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Enzymatic Hydrolysis Technology for ACE-inhibitory Peptides from Egg White
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Abstract

Antihypertensive peptides were derived from egg white, and then were purified and their primary
structure was identified. Egg white hydrolysis process model was established by examining the substrate
concentration, E/S, hydrolysis temperature and pH value on the impact of the hydrolysis degree,
combined with multivariate linear regression combination of design and quadratic regression orthogonal
design. Hydrolysates were purified by gel chromatography, and were characterized by liquid
chromatography tandem mass spectrometry. The results showed that the optimal enzymatic hydrolysis
process was the substrate concentration of 8% , pH value of 10. 73, E/S of 12. 14% and temperature of
56.80°C. Hydrolysates were purified by sephadex G — 25, the 50% inhibitory concentration as
0. 18 mg/mL. Liquid chromatography-quadrupole-linear ion trap tandem mass spectrometry confirmed the
structure of the active peptides in the component, the amino acid sequences were Arg-Val-Pro-Ser-Leu-
Met, Thr-Pro-Ser-Pro-Arg, and Asp-Leu-Gln-Gly-Lys, respectively.

Key words Egg white protein, ACE-inhibitory peptides, Enzymatic hydrolysis, Optimization,

Purification, Characterization
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W E R, b AR A A B KR
AL (ACE) RFE5 A | o PRk 41 22 Mt 5 20 R .
PRIR , 22 [ Sigma 23 7] ; Sephadex G =25, b5t 4 I i
A FHECA B2 w5 Alcalase Bk 25 (1, 15 2845 2
Al OREM = OB (A% al) , Rt il fb TF
PR FE
1.2 REAE
12,1 [fe 8 F BOK B2 (DH) i e

TR AR W E SR A pH-stat 257
1.2.2  ACE 6l 1 i I

SR JH o BOBAH 835 05, 78 SCHR (9 ] R Al 1 2E AT
WO B30 WL Th bRk 20 i 9k S 44 R (HHL) JE 9
W, A 10 L 1 R A 440, 78 37°C 5 K %
HIFAA 3 ~ 5 min SR 5 A 20 pL ACE W 7 /1R &,
37°C £ 3E 30 min J5 , B A 60 L 5 1 mol/L HCl £
SO, A5 30 SO0 i o [F AT 10 wL pH (B 8.3 1Y
B R 2 R A A T R WA S s R R . R
N B HPLC R G AT 30 3% 5 K2 IR
25°C , Jii # 0.5 mL/min, i 3 A1 & #E/7K (0. 05%
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20104
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1.2.3 3 ACE 0] K i Tl A 1 25 i 2

ARV HE 1 JBT T I — A JB R 3 R K T U 600 g,
BT E R KA B 90°C A M 10 min, ¥ A E i
fiff il B2, 0.5 mol/L AL AL BV WUA A pH. (H £ 1
fift A, A — € 12 Alcalase 25 [ B /K i , 7K fif i 72
HOR WG, I AS BT A 224 i B 1 S B TR
PAZESF pH (AL L& 138 Bl (228 £0.05) , 7K fig
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Tab.1 Experimental factors coding table

pH f& Tit e 85 12 Jon it JiE 4 o

Z, Z,/C Zy/% R Z, /%
Z; 9 50 1 4
Zy; 11 60 7 10
Zy; 10 55 4 7
A, 1 5 3 3

Xp=(Z;- X, =(Z, - X,=(Z,- Xy=(Zy- X,=(Z,-
Zy) /A, 10)/1 55)/5 4)/3 7)/3

R2 ZRZXROFPAERAREITERFD

Tab.2 Experimental factors coding table

i pH v, WHRIRIE x,/C JIEEE x3/%
1.35 12.0 55.0 7.0

1 11.5 53.0 6.2

0 10.0 47.5 4.0

-1 8.5 42.0 1.8
-1.35 8.0 40.0 1.0

1.2.5 23§ ACE il kol b f 45 4 48 5

HIE ACE 10 i JIk 22 52 1 ) 2R M BE JIE Sephadex
G —25 W1 r s AR 20 mL/h, BERE TR 20 2O
20% , BERERFR D9 2 mL 25 AR, KB TOKBER . &
T KA AR J5 A e 3 1R 20 70 28 WOR € 35 DU B A 2 e g
T AR IR A LA OM R R B A
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Fig. 1 Influence of temperature on the degree of hydrolysis
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Fig.2 Influence of enzyme addition on the
degree of hydrolysis
2.1.3 pH{H
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Wk R IR HILS T R ROR R R R Y
PR 6% TR 6% FIFE il E 55°C, % %% pH (A
8.9.10 11 F1 12 Z 1 T Mff 2 h B9 /K 8CR, W
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Fig.3 Influence of pH value on the degree of hydrolysis
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HEEHBEY ST EANEEEARKER, 5
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Z 5 SN o WA AR AR T A BN o )
Jo A, AT TR 7K VR T T, B Lk SRy A vk R
vy T 490 7 TR A S 1O R AT o A T A TR R 55 °C il
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RANE 4 Fis o KPR 2 5UE 4% ~ 8% YL,
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Fig 4 Influence of substrate on the degree of hydrolysis
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() 3 A I R AR A I R R IR F, = (S
ﬁ.)/(SR/fR) =3.34>F,,.(5,5) =1.89, X &0 0] 4
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1531 ] 9 7 7 Ay X, 09X aX,  aX, ok,
y=25.9+0.25X, +3.94X, +5.46X, -2.31X, - o e o
. ; ’ ' dy = | > Y- 1327 <0
1.21X; -0. 67X, +1. 13X, X, aX, aX,  o'X,  9X, 0k,
F = (S/f)/(Se/fy) = 18.493 > F  (5,11) = Oy Py Py
5.32, XK A EEE R 9% . IFHF,, = aX; oX,  aX, 9X,  9'X,

(S, /fu)/(S./f) = 1.667 < Fy,(9,2) =3.37,
SR aE R EW, RN EEAKFENO0.01, H
PUE B o P AR S PO R 4 307 e AN 45 20O ) oy AR
MR o BEAER S X, = (X, Xy, oo, X)) Ab
Ry X X, (j=1,2,,p) 1 B i 5%, 9 B
EXATHN K d;, IF X 3 A A AR RHE 3 1751
=, B

T d, <0,d, >0 ,dy <O, MR ¥ P4/ 4 7 45 A
5 A 7 R AT LAAS: 8 5 A A B R AL, M SR BE A
D7 SR AT 25K il B WO R (I, X, = 0.51, X, =
1.86,X, =4. 07, ik [m] 79 2 KAz 56 | (01 U7 07 R A 56
AR AURL SR , AT LA 1275 A8 0 S I [ A 7 #E o 5
HhC e Ak L2 ORI IR 38 5 05 26 AR 5 A v ol o
T 2 7K firk J3E AR AR AL I X 17 45 R 3R K P10 03 A

d = Iy _ 4.62 <0 Z,=10.73.Z, =56.80 f1 Z, =12. 14, RIJE Y ik &
1= 2 - - s
O X, Sk 8% i pH (i 10. 73, AL 12. 14.9% Fi il
2 2 > N
oy Oy fif i 56. 80°C o FE M A 1FF 23 I Sy 1,23
2
P R T ) PR 4 b FER =PI ACE R34 (B S) 0 3 b i
2= 2 2 - N .
'y 'y ff T T M e o
aX, aX, 9’ X,
®3 ZRZAOAAEZHEGRBER
Tab.3 Results of quadratic regression orthogonal combination designed
L7 5 X, X, Xy XX, X Xy RERE X X X IKAREE v/ %o
1 1 1 1 1 1 1 1 1 1 35
2 1 1 -1 1 -1 -1 1 1 1 25
3 1 -1 1 -1 1 -1 1 1 1 24
4 1 -1 -1 -1 -1 1 1 1 1 16
5 -1 1 1 -1 -1 1 1 1 1 31
6 -1 1 -1 -1 1 -1 1 1 1 21
7 -1 -1 | 1 -1 -1 1 1 | 26
8 -1 -1 -1 1 1 1 1 1 1 15
9 1.35 0 0 0 0 0 1.83 0 0 24
10 -1.35 0 0 0 0 0 1.83 0 0 27
11 0 -1.35 0 0 0 0 0 1.83 0 22
12 0 1.35 0 0 0 0 0 1.83 0 33
13 0 0 -1.35 0 0 0 0 0 1.83 19
14 0 0 1.35 0 0 0 0 0 1.83 38
15 0 0 0 0 0 0 0 0 0 30
16 0 0 0 0 0 0 0 0 0 26
17 0 0 0 0 0 0 0 0 0 28
D; 11. 66 11. 65 11. 54 8.00 8.00 8.00 6.70 6.70 6.70
B, 2.94 45.95 63. 00 9.00 -3.00 1.00 -15.49 -8.14 -4.48
b, 0.25 3.94 5.46 1.13 -0.38 0.13 -2.31 -1.21 -0.67
S; 0.74 181.18 343.90 10. 13 1.13 0.13 35.82 9.87 2.99
F; 0.19 45.30 85.90 2.53 0.28 0.031 8.95 2.47 0.75
a 0.05 0.05 0. 10
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Fig.5 Influence of enzymatic treatment

time on the ACE activity
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6.0x107

5.0x107

= 4.0%107
L

& 3,0%107

2.0%107

1.0x107

0

. I Ll

694 696 698 700 702 704 706 708 710 712 714
Jiifir Eb

(a)

RS AEER bl LAY TR b Ry R
B F ., Thr-Pro-Ser-Pro-Arg Fll Asp-Leu-Gln-Gly-Lys [
2 4y T 843 7 4 556. 341 1 F11 559.649 7 Da, H —
FIREh A 2 b RIM oy RHE T
Arg-Val-Pro-Ser-Leu-Met , Thr-Pro-Ser-Pro-Arg Fll Asp-
Leu-Gln-Gly-Lys Bl % 7 7t 15 FRIG 70 1 ik Y 1R 22
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B5R S R BR/ e S AR+ IE L AT R R +
05 7 TR = B R = ORI B ol R B Tl 4 A 3 A
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Cheung' " %5 41 Hi #y L ACE 41 il Jok 14 % 5 192 5% 35k 40
Uit N9 SCBE R R, WA A R | S ss AR B A T
P, I H ki 28 56 R 5k Ol €0 IR T A R I =R
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Fig.6 Mass spectrometry of Arg-Val-Pro-Ser-Leu-Met
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Fig.7 Mass spectrometry of Thr-Pro-Ser-Pro-Arg

(a) —H k&

(b) Z Bk lAl



152 £k HL O ¥ 2010 4
4.0x107 1.4X10° v5
7 ; Sydy3y2yl
3.5X10 1.2X10° bl y3-NH; yoyaysyzy
7 H[DJLJ JGMOH
” 3.0X10 1.0x10°)|  y1-NH,4 Q]
2 2.5%107 I~ ; b1b2b3b4b5
i‘j 2.0%107 (L"ﬂ 8.0X10
pricd 5
* 1.5%107 #® 6.0X10 "
1.0x107 4.0%x10°
5.0x10° | s
oL Ll Py by | 2010
552554 556 558 560 562 564 566 568 570 572 0 . -
AL 120 160 200 240 280 320 360 400 440 480 520 560
(@) Joifar L
(b)

] 8 Asp-Leu-GIn-Gly-Lys Jii i &

Fig. 8 Mass spectrometry of Asp-Leu-Gln-Gly-Lys
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