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 E:ALUAERE AN RAH & Z KK KEE (Dipeptidyl peptidase-1V, DPP-1V) £ 7 dp4| 4k A 49 & 4% & %
Mo KBk & BOR 56 it 3 DPP-IV A A R AL 09 & B, @3 ¥ R E Roe @ RALKR A2 RAEREM &
#, FE—FHFORFRETS T ESA . RESBRALBURESH. BREV: PREGEHHNEER
& QR DPP-IV M #l Ik 89 S R R A, T ERNAF B M RAEBGM F 0 A RBKE 10% (wiv) | BifeE 640 U/g.
B MR et 1] 157 min, B5ARIRJE 45 °C. B5ME pH7.0. % 4 T #5 2] 69 4941 Ik xF DPP-IV #9 ¥4 #] % & (Half-inhibitory
concentration, 1Csy) 1A% 0.5320.06 mg/mL. A8JE %5 T 1 kDa 85 4T 2 & R0 #) k49 58.9%, *F DPP-1V
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Abstract: In this work, bioactive peptides with inhibitory effect on dipeptidyl peptidase-IV (DPP-IV) were prepared from

corn protein meal. The protease with the best inhibitory effect on DPP-1V was selected by enzymatic preparation technique,
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and the optimal enzymatic hydrolysis conditions were determined by single factor and response surface optimization
experiments. The molecular weight distribution, ultrafiltration classification and amino acid composition of the obtained
inhibitory peptides were further analyzed. The results showed that the neutral protease had the best effect on the preparation
of DPP-IV inhibitory peptide from corn protein source. The optimal enzymolysis conditions were substrate concentration of
10% (w/v), enzyme dosage of 640 U/g, enzymolysis time of 157 min, enzymolysis temperature of 45 “C and enzymolysis
pH of 7.0. The half-inhibitory concentration (IC,) value of DPP-IV for the inhibitory peptide obtained under this condition
was 0.53+0.06 mg/mL. After ultrafiltration, the molecular weight of components less than 1 kDa accounted for 58.9% of
the original inhibitory peptide, and the inhibitory activity against DPP-IV was higher than that of the original inhibitory
peptide, which was related to its amino acid composition. The results of enzymatic reaction kinetics showed that the
inhibition type of DPP-IV was competitive and reversible. The results of this study provide a theoretical basis for the
development and utilization of DPP-IV inhibitory peptide from corn protein source, and suggest a new idea for the high-

value utilization of corn protein.

Key words: corn-protein-derived inhibitory peptides; neutral protease; dipeptidyl peptidase-IV (DPP-IV); type 2 diabetes
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(T2DM)

W PRI b AR v o A AR p Ak
PIR, EEALRE 1 BUFN 2 BOHPRIE R, Hidh 2 7
B PR I% (Type 2 diabetes mellitus, T2DM) & [t & ik
90%~95%", T2DM J& o T IR 5 2R 437 AN 2 | Uk
FEAR sl — 3 Wr R 5 R LR S FRACI SR ELE,
WS I, HRTIGEYT T2DM [Jn: 224 LU JLFP
AR G NI UNR s B T 2 ISR o- i
H T D SR L R v L M 2 R IR -1( Glucagon-
like peptide-1, GLP-1) 52 4% J# 14 751 11— Jk 35 Ak 1t -
IV ( Dipeptidyl peptidase-1V, DPP-IV) fiJi {fil] 5] &£ B4
GLP-1 Jj&—Fh 8 2L i A I ) 2RI 3R, Re S Hul ki
2 ZE 04 53U, BTG RS K S, ) e s HLAT 310l AR
V2% B HEZS TR, {H DPP-IV W] LIPGHRES# GLP-
1, fHERLAAE 5 22 5 R RAALS, TF 1T SO LA B 7K 7
B Bl M DPP-IV A G 1 AT LAY 2D 1A N
GLP-1 [RES#, 4EK GLP-1 ZEALA N (2 221, M
YEFF AL IE B 1Y UK, 2T ik, DPP-IV 40
Tl ELBCHIEYT T2DM BY— - ZH 05

DPP-IV J&—F ) IZ AL T A iy 22 24 1R 25
FAWE, FRTHT 3 LA DPP-TIV MR vak& 57 T
(Sitag liptin) . ZEA4% 57T (Vildagliptin) . #4831 7T
(Saxag liptin) 55, {H 251G T AEAE AR BE— 2 I @I /E
JH, i IR A s PR KT B DPP-IV 640
HA R E M4, BIYEH/NEDL AT, Nongonierma
LET A 48T 50 A XF DPP-IV 2 4101 1h] & )& ( Half-
inhibitory concentration, ICy){E/NF 100 pmol/L /Y
Z kYT, HAS FEIHE 2~17 D2 FERRSEIEZ A] . iX
SEATLH DPP-1IV I K 2 R P T2 (A4 A%
o¥) | A /NE R ESEEEN . BR85Sk
AR SRS B F T IT ST T MEZE i =4 i)
DPP-IV Wil & P, DA b 43 B8 gl Ak I %6 2 H 9 U ik
LQAFEPLR X DPP-TV EL75 % i AR S MM il 75 P o
Amin ZEUOVEE FORMRZEHAZE 3 PR A B K AT )
E KRR K ) (CGPH) M Hi2H 4y HAT LI
PrEAeTm Y | a- BRI BHETEEAT DPP-IV TG TE. =
TR ETETE DPP-TV S IR TH & AT 1563 I+ A

Wrs% 77 m] .

KA R TR A e i M AR e ) SR
R =4 2 —, & AR P, 3B A AR RS AR
R, (0 AU B A g S acHok s 22, B
FIFHEEARN Y, WIS A B0, K A —R S ARV
Z HLAG A A s M B E 21, il S A i R
FAAE R R . Narasimha 2602 &2 81 5 2K 88 1 IR A=
/R 0N = A S 71 = £ BN 119 SN R i R
o Mochida 25U iff 98 & B K B 35 H K )
(ZeinH) 7] HulE N B 28 g e B AL AR-1 (GLP-1)
14 i P 43 A 4 S 2R DA R R BN i (JE =2 Bl i ) v
GLP-1 {9433 o [6] B AT DA R IR 100 Bz &% Jhk 1l 3%
DPP-1V W9 7E Pk . B bbHEN £ >K &8 (A R GE & DPP-
IV AR B I TR, (5 H /TS T R K& H R DPP-
IV ZEPiE A AR B S A HedlE o PRtk AR5
DL KRB I8 Uk, SRRl 4 DPP-1V i
PERDHIIR, FHEXFTH GRS PE B T TS . AR
i vE FORER AR FHELAUEH B, A3 FoRER T
HE R AP ISR AL FLAl
1 #MR55E%
1.1 MR5EE

EKREEB AN 64.2%)  SURIEITAY T
P BRAF]; a-FEBIEE(=3700 U/g)  dbatdatd g
WEAR AT BRAS 75 2R A (240000 U/mL) |
HHE 2R FH (80000 U/mL) | & 425 H 1§ (200000 U/
mL) . KRR (150000 U/mL)  FIEETE4ESEY)
Bl B 7] ARE [ EF(8000 Ulg) g/
PR R R ZRIRIEAKTS-TV (DPP-1V) | H 2 1k-
A - X i L e X] FH 2 2 £ (Gly-Pro-pNA)

& [E Sigma 2\ F); 2K IPT(BHPEXTIR)  H BB
YRR A BRASF S
MT70 BUZEAFEFRAZAUHL 5 rE SERBHLMA BR

NFE]; BA124S T RF TREFIIRLAAES A R 57
£ Fl 5 ZNCL-GS #% J1m#dii 8y SRR ES
& A BR N Fl 3 PC/PLC-LD-53 ¥ i T HEHL 6
MILLROCK; TD E.0oHL 1R WA S 58 Z= A AR TT
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KARAF; PB-10 pH it I ERFAES A TR
3]s EnSpire ZWHEEGEARY FIGIRIRKERIRA A KR

2Nl TU-810 2840 n] WG EETE  db a4

Y257 BRFFAT 2 7] ; HY M-Multi-RN 22T §8 5256 45
Bl BT R EEER A RS Al AKTA avant 568
EHRLAMLETE L GE LRl PR F]; L-8900
4= [ BRI HARHSIAATF.

1.2 LWHE

1.2.1 FEKRFBEEBTHALB =25 Li 209 gyabsiy
25, BT R AL S B B oK E U T e A . 3R

HEKRBEAB EKEE 16%, R HBUEF-HE 1L
HLIE 160~180 °C, 1.0~1.5 MPa 52 F #4714k, 1
G ERE A MESR 5. s, of 60 H

%o FRHL 200 g I Ak BRS040 £ K5 8 50k, i
A 2000 mL 2B F 7K, BEIg e fi (i 7w 4 1R S
3 10% (w/v) FUELTRIE, JH 1 mol/L iR BRI WA
W pH & 6.5, KFLEMUE T4 Rems J1 4 Plas i,
TE 65 °C. i 900 r/min £ F A TR, a-
TEAS Bl TN A 1% (w/w) , 2N e B A i b i A

1 mol/L NaOH ZEFFiAE K pH F2ETE 6.5, [ W Bt [A]
2 h, LS ERCE PR /K T = KT 15 min, SR
HIZEZE YR, 7 10000 r/min 5544 F 2.0 10 min, £
BT OK PR SO UTHE 3 W DTTERE T, £ H . Tdb
S KBRS E AT S BN 80.57%.

1.2.2 FKRIEHIPHIRRAGHIES ST e i
fi 71, W TIAL BRSP4 R ER PR 10% (w/v) B

AT R ok, SRMEIRZK W IFAERE 1k

FIYERT, R AR R 28 A9 B 185, H

1 mol/L NaOH 77 Z 85 (B 1Y fid Je i pH JE A
PSP i DA oo = 5= 1A 21 I - 1

1 mol/L NaOH V&5 Y pH, {8 FLUR 2R FF 7F i
i&E W pH, Jfid 5% NaOH B R .. W &5 E, o
AT KIS K 15 min, YW EI)E 250, (R 8 Eiswk, BN

KB A HIHI A

1.2.3 HEABRTRLE  ARYE 1.2.2 S 30 KA & &
Tk, el 2 1 vh RN R BB A ORI,
lig fFe A 22 > 200 mL, BEES N 1000 U/g, Fiffi i )
1 pH 43R 1. LAGdM: 8 B 40, B Fab 2 19 &
KEEFUBHE 10% (w/v) BRE LA 258K, 2R

FHAE IR K WS H ARG T 1 i/ N s mom s s

50 °C, A 1 mol/L NaOH 75 pH & 8.5 Jg I A#M:

1 RN R R SN A

Table 1 Optimal reaction conditions of different proteases
BE[ STUES HRAEE(C) pH
Bl 2 50 8.5
R 45 7.0
ZAEA 50 7.5
AN 1 50 7.0
TR B 11 50 7.0

B, JEARTHRT, OB 4 he OW A 1 mol/L
NaOH V5 # WY pH, {7 WA 24 FF pHS8.5, id
5% NaOH L. WSS AR, XA TR Bl 1%
LB, PR RIS, RIS KRR P -B 2 R
Wk, IFEhEE 1.2.4~1.2.6 WIPPNTEFRIES 73R Y
i i o

1.2.4 TAIEHEEESENE SR Folin-M kil
ERES PRI EE A SR DA TS SR (PR
DS (ng/mL) REALFR, SN IS GRE (Absgso am) N
YR FRZHIbRE T 2, 1S BIbRHERTZ N y=2.0131x+
0.0751(R*=0.9987) , HHm 15 A4 W 6 BE A B m] -4
S T P TS R AR S

1.2.5 ERE AT DPP-IV #2141 72
R XS DPP-TV 1 i) 3 (19 9 52 AR §f Matheeussen
SRV Iy Vs AT L By o AS B Y 2% vl ik 34
& 0.02 mol/L Tris-HCI £& vh % (pHS8.0) , DPP-1V 1Y
U S/ 100 ng/mL, &Y Gly-Pro-pNA 14 &
A1 100 pumol/L . A4 T A Y v T 3P 2 1 el
ZE, KB B B AR I 1 mg/mL, SRS 3617
DPP-1V 11 fil] & (g il 52 U7, Z2 K TP AE Sk BH P Xt A
(IP1 & LB =5 DPP-TIV i k)

I3 HTF 96 FLARHANA 50 pL 28 ik (W REES
ZH). 40 pL Zrh#+10 pl DPP-1V BECHREZE) . 40 pL
FEME+H10 pL 2R (FES2S 4D | 40 pL ARF+10 pl
DPP-1V B (B fh2H) , B¢ = F 47, 37 C 537
10 min 54350 M4FLPIINA 50 uL JEY), 4k%: 37 C
¥53% 1 h JG7E 405 nm A EAFLWSEIE.

DPP-IVHlI %(%) =

CRHIRAL - X A ) - (RE R AL - PR S )

SFHEZH — KR

1.2.6 JKFFBEAGIINAE SR pH-stat 350052 oK EEH
AR AR EENY AR 1.2.2 Rl R Al 55 v, TER
fE AR H LA 1 mol/L NaOH & VAT i f# pH, ff pH
U ZARFFTE R B i i pH, 12 5% NaOH W 119
2, MR AR A 2 oK /K 2 (DHD :

x 100

VNaOH X CNaOH
DH(%) = ————— x1
%) a/><Mp><ht0t>< 00

1077*

T T

A Vgaon: THFERY NaOH # W AR T Craom:
NaOH e BE; pH: 28 YIS pH; pK: Z5EIR
AP S R AR, B 7.0 SR TSR Mp: 25 ROV oK
A S (g) ;s htot: 45 58 25 [ 5T 0 K B 1Y 80 5L
(mmol/g), EKFE Y htot 2 8.38 mmol/g.
1.2.7 BARHEZFESLERIT  PDURMNAIKZR 200 mL. K
W RBE 10%(w/v) . T %S n & 800 U/g. T filg B 8]
180 min. EfRIREE 45 °C. pH7.0 AWIURZRF. 4351
PeAb Bz N (400, 600, 800, 1000, 1200 U/g); i
it k) (15, 30, 45, 60, 90, 120, 150, 180, 210,
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240 min) ; B IR E (35, 40, 45, 50, 55 °C), BEfiE
pH(6.0. 6.5, 7.0, 7.5, 8.0) A TEAN ZE LG, AR IS
PEAR 15 &2 . DPP-IV fINTISE | 7Kg B8 e Amxd 25 K1
HitriiAt.

1.2.8 WA EEDLAGIEES  7E Bl e R 3R SR gAY
Feah -, R4 Box-Behnken .0 2H G880 51 I
HE, LIFE ST DPP-TIV #1150 A AL, Xt s i
HE(A) | R Ta] (B) FIEEfR IR (C) it — =, —
IR B8y i 17 T A3 AT i G, A5 PRI KA UL 3 2, il g )
7 1T 2R 53T X oK SR B e SR TR AR, IR
JH Design Expert 13.0.1.0 Za 5 BT 44X 45 58 47
KBRS, 1538 B A0 T K A PR A

F 2 G PR 5K

Table 2  Factors and levels of the response surface experiment

e e —
AR (U/g)  BEHWAE (min)  CEHEE(C)
-1 480 135 42
0 600 150 45
1 720 165 48

1.2.9 FRBAMGIIT T Ml =% Ren
ZERO [y Al AKTA avant £ GBS H BT2lifb (g%
AR R 2 (% 4 (Superdex Peptide 10/300 GL) X JiUr
1514 BT FUHMHRIRZEA T 431 43 A0 I E o Ak
BV A& 0.15 mol/L NaCl, pH7.0 (14 0.02 mol/L
WERER 22 PP, AR K ER Pl AR iy, PRI MR
C ) B e N 2 mg/mL AN 1 mL. 7E 4 °C.
10000 r/min FYZAF FELL 5 min, BUETERGE 0.22 pm
VRIS LA, (A T (8 SROPE 2000(2000 kDa)
M52 SR AKARFR, PR dE KRR (6511 Da) . AT
Jik(1422 Da) . LIS P H AR (612 Da) Flik JFE RIS
BEHAR(307 Da), LAA RS HC R EL (Kaw) R AL bR,
PRUERR FAARXT 43T BT 2% (1g Mr) R AR bR
HEM L, 159 2 bn il 26 o8 y=—3.6725x+4.839( R*=
0.9893), THHA KA MR 43T B 43 AR 15 D
1.2.10 FAREAMHIGEIE TR S5 A JTEiaEeR
7 5, SR HYM-Multi-RN Z2IHRESZ 643 2 ALk
ATHBUE TG, YEHL 1 kDa BUEMLEI 74358, H—aE ik
AT T35 O AR UE S B R B g b,
JIA BT 20 bar, TEZRIRAL ST T, BRI AIH
VEJS AT S TR 1 kDa FEIERE b, ARG
WSy T HE/NT 1 kDa Y4 55 a8 pE I Py 5
H, 4 FHEKR T 1 kDa IR SFF 015 LR 8 115
e, R B BAEFE, Ib 2 IEER, 43 BT
BHRT 1 kDa FINT 1 kDa 4H 43 #6147 DPP-IV 11
ZRIRE o

1.2.11 FRBEAMHIRE IR e =% 1
e AR (P R A i PR U R A 0 . S TR ER
FEHAEHE 60 mg EREMBEHHY T 20 mL LR
L I 9 mL /¥ 6 mol/L ERFRIA, 7K 5 min DAHE

A NIZES S, SRS IS T TR AP, St
BRI ZERE TBCEAE 110 °C AIREEE R ZK % 24 h
J& B EEFAE TP RRE SR MG R4 3] 50 mL VB,
FH 6 mol/L iy & A AL NI W VA AL S IR pH &2
2.2 fidy, i uE, SRS A pH2.2 BUFTIEEIR 4N 5% vhigs ik
FEZFZE 100 mL, HU 1 mL BIFESH IS, FH 0.22 um
AT S 2t pE AR L UEAE S ARSI . ABERAT YRR
iR L-8900 4> H B2 LR S i SGHA T 43T -
1.2.12  FKEFEAINHIERXT DPP-TV #NHIZEHY i)

K FH B S B0 3 2 D 9 BE 5 5 K R P 30 ) JER
DPP-1V Rl /e 28, S5 340 iS850y
EEWEAT P BN, (4 Tris-HC1 22 ihi 45 9 I ) £ KA
FHIRI AR MR EE 47 0.4, 0.6, 0.8, 1.0 mg/mL; DPP-
IV [iff 4 & A 20, 40. 60, 80. 100 ng/mL; Gly-Pro-
PNA ¥JE K 50, 75, 100, 250, 500 pmol/L £

P21 S S S = Y I O RN B UL B M 645 I b 1

0 590 20 A #0590 2H, [ %2 Gly-Pro-pNA ¥R &
(100 pmol/L) Fl E A AU (1 mg/mL) ANAE, P A8
DPP-1V gk 5, Jofn il 5740 ] Tris-HC1 22 th i 1%
E= I 2| 5o S e ! 1 Y s e e S B £ @ ! 1 1 | PR M
YA I, [E 52 DPP-IV FH ) (100 ng/mL),
SERIRGEURE S 0.4, 0.6, 0.8, 1.0 mg/mL By £ KK
F A ) AR ZE M BE R 50, 75, 100, 250, 500 pumol/L
) Gly-Pro-pNA F Xt DPP-IV [l 15 i, BT
s 3 Fiss. f#i ] Lineweaver-Burk XSURIECAE
E3bER v || o v = = Y N S B il

3 FREFINEI XS DPP-1V #ii| 257y

Table 3 Inhibition types of corn protein inhibitory peptides
on DPP-IV
i TeAm 4 A4
A (uL)
ZH X B ZH X B
Tris-HC1 50 40 10 0
DPP-IV 0 10 0 10
Gly-Pro-pNA 50 50 50 50
FOREFHMHIK 0 0 40 40

1.3 HIEAE
ASSLG I BT A B PE $38 5 IBM SPSS Statistics
27 FAFHATGEIT 50T, R 2R 7 22 53 ik xf
SEEBAR IS 74347, ] Duncan v UEf T 8] i 25 55
W EMESAT, B EAKSESA P<0.05, B SLIG A —
W, G5 D8 br e 22 R0 o Bl i Origin
2022 FAFFHATAEE o W N E B 43 38 3 Design-
Expert 13.0.1 M4 7ERE .
2 HBRESHh
2.1 ZEEEEMAESTHIFIRL DPP-1V 5| RIS NLE R
KA IRy 3 AL RE B AR L RAS S TS
5y, PAFPER P TR e 22, 3 b in A ER P I T
K HFAC TR . I & — P25 5, A
)R 1 2 e 2 1 SR A D0 FH A 25 4 HLAT B



8478 % 1)

B 0, 45 FKRFE AR DPP-IV ikl pRidmsk b4 B oy

+ 293 -

B2, SRS A I Z IR SN L A )
HAFAE—E R ZE TR . PRI, AW E P iRfse T4
[R5 P K A A 2 B9 A il kX DPP-TV 19441,
VPR R 4 1 SR B T )5 225250 . 181 1 AN
R AT 25O A RN B B3I, ZE BRI
SRR A PR I A ANEH
P . XU 1 PR T

1 RIS 1 A

Fig.1

ME 2 H AT RIE H, FHEISEE T, ASFEE A G
SRS 114 KR P Tl A VR T 9 8 1 e R i i L
A EZERM(P<0.05) . Horp a8 i i1 51
B P T P R S B AT e e e, DA R
JEIASHE R 9% 55 Vs NGy BK, B2 i 7K
frRE ST ireii o IXUBRER 11 AR A 1) 4100 T R T s PR AR 1
R UK RIS, AH P N HOKRE T iei5 . XUk
B Mg =25 UE a2 Ik N/C A BB /K P2 3%
1%, 8 H 5 5y UIRE 1 B0m i B MR R A 2 A5, LA
Pl R A A B AL R A A R R

Samples hydrolyzed by different proteases

kA7 DPP-IV TG ™4 . HLIE vhrp R
Bt 7K S BEA R TR E 2R A . SR A% ek e h
PR B TS S

2.2 FHEBEXTHIFIRL DPP-1V #IH| R B EEE
AR

2.2.1 HPEEABRIEE B 2.1 85580k
BB P A TR S0, BRI EIAN I X oK
FIMRI K AT PR 11 & i . DPP-IV MR KoK fi i
FAsZIN, 255 AN 3 iR,

YT 1

25 , MMDPP-IVHfi| % 80 8
_ R K fif a
) a
£20 a b b a |70 o
) ¢ b c b X
g‘/ d - =
i 151 4d i £
4 izE il
I 19 ¢ 502 | &
e = %
H &
&5 40 A
=

0

400 600 800 1000 1200

A I (U/g)
B3 IS I F KA 6 IR RT3 & & 4t . DPP-

IV 30 258 K oK fife BE 1) 2 i

Fig.3 Effects of enzyme dosage on the content of soluble

O AR i
[mm DPP-TV i il 3%

80 1 ERKFRSE 80 25
:g 70 a 70
= 60 c b 602 [*
g a - -~
= 50 g 504 L5 &
] d = =
&1 40 40 = Lﬁ
& 30 b 305 [ 10 i%
£ 9 b ¢ d 20 &
e C d € als
= 10 me 10
€
0 0 0
& & & & @
I S G
}» AN G X &
B2 AN B A B I KT SR 3 & i DPP-IV

LRSS A Al
Fig.2 Effects of different proteases on the content of soluble
protein, DPP-IV inhibition rate and DH of inhibitory peptides
VE: B eF RER R [R 2R 18] 2 18] 10 22 55 1 251, AR [ L 1 1Y
FHRERTE ] . AENG R 2 8] 2 5 3 (P<0.05),
P 3~[21 6 [A]

AN 6] 25 T 1 f A5 3810 9 5 K 2R 3 I BK X
DPP-TV Il 3R 5 25 11 1l A9 7K ff BE 7 D6 BH S A G 56
Fo SR B ERAE 0O P  IAXT DPP-IV 1] 5 5
15, BaEH PR P BT A A P R ORER IR
TR Z 0% DPP-IV $HIAK, ol E K A T e

HY DPP-TV 4101 il IR fe A7 250 25 A il o KA AR

“EFLES R RS S it 2 I T v MRS A 4T
XS DPP-IV BOIMHICR fchy, T RE S R
FPEIANIFA 5, AR E RS T AN R S R

protein, DPP-IV inhibition rate and DH of inhibitory peptides

i 3 AT, BES 0 S ] s R S K
i S T AE G, B IS I B, T R
HE AR R AR B TG N . B INE KT 600 U/g Bk
AR A S R KR S N AR 1S . BRSNS
1200 U/g Bl Jok ity T v 2 1 5 B A/ K i BE S )
. BEASINEN 1000 U/g A1 1200 U/g B, AT
FEHEG B REET(P>0.05) , KIGHEE )V 3 112
JEER, ) S W45 G 2 B B LIRS 2 7 5 1
JEARN, AT BE /K TG I S AR fh ) SR B R

R 25 B IR A3 0, DPP-TV I 5 5L Je e
JEFEAR RS . BEAHNE N 600 U/g B} DPP-1V I
TR B, N 68.63%+1.19%. i BEE BN A4k
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Fig.4 Effects of enzymatic hydrolysis time on the content
of soluble protein, DPP-IV inhibition rate
and DH of inhibitory peptides
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7 s (] PR 2E — 25 2, S N 3R A1 T2 W 320 T3k |
I FARZS, HAGHH DPP-IV VT 1 Ik B T8 ik 5 [
Ko BbAh, SRl T BE 25 S A=A 0
X DPP-TV 7S P44 (4 IR A 7k B T, R 17
L IRGEH, T B A 5T DPP-IV 114 4] Z AR 128
P L AT DL, 3 BT A 1A BF ) X R K AR A ] DPP-
IV iGPERR B H gt 4 B 2E . UL, 25 pERTa) AR,
PEPERGEENTE] 150 min $HA TS £252596
2.2.3 EEfRIRENTE  RYE 2.2.2 &5 AT —
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FibEfe Tl R WA R AT P ) T R 3R, R
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Fig.5 Effects of enzymatic hydrolysis temperature on the
content of soluble protein, DPP-IV inhibition rate and DH
of inhibitory peptides
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Fig.6 Effects of enzymatic hydrolysis pH on the content
of soluble protein, DPP-IV inhibition rate and DH
of inhibitory peptides
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18, VLM T T ARSI aE pH, 2GR
B T %) T A BB D Uik 55 R AR NG, Rl b e pH7.0
A TEHASCYS . B TR pH6.5~7.5 B, KRR A
HIXT DPP-TV #1138 22 S AN B ., e e PR B S
i PR BT TR RN AAE R B EA T 5 T OE A i

2.3 MRz ESEX EKEBIRERIFIRKE TZ MR iess
Kot

2.3.1 [ Ay R BT AR AP BT
ISR AR L, DARSEING (A) . BEARETR (B) | B
iRt 15 BF (C) o~ Box-Behnken iR 56 1) H 28 5, 0] K
*F DPP-IV 438 (Y ) S AH, $E1 T =K 2 =K
i o7 T PR A3, a6 T T %) PR 380K B 2 AR
4 iR,

%% 4 Box-Behnken {30511 S 4
Table 4 Box-Behnken experimental design and results

RIS AFRRINE  BE#ERE  CERE YRR (%)
1 -1 0 -1 58.06
2 0 1 1 68.49
3 1 0 -1 65.05
4 0 -1 -1 62.08
5 1 1 0 69.23
6 0 0 0 71.32
7 -1 -1 0 59.25
8 0 -1 1 60.93
9 0 0 0 71.02
10 0 1 -1 65.17
11 -1 0 1 61.83
12 1 -1 0 62.32
13 0 0 0 7237
14 -1 1 0 62.89
15 0 0 0 73.25
16 0 0 0 72.54
17 1 0 1 63.59

FIJH Design Expert 13 B4, XTUrEm B &
FKEHEA TS, WIE A e g W AE, 063+
ffe A H LA i 87 B Sk pRECRY R 22 06 a1 U R
Y=72.10+2.27A+2.65B+0.56C+0.8175AB—1.31 AC+
1.12BC—5.36A%—3.32B>—4.61C?, [EIAKTRI Iy 25454
ZERANFE 5 s,

GEEF 4.5 BRI B, R P AE/NT
0.0001, 33X & B iZ [o] YA R 1) b 25 P v, ELA St
275 X, S (P=0.9945>0.05) 25 550~ .35, F5 0
Z B 7 #2056 1 B S S A T 45 R 4
Mro [EHFREL R?>=0.9915, FB [A] )= 5 AR (14 i 7
SR BIRY, FBRIIAERGE FEL R?,4;=0.9806, R 1L [n]
VSRR A AR A EAT rT A AR, o 1 1 )
B K DPP-1V I KA i 204500 7EASE
K, AL B. AC. A%, B?, C? X0 RAH A9 SE AR 48 25
(P<0.01) ., FAETT LIS e H 25 3R XA S FE bR it 25
L b e Z | A PSP O R W St AN B AL 2L A
I, WNF& 5 AT RUE Y, & RZEXT DPP-1V fillilil 52
e R R DR/ NI A - R o) 1] (B ) > B il 42 (A ) > il
fEREE(C) o

5 AR 2200 b

Table 5 Analysis of variance for the regression model

FERW SFHM AME ¥ FE PE(Prob>F)  WEME
FR 399.9 9 4443 90.89 <0.0001 ok
A 4122 1 4122 8433 <0.0001 o
B 56.18 1 56.18 11492  <0.0001 o
C 2.51 1 251 513 0.0579
AB 2.67 1 267 547 0.0520
AC 6.84 1 6.84  13.99 0.0073 o
BC 5.00 1 500 1022 0.0151 *
A? 120.8 1 120.8 247.11 <0.0001 *k
B’ 46.45 1 46.45  95.01 <0.0001 o
c 89.53 1 89.53 183.15  <0.0001 o
B2 3.42 7 0.489
KU 0.058 3 0.019  0.023 0.9945 ENTES
aliiR 2 3.36 4 0.841
BB 40333 16
R 0.9915
Ry 09806

H: P<0.05E/RET BE, F*RR; P<O.01FRZ 50 B3, A** R,
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Fig.7 Response surface plots of the effects of the interaction
of various factors on the DPP-IV inhibition rate
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B (it iz B 6] ) > A (B i &5 ) >C (B REE ) , 3X 57
ZEo T e R —3R . #id Design-Expert 4451745 5
ASFFHI 4 AR A FAerE: T 2 5 FS5 PR
FIREES & 638.261 U/g., FEfERTA] 156.634 min, il
RIS 45.244 °C, g DPP-IV 35K 72.975%.
233 T ZMUAbEUrstss 4G b T2 E mnT
TP, XA T K B I e S AR EA T B R : h
PEER ARSI 640 U/g., BEfFRT A 157 min. B
IRE 45 °C; LA T2 S8 47 = IR iRl 5, LA
IPI > BHPE X HE (IC, S 0.0024+0.0004 mg/mL),
5 DPP-IV $l il R ¥ K 73.59%+2.34%, 1C5, N
0.53+0.06 mg/mL, &55% SR EAH 2258/), A
AR IZA R AL S HOT SR i o
2.4 EAKZERIR DPP-1V #IEIRKHI D FESHIBR

38 S RIS (0T T2 PR ARAS B i R o
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Fig.8 Elution profile of the molecular weight distribution
of standard proteins
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Fig.9 Elution profile of molecular weight distribution of corn
protein inhibitory peptides

THE/NT 0.7~0.8 kDa) & i, REEBHC R TG
PR . XIEPRAAREE TR IK, /N1 IIRBEHE
PRG-I NI, B 5 R A A s R DI RE
PRI, ASWF 5T i 5 0 £ KR 2R A A2 9 P Ik DPP-
IV B9GP AT BRI e/ N T 2GR B 156
AR

# 6 /T 1 kDa FOKEE M BRAAXS 237 B o A1
Table 6 Relative molecular mass distribution of corn protein
inhibitory peptides less than 1 kDa

XS 93 T kit (kDa) WETRIAR T 73 (%)
1.0~0.8 0.67
0.8~0.6 4.91
0.6~0.4 17.20
0.4~0.2 2245

<0.2 13.16

2.5 BIESHRIN EREFIFRINEIAK DPP-IV HIH|ZRA)
Al

IRIE Sy H AT S5O, i — 20 R B IR 4 9
SIMTZZ R 53 DPP-TV flII %,

I B UE SRS, 15 BT HECT 1 kDa A/
T 1 kDa PI-~2H55, 53 AAS AR 2H 53%F DPP-IV [
T 2RI 5 O L, g5 SR E 10 s, AAEIPaT
LA % DPP-1V HIHIZEI/ MR R : /T 1 kDa>
JER>RTF 1 kDa, #4540 2 [A] 2257 40 3% (P<0.05), UaAA
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Fig.10 Effects of inhibitory peptides in different molecular
weight fractions on the DPP-IV inhibition rate
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AR UE R AT HA B 5a ] DPP-1V 3l PERY F oK R
FRZH S 3 & R AIVERT, izl 52 LI/ IaTE K
TEAE, SFFhr EZAEPAE 1 kDa LATR . 25807 W5
KIS T IR EE R ST IR i M s, S /N T
1 kDa FA KA 3 s A 2B T
2.6 EAXKERIE DPP-1V HHIBAHI R EERE R
FIF 4 B sh &R S BT TR UE Sy 2515211
ANTAIZH 53 ) BRI R T 2 R R 4H s i 2,
R[] e o e AT 3 25 Sk, g Rk 7 R .

K7 FOREE MK SR A
HEEMA M (g/100 g)
Table 7 Amino acid composition of corn protein inhibitory
peptides and their ultrafiltration fractionation

components (g/100 g)
FIEFRFNA R >1 kDa <1kDa
Asp(RAZR) 4.85+0.11 5.26+0.14 2.48+0.09
Thr (IR ) 2.81+0.08 3.11+0.09 1.97+0.06
Ser( 2% ) 4.48+0.15 4.43+0.12 3.04+0.07
Glu(H 2R ) 19.35+0.79 18.77+0.52 9.79+0.12
Gly(HZmR) 1.96+0.10 2.45+0.07 2.13+0.05
Ala(NER ) 7.42+0.12 6.97+0.17 9.80+0.23
CysCEBER) 0.50+0.02 0.51+0.01 0.07+0.01
Val' (#&E ) 3.07+0.11 3.14+0.09 2.94+0.08
Met" (P22 ) 1.72+0.02 0.47+0.01 1.58+0.07
e (Rse 2 iR) 2.91+0.06 2.96+0.08 2.66+0.06
Leu (524M2) 14.10+0.27 12.78+0.41 15.20+0.32
Tyr (B4R ) 4.09+0.08 3.830.11 4.53+0.09
Phe’ RN ) 5.05+0.11 4.73+0.13 6.02+0.14
Lys" (i %% 0.9240.05 1.26+0.03 1.97+0.05
His(ZH %) 1.31+0.03 1.30+0.04 1.65+0.04
Arg (K5 %R) 1.84+0.12 2.20+0.06 4.12+0.10
Pro(fli%iz) 7.30+£0.21 6.03+0.09 5.14+0.12
SR S 83.67+0.86" 80.18+2.17° 75.09+1.68°
T R B i 34.67+0.50 32.27+0.95¢ 36.86+0.87°
T AR B 49.01+1.02° 47.91+1.22° 38.23+0.81°
BKMEREREE  41.58+0.36° 37.07+0.99¢ 43.34+1.01°

T #URL AT R AR 7R Al —f8 4522 57 0.2 (P<0.05)

M 7 ATLAE Y, FORE AR R . o T i
KT 1 kDa. 4rFRE/NT 1 kDa 453788 E & ANAKRT
T AT 2 R, BEH L EAT RAFHE IR E., b
T A R e R B IMK R 5T /T 1 kDa>
JF>4r T KT 1 kDa 4143, 30 DPP-TV #ilil7G
PRSI 55 85 53T R/ N MR B T 452 5 T ARR IR 22
FERR IS EPY . WFST A B, DPP-IV IS5 &AL B
S vE, 2 IKEE N i S5 2 A Pro 5f Ala( B X-
Pro ¥ X-Ala, X fUFEAT B4 ILHR ) BF, DPP-IV g
EEE I RIFVER o A5 IRPIIK N S 55— 2 FL i J2
G 7K 28 LR (4N Leu. Phe 45%) L4158 lE Y 5 DPP-
IV 454 71, Bl X Mg /K & AR, TE L X-Pro ok,
X-Ala J¥4 5 DPP-1V U456 T B9, iX 2 DPP-
IV 35 P S BT A7 AR B K DX 38, 1T 5k BB 5 7k 28 3
PR 2 AR KAH BAE A, R gl G A5, b

Jifg 30 & Xt Leu 1 Phe &5 i b 7K 2 LR ZH W14 )72 2
[¥Er] P14 PREHIEAT 50 1oy PR AR Sk, S i /K S AT Bh TR
Bt 5 DPP-1V B /K H A4S B AEH, T ks e I i
JR-BE A0, R 7 nJRAE H, =S HBRH S5r
R g K S L1 1Y) Bt R B IMER R R s SN
1 kDa>JE k>4 T8 RKTF 1 kDa 2H47; HiAb Leu AY S
FI0ES: S TR/ T 1 kDa>Ril>4r T KT 1 kDa
2047 Phe & & HLEL: T8/ VT 1 kDa> >4y
FHEAKRT 1kDa 5y, 454G DPP-IV BYFR A&
S S HTIX AT EJEXT DPP-IV 1) R K/ N T/
T 1 kDa>Jfik>4rF = KT 1 kDa 404715 K . H
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S IETGE DPP-1V AR DI B 15 75 5 et
ATHRF ) S e S A TR . PR, S e RElR 1)
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IR RN EE
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Fig.11 Inhibition kinetic curves of corn protein inhibitory
peptides on DPP-IV
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Fig.12 Lineweaver-Burk double reciprocal plots of corn
protein inhibitory peptides at different concentrations
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