Vol. 24 No. 3
Mar. 2 0 2 4

3 10 OE R A 2 R
3 A

Journal of Chinese Institute of Food Science and Technology

% %M M AE AR G0 3R T R B 5 20 ) 32

A, ® ¥, B K, @a@mk, #AFE,
(WX THRFERBLAH TRER  HM 310018)

WE AFAFERORBRSMELARN N6 ANAARTHLBADIAF A ERERAFEALBEAR, B & a-F HHEF
By A F 4B IR (a=GIG), KA 2 W E FB s T HA P 5 REMap @mXERAX s T¥, i@id Sephadex G-25 fo R &) &
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SIS UE SEFE A T LLGE i B AU A A5 i AR AR N U
I, Koyama SFU'HIF5T & 81 & [ 552 242 2F 1l LA 3%
0] 145 5k R e el (ACE) , WiBE [ & M & i
JEW & A SRIGE RS IR 5T T 5 22 B 0 FL AR
0 i 3G 5 B A RIAVE o Lin S8R5 5R 22 2 00T
E g BA SR AEH . Oh SRR3R % 2 h A
BRPEFETER . SR, 57 2 WA IRVE R o4
W A 1) ) AR 90 0 R LT, A DA SR A
SR G il FLRR T K B E K R 2
il B oc— 4] 2 AR T AT DB K, 0 B 2 K R A
FIUHE IR, IR X o8 280 W0 7 60 ) 20 07 2%
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1 #MR5FE
1.1 #R5H

JRE TR I PU ARG RO AT R A 7]

T AP A5 ) LA 3 (Lactobacillus plantarum) |
AR ZE H AP B (Bacillussubtilis) . V& # 5% Bk 1
(Streptococcus thermophilus), ™ E Tk i A P44
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J L 5 R B2 B (Saccharomyces  cerevisiae ) AR
W (Rhizopus) . B% W (Mucor) , Z L EBE A A
RS H]

TR« oo 285 10 B L X i 2 K —B—D— Mtk i 2
FLBETT (PNPG) Bl 8 Bl =1, Lt A=)
BHEFRAR; GIERONE, FEIF =95 A R
A e R o A B
12 E&5ME

TGL-16gR %I &5 3 i 8 ZR B DAL, i 22 =2
BEEAER T s HD=5 AU H fis S AMG AL, 11 5 0l
PHALER T ;UV=2600 R AN BT, HAR R
HEN 1) Waters—2695 B 5 80 AH @35 4%, 55 [
Waters /A 7l ; Nicolet Z i HL 21 AP S 354Y | 52 6 Je
173 SR 2N F] s Spectramax iD3 B 22 D RE # R AY ,
EB/ N TIIRABR AT,

1.3 7%

1.3.1 R bR KRR H R . R
HERRTA | AR ZEJFF 1R 43 B FD T MRS B3R5k |
MC K575 NB #5523, DL 180 r/min B 55 T
37 CHHEIREEFE ; BEBE B4 F0 T PDB X975 28
CREIRKEFR; # WL T PDA Kigidk 28 Chbm
PSR A AT AL 2 IR E X B K

T AL J5 B 40 R A E B B4 000 t/min 2500 10

min, 713, A O B AR 3R K RS gk 3 iR
R T AR K, R A N 109~107 CFU/
mL(A=600 nm,0D=0.80)", i1 & F1 %5 B 1 20
LS ORS00 A A0 B R 9 e R 10°
A /ml,
1.3.2 H o-GIG Wil FREL10.0 g 572, A
150 mL 7K 4 CRME R, 47T A K G & 30
min, B HIEH L 43 ARG AR A 6 A TR AR AR
O3B 3% W R R T 3R A b i iR pH H A
K (pH=6.5) , 745 W e i I T & W 3 d, K T
DU R ce— 7 26 BT WA A 238 | K ik B N 2 IR AR R
i 1 1 SR

A P R AR TR 121, 4 Rh i e R R A0 4k
3% A LIRS 37 CREE3 d, TR
USIE . K BT I8 )S 8 000 v/min 250> 10 min, B |
Th VRO R M 4 V8 R T AR 48 h, B AR EHL a-GIG,
1.3.3 e ik

1.3.3.1 JKAREEME A TCA 256 e =MLt

T K B K R FE LA 1 mg/mL (1) 1R R M b
HEE I H bR, 2 mL B B & B A 20 of
100 mL ) TCA % 0.5 mL,8 000 r/min &> 10
min, B 5 0.2 mL fin A 0.8 mL. PBS(pH=8.0)
JEFAIA 0.2 mL 1.5 ¢/100 mL B =FEiiEw, #hK
W 15 min, BRHEMA 8.8 mL 7K ,570 nm &bl 72
WOCAE, DR B T T TCA M7 B -NH, & &
HA, B 2mL FFEEH 6 mol/L BYERFR 90 Chn
PAH AL 24 h BUR B R L UB bR KA e dn &=
2 mL, F 10 mol/L &) NaOH ¥ 75 pH i )5 & % =
25 mlL, 75 2 B8 il W, iR 40 b3 Ty vk I R A
S=NH, &0 A,

7J<ﬁ¥f§(DH):ﬁ—;><IOO% (1)

1.332 ZIKERNE WIS % S0k sk
I MGE M0, LA 10 mg/mL ) Gly-Gly-Try—Arg
FBRUE MR 2 bR, MR 4 mL RO 20
¢/100mL ) TCA % 0.5 mL,8 000 r/min &5.L> 10
min, B35 W 3 mL, &5 LK # B 5 A 4
ml W45 BRIR T, IWBER S, =R & E 20
min, 540 nm A0 %E WG

LIk (%)= ZIMTIIREIRRL 59 (5

SRR A

1.3.3.3  a— M A B G202 R Karimi
SESI Iy | FEANOE 26 0, R BT 0.1 mol/L 1
PBS (pH=6.8) ke 2 L B 1Y) 1/20 S A i 7
W, W100 wL A G W BN AR FE S 1 U/mL 1Y
oA BEA M 10 WL, 37 CHHA 10 min, FHI
A 25 pl. 5 mmol/L. PNPG ¥ ,37 CH& AT [ b
25 min, FH 1 mol/LL Na,CO5 £ IE JZ i , 405 nm At
SEWOGAE A s, DRI oo~ 25 W5 1 A9 4 25 R R
25 AL, KA RE SR X B2 A KA AR
RN oo— 5 25 BE A7 Bl A X B2 4 Ay, B %
Mudgil &M I L ST

i (9%)=( 1412 [ 100 3)
1.34 KBTI AL
1.3.4.1 WEEABAHNELR WREEXEATZS

RO RHRBURELE 115 9146 pH 6.5 4% Fh i #2 (R F]
380 3% B W) FUAT TR A BAEE BR TR R RO R LE 1
1 R BERTE] 3 d, 72 HE R AER ST 00 %
AL AR (1~5% , VAR Bt ) ORHBB i T
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(1:10~1:30) . & W 4f pH {H (5.5~9.5) H2 14 Lk
1) A & B st ) (1~5 d) R R 2~ & B =9 i
oo—H] 2] LT TRV 0 2R K ik B R 22 KA SRR R )
1.3.42  m sk R BE T 20 4 Box—
Behnken I B 5 15 FE DA o7 40 4 B 71 R
SRR (Y ) RN & (A) W46 pH {H.(B) K
WL (C) FUE BERT B (D) R DU R 2, H Design—Ex-
pert 10 BP0 P 28 = 7K S 4 i 7 17 3 565, 3K
5 R AR LR 1,

F1 mMEHEEZRKFERDE
Table 1 Coding values of response surface test

factor levels

A&
T T
pH 14 B A /d
-1 1 6.5 1:10 2
0 2 7.5 1:15 3
1 3 8.5 1:20 4

1.3.5 srEsaife

1.3.5.1 Sephadex G-25 7% K Joshi Z>H]
T SROEE IS 53 5 AR T N TR O L BRI
Zh 2 h T K S 2R (1.6 cmx60 em) |, A8 41
K ik A o ER A AGE I ASCAE 280 rmy ALk G T ) W 1L
AR R PRI BFA . BRI 250 mg HL a—-GIG
A 2 mL @B 24K B AL 125 mg/mL MW, i 0.22
wm Y8 RS R R Al K R AT R A 2 3 Ok
1.5 mL/min, 280 nm ¥ 4 &0 &5 0 WO AE , R R
iy — B T 1k 2N S A A5 4 43 7E 490 nm Ak 1 WO
1B, WA 45 D AV TR 7 2 ) 43 8 0 DRI Wk 4 I
PR URT 1 BN 2 & 43 B 4 43 11,12 13,

1.3.5.2 RP-HPLC 43# %4 Sephadex G-25 /3
BRI = 16 AL 4y 12 $E—25 ] RP-HPLC 7 B
aifb i 45 a-GIG™, st A A& 0.1% TFA 1)
AR B NS 0.1% TFA (2K, id 0.22 pm 3
JEJ 7 30 min HES . 1] BioBasic—18 A3 41
(250 mmx4.6 mm,300 A, 5 pm), FFHE 50 pl,
T 220 nm PR TR, BEME S5 :0~5 min,90%
A;5~20 min,90%~70% A ;20~30 min,70% ~50%
A;30~35 min,50%~10% A ;35~40 min, 10%~90%
A, ZW BRI S 15344k a-GIG,

1.3.6  ZLAMGIE g5k o0 RILLAMGiE
ST HTER T SR BRI 10 mg FEARITA 1 g
T4 KBr, BB )5 & R, AL AR ik A AT 4,
FH 3% BN 400~4 000 em™ , FHE V&L 20 ¥k, 7> H¢
M4 em™', JH PeakFitv4. 12 % {4 XF Bk e — 4F
(1 600~1 700 cm™ i £ Bt ) Gaussian bR £ fd 5L it
HEERRE RS, 2Z2Rih&P &k
JIN 3 o 0 T AR B A% W BT 5 A A L B A
¥,

1.3.7  BERREE T SR B—TH BR BN () J7 1124,
Bt il 2 mg/mL 1 a-GIG &, FEREINA 0.4
mol/L ) NaOH &5 T 45 CF 47 B-IH BRI 1
2 h, FHEEAN OO0 T X K X B 200~500
nm IFE S HEAT 6 FLE NaOH A0 BERT S 1 48 40
W B A AR A

1.3.8 o i %) W% 1 B 40 20 Sy 2= 40t R
Lineweaver—Burk 7 F P 8 £ a—GIG X} a—#i
25 R T P VR A 15 K 100 WL ASTH]
WS B H1 57 @—GIG (0.4,0.8, 1.2 mg/mL) s ¢ J&
JA 96 LA, 0.1 mol/L () PBS 2% wh i (pH=
6.8) FR B I 4l 751 Sk X HE 4L, I PNPG 1 ¥ 5 5331
%4 0.2,0.5,1,3,5 mmol/L, %M 1.3.3.3 Ay
P E o7 25 BE T WA R 32 0 DU P e o 45045 1/
S R AR bR, S R R AR R 1V R A AR 4 1
Lineweaver—Burk XS £ 18] | B & oK CH 5L K, A
e RN HR V020
L _ Vi 1,

1 _ 1.1
V K, S Vo
1.4 HiELE

A R 25 R 3 W & 5 B b
WE22 FR R F IBM SPSS Statistics 25 #E47
ARG 0T, BAE Origin 2018 2

(4)

2 #ERERH
21 EBEHFERBERIE

TER AR G DL R |, 55 2 A0 etk
R SR DR R TR A B 1 K IR W AE AN TR R B 1 34 g
il oo 260 W T il 95 P L b LR A 2L R T ——AE
YIFLAT B g VR R O B A 10 3 4 S v ik
£ 46.09% 1 48.79% , {H J& /K fift B Fl 22 K15 R
15, T RE SR PR Ry K ™ A M K BB A R ) o




524 4 3 M

T R W o ¥ 4B Ik 45 M) AR BB A0 %) 3h 89

BTG B R B KA B (EUR AR 2K
T I B oo 00 A R ASOR 55 (LR
KB 30.18% ; MR A& ey A v % 12 JIK A ] B X -
AT AT LA B R, (AR S LR
AHECAT A B35 V22 55 o DAL, e R AR ) LA o A
W BRRE BR DR AR A K T TR PR, 2R DA R TR S IE, X
oo~ 785 WH T W R R 3K 53.63% 8 TR &
T, ff 2 P RN FLIRR TR R K IR 22 T 4% o) W
Tt 00 S5 A TR ) L R R

22 REEBEHMRNL

22,1 HHELE

2210 HEMEXEENEE 2 fAE R
BRI, REE YR o— 8 A A
WIS i BN S ORI N R N o) ]
B0 T PR 2 R B A A A AR R R
7 A ) B R G AT P AR K 2 Dy e K B
B A TR 2B, R AR K TR R A DR
FERBAE N, F3 it 7 A= 22 Ik itk — 25 4 R FH DA
T TR R A A T it 7 45 LA A R BT R
2212 W BT EEERM S 3 R,
TP ZLAT B R G AR IR TR 422 1T LU B 301 2 1:3
At R, BER LB 101 B9 5 FTF K g
S e, (PR R TR RN oo — ) 25 W T A0+ 2 A 22 K
PR/ AT RESE PR BT L ) 90 DR
TR A EL AR A 5 i S 1 S, DT o 7 T ) 3k
BT AN PR ) FL AT TR R IR 3K R A 42 TR L
BIE AR R 2

2213 KW pH X EER R H & 4 0]
Y, R BRI UG pH A X o 26 B O A 22 K S
JEFN 2 KA R s B R, Rl pH (E T R 2 B
FhE G BEAR R, T RER R pH A 5% i 2 it
P G AE A R T Y P i o S s PR
I R RIS B 1 P 8 B 3 A AR I A R AR
e pH (R 7.5 B REWE 2 W AR A K s, B2 i
J7 AR oo 2 W R A R KA BE RN 22 IR R
BIEE R

22.1.4 R X R BER W B S ATA B
W 115 B K BN ce— 70 460 W 1 1 1) 5% 8
B e, HoK @M 2 KA R 2 IR T
A b2 ) A PR I K, ORR LGRS A R
FHR S T U E KGR, HL s MR A 2508 B

] i 5
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Fig.1 Strain screening and verification of mixed
bacteria fermentation
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Fig4 Effect of pH on fermentation Fig.5 Effect of the ratio of material to liquid on fermentation
22,15 WREXSAREERSZE B 6 nIg, BEE K 651 [Ca—mmE 120 q80
N o _ . || —a—zmax ]
MR I ) ) A, R IR AR ) 45 i s 728 A ST 184 s OF | —e— i - TR I
N T S S 55F < 170 )
6, ERBRIN B ARE R 5 B e 3]0
. - Ly . o & SO0F Ees 2
HIGMERDIRERE, AMERMZ kT, e E D /: i\ Méﬁ—g_ 60% -
. = = <
a- MBIV BTG T SRR 2 =2 o /) p],%% |82
4 e ; \ N 3
JOR A S — 20 73 i, ARl A5 A VRN cx— 0 ) R Tk 411 = a5y 1 Eise &
CELT " Al
25 . : g d40
222 WAL IR R
2.2.2.1 urﬂ—J m E{jﬁ{hﬁtgﬁ% % *Eﬁ$ %’f i Efﬁ Fermentation time/d
8 A1 Box-Behnken ORI I % =P H6 REMEMEBNRE
ﬁtE\A e //f"j‘ 29 & ,lﬁ%ét;ﬁ IJ_II_‘%% 2 i ) Fig.6 The effect of fermentation time on fermentation
®2 MEERLRIELER
Table 2 Experimental results of response surface optimization analysis
S BAE  pHML Akt R wpm R/ S BAE  pHIL Ak KB AR E/
Y EVE T B
(A) (B) (C) B 18 (D) % (4) (B) () B R (D) %
1 0 -1 -1 0 47.58 16 0 0 -1 -1 56.73
2 0 0 0 0 72.12 17 0 0 1 1 48.19
3 -1 0 0 1 56.25 18 0 0 0 0 71.57
4 0 1 -1 58.87 19 0 -1 0 1 46.73
5 0 0 0 70.62 20 0 0 0 0 72.02
6 -1 0 1 0 49.98 21 -1 -1 0 55.53
7 -1 1 0 0 47.58 22 0 1 1 0 46.64
8 1 -1 0 0 52.29 23 0 -1 1 0 49.61
9 1 0 1 0 52.16 24 0 1 0 -1 50.41
10 1 0 0 -1 60.61 25 0 0 -1 1 52.50
11 0 0 0 0 70.12 26 0 -1 -1 53.08
12 1 1 0 0 49.68 27 -1 -1 50.86
13 1 0 -1 0 55.72 28 0 1 -1 51.45
14 1 0 0 1 50.55 29 1 0 46.63
15 -1 0 -1 58.68




245 H3M

T R W o ¥ 4B Ik 45 M) AR BB A0 %) 3h 91

2.22.2 AR ST MO 2408 ad Bk
Design—Expert 10 %f 3 2 1 29 2155 %54l 247 [0l
55 #7453 8 2 o0 ka1 H 7 & . Y =71.29+0.184 -
0.65B-1.17€C-3.13D+0.17AB+0.504 C-1.914AD —
1.71BC+0.64BD-1.61CD-7.67A*~13.59B8>-9.54C>~
7.75D%,

H o 3 AT LU B B 35 PE P<0.0001 A )
% KA P=0.0952>0.05 I A A B & | Gk
RUAH 56 RECKF 0.80 B 0] LAy 52 R 401 5 i

RAF , A5 rh BT R A OC R 21 R?=0.9821, 1 %% &
e R?,,=0.9642 , R h A 96.42% 11 56 45

Al PR Y i e RIS AR R IR iR 25
RIS/, i B0 ] A5 B ™) [l H ) AR — Yk I
HAS R C k38 F K, D ik B4 8 K F, Ik
it AD \BC ¥ 8.3 A% B* C* . D* S Wit
DO R 25 06T oo ) 26 B AT S 56 1% 52 ) R B SR R
A D>C>B>A, B & T B 0] > B e >pH (B> 42

=X
H o,

®3 MPRAEEFENN

Table 3 Variance analysis of the established regression model

7 E kR P 75 Fa B W E ¥y E F1a P1a 2K
AR 1 900.70 14 135.76 54.87 <0.0001 o
A 0.38 1 0.15 0.7017
B 5.02 1 2.03 0.1763
Cc 16.47 1 6.66 0.0218 *
D 117.38 1 117.38 47.44 <0.0001 o
AB 0.11 1 0.05 0.8344
AC 0.99 1 0.40 0.5372
AD 14.55 1 5.88 0.0294 *
BC 11.70 1 4.73 0.0473 *
BD 1.65 1 0.67 0.4276
CD 10.40 1 4.20 0.0595
A? 318.76 1 381.76 154.30 <0.0001 *E
B? 1 198.05 1 1 198.05 484.24 <0.0001 o
c? 590.09 1 590.09 238.51 <0.0001 *E
D? 390.01 1 390.01 157.64 <0.0001 o
2% 34.64 14
K IR 31.52 10 4.04 0.0952
ik £ 3.12 4
BRI 1935.34 28

B fURZE MR (P<0.01) 5% AUR2E 5 .3 (P<0.05)

WAL 7 B, e g TR 3 R R A e 4R R 1Y
TEAR T LU Hh 45 R 3R ) ) 22 HARE ] X e, 220
N TE AR AR A AT AR B B T A R R
2.035% ,pH 1H R 7.474  BE L 1:14.795, K T
HEISA 2,797 d, & B =0 6 o0 260 4 D o) o
ik 71.64% . W H ] BRAEPEE 8, EHeiefh it
2% ,pH 7.5, BRIt 1:14.8, & EEit ] 2.8 d dE47
RIS, DNAS o 20 W5 B % 70.83%,
I 45 A AR AR — B RO T (E B
23 oa-GIGHBELH4L
2.3.1 Sephadex G-254r&4ift M «-CIG &

Sephadex—G25 43 & F 280 nm Ab K £ 3 4~ 1z Y
W KK A 44 ok 1112 13, 15 R 4 51 N 38.24% ,
5.82%H 14.96% . 4R Wy i FRVE D A€ | 2H 73 11
12 7% 490 nm At th B A, H 5 280 nm AW
WA A7 G UE Y G 20 43 35 R BE IR S AL | i 2 43 13
T 490 nm Kb A 2 AEWOGCIE, WA B FEAE, AT
PLINGE Ny B — I IR g 4 o 1112 13 2 4 il o o
WRE S 3h 14.71,1.72,8.54 mg/mL, 4143 12 % a—
T 25 WY I 0 R SOR B E m T I E AN A4y,
DAL L X A R 2 12 R A7tk — 25 o g 4k
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Fig.7 Response surface and contour plots showing the effect of interactions among various factors on inhibition rate

of a—glucosidase
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8 Sephadex-G25 E#i 4 B E ik (a) & H 5> F MK E (b)
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Structural Characterization and Enzyme Inhibition Kinetics of Hypoglycemic Glycopeptides
Derived from Buckwheat

Zhou Liusha, Li Ping, Gu Shuang, Yu Yuyuan, Hu Xianglian, Shi Yongqing
(College of Food and Biological Engineering, Zhejiang Gongshang University, Hangzhou 310018)

Abstract To realize the high—value utilization of buckwheat protein resources, a—glucosidase—inhibiting glycopeptide (o—
GIG) was prepared by fermentation of Lactobacillus plantarum and Streptococcus thermophilus which were selected from 6
strains. One—factor-at—a—time method aimed to determine the level of experimental factors and a further response surface
experiment was used to optimize fermentation. The fermentation broth was separated and purified by Sephadex G-25 and
reversed phase—high performance liquid chromatography (RP-HPLC) to prepare a-GIG. The method of B-elimination re-
action was used to determine the type of glycopeptide bond and infrared spectroscopy was used to analyze the secondary
structure. The inhibitory effects of a—GIG on a-glucosidase was investigated by enzyme kinetics. The results showed that
when the inoculum was 2%, pH was 7.5, solid-liquid ratio was 1:14.8 and fermentation time was 2.8 d, the a—glucosi-
dase inhibition rate was 70.83%. 11, 12, I3 were separated from Sephadex G-25, and I2 with the best enzyme inhibito-
ry effect whose 1Cs is 1.72 mg/mL. 12 was further separated and purified by RP-HPLC to obtain a-GIG with a purity of
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94.17%. Fourier transform infrared spectroscopy suggest that the secondary structure composition was estimated as 70.51%
B—-folding, 18.95% oa-helices and 10.54% B-corner. B—elimination reaction demonstrated the existence of O -glycosidic
linkage in a—GIG. The results of the enzyme inhibition kinetics study showed that a—GIG exhibited a mixed—type non-
competitive inhibition of a—glucosidase. Therefore, a—-GIG had the potential to be developed as a natural a—glucosidase
inhibitor.

Keywords buckwheat; a—glucosidase; response surface; structure characterization; inhibition kinetics



