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1) P R VR £ 1 R K A S A 1o 4 ACE IR, 3L 1Ce0 Jhy 47.10g/mL; SR A AH TR B Ak ACE 41
SRR S 3R AT Plastein /R Y., %} ACE I — DA, M ma ST A AmiE i R N4 £F. 75 ACE #lki Ik i i
YN 35%, OMINTRIY 6h, DA AR FRE R AR SO FRAR, MBS R RN N AN 47.8°CL il
FIRELHI A 0.54, BN 9.5kU/g pro, 44T 44 ZR Ui 19 2 2k kb 1 24 195.7 umol/g pro. 7EI& B 451 T Bes
S5 [R) 55 1 2 1 ACE FRIICHEAT AN IR B2 1Y) Plastein e RiAEAM, 4% 6 AME MR AN 7 19 22 IR & 4 71l s e
11K ACE $MHEYE . THEIL 1Cso fH. 45 AREH: B4 (1 ACE I3 P REAS MR FE R 8 AN BN AR 4k, MR
AR 2R IR B S /D Bl 195.7 umol/g pro I, B4 1K) 1Cse PR A 0.2 ug/mL.
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Plastein Reaction-based Modification of ACE Inhibitory Peptides Derived from Casein in
the Presence of Proline

LI Ya-yun, ZHAO Xin-huai*
(Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract: ACE inhibitory peptides with 1Cso value of 47.1 ug/mL were prepared by hydrolyzing casein with alkaline protease
from Bacillus subtilis and further modified by plastein reaction under the catalysis of the same protease in the presence of proline.
The optimal conditions for plastein reaction were determined using response surface methodology at the fixed concentration of
35% (m/m) peptides and the reaction time of 6 h as follows: reaction temperature 47.8 °C, molar ratio of proline to total free amino
groups in ACE inhibitory peptides derived from casein 0.54, and addition level of alkaline protease 9.5 kU/g proteins. Under
these optimal reaction conditions, a maximal decrease of free amino groups in reaction mixture of 195.7 umol/g proteins was
obtained. Six modified products with different modification degrees were prepared by adjusting reaction time. ACE inhibitory
activities and 1Cso values of these modified peptides were also analyzed. Results indicated that ACE inhibitory activity of modified
products revealed irregular change with increasing modification degree. When the reaction mixture had a decrease of free amino
groups of 195.7umol/g proteins, there was a decline of I1Cs value of modified products to 0.2 ug/mL.
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BEIRAR U | T8 TR AR T AN 48 A AR W0 R8T Ik B iy 2
B, WA B O UK YR L Plastein Y g A R
BEAFPEA KB . ik, 7EEFTR TAE M
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Fig.1 Flow chart of plastein reaction-based modification of ACE
inhibitory peptides derived from casein in the presence of proline
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Table 1 Independent variables and levels in central composite

design
K
BES
R — 1.682 —1 0 +1 +1.682
B I /(kU/g pro) 4.6 6 8 10 11.4
S 1C 18 35 45 55 62
i 2R L) 0.08 0.25 0.5 0.75 0.92
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Table 2 Matrix and results of central composite design

X5 Xu R N Xe Jfa R o Y URB AR

o e . Xa BERAN I

&l R Lt 451 (»mol/g pro)
1 —1 1 —1 93.22
2 0 0 — 1.682 131.27
3 0 1.682 0 130.43
4 0 0 0 181.16
5 1.682 0 0 127.48
6 1 —1 1 130.43
7 — 1.682 0 0 89.84
8 0 0 0 181.16
9 0 0 0 184.54
10 1 1 —1 133.81
11 —1 1 1 108.44
12 0 0 0 177.78
13 —1 —1 1 127.04
14 0 0 1.682 187.92
15 0 — 1.682 0 116.80
16 0 0 0 187.92
17 0 0 0 184.54
18 1 1 1 160.02
19 —1 —1 —1 106.75
20 1 —1 —1 92.38

#3 [EEAAERFESNE
Table 3 Analysis of variance for developed quadratic regression
model describing the response value of decrease of free amino
groups to plastein reaction conditions

T ERIR T J5 Al A )05 F 1t P 1t
e 23591.26 9 2621.25 71.72 <0.0001
AU 302.58 5 60.52 4.81 0.0549
4R % 62.91 5 12.58
T 23956.75 19
R2=0.9847 R =0.9710
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S/ A LA FH (¥ i TR ] 2 T e 3 2 T [ A2
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S AR ZR i 125 i /> i B P2 F T i s, 3B
G55 1 LT e e R S N AR AT O, MBS NN 8.0
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50°CHY, [ VA R 55 2 Bk D BBOK
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AR R N 4 P 3 B o A 2 TR A A AR
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kU/g pro. SNl 45~55"CHF, 5 BAA R (K307 25 %
Hg b K
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Fig.2 Three-dimensional response surface diagram showing the
interactive effects of molar ratio of proline to total free amino groups
in ACE inhibitory peptides derived from casein and reaction tempera-
ture on the decrease of free amino groups in reaction system

190.00
] 173.25
156.50
139.75
123.00 i

He
(umol/g pro)

10.0°

45 50 C
7.0 40 i\
N i /:%j 5
/ SRS
9)

%f\f‘/jgs 8.0

X=0
3 EBRMENRLERER Plastein REKARFEEER D EHIN
Fig.3 Three-dimensional response surface diagram showing the
interactive effects of enzyme dose and reaction temperature on
the decrease of free amino groups in reaction system

JIT T T Pl 2 1 B 051 Rl 7 o 2 A PR £ e B 1
WE A4 FrR. —HZ A BAERB AN, BB N
T SR LB 3 N, i A R D S T
SRIGEHTIRD o 1 RV 45°C (Xa=0) B4 I 4
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Fig.4 Three-dimensional response surface diagram showing the
interactive effects of enzyme dose and molar ratio of proline to
total free amino groups in ACE inhibitory peptides derived from
casein on the decrease of free amino groups in reaction system
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PR AT HC oA, VA BIRR O i S AEL AR
MR A s Ui a8 e (Y) 2 190.19umol/g pro.
S il BE (X) kg 47.8°C 2R L9 (X2) 4 0.54. gz
2 (Xs) N 9.5kU/g pro.

222 BWUESR

R R B SR AR AT SRR B B, WA s AR FR
W B9 5 k2 F ok 195.68umol/g pro(3 UCE-HMl), 5
VS E TG 2 72 0], Ut B e I TR AR A A 31 1) R Y 4k A 2
KDL R B R 7 ] FE T .

2.3 JWEBRAEAE PR 1 ACE FiIk Plastein 1516411
ACE i 1t

%4  Plastein K& HERE B K #EY ACE HE1E RS20 2
Table 4 Effect of plastein reaction-based modification on ACE
inhibitory activity of casein hydrolysates

PRIEAE NI TIRRRRAAAE NI
Plastein 5 N1t~ 4] Plastein 3 % 177 4)

i gy VPRIERDH 1Cal AR 1Cal
(umol/g pro) (ug/mL) (umol/g pro) (ug/mL)
1 1 83.2 25.4 1 71.1 42.3
2 2 116.9 37.6 2 92.0 34.2
3 3 131.3 66.3 3 125.3 29.8
4 4 160.0 41.2 4 142.1 5.2
5 5 181.2 1.1 5 162.8 1.6
6 6 195.7 0.2 6 175.5 0.6

e a1 ACE IR 1Cs by 47. 1 ug/mL,

IR 3R ARA s N 4, T8 3 5 S I T 1)
fi% 8 (1 ACE I JIK (AN R & 1 2 52 Plastein A& 474,
St 6 MEMEFEY o BRAh, IR TBEE T AN R HERE
SXof ERE A R A [0 (1 75 2 11 ACE 461l ikadE4T Plastein
RIAE M, BRI GRS, HoAth s B 4 R ¥ AH [RD
SLUF 6 AN KT . Il R A7 AE T i B 11 ACE I ik
Plastein Jx A& Ui 7= 45 (¥ 30 25 2 S ok /b i RS i 7= 0 1)
[ Cso S AH VL P 6T FEL =49 1A) i 120 B R ok > 2t FKE JL =400 1)
ICso U1% 4 i/ o T2 1 ACE FIHIPK ) 1Cs0 4y 47.1 pg/mL,
I e A B WA ACE Mgt . fEME AT T, M
H 1 ACE #IHIIRZE b A [ AR B2 1) Plastein SN AE )
PR BEAG S N AR FR 9 125 5 L0/ B 1 388 on (U 25 2 Sk ik > T
83.2~195.7 umol/g pro), F 1Cso HBLASHE I I AZ AL A X
55 J5URHS 22 11 ACE #RIIKAT L, A& 4671119 1 Ceo S0/
SCBHIE I dw JE KR S BR AR . R e s AR R
W, 7R AEAE NS 1 ACE IRk £ Plastein v
B FL S, ACE MGt kB o, JLH AT
FEAY BB SOV I, e ACE S TE 2 R B 34 in (9]
T 8 S ek /> B A 3] 181.2~195.7 umol/g pro ). [AI,
TETG A RRAFAE N, B 5 I =) 1Cs0 — H 2 I
B RS, X5 R L R T gl R — 5,

ik 25 11 ACE 0 iHI IKTE Il 2 BR A7 70 N B =4 1)
ACE I B S S I 1) (R AR 4k, R g5 e ek e v i
ZAIRFN ACE I () &5 45 77 2 (C- K sl N- A i) K o
AR ACE Ik 1) C- Ay — KR Hh W RS 1A 2
P2, FCAMHIE MK W 0 (H 2 Cheung S5PAHEAY
R, A N- R oh 28, st Rm . Bk,
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Jok N- A (IR 1 el oK, S8 T B =4 1) ACE
FOHITE Pk PR . I 2R P S 45 & 21 ACE #II IR N- K
Uity AT DASE 3ok S B s 0 aed E HH O B S 1) A A R O SR
SARIL, BRI AT L AR A [ R R N B TR R, A i 2
FRAEAE NS ™= W 10 Ui 25 2 S0 1, B KT AR
TCNZ BRATAE X H= ) i B b = . T
BRI W FEARE S OPA 454y, BT B & 3 I )
AN BE 5 DRI B 12 4k n R 2R 55 ACE #i ik
1 N- Ko, B A IR IR B T R 082D 1 AN 2
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e RNV 47.8°C RGN 0.54 . BN
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il 4% S [RME MG RS BE B F= 4, o0 AT R IRA i 7= 4 1)
ACE I35 Tk 5 s W B[] kg 1~ 3 B [ Fsf 1) 1) S K i
i, FES IRk 4~6h Bifi i 1) A SE KM 42 e 24 %
NI Ta) kg 6 h B, A8 U = ) 1 S B R/ Bk 195.7
pumol/g pro, ICso (X% 0.2 ug/mL. MR FEE
W ACE SR i =Y ACE & TEAAL, &
TSR 45 4 31 ACE #IJIE C- R B N- 2Ry i A S vk
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