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Preparation of ACE Inhibitory Peptides by Enzymatic Hydrolysis of Protein from Enteromorpha clathrata
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Abstract: In order to exploit abundant proteins in the green algae Enteromorpha clathrata, Enteromorpha clathrata was
enzymatically hydrolyzed and the angiotensin-converting enzyme (ACE) inhibitory activity of its hydrolysate was determined
spectrometrically. Alcalase was found to be more suitable for the preparation of ACE inhibitory peptides from Enteromorpha
clathrata proteins than alkaline protease and trypsin. Based on one-factor-at-a-time experiments, response surface methodology
was employed to optimize the hydrolysis conditions. The optimal hydrolysis process conditions were solid/liquid ratio of 1:50,
enzyme dose of 2982 U/g protein, hydrolysis temperature of 47.9 °C, hydrolysis pH of 7.53 and hydrolysis duration of 90 min.
Under these conditions, a hydrolysate with an ACE inhibitory ICso of 0.66 mg/mL was obtained. The hydrolysate consisted of
fractions with a MWCO (molecular weight cut-off) of 1—5 kD and the fraction with an average chain length of 16 exhibited the
strongest ACE inhibitory activity. The fractions with molecular weight of lower than 10 kD showed resistance to gastrointes-
tinal proteases in vitro.

Key words: Enteromorpha clathrata; enzymatic hydrolysis; angiotensin [ -converting enzyme (ACE) inhibitory
peptide; alcalase
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Table 1 Hydrolysis conditions of three proteases
AN W /C pH fifi FH = /(UIg pro) ERE (V)
Tk 2 TG 50 9.5 1000 1:50
Alcalase 50 8.5 1000 1:50
Jpeat 11 37 7.8 1000 1:50
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Fig.1 Time-course curves of the hydrolysis of E. clathrata proteins by
one of three proteases
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Fig.2 Effect of protease type on ACE inhibitory activity of
E. clathrata hydrolysate
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Fig.4 Effect of hydrolysis pH on ACE inhibitory activity of
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Table 2 Factors and levels for response surface design
K A= /(U/g pro) Bk /C C pH
— 1.41421 1792 42.9 7.09
-1 2000 45.0 7.50
0 2500 50.0 8.50
1 3000 55.0 9.50
+ 1.41421 3207 57.1 9.91
Aj 500 5.0 1.00

Wi SPSS V13.0 Hfnt PR 256 &5 R AT 07 2=y
MMz EIL. 4R, M. BE. pHHE3
A BRIZR N BRI 1K) ACE I3 A7 (24 52 i (P << 0.05), 1Ml
R LR B 470 () ACE I %6 30 2 5% i (P > 0.05)
U ma S A 7 5, BRI R HE WAR 20w
TR 50 22 HE fe 45 R W3 30 R W 2 T s L ) Ak
KA, /@@L RIHELBRAREN G, BT %)
Wran 4 P o A8 S RAI) P AE 43 3 24 0.0013 Fi
0.5156, RUFZBMPLA RiF. o, &I R
T N pH A B AR F X N B
M. ACE #fil2%5 & & B bl A I #E o
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ACE I /%= — 682.61291 + 0.13056A + 19.64747B +
37.18625C — 0.21077B% — 0.015418AC

HR A [ VRS 7R, 79 240 Ak 16 AR 25 1« n g ot
2982U/g pro. % 47.9°C. pH7.53. Bt 1:50.
) 90min, FEMLAAE R, ACE I =R B R T 48 A
98.40%. A T IEBM SN, R E T 250
HEAT 3 UCPATSE8, 455 4(97.69 + 0.97)%, ] SPSS
V13.0 ZHAT t kS ], FROIME 5 SERRE TG 2 3 % (P >
0.05), Kk, BEAEYIH)SEFR ACE il % 4 94.95% ~
99.80%, M-I ICs = 0.66mg/mL, /KAF)E hy 24.35%.

AR ST, SIS R TR YIIY) ACE #1312 1) 1 Cso
1 0.71mg/mL %% 0.66mg/mL, 1t B A A% S LE LA g
8 e AR A0 v s R K B, (] IR IR IR ] e 150min 4
Ji 2 90min, KA H 16%~18% &5 F 24.35%, JKfiR
RORAT I A, U AR A R A A R L .
IKARFESE =, 1Cso PRAK, VLBIFEMRAL 1T, W RAYE
e K AR SR R AR 2 ISR PERR, R RE A DR O FE 4
P T EEREREAE FH 1% 2 DA = A 3 2 10 LA TS P R BT
o FEAHE M4 AF T MASF-RFEI R 1) 1Cs 4y 0.058 ug/mL,
ZFE R G R Y ) ACE SMHEIRETE BRI TR FE A,
B 5 LA RE A KV 1) ACE FIRIBEAH LY, 453 25 5 11 B
YTy ACE MifilvE 1 i T K IR (1.20mg/mL) e, HA 2 1
K A#H1(0.98mg/mL) 1Y, FL 48 iy - — K B kUi )
FK YD, 9tk V5 3 fik £ (Atlantic salmon). ffi
(coho salmon). K4z 17 N % (Alaska pollock) 1w 7 # %
(southern blue whiting) ] 1Cso {435l 5.00. 3.70.
2.90mg/mL A1 3.60mg/mL©2%, [, iR 400 & K
#% ACE #Iiil K2 v 47 1 .

®3 HNHRRTREEGR

Table 3 Response surface design matrix and results

o BES N
WY UG o) BEEC cpn (CEMHE/%

1 2500.00 50.00 9.91 85.39

2 3000.00 55.00 7.50 84.27

3 2500.00 57.07 8.50 65.17

4 2000.00 45.00 7.50 86.52

5 1792.89 50.00 8.50 85.39

6 3207.11 50.00 8.50 88.76

7 2500.00 50.00 8.50 84.27

8 2500.00 50.00 8.50 87.64

9 2500.00 50.00 8.50 89.89

10 2500.00 42.93 8.50 85.39

11 2500.00 5000 8.50 84.27

12 2000.00 55.00 9.50 85.39

13 3000.00 45.00 9.50 80.90

14 2500.00 50.00 8.50 89.89

15 2500.00 50.00 7.09 89.89

R4 RUFEHER G EITR
Table 4 ANOVA for the established regression model

AR PR A By F 1t P BT
i 435.64 5 87.13 10.97 0.0013 B¥
A 0.49 1 0.49 0.061  0.8100
B 204.42 1 204.42 2573  0.0007 W
c 14.75 1 14.75 1.86  0.2061
B? 214.72 1 214.72 27.03 0.0006 ¥
AC 118.85 1 118.85 1496 0.0038 B
k7 71.50 9 7.94
AT 39.67 5 7.93 1.00 05156 AEFH
g% 31.84 4 7.96
AR S 507.14 14

25 LIS IRSY TICRER /N ACE RIS HE 105 0

#5 AFEKRMKBRM ACE HHE#
Table 5 ACE inhibitory activities of E. clathrata hydrolysate and
different MWCO fractions

5 TRk 1Cs0/ FtE A b T
T HECRE (mg/mL)  HEHSH /%
Rt 0.66
ZFE K T (Mw<<1kD) 5 0.13 20.5
230 K TT(1KD < Mw < 5kD) 16 0.085 55.8
W KITI(5KD < My < 10kD) 34 0.95 15.3
53 & IKIV (Mw = 10kD) 98 1.32 8.4

5 nl %, 4> 7 /N T 10kD A8 W T
M ACE SIS, L LAy 7 iy 1~5kD,
I PIRBEK N 16 (415> ACE JMiliG Phfe s, H{Efg
iy b e i s T 1kD, CPIIREEKC R 5
G PEIR 2, 5y T it KT 10kD 114155 ACE il
TR B AR . BR K ACE JIIBITE MM A H e o TR LR
YRS HEBUNT S [ 32 K BN s, — A
N HT 2~20 AN S IR TR R )/ KR A B ¥ ACE )
WEYE, EEAT ANt 27 NIRRT BE
I PERO2Y S 8 B 1 TUK AR (1) ACE FIVE PEAT
TET 2P 2 T KN AL b, X R I % AT
At 5 ACE M99 I & — Ay OG2-281, 4R, A7)
JRA e B HE R, 1T 2 R RO IR IR T Ak T N
SR — D R, LR A — 2 KA ACE 1)
WIGEE, Rk, HAT ACE MGGk 16 /N BEAE Th RE Tk &
s L AR ) R
26 PRI AERE TSR A R

KRS Ak R 58 T 400 & B AR %
ANTR) 43 9 P TR 21 23 5 5 i 3 9 Ak B R PO A
RN 6 . BRI THLEEN LG ACE 5211
[Cso G T4 i, 1A [F]EE I8 73 85 41 73 b 1~10kD 41432
MALEEER JG, ACE MGtk a xR, HA
Mw = 10kD [ 5> & lTH A0 5 ACE $0II3E 1t 17 BH 2 T B .
DRI, T L 08 e 2 ¥ A i S BB 1) 32 B i PR
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T 10kD HIAKRERBTIH AL BRI AT, AE A REORFT I A
ACE MG AR 2 WF SR UE SR 21 BRI IO 1
B HAT ARG R U024, SX L SEIGUE 3 R WA 1
R0 R R AE A DA Tl RE P £ il ORI 4 HA S B ) i e
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Table 6 ACE-inhibitory activities of E. clathrata hydrolysate and
different MWCO fractions after digestion by gastrointestinal proteases

in vitro
1Cso/ (mg/mL)
B ERAM . RSl I+
LAYz .
fER G AR (I S

WA 0.66 0.95 1.11

S ERE T (Mw<1kD) 0.13 0.12 0.15
S B I 11 (1kD < Mw < 5kD) 0.085 0.089 0.091
S & KT (5KD < Mw < 10kD) 0.95 1.02 1.05
W IKIV (Mw = 10kD) 1.32 1.58 1.47
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