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W E FE M % Bk Pro-Pro-Ala-Ser-Glu-Val-Val-Lys-Pro 3+ ACE #= DPP-1V 3 & #9445 )8 . 3 1C; 45 5 5 & 573. 32+
4.63 #= 2 065. 35+ 22. 30 pmol/L, Ile-Pro-Ala-Val-Phe-Lys-Ile-Asp B A4 4549 DPP-1V 9 4] & ., 2 1C, 14 A
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Purification and identification of angiotensin converting

enzyme and dipeptidyl peptidase |V inhibitory peptides from
goat whey protein hydrolysates

ZHANG Yugi', GAO Song', LI Qian', ZHANG Yanchun®, DAI Zhiyong®, LUO Yongkang'"

(1. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2. Ausnutria Dairy (China) Co. Ltd., Changsha 410200, China)

Abstract Goat whey protein was hydrolyzed with neutrase, alcalase, trypsin, flavourzyme and papain. The
hydrolysates were sampled at different time points. ACE and DPP-IV inhibitory activities were measured at the
concentration of 5 mg/mL. The neutrase-generated hydrolysate was isolated by ultrafiltration, gel filtration
chromatography, reversed-phase high-performance liquid chromatography (RP-HPLC) and then identified via liquid
chromatography-tandem mass spectrometry (LC-MS/MS). The peptides were synthesized and assayed for
bioactivities. The results showed that the hydrolysate treated with neutrase showed certain bioactivities. The dual
bioactive peptide Pro-Pro-Ala-Ser-Glu-Val-Val-Lys-Pro showed inhibition against ACE and DPP-IV with ICs, values of
573.32 £ 4. 63 and 2 065. 35 £ 22. 30 pmol/L, respectively. lle-Pro-Ala-Val-Phe-Lys-lle-Asp had better DPP-IV

inhibitory activity with an ICs, value of 964. 14 £4.09 pmol/L. In conclusion, the goat whey protein hydrolysates can be

used as a food-derived material for managing the diet of type 2 diabetes mellitus patients with hypertension.

Keywords goat whey protein; angiotensin-converting enzyme; dipeptidyl peptidase IV; dual bioactive peptide
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Table 1 The degree of hydrolysis (DH) of goat whey protein hydrolysates treated with different proteases and time

%
IR /b rhtk R B 2R 1 Tl WU 2 11 il e 2 11 AR 11l
Time Neutrase Alcalase Flavourase Trypsin Papain
0 0 0 0 0 0
0.5 5.35+0.04 Ca 7.34+0.02 Ea 6.32+0.07 Da 4.56+0.11 Ba 2.48+0.01 Aa
1 7.2040.03 Db 8.96+0.05 Eb 6.7640.06 Cb 5.85+0.14 Bb 3.24740.09 Ab
2 8.4640.23 Dc 12.9940. 16 Ec 7.2340.04 Cc 6.2640.06 Be 3.51+0.10 Ac
3 9.15+0.09 Dd 13.9340.09 Ed 7.78+0.16 Cd 7.15+0.06 Bd 4,2040.04 Ad
4 11.9540. 11 Ce 15.5640. 24 De 7.9140.09 Be 8.1240.11 Be 5.234+0.10 Ae
5 13.8640. 10 Df 17.35+0.27 Ef 8.77+0.06 Bf 9.70+0.06 Cf 5.67+0.04 Af

AR KNG T8 53 590 R 7] — 47 B 7] — 50 B0 [ A7 76 35 25 57 (P<C0. 05) , % 2 ],
Note: Values with different capital letters in each line and small letters in each column are statistically different (P<C0. 05), the same

as Table 2.

x2 AEEBENBENEDLENFEILEEAEMBRYE ACE HIF17F %50 DPP-IV #) § i& &
Table 2 Angiotensin-converting enzyme (ACE) and dipeptidyl-peptidase (DPP-IV) inhibitory activity of

goat whey protein hydrolysates treated with different proteases and time

%
EiEL 7D A 1E] /h v 2 R a1 AR PN R =] JBE 25 RN il
Index Time Neutrase Alcalase Flavourase Trypsin Papain
0 8.547+0.73 Aa 8.54740.73 Aa 8.54740.73 Aa 8.547+0.73 Aa 8.54740.73 Aa

0.5 78.29+1.55 Db 71.28+1.28 Cb  59.97+0.14 Bb  60.3740.85 Bb  46.0141.97 Ab

. 1 82.44+0.13 Ec  76.41£0.51 Dc  63.5640.29 Bc  67.0740.49 Cc  47.9840. 61 Abc
ACE # i

ACE 2 82.9941.04 Ded 78.0342.69 Ced 69.4440.72 Bd  67.93-0.37 Bed 49, 49--0. 91 Acd
inhibitory rate 3 84.6240.26 Ede 81.8841.41 De 72.0240.72 Ce  68.78+0.49 Bd  50.40+1.52 Acd
4 86.154+1.03 Ee 80.38+0.13 Dde 69.0140.29 Cd  67.68%0.61 Bed 51.0+1.82 Ad

5 82.0541.54 Dc 81.20£0.78 Ce  69.5840.57 Bd  68.90£1.34 Bd 50.40£0.91 Acd

0 —6.77+1.28 Aa  —6.77+t1.28 Aa —6.77+1.28 Aa —6.77+1.28 Aa —6.77+1.28 Aa
0.5 20.9540.50 Db 20.294+0.29 Db 14.2440.58 Ab  17.5140.10 Cb  15.6840.25 Bb

1 22.58+0.88 D 20.4340. C 19. 84=+0. 18.32+0.31 B 15.5640.13 A
DPP-TV 14 % 5840.88 Db 0.432£0.43 Cb 9.8440.58 Ce 8.32+0.31 Bb 5.56£0.13 Ab

DPP-TV 5 27.9842.39 Cc  22.2940.86 Be  22.8740.35 Bd  18.224-0.41 Ab 17.0640.13 Ac
inhibitory rate 3 29.11+1.38 De  21.7140.76 Be  25.204-0.58 Ce  18.6342.04 Ab  18.32-0. 38 Ad
4 29.3641.38 Cc  22.2941.43 Be  24.15+1.63 Bde 19.6540.62 Ab 19.20-0. 75 Ae

5 32.1240.13Dd  24.86+1.43 Cd  30.8140.35 DI 23.2240.92 Be  20.20-+0.75 Af
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(a) ACEFI 75k
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N1, 4r TR MM N4 450 HA 8 ACE Al
DPP-TIV il 3 4 , 9 2 43331 R 90. 31 %6 +£1.17 %
A 36.38% 0. 53% , i & T K MY (P<C0.05),
Pk N4 i 17 T~ — 250 8.
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o 35 e c
S E 30
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=% o B f
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(b) DPP-TV il i 1k
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AN F BN A 4y Z A 25 57 8 2 (P<C0. 05) , T I,
Values with different letters are significantly different (P<C0. 05), the same below.
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() DPP-TV 1 | 252 49. 97 % +0. 31 % , & i b
BB AR F 45 N4-2 5 N4-3(P<C0. 05), DPP-
IV 3 %5 5 & 37. 38% £ 0. 83% il 38. 11% +
0.10% /) N4-2 5 N4-3 Z 6] K i F £ 5% (P>
0.05), ZiH 2 FhAWIGPE e BB S L S8 JE AT ) 1Y
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44y N4-1 23+ RP-HPLC 43 B3 8 &l 3(a)
B s /) & 3% . RP-HPLC AR 3% i 7K P A [8) X K

PEAT 43 B FE v g K 2 S R 4 o AE CL8 T
G R R R R AR 5 B R P R B A VR
S AT LR VR T ok . 41 N4-1 9 4l %t
W, %t C18 Bk 2y A [F i 41 4, R A
AR ICES R T N4-3-1 ] N4-3-9 X 9
A5y . VHRERE T B R 1 mg/mL I
HoA W&k, 85 L WL 44 N4-1-8 [ ACE Al
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Fig. 3 RP-HPLC profile of the fraction N4-1 and bioactivity of subfractions from RP-HPLC

2.6 RIZEENMRERERSHREYEMLE

FIH LC-MS/MS %t 21 43 N4-1-8 H & ik it 44
MR 2H L AT o3 BT . BT M8 e AR IR 45 40 5 D RE 1 ¢
RIEFE 12 2% 2 IR HEAT A0 % & WOOT # DU & B Bk i
ACE #1135 4 A1 DPP-TV il 76 M (3 3) . M3k

e R I PR R 1) 22 I 7€ 1Cs, {H » Pro-Pro-Ala-Ser-
Glu-Val-Val-Lys-Pro #1 Ile-His-Ala-Leu-Pro-Leu-
Pro HA % m i ACE Ml /E M, H IG5 3
573.32+4.63 F1 891. 52£16. 10 pmol/L, Ile-Pro-
Ala-Val-Phe-Lys-Ile-Asp X} DPP-1V [iff EL 5 %A 5%
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A9 35 £, Pro-Pro-Ala-Ser-Glu-Val-Val-Lys-Pro
F1 Ile-Pro-Ala-Val-Phe-Lys-Tle-Asp HJ & £ g ¥ 51
H1 B85 1 3 A5 30 (] 4)

m A Ve . H IC, - 964. 14+ 4. 09 ymol/LD
BeAh , B B ACE #0436 4 B9 Pro-Pro-Ala-Ser-
Glu-Val-Val-Lys-Pro 8 & /xn — @& 72 & 1y DPP-1V

£33 RETFIBFEOPUEEOBBESTYNSIREERFIIREEMEY

Table 3 Bioactivity of peptides identified from goat whey protein hydrolysates produced by Neutrase
EAIN:2]) E ok R i %/ % Inhibitory rate IC;,/ (pmol/L)
Peptide sequence Origin Location ACE DPP-1V ACE DPP-1V
THALPLP & SPRY 45#y 5 pY SOCS & H 1 257—263 88.1841.09 60. 1141, 44 891.52+16.10 2 689.98+41.12
THDIPLP sen 7 148 5 MR 371—377  47.59+0.18 7.614+0.18
TPVVVPPF B-HEHEH 95—102 73.08=£0.18 64.37£0.30 2 045.33+£3.86 2595.41+1.19
LGPVRGPFP B*%‘Eﬁ GORLS 211—219 66.37+1. 34 71.90£0.17 2 140.29+6.72 1 734.81436.69
EMPFPKYP B@%Elﬁ]ﬁﬁﬁi 123—130 63.76+1.87 46.7040.30 2 613.96+E26.08
VRGPFPI B*%El'—l 214—220 26.11£0.09 11.5940. 41
HEPYFGY T T3 T i 900 1 5] 201—207 51.52+0.71 19.66+0. 29
QLAPFLP EAMHEEARZEY 1110—1116  83.42+0.71 52.1340.29 1570.28+14.09
VVPPFLQ B*W%El'—lﬁﬁ{llﬁ 98—104 12.92+0.62 6.20+0.06
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Fig.4 LC-MS/MS spectra of the peptides from goat whey protein
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