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Screening and Stability Evaluation of Angiotensin Converting Enzyme Inhibitory Peptides from Bangia fusco-purpurea
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Abstract: In this study, peptide fractions (F1-F4) with different molecular masses were obtained from Bangia fusco-
purpurea through enzymatic hydrolysis and ultrafiltration. F2, with molecular masses of 800-2 000 Da, exhibited the highest
in vitro angiotensin-converting enzyme (ACE) inhibitory activity as determined by high performance liquid chromatography
(HPLC). The amino acid sequence of F2 was identified through liquid chromatography-tandem mass spectrometry
(LC-MS/MS) and de novo sequencing using PEAKS Studio software. Six ACE inhibitory peptides that stably bind to ACE
were selected through molecular docking. The predicted peptides were synthesized by solid-phase synthesis and their in vitro
ACE inhibitory activity was verified. Among them, L1 (LVLLFLFGE) showed the highest ACE inhibitory activity with a
half maximal inhibitory concentration (ICs,) value of 14.22 ug/mL. Molecular docking results indicated that the inhibition
of ACE by L1 was mainly attributed to its ability to form hydrogen bond interactions with the active site of ACE. Finally,
the effects of temperature, pH, metal ions, light exposure, and simulated gastrointestinal digestion on the stability of L1
were investigated. The results revealed that L1 was highly stable to heat and ionic strength. However, its activity gradually
decreased at pH > 2, and was affected by ultraviolet treatment. The ACE inhibitory activity of L1 decreased after simulated
gastric and intestinal digestion, but was still significant.
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MR FEEFB, i Kk =%l (angiotensin-
converting enzyme, ACE) il /2 & ¥ FH B4 = 1fiL & 24
Wz —, ACEE—ME Ik, &k A mLld
[ —ANSCBE AR (1 #45",  ACERT AL TCTH R 3% P ) i %
ik % (angiotensin, ANG) I/l 25 CoR I (1) A A 28 B2 1R 5
B N B B 5 T i R A LA K AR KT CANG 1D
& BEZK ISR - IR TG 21 4 v A 8T 9K I D RE I 22
WK (bradykinin, BK) CRIm[JPhe-Arg, {FFHKLiE
P, SEUMETEY . T ACEH I 73 1T 0 H ACETE 45k
FHITANG IURAE R, IR GSBKII B, AT 21 PRI I e
I H Y. H R CA 280 B ACEM IR - 4535
VR TR E: F1 48 A N 0 e I 25 W08 AR R L FH - 4%
M, B—{f FHACEMHIFIZ5 YA BEA Bt AR ML K, ik
FRETI R T% . JRPE. BB RN ThAE %80 55 il 1E S,
BRI, 2248 IR I ACESM A A it 70 . St 2B 000
PEIRAE I RAREI DI RER T, R 1 B ACEM G LS,
A A A GREREE L -4 AR TS 2 i A FEE A
U, EIERTEACEMSIIKIE N2 DiBe s R e, A
A RGN B 5

HEVE M ERREANT71%, RARKE M, #
EITL SPEPNE L7231 §i 4= Wil Sk B/ 2 2/ i
KT YR AE R A “bekasam” T kI, bR, fEf
F HFRIE. DRI P A4k R . aiSun Siqi%"”
MR SR R 3R A B AT 75 VE IR Phe-Gly -Met-
Pro-Leu-Asp-ArgfllMet-Glu-Leu-Val-Leu-Arg, 1]
¥ (half maximal inhibitory concentration, ICs,) 437l
°~219.35 umol/LF1236.85 umol/L; Deng ZhenzhenZ""
M 253 v 43 8543 2 ACE 4 il IRFQIN[M(O) | CILR 1
TGAPCR, HICy 7 #1°99.64 umol/LA123.94 umol/L, iX
PSRRI HpHAE . IR FE . BB i W AL ATACE K
fifaE e Wang Kai%5" AT T 0558 28 (1 /K A 400 v O
1%t ACEFI | IkPTGNPLSP (IC5,=1.54 mg/mL) , FLfE
AL (25~100 'C) AAFpHME %M (pH3~11) R
B R BRI E T .

ACEHM I JIK 1) 1] 2% 77 V6 A KL AR
VLR 2 A RS s K A T B KR oK

FA L R A, L R AR 2R ) A5 ACESM A ik & H 1
D7k BRI, MM R 43 B 9 T A o A
B, FANAERE B4 TREPRRA™E, HEE
M, o B aif B IR TR A I 10 M A )
JRFHIM . UEAESR, B R AR SR 2 R AN B
s, ZMMETAFREERIde novo NS 7 8 A Cln
PEAKS Studio. Novor%5) [ ", 5554 P48 22 % e
TEAFINIE, de novolll 7 IF K B4 e 7 i 2 MR 4t T 1%
P A O (%) o A B T HE K B G B R & A AT
JE I Y B L R AT U P U A 2 BT A I R X PR R
FEBR TR KL, ARG AU R R T DT L L e R X R 1) R B
FEBINY, R A Rk A A T R I I RE B
SR T AR R RIRME . B, ACEFIHILE AN
TR R AR AN P e AN Y Bl S R O vk, T
TSV IO ) A 97— G A e v A A R A I R
P & AN ACERI 1 Bk 11 5 55 R IR A il (1 AR s s,
IR RRRE R ROR . RN K. IRk, 5 E
PUEH BB iE YRR B e ok B 2, 38 A 07 12 A A
FLTTE OB W ONTE MR S T B, 2R A AR
G 1 IR R T R s Y xS B S R G
R T ACEM I K -

Kk, AW LLAEE (Bangia fusco-purpurea) N
SRk, SR BRI SO BV ) 2 ACER VG MR IR, 45
TE S HLEE BhH AR i 1% SR A5 ACESN S BK, I L 1 f A
FEMEREAT PR, DA g v o SRR 1 6 of s DK %) BF 9 4 ik
IS %,

1 MES5H®

L1 MRS R

EE AREE W EIC A R A R R

R AR (200 U/mg. &&4%0 . 4 IiE
HEE AR EEEREARAR: B A, PR
AEN. SAeEN. SAbAR. SAbEE. HER. AN,
M. Wer BN atral) , BEOm. BEOl Y
VRTES D) PR E R AR AR OfF (B2
FE 24 4 B AG 2 0 A PR A Rl B bR Tk 20 1% 1ot 52 & IR
(Hippuryl-His-Leu, HHL) (&%) . ACE (1U) .
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Me204E7r #T R-F S LM de - FE R 2 AU B A R
AF]; DK-SD=FLHAVEIZKIE Bl fEREEEa
FRAF]: 5910REHEA 0L 48 EEppendorf/A w5
RE212-BJie#; 7881  HZAYamato/A#]; Alpha 1-2¥4
HT ML 78 [E Christ/A 7 ; FlexStation 3% i k& T
e ZE[EMolecular Device A #]; FlowMen-0021-HP
SR PR R BT R R A BR A A
E2695 R AU AH B4 EEIRFFHRHE AR AR Q
Exactive JUMRAT - LI U E B 70 HE T4 FRBR KA
IREHE CRED BRAH .

1.3 ik
13,1 BRI %

LR AL S, OB B IR E 2.5 g/100 mL
MVEH, 2% T PEEABEMSE (56 C, 4h) ,
8 000 r/minE5 0210 min BRI, 5200 I8 1 £ 70 25 By i
PR, A EE <800, 800~2 000 2 000~ 10 000 Da
AI>10 000 Da 4 NMEBEIEA Sy, AETIEE D@4 N
Fl. F2. F3. F4, Tk ACEHHEYE =490 3#47 T —
BoaHr.

1.3.2  ACEMHIE M 2

B BHEIFL. F2. F3. F4%) BIFCEL100 pg/mLE
W, R R PAE RIEAT RN LA RE N 40 &
RRIAW, 25 A BRI ER Sh 2 v i), R4 R e it
0.22 um P FLIEIE, RH & RBAH (3% Chigh performance
liquid chromatography, HPLC) yZHl 5 KRR 1) & & .

1 ACEMNRG YA I i 2

Table1  Reaction systems for ACE inhibition assay

Sl : BUL —

B R

5 mmol/L HHL 100 100

EASE 3N 100 0
0.1 mol/LHfi & 22 i 0 100

37 ‘C/KHTHIAAS min
50 mU/mL ACE 50 50
37 ‘CIKIBRT h

1 mol/L HCI 200 200

HPLCHI K I 2 1F: Sunfire C 40 H7 H ik
(4.6 mmX 150 mm, 5 um) ; WisHHH: L2 AE-K
(32:68, VIV, &0.1% = L) 1ERRSIM, FiEN
1 mL/min, #EFEEN10 pL, 76228 nmil K A4 5 fR 2
H7fns = 8

ACE| 3 4%~ it 5
A—B
A

A AN R L R R s I A, BNFE AL
PRIR (5 04 THI R

ACEHIHIZ/% =

X100

1.3.3  ACEHIKI AR 7 41 5 B
1.33.1 RO G 8 5 2 bt

V4 0 15 15 2 I ACE 4 1) 75 1 S s I 415> FH 2% &
T 1) TR R N 100 pg/mLEI 2 Ik iE W, A
Q-Exactive PU M AT - B B3 38 Bk ey 23 H o o Ot FL ik AT
JPHNH S e, s S AF: il A yPepMap RPLC Cq
(75 um X 150 mm, 3 um, 100 A) , FAE 7, 93
Y m/z 300~1 500, RS 5S HLE2 kV, FFICsEXS
L RS A
1.332  de novolll[ %>

.33 107950 5 1 R 4 Z s raw SO 5 N EIPEAKS
Studio® 1, K FHde novo il ¥ 77 134T M
SN, SRAFIEIT B, FHEXEFF 5145 5 i i e 2R AT 4T 9
P, IR ZE R E S (residue local confidence,
ALC) >80%MIfkF41.
1.3.4  JEF 50752 5 ACESM Ik (5 #0075 it

MPDB### % (www.rcsb.org) T #ACER ff Ak 454
(PDB ID: 1086) , FIHIEMEHLFG (www.yinfotek.
com) 1 [4b3EPDBEEH ] MR E A EAT LT AL 2
MERAK T~ B TR R T RB, IR 7
e, Rz TRICL

W4 1.3.371 BT 3R A5 K7 51 S % A pd b XS0
FEERIRE G (S Z RG] ik, A
Wi =4egi by, w7 RER AL, /A7 AMDL SDfile
(sdf) #%30.

W BRI A G LN FRERLIRIE Y F2 5 X
b J5 O A RN 52 AR AT 2 e e B, 6 4R K
940.372. 33.820. 48.088 A, XfHi& T K/ N35.025.
40.810, 37.633 A, AMEANRFEMH R . @i RS
T (TRIRZE (root mean square deviation, RMSD)
B A2.0 A, BRI EIT A EARR, s
Bt
1.3.5 RIS IR E

T HLL.3. 4757 i 400 3% X T B A AT 6 NI
FE 8 0T & 37 St AR RN A PR 2 =R AT [ AH Ak 2 A
IRET 4 ONLL. L2y L3, L4, LSFIL6, SRJ5 2 Bl
100 pg/mLIVETR, 5 ME1.3.27 (17 4T ACEA N #1I R 1)
LA o 56 ACEM 3 4 BT 3 00 Ik el AR [ B i
DUBK R B9 B B A8 b, ACEFIHI AL bR, #E47 i
LA, THHIC.
1.3.6  AS[EIINHGE BN ACESM i kAR i 14 7 by

K5 135775 B4 0 400 b1 35 4 o 58 P A C 411 1) A T s e
100 pg/mL R, 5 BIWELS00 uL & F20. 40, 60,
80 ‘CAHI100 CHIKIBF A2 h, AHE=RE, %R
132795 700 ACEHIHI R, LAARALFE 100 pg/mL
JRE AR R
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1.3.7  A[FpHE T ACEH i ikAs e 7 b

1 mol/LIHCIYA W FINaOH A, 4> W 1 %
WipHAE #42.0. 4.0, 6.0, 8.0, 10.0, 12.0, ZEA[EpH
B P SR ININ2 mg/mLAKVAE W, KN2h, #Hib
B 1 JOK A 0 O 1% 3k 2 o v FR R 21100 pg/mL, P&
ACEMHZ, LA AL 1100 pg/mL kK i WA X6 1R 41
1.3.8  PriHLtERE DT
1.3.8.1 AT B r e

N L HRAIBCH: BORRE 1 mol/LH £££16.4 mL,
K£1800 mL5 HEE A0 g, BAE, MKHREE
1000 mL, T4 CikKFE#&H -

N L rsic) . BUssiR — & 4816.8 g, 1500 mLiK,
FH0.1 moV/L NaOH¥ W i pHIE Z26.8; 73 HUIRER 1§10 g,
TG R, BREE, TKFREZE1 000 mL.
1382  NTH M N ACEHSIILER € 15 4

IR E P s . N T WO
BRECH) 1 mg/mLEJVER, 37 C. 200 r/min/Ki¥32 ho
100 CHEIR/KIA10 minKEf, %153 000 r/min L
20 min, K Ab B S IR VA R O R 2R 4% vh M B A
100 pg/mL, W€ ACEHIHIZ . LAARALFE)100 pg/mLJk
TTRAE XTI
1.3.83 N T se bk N ACEShI kA2 € 14 2 4

SR S S PO Ty s s . BN Tk
PRECH 1 mg/mLEJVER, 37 C. 200 r/min/Ki¥32 ho
100 CHEIR/KIA10 minKEf, %153 000 r/min L
20 min, K AbERS IE VA WRF O R 2R 4% vh R B A
100 pg/mL, W€ ACEHIHIZ . LAARALFE 100 pg/mLJk
TTRAERT IR AL
1.3.8.4 R AR B 7 N ACEH IR AR 2 M 2 #

N B O IR ) B2 mg/mLE#, 37 C.
200 r/min/K#2 h/G ApHE 226.8, ¥ [F AR i N T
Wi, 37 °C. 200 r/minZK¥42 he 100 ‘CHEIZZKIE10 minK
fig, V153 000 r/minBS 0220 min, H4bHE S KA % H
AR £ 22 PR R 5100 pg/mL, E ACESI R . BLAR
AEFEFI100 pg/m LBk A A E X IR 4
1.3.9  ANELJEET1EH N ACESM$I I FRE o4

Z RSP T s AR . B K S R
200 pg/mLEJER, 2 5NN SR NaCl. KCLAI
Mg C1 ¥ I AE A 7] 45 J& 55 1 W 2 9K FE 43 0l S 10
15 g/100 mLA130 g/100 mL, 2 h/5 Il ACEHIH] %,
PLAS N4 J8 B8 T 19100 pg/mLJTk ¥ W 1E o FE 26
1.3.10  ANFEERESEAE R ACES i kAR e 14 43 #r

Z MR R 25 P2 5 v e VR B . g R IR R
100 pg/mLIMFEHKE, SE&AM4TF, 23E T H.
JTV BAMT AT BB A 830 minfg, I & ACE I
o DA AL HR K AR X IR

14 HHlgit 500

TSR EE3 R, SRy £sER, KHISPSS
Statistics 258 R X B B AT /b HE, AT RN R T E 5
¥1, K HDuncanykit1T % & LA,

2 S5

2.1 ZLEEEIKIEE UE 7 90 S ACEHIHIE M LU L
MF2H~, F2 (800~2 000 Da) MF4
(>10 000 Da) 73 A3 F AR S, 739 925.86%
F127.83%, SRMF24 % FIACEHM &I &5 TF4, N
(75.44+0.81) %o FUIIEFEF2H 73347 T — B 5.

#2 ENES B AE B ACESMI Rk e
Table2  Comparison of yields and ACE inhibitory activities of

fractions obtained by ultrafiltration

5 7 T I H/Da 52%1% ACE##12/%
F1 <800 18.08 60.93+1.58°
F2 800~2 000 25.86 75444081
F3 2.000~10 000 19.64 66.59+0.87°
F4 >10 000 27.83 50.63+3.23

e FAEARNS FREAFEF R ZREE (P<0.05) . F4H,

2.2 CLBEENKT T K H 0 i

AR A B TG U 5O AT (0 A SR R R T A
HEAT B R 0 BT I DG B R, WK R AT 55
ST T4 E PSS R R BOR = A A LT,
T V] B - W A T LR BRI R RR T A, X R A A R
[ VR B 1 E AT HT 23 VP Ad . VB Nde novo 5 RN B F L,
MALC>80% 3K /R 45 RN {5 . AW FtiE L de novolll
F, SRTEALC>80% 141 B k39 4%

CAFT IR0 39 & RAE 9 Bc A, it )s I ACE i 4 45
1) (PDB code: 1086) N2k, KFBREH =il 5%
G I R B AT b, A5 B BT 4 FIAH ELAE
F, RT3 BB BN (KD B Ik 5 ACE
Mg A Re Jikas, ACERHMMHIE PR T Redksm . XF#e45
WG, BOSHEIT oo Bk (£3) , #17T
Ji 82 ACE i) 3 M R B8AIE o

43 RHEITARR

Table 3  Molecular docking results
B9 BRI AFREMDa O HWES LT S
L1  LVLLFLFGE  1049.6160  —1532046  —147.0873 —6.1173
L2 LLPPLELYN  1070.6011 —149.1733  —148.2433 —0.9299
L3 KFGSKAKN 878.497 4 —133.1699  —121.2969 —11.8730
L4 LADGNKR 772419 1 —132.3776 —123.1372 —9.2404
L5 TTMLWEFP 894.4310 —130.8778  —122.0710 —8.806 8
L6 LLSTRN 702.402 4 —126.8683  —113.5997 —13.268 7

23 LT EFEACEN LTS ML AIE
L1, L2, L3. L4, L5. L63L6 ZACEHH Ik
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73 Al EC 100 pg/mL I, A I 25 1 7 (1) ACE 41
WV, AR WRAPTR, LIRS SR L, LSFIL3K
Z, L2XTACEM Ml 24 R f 55, 5 4 i) i) 26 2 5
iE (P<0.05) .

#4  LLTHACEMBILTS PRI

Table4  Amino acid sequence and activity of ACE inhibitory peptides from
Bangia fusco-purpurea
5 BB ACE#I] /%
L1 LVLLFLFGE 97.97+0.01°
L2 LLPPLELYN 11.18+1.27"
L3 KFGSKAKN 79.15+£0.27°
L4 LADGNKR 37.98+2.37°
L5 TTMLWFP 89.67+0.83"
L6 LLSTRN 76.09+1.47°

Bb 3k F0 ) 95 1 T3 I 4L B EEACEMIHI AR, L1
HA6.25. 12.5. 25, 50. 100 pg/mL 5 ANt B 5B
FE, L3MHIK62.5. 125, 250, 500. 1000, 2 000.
4 000 ug/mL 7 MR IKRER R, LSELHI62.5. 125,
250, 500. 1000 pg/mL 5 NGB RS 5, W H
ACEHM & I 1T 5H1Cs,, &R E/RL1. L3FILSMACE
FIHHAIIC, 70 3 914.22, 183.4 F1152.8 pg/mL. Ptk
PELUATHE— B W5
2.4 ZEFEACEMHIIKL1S ACEM S &40 S Hr

K4y T4 %L1 (LVLLFLFGE) 5ACE
TR GFAT 43 0T ACER A3 Ff 2 B VE A7 mi ik 5,
I3 HHEST (Ala354. Glu384RITyr523) . S2 (GIn281.
His353. Lys511. His513f1Tyr520) 18’1 (Glul62) ¥,
HELR A, L1ISACEZMtHe MEABMEEMH, 5
L1777 A S i s R R ke R 45 Glu 123, Tyrl35.
Trp220. Met223. Ala356. Glu384, ¥ Z Al RIHIA
B % E L1 5ACEFR T 456 1 K LI 5ACEH 1
AR IR FEHis353 . HisSI3E LM 1E T, XSk N
WIS AR L T —6.117 3 keal/mol (i FE 1 5Tlik. I
Gb, gt NS B ZABUKEE, FTSLUEBEGENS
KAEH, $RUETEAESE T oTmRk, X Lem K MR R I 2 R R ik
FAFEArgl24. Te201. Asp358. Phe391. Tyr523%.

B .4
&
Y Pe g
.’3 e \iss13
Presor  Vaksso '. Met223, WO
= ) v.r

—

yrs23

X

7.

Q
& ]

lu3g4
-

-~

el .
S %
3
4 S 0%\:2'}‘ y. ;‘
o oeq i ieood
‘»»_%sgb\..lqul\
Glui23
‘\Arglzﬂig)ﬂ}s
S \

AZHEARE; BAHEAEFHE.
#¥11 L1 (LVLLFLFGE) SACE&i B %
Fig.1 Binding mode of L1 (LVLLFLFGE) to ACE

25 ZLEEEACEHIHI KL AR E M2 b
2.5.1  AN[AREFEACE XL A 1 R 52

BT 2 0K B AR e M DA CTE = i R 8 5 B A 25
JEER, ARSI T 2 R Th R RS, R 45 2 ik
A= B ARAEIE R T WAME. 9 T i CRACEH il ik
L1AESE R LA (0 1R S, AR SEER 9T 1 A AR FE 2%
£ 30 BRL1 I ACES M3 1224k

2B, LISAFENEE A 5, ACEHIH
KITEI6% L I, FRILIFE20~100 C P 4 HE LR FF ¢
UF A ACESM GG 1 . AR #e Rk 20 18 1 1 i 5L 2 19 o 32
0 % JIk GPAGPAGPR A GPPGPPGL 344 H 78 A 7] i )&
(20~100 °C) HEATALEE, &5 SRR LB G ACEHNHIIE 14
BAHPERANL (P>0.05) . HRPCIRE & AR
L% ACEHIHIK, 435 420~80 CHY, &I ACEH
B BRI P A ) R AR AR (P>0.05) o KK
FBK, LIZEERIFMEN, REVSI 52K e Ei, X
TR Ao i A ThRE M & il B — e SE &

90 1 1 1 1 1 ]
X 20 40 60 80 100

IR C
NRNGFRFREREE (P<0.05) , FR.
P2 AR DAL A CEAR) A4 52 i
Fig.2  Effect of heating temperatures on the ACE inhibitory activity of L1

252  A[EpHE AL FEXGTL AR e P R

LIVAfRTHER, MLIUKERERE (pH<2) .
LIAEAFpHIE F 7 AL FE2 h)g, HACEH#HI R KA
B E3 TR, SIRALIMACEM G Rk m, N
(98.32+0.07) %, MEEpHEMTFE, L1IACEHH]Z
SRETEAYE (P<0.05) ; pHE NI10FI120, L1K
ACEH| % 5 Z LT pHE N2, 4. 6418 (P<0.05) ,
XA RESE TR PE AT, 2Rk B R AR A e m A
i A ) R 27 5 T Rl R 1 1 1:811) B DS o) 5 LIRS 5
J, FERRME S N ACEMH] A0 5 o

100 -
o8
96|
o4

ACEI#112/%

92+

90 1 1 1 1 1 1 ]
X 2 4 6 8 10 12

pH
Pl 3 pHATRLIEE M 0
Fig.3  Effect of pH on the stability of L1
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253 ARAMESLE B AL URS R T R

LUx} 5 18 i A B 2 0 A% PR 72 25 SR an B4 BT R
B MpHIE N1 ~2, HAFEBEAR, SWES Bk
2 A — 1 ~2 h, SRS E L R B2 hE LR
ACEIH| % F#E3% (P<0.05) , {HACEMHIZEAA
P (93.54%0.13) % HPEZHE AL SN2 hig, L1
ACEHHIZ B3 T (P<<0.05) , {HACEH| 2471k 3|
(93.994+0.27) %; M[FII L E R, L1FACE
R TR B T (P<<0.05) , {H & 4| 2 b 2 b
IS, N (97.64+0.51) %, X552 IEEP R SR
L] £ 1) ACEAI i1l IR ZEASEADL 15 9800 1 Y0 w3t A P A8 A
AL, T R 0 B R IR AN BAGAI
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stability of L1
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