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ABSTRACT: Objective To optimize the extraction process of protein from Gracilariopsis lemaneiformis, and
prepare blood pressure lowering components. Methods The protease which could obtain the optimal protein

extraction rate was screened from pepsin, neutral protease, alkaline protease, trypsin. The effects of pH, substrate
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concentration, enzymolysis temperature, enzymolysis ratio and enzymolysis time on protein extraction rates and ACE
inhibition rates were investigated by single factor test. Response surface methodology was used to determine the
optimal process conditions, the angiotensin converting enzyme (ACE) inhibitory peptides were prepared by
ultra-filtration membrane separation technique from the proteolysis solution of Gracilariopsis lemaneiformis, and the
ACE inhibition rate was investigated. Results The optimal enzymatic hydrolysis process was: The pH 8.4, substrate
concentration 18%, enzymolysis temperature 55 °C, ratio of enzyme to substrate 2.0%, alkaline protease enzymatic
hydrolysis for 3 h. Under these conditions, the protein recovery was (19.54+0.56)% and ACE inhibition rate was
(91.1240.17)%; the hypotensive activity of the enzymolysis solution was verified by the ACE inhibition rate of 10, 5
and 1 kDa ultra-filtration membranes. The ACE activity of the enzymolysis solution of 1 kDa ultra-filtration
membrane was the highest, reaching (71.37+0.22)%. Conclusion Gracilariopsis lemaneiformis can be used as a
high quality resource for the separation and purification of hypotensive peptide.

KEY WORDS: Gracilariopsis lemaneiformis; enzymolysis; ultra-filtration membrane separation; protein extraction

rate; angiotensin converting enzyme inhibitory peptides
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WM Z (Gracilaria lemaneiformis)J&£L 31, TLEF,
LEE, Ml rmaligse, &5 3 RIBFEEHEY, 54
ZRERE AR SEE SRR, BRI Eh . 2k, s
B, EEAAEZFAEYEEYR, AR KM A
P, Wne e A R ™ A R B
IMAE SR P, R0 2 ik B pr B b sl SR B e
LLER THAA T BR B B AR D, O FLRESS & Uk (2T
e i, BT, N S 2 BRI LT AR (I
WZ, SRIMH HEM:Z IR R R E D .

15 I 2 DB E - 148 R K 3 & 4 (renin-angiotensin
system, RAS) il K B Jit B - 3% Ik & 8¢ (kallikrein-kinin
system, KKS)y 3 19 gl kWb 48 Fe i &F 5K He Tt =i B s, R
BRI I 25 PR e, AHGE H e R e . T 5%
AR R B R R (angiotensin converting
enzyme, ACE) il kA& 40 i 58 5K R AR 1 £
A, DT RRAIC I, LA 975 T R 2R 5 o K A A
ACE il ik I B i R e« 5 WML S 4R 32 T T 2
B,

W, B RO . BRORIE . HAT E TA FN E
I REIREUE 1, W15 (enzymatic hydrolysis)HE$i& 2 [ fiff
BAARF R PR O, B8 1 B TR ek 24
AN B s B R Y A, I ARAS LA B IR P80 ACE
T BREE R AR T, 2 H i o8 s R ks ik, B
AR —MEMmERet:. B, TR A YR i 5Tk
ISR R L2,

FI, a2 Rl D O Li A % ACE i
IRIBTE g2, i Al S R e 2 I, 7R IRTT
RGP D, H B N 5T BB T s i
REW BT A HRBCRIE VR S R S G o i . 5

F i, AWFgT i HE L T8, Sa Mg EiAR, @
I B PR 2R A 6 A e 7 T3, A A e 40 3E £ K (Gracilaria
lemaneiformis peptides, GLP)[WHREUT 2, il 2 B M5 M AR
4%, A ACE M IKAE T RENE B M R IR AR R S0,

1 MR5ERZE

1.1 MR5RF

TS, T BRI

JHREE FIRE(250 U/mg, LM AEYRHCE BRAF); %
PEE BRGS0 Umg, FEIEAY TRARARD), TrEEOE
(200 U/mg, W FEERHA AT, BHEMAM(S00 U/mg).
T PR R -1 44 R - 5% & B2 (N-hippuryl-His-Leu hydrate, HHL,
100 mg)., Il S5k REALEF0.25 U)SERE Sigma A +H]);
Pierce™ BCA #& (57 & . 2k 3% (1 & A (bovine
serum albumin, BSA, 2 mg/mL)(3% EFEER K /REHE 24 F);
SR OB BERRER G W . TIRR . D . WRERR (S
Mrali, EZERERAABRA R, SR AKX,

Five Easy pH T (B LR -EF 220 F]); M450 FY i
FRAY (£ BIO-RAD 23 ); Waters 2695 %I 25 R0BAH (4%
(*P [ Alliance 23 71); ST16R Ry v4 % B .0HL(3% [ Thermo
Sorvall A F]); EJ-610 BI53Hr RF-(H A A&D /4 Hl); VE500
T G XL T4 (W SE SRR R G TR HD), B e
KRR (I RFRPE RSB R/ ] ); 200 nm P ZERE
AN F AL S B FEIER (10, 5. 1 kDa)(JE [ #3E
BHEABRA .
1.2 BgERETZ

e ZFSE MG T B A B D - Wi K > BT - K ik — 7
T B SR T A A 4R UK — K (100 °C . 10 min)— £5.0
(8000 r/min ., 4 °C ., 20 min)—H_ i —0.45 um 3R UE,
JIT AR N R 2530 FE B B —200 nm P %8 15l g —
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ANTRIFLAR BB U L5y B — VR T R BTS2 2 BR(GLP).
1.2.1 RAAERIBCGRE G RIE N

TR A & S AL S BCA ¥47E 570 nm
Wk FME, 5 LEIET, A

e 0, PEBURER F S (mg)
R o S R RO P 2R (me)

il 0. 125, 250, 500, 1000, 1500, 2000 pg/mL
4 £ L 37 B VAT, DA L35 8 1 9T Y Ry o A A
(X, pg/mL), WG AIADR(Y), 221l BCA HFpREZL,
F ¥=1.1256X+0.0613, r*=0.09949.,
122 RIAEBEEME ACE 474 & 690 2

Z I8 WU 2 )7 e3840 K 100 uL A9 HHL %9
JA 100 pL BEf#E, 7€ 37 °CKVEHRNL 5 min, il 50 pL
M EIK RN, 1648 37 °CKIBHI N 60 min, HIA
200 pL A 11.40 mol/L HCI 28 115 F& o 7] A0 e A v 40 it
ali K fess R

x 100%

()]

1.3 mEERBRE
Z I WANG UM BRI L L, 78 EAE T

file, PEULEE 1, £ 1. 2. 3. 4. 5. 6 h BURIURHTTEN
PRIBCRMIE, 16 6 hllE ACE 4.
®1 TEEABHRERENT
Table 1 Extraction conditions of different proteases
pH RE/FC  EHIREL%  RVIREZ/%
o 8 37 2 10
rEEAR 8 50 2 10
hrEEAEE 7 50 2 10
8 2 37 2 10

TE: YR D e e B SRR TR, mev, TIA).

1.4 BEZRAE
DIBE B A R O, AR PR 2 OO TR BR PR R R IR

ACE = 100% @ Ly, B pH IR BRI | MR
A 4 AR E PRI TRIFR, B B A R R T R TR EL X 8 R IR . ACE P01 356 14 A2 i
*2 BEAREWNEH
Table 2 Extraction conditions of single factors
pH Wt A RLBE /°C TS HE /% TR E /% i I /h
pH LR RIS 7.5/8.0/8.5/9.0/9.5 50 2.0 10 3
TR BE AR 2R 8.5 50 2.0 10/12/14/16/18/20 3
it R P TR R i 8.5 40/45/50/55/60 2.0 18 3
Pt o ] B PR 2R 8.5 55 2.0 18 1/2/3/4/5/6
(YR NI 8.5 55 1.0/1.5/2.0/2.5/3.0 18 3
1.5 MEEKXEIZE M40 4 GLP-1; 5~10 kDa 42143 GLP-2; 1~5 kDa 4143

WA R4 R, 2454 Box-Behnken H.004H A1,
ISR B, A 1R] RIS FUAE R [ 2 i, BB pH (4).
U B (B) (B FRIEE (O AR 5L, DI AR EE I ACE

OV 5P A o AR, AT = PR R KT B e T U
IR R G B Ko 3% 317

%<3 Box-Behnken iR 3% i [E R4
Table 3 Factor coding of Box-Behnken experimental design

i fich B YR IE % C TtHfift 8 32 /°C

ApH

-1 8.0 16 50
0 8.5 18 55
1 9.0 20 60

1.6 RIRELBERTE

P2 AL MR T2 A B AR MR, 1L 200 nm /Y
PR B g OB 2R BT, AT 3 AN TR 231 i fLAR ) D
(10,51 kDa)id JEFF3) 4 DML K, 225 5>10 kDa

GLP-3; <1 kDa HJ2H4) GLP-4, & 4H /0 IR AL 28 V3 VR T
MUF T, FHECHR 2 me/mL B ZREIEW, HEANFLS
B ACE #ilifil %,

1.7 Sitath

PS5 Design-Expert 8.0 #E4T £ 50 W04, X
FH SPSS 22.0 B A1 T E S 10 Origin 2017 1T RI K %
iil, DL a=0.05 f A2 57 i E K.

ZR5THE

2.1 ZERBEIEE

TP L AT, Bk 2 T A A BRI R, WSS 1 h
) 8.6%Z% 6 h 1Y 14.32%, 341 5.72%, H. 4 FhEfAIE AR
TR I 5 ST 10 AR 34 T 18 K o o 2R I D s i) % —
PERIE R, BEE BT AR, RREE R e 4, Ml
Wi PR R, AT R AR U At T 20 kA
SIS BRI, 43 F-RE<2 kDa I S5 BF SE30E MK A% 4 h )5

2
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PRI AR L AR 55 1 1T 3k 30% L0 E o [ 2 S50 6 h B4 1F T
) ACE i, 4R B R (I R AE W74 ACE 1
R, N 92.88%, (HHE#H pH 1K, o BIREEA, M
TR PRI, TSR AR AR, RO, R R B 1 S
B () e SRR 5%, ACE 3R 2%k 82.16%, =5 Ttk
HE 79.78% R PEE F T 80.43% (P<0.05), HA BRI
ACE #Iiil 2, 25 b, Bt i Eos A1 BUe e E M, A
FERFIRWE T

16 ¢

—
N
T

BEARBE%

7%

I
T

AN AN N\

i E]/h
B 1 AREAESEARICE(=3)
Fig.l Protein extraction rates of different proteases (n=3)
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70

WEEE WMESE hHEE BEA

T TR A& T B OE R REAR 25 (1 N BEAR 6 h, AR/NS 7 RER
RHAIZER B, P<0.05,
B2 AR EREAT P01 ACE i 28 (n=3)
Fig.2 ACE inhibitory activities of enzymolysis products of
different proteases (n=3)

22 BEZRAKEER
22.1 pH#ik#

H & 3 vl A, BE#E pH 34m, pH 7£ 8.0.8.5.9.0 B, &
IR A ACE S R 2 I A, 4% pH Z [A] A9 ACE 11

FA B 5(P<0.05), ACE I 52K P R M ACE
Tl 5 45 LS R W/ N A, 7E pH 8.5 15 B R i A,
EHIRECE N 13.43%. ACE 5N 86.87%, iR E
FIN, TSI ACE MGt pE 2 B, kL
pH 8.0, 8.5, 9.0 #A7)5LLm h 1 LAk iR

O mpsnck 1%
ACEMIHIR 4
12
B 88
2 8
5 B
i 86 <
4L
0 4184

5l 3 pH Xt 2 (I H2 IR ACE | 2R A %2 0 (n=3)
Fig.3 Effects of pH on protein recoveries and ACE inhibitory
activities (n=3)

222 RMRE LA

Hil&l 4 AT, AR SRIBCEA ACE $ifi| AR RS ek
JFERER IR, JUHIETER YA E 18%Ih, A 2 B oy
B EORCR SRR A IR B, K
AT R A D, SRR R, e AR R D 5
K, RGP, AR R B A A, AT R
PRI EE AR IBCR A ACE S A< IS, TERRPIRIE N 18%
S RPIRIE 16% . 20%I947 RENEZE S . 25 b, PRIy
VRIE 16% . 18%F1 20%3/E4 70 B T A 1K

00— mrmmx . 7108
2 ACEHIHl 2R
15 + -1 101
o i
L £
% 10 94 %
i 2

W
T
oo
=

0 “-80

10 12 14 16 18 20
JRYIVRIE/ %
P4 RO AR TR IR ACE i 22 10 50 (n=3)
Fig.4 Effects of substrate concentrations on protein recoveries and
ACE inhibitory activities (n=3)
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MRS FTAL, EECHEAI 40, 45 °CAHT, B
BORASE AN, 7E 45 °CZ )5, HEARBCRME RE T =
T S PR S 5 R FRAIG, 7€ 55 °CA&M kBl s, M
21.98%, RJEAREETLE Z 60 °CINF, W) AR 1 BUCR
A (P<0.05), 7= A= R 2N 3h (v ] 5 JR DR 2 e T i 9 i
TG ECI EER, WEZETC IS, RS ACE ) 2 b R
AN B, 5 L, BEFE 50, 55, 60 °CHEA L
R R An S

—BEERE A 1
20 + 72 ACENIi| =&
c g d |
L
b - . ]

0

7y
2 0
ACE#HI%/%

BRI %
s

w
T
oo
W

275

P 5 AR AR T ER IR ACE 0] 2 1 520 (n=3)
Fig.5 Effects of enzymolysis temperature on protein recoveries and
ACE inhibitory activities (7=3)

224 BRI SE

HIPE 6 AT, 2 A PRI S B T LU A 25 i 1 K,
A, FRR AR E B2, (A ACE il R 52
B W RS /N A o AEREIR EL g 2.0%I0, ACE ]
Fdwy, HE D 7R SN AR B T 0, 1B
BERRIR A AT S R 19 ACE G o A IS LAAR 11 S IR
NE, ACE i A HIR) T 2404, A O B
JEE LU IR T T A, 25 R FE A1 B S BT )
WA AY R HA, TR IHC TG L A by i 107 1T [ 2 4, {H ACE 7
2.0%MHIE LA BefE ACE 161k, 25 b, BEFFRPIELL 2.0%0
FRAE R R AR 2R
22.5 BN egikdE

HIPE 7 AT, S AR ORI ] 9 4 T K,
1M ACE 4l 4 it 5 I i) A8 Ak Se 3 S 0S50 3 h A deims
G . ATREIEIRITE T 1~3 h B wI, JeZised
b DAL P 2 AR, IR 5 A R T A VR A
it 3 h R S AR R (0 2B RO, R R LY
ZIRARI . DR Bl I TR N, 2 SRR Ok B, 2%
AN 0] 2 A AT S BT e IR A e, PRI e £
Wi [ T (1 52 ik, {H ACE I %<7E 3 h W} ACE fixfiik
(93.9£0.49)% .45 I, SEFERFIA] 3 h Ay diefE PR R B A 25 1

%13 4%
— a _
O g a . qleo
ACEM@J% b /
¥
495
& E
% 90%:
% Q
<
85
2180
1.0 15 20 25 3.0
RIS EL/%

6 WG L xR R IR A ACE $ I 245 1 (n=3)
Fig.6  Effects of ratios of enzyme to enzyme on protein recoveries
and ACE inhibitory activities (n=3)

G 2t e 7%
v ACE i % " %
/
15 b ‘i 7 : 9
C
3%, 10 g c 7 % 492 §
Xiil / / / / 3
e . / 2

1
x©
oo

1 2 3 4 5 6
B 1)/

P 7 AR (R0 25 BRI A ACE 30 28 A 520 (n=3)
Fig.7 Effects of enzymolysis times on protein recoveries and ACE
inhibitory activities (n=3)

23 EMIZWHNEIRE
2.3.1 Box-Behnken #%itiX3 & 45 R

AT 5T R R A B ORISR R, R LA
IR, BEOHARA B &m0 pH (1), KPR
JFE(B) BRI (O) Ry A8 ok, [ J83 G B ST [R] 3 79 4 B ]
£, Wox =R = KAy p iR e, LR HIRBGE(N)
1 ACE I Z (Vo) i W, G245 R AR ab 3 L3 4.
232 HBREIBRFERNE

FEST N AR 454 Design Expert 8.0 &4, XHALE
Fobn 5 4 PR R E R Z R T 2 on e IH LA, AP EH
JrFEAF IR ¥1=17.89-0.854+0.21B+0.17C-0.404B+0.834C
+0.097BC-3.134%-5.368%-3.96C%;  ¥,=92.33-0.494+0.30B-0.53C
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+0.384B+0.624C-1.81BC-0.874%-1.65B%-1.97C; |3 5 Al 41, # 4 Box-Behnken it AR R EHREZE. ACE HIHIZEMN
Y ﬁ%%@ﬂﬂ*ﬁﬂﬂ@*ﬁ;é%iﬂz R,=0.9664, L}E%Tﬁ’ﬂﬂ@ﬁ{m{ﬁ Table 4 Box Behnken d:;yls\ljigirlgfi determination of protein
AT LUERE 96.64%MIREREE R, P<0.01, BITUMR W35, Tk recovery and ACE inhibitory activity

PAITHAT /8T, P=0.0653, ZFARE, W REHRE, B ApH BIRY)  cEgmmEE Y EA ¥, ACE
Yy E T2 AR R BE, ¥, A OC R B R2=0.8848, i1 W% /°C RECE Y, W%
R [ FSOI AP 1T DA AR 88.48% IR0 45 5L, P<0.05, KiAlAy 180 16 35 8.91 89.47
BEEH; PRI a0, P=02711, 225 KRB, 2 85 18 33 17.22 93.29
VLA FRE LG, Yo 38 FH T2 AR 390 18 60 9.61 88.50

U 4 86 1 RBCR BB T, 0 4, B 4 80 20 N 1008 9049
O (LS W B, 4% B PR B KKl A4>B>C, >0 I8 >0 8.81 88.87
pH A 2 (TR MR, WL ACE 1 A4 6 856 %0 [
g!,:'jy BC. CZXﬂ‘ﬂllﬂﬂjfE?ﬁﬂfﬁjﬂéﬁ%, BZXﬂ‘ﬂ[ﬁJm{EﬁE%ﬁE 7 8.5 18 55 18.15 92.87
I, 45 LI Z SRR E AUy CoA>B, PUIGIRERT ACE 31 Soos o °0 00 o0
ﬂ?ﬂﬁﬂ’\]?ﬁﬂﬁﬂfﬁj{o 9 8.0 18 60 11.13 88.86
533 i_ﬁ_/f’}éfﬂ é]\#ﬁ' 10 8.5 20 60 9.68 86.36
[ 8 B IR A ACE 45 1 1R A e hoss > ol e
12 9.0 20 55 9.08 90.91
O 5 9 TF 116 B T, 358 2 4 o A R 5 ss 20 5 008 9049
Wi AR, RERRE A R R AKCEE YT, # 8 iR 14 90 16 55 9.52 88.38
R T VTP, L, PR 32 1 P 15 85 18 55 1832 914
TEG 40 13 (BB A 5 () 9 5 01 A0, S0 35 35 0 25 T 16 8518 >3 17.22 93.29
17 8.0 18 50 13.67 91.73

W& ACE I 2(P<0.01), 57 Z W R—3,

#5 EOREE. ACE HIFIENHFESF

Table 5 Variance analysis of protein extraction rates and ACE inhibitory activities

HAPRIE% ACE il 5/%

PR -5 A H B ¥ F {8 P{H BEE P AHME ¥ FE PH BEHE

A 263.02 9 2922 2235 0.0002 ok 54.33 9 6.04 597 0.0139 *
A 5.73 1 5.73 438 0.0746 - 1.89 1 1.89  1.87 0.2135 -

B 0.36 1 0.36 0.28 0.6154 - 0.74 1 074 073 04210 -

c 0.22 1 0.22 0.17 0.6932 - 227 1 227 225 01777 -
AB 0.65 1 0.65 0.50 0.5041 - 0.57 1 057 056 04771 -
AC 2.79 1 2.79 2.13 0.1875 - 1.56 1 156  1.55 02537 -
BC 0.038 1 0.038  0.029  0.8694 - 13.10 1 13.10 1297  0.0087  **
A2 41.25 1 4125 3155 0.0008 o 3.15 1 315 312 01207 -
B 121.08 1 121.08  92.61 0.0001 ok 11.47 1 1147 1135  0.0119 *
c 65.86 1 65.86  50.38 0.0002 ok 16.39 1 1639 1622  0.0050  **
Bk 2% 9.15 7 131 - 7.07 7 1.01 -
eI 7.38 3 2.46 5.57 0.0653 - 4.15 3 138 1.90 02711 -
Al 1.77 4 0.44 - 2.92 4 0.73 -
pe¥ill 272.18 16 - 61.40 16 -

T e ZE R R, P<0.01, *HZEF B E, P<0.05, -R R TLREES.



1238 1% A T R A

FH13E

RS
%
=
=
m
O
<
70
19

18

\ ~
7 Brewvk s /%

CRfREr,C 53
5016

Bl 8 R | WEATRIELE (5 HAE I XT ACE #2452 i
Fig.8 Interaction effects of substrate concentration and enzymolysis
temperature on ACE inhibitory activities

234 IEARACKAERIE

il Design Expert 8.0 34348 (1 #2ICE I ACE
PRI A3 pH R 8.4, JRYIWE 18.10% . BERIEE
54.7 °C. WIS LL 2% 514 T BRAIRBORATE 3 h, H R
TLZ 17.92% . ACE 12K 92.44%,, 2% [ FIHRAE 1] 521,
BRAEA G pH 8.4, IEYHIE 18% . BEfIRIE
55 °C, HIELL 2.0%M 5514 T BRI BUE AR 3 h, HERRIL
AN R T, $17 3 AR IS 2 1 e s R 4R
%A (19.54+0.56)%, ACE #lil 3 4(91.1240.17)%, SEFs
H SRS EAE Y30, BRI 1.62%, ACE il
R 1.32%. [Hit, ZI0 R B )7 R AE W AERA
b TG 1 R BRI A0 B 1 SR BBCRRT ACE Bl
24 RIREMEBEYNS S

B IEF: AR (ultra-filtration, UF) 24 & 2 1 . 2 K& K43
T o s Fe AR, A A D P AR Hhg 401 s A B 1
X BEARASCY, Ny R R A E R MER . &
WS S T AR S i 2RI I A9 51 3 kDa
VIT W E 2 AW, 158 HAT B m B O s P i 2 5
TRAY, WG R U R AN A X A A R 0 T R
N 6 AR, I AR T2 BRI 4 AN RS
BRALSy, ZrFitb i, 1R GLP-4 414 ACE Ml %
FAE K (71.37£0.22)%, RV 4538 BAsE4 A0
Z K3 < 1 kDa PO IERE, 153810 ACE #2516 M e i
M9 A5, ACE il Sl 5 45 20 43 JoT 2 vie & Ay 385 i 34
i, <1 kDa i 2 Bk A 854719 ACE Hii Z.

3 & i

AR 1 Ao R AR B 2 ) P B IR B v 1 B
B, LI ARECRA ACE % A48 b5, @il HEER

TR0 Y T RS B R L R T RS ER, TE
pH 8.4, JKWIVRIE 18%. MEMEIREE 55 °C. MIKLL 2.0%I1
S NI E O 3 h, BRI (19.5420.56)%
ACE il Z R (91.12%+0.17)%. | FHE S8 I 43 B i <1 kDa
HIZ KAy A s i) ACE Ml R iG4%:, Har, 24U
ACE #5048 4R, AR D BEREME B3 Rl A
5T A6 MR 5T 2mh I DLER (RIS =, ACE #2240,
DAk e R R PR U 25, FEA SRR EAR
[RIEE, A= 906 2 T 2 A AR B A OF (EL . AR BT R
TR AR | 4 ST AR FH 3 S A e J
fith, Ak I E— 2B T SR e SR 1 alifh . JEAER 2 AR A
A0 TR P S T Y AR

*6 TREIPFEHES ACE HIHIEH I (n=3)
Table 6 Analysis of ACE inhibitory activity of different
molecular weight components (N=3)

M4y ACE #1i1 2%/%
GLP-1 (>10 kDa) 47.07+1.18°
GLP-2 (5~10 kDa) 50.4+0.50°
GLP-3 (1~5 kDa) 66.3+1.82°
GLP-4 (<1 kDa) 71.3740.22°
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Fig.9 ACE inhibition rate of different components (n=3)
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