIC K./10° L-mol™ K /10" L-mol™-s K,/10° L-mol™ n R?
25 4.26 +0.04 4.26 +£0.04 1.30 £ 0.01 0.89 0.9965
30 3.95+0.02 3.95 +£0.02 1.27 £0.03 0.92 0.9871
37 3.27+0.03 3.27+£0.03 1.11 £0.02 0.95 0.9558
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Table 2 Thermodynamic constants of C3G and

a—glucosidase at different temperatures

B E/
< AH/kJ-mol™  AS/kJ-mol™-K"  AG/kJ-mol™
25 -3.42 +0.03
30 -32.61 £0.58 -0.096 £ 0.004 -2.47 +0.04
37 -1.45 +0.02
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Fig.7 Changes of secondary structure and content

of a—glucosidase by C3G
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Table 3 Effect of C3G on the secondary structure and content of a—glucosidase

H % a4 % /% B4 /% B4 1% F 4L /%
a—H) B ¥ 22.6 +0.3° 23.4+0.1° 242 +0.4° 323+0.3"
a—H B ¥ H-C36 19.5+0.2" 262403 205 +0.5" 35.0 0.4

T AN /NG 5 B e 7R 41 ) BAT 35 22 5+ (P<0.05)
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Fig.8 3D docking diagram (a) and 2D planar docking diagram (b) of a-glucosidase and C3G
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Activity Guided—Assisted High—Speed Counter—Current Chromatography Separation of

Active Compound from Blueberry and the Interaction between the Active Compound

and a—Glucosidase

Yang Zhaoyan',
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Abstract Activity guided-assisted high—speed counter—current chromatography (HSCCC) was used to separate a—glucosi-

dase inhibitory components from blueberry in this study. Firstly, the active components were enriched in water after being
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extracted by different solvents. Secondly. the water exiract was separated by HSCCC and six components were obtained.
The inhibition rate of F4 on a-glucosidase was significantly higher than other components. Then F4 was purified by
Sephadex LH-20 dextran gel to obtain high purity component I. Finally, component I was identified as cyanidin-3-0-
glucoside (C3G) by UV, FTIR, HPLC-MS and NMR, and its purity was 95.06%. In addition, the interaction between
C3G and a-glucosidase was characterized by multispectral scanning and molecular docking. It was found that C3G could
spontaneously combine with a—glucosidase through hydrogen bond to form complex. After compounding with C3G, the
secondary structure of a—glucosidase changed in varying degrees, in which the a-helix and B-angle decreased, while the
B—folding and irregular helix increased. Molecular docking simulation showed that C3G was hydrogen bonded with Leu
313, Ser 157, Tyr 158, Phe 314, Arg 315 and Asp 307, and had hydrophobic interaction with four hydrophobic
residues, which maintained the complex structure. The results of this study have important guiding significance for the
development of functional foods for treating type 2 diabetes.

Keywords blueberry; activity guided; high speed counter—current chromatography; cyanidin-3-0O-glucoside; a—glucosi-

dase; interaction



