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#Al#i%IB (Botryocladia leptopoda) MK il R i Z WF 7%
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* EIRE e Pa AR g SIS
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I RL A% (Botryocladia leptopoda) #& PSR K figi B A HVAY 8 E - AR VB RS
st 72 T & B9 VB R - G0 BRER A B O B e ) e e R AT ELFP %7118 25 SR = R A
FiE-1,5- RSB L G/ )N EE (ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit) [z
RLHEH B ## (phycoerythrin beta chain) % 2 iR EFFY » #& BIOPEP-UWM J& IR & AeHE 73 47
FE$ - BURHLAT &) s B B I G R LIRS (angiotensin converting enzyme, ACE) #I{3 {%
BB AbiEt: - RS BIOPEP Z0REER I K AL AR B R 58 » B B LG /K R AR
i SRR HAH E A B =iy ACE HIHINE 1 (97.65 +1.78%) » B i Bl R FH 4R35 ] (Captopril) fi
R HAS pH H 2 - Sl EE .. B R AI/KEYLI & = 10 kDa L &5 Y% ACE
& NO 4= ERYHIHIE B =/ NV FENESY) (=3 kDa 13 - 10 kDa) « #7 Falt#s5E - I
BIOPEP-UWM  F & fe JeR A F5 1 5 /K e e 7 1] 7 A ELA SR ITURR PV TR AR K - BRI A SR )
& B SR ERD BIOPEP-UWM BE#1E B BB TRt K sl ik o &
JITE - AL AR A iKY FilEss & >10kDa &5 TR R SR BR ORI
ZAERETM o RARAILUE— R LM Y ACE HIHIERK - M H 2 e HIEIERE K, - $R DA%

ARSI & PRAE BT -

RESESE - AIAEE  EOERSE  TIEHAK » ACE IIHiEM%
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#j%j 7% (Botryocladia leptopoda) {A4FH Byl
i %] B (red grape algae) - J& A KL B HH ¥
(Rhodophyta) ~ EAL 34 (Florideophyceae) ~ £ F7
# H (Rhodymeniales) oA &R
(Rhodymeniaceae) HY#j%ji5:)/& (Botryocladia) - £f
U R R s R - BA RN PRy R - 5
FA 1 BESEELER T TR AL
g gilsEe S 2P R - BWMEinrk (3%
2018) » [KIECJE R A 2 i A /K LS
FHZKEL -

I ARBEE R RE R 7 T A AL R AR
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SR (liquefied natural gas) (@ HE/KZFE KAV E:
AT G  SekbE b ARSI K R SR
RIS (4555, 2020) » L) A e AT 218 2 K S e
JE o RLA A e VB & = R KBRS i —
2H 10 - 47% WEEE @ & SR H B
(2% MRS AE E A S T B ROIRAYEE R - (Qu et
al.,2010; Quindere et al., 2014) » ‘EA"#EE B —&
JETEVEIRFERISHBREMEIERR - AR B BE R E TR AES
HAERISETBERy 2 - 20l EMAH AN Bt
EATENE » S Rt MERERK - TRE B SRIEIMIER
(Yousr and Howell, 2015) ~ Ifiif# (Harnedy et al.,
2015) R @fEThRE (Morris et al., 2007) 243 1)
Eye

TE LR Lo ~ R ~ B A ~ IRESRR
ZEASERRART o S S R BR A E R EREE
18% AT (940 &) RYZE L A 3 ZEEd = I B E
B o SoURiE A A BRI R R 2014 - 2017 4R
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B RS BRI E A RUR » 18 BRLL ERR
MRS TR Ry 25.2% %9 4 N 1 AREREEIM
% - fEHHE RS IMLBR B 462 B A - SRS IRt
R 0 Bl 18 - 39 BRARE AR S MRS TR Ry
4.7% » JREISEEIRIE 21 EARE 1 ARSI
% - {5t 18 - 39 BRAYBIA G 36 B AT LS
IMEE (frAEMEAIAR, 2018) » B L2 e g (I AR
R EINEE L B -

I W e R (LS (angiotension converting
enzyme, ACE) = Z{F F & I BRRE RAf Fh Ay
F-0IM % I fE 32 - B [E B (renin-angiotensin
aldosterone system) H £ 35 M A9 I 45 e 2 1
(angioensin T) AL Ly HLAT 3R HGHE LS 1F AL
EGHESR T AR IS R - SERRINRE T - i L
R FRREE S IR (aldosterone) » 5 [iEE
SMALZK A B TR Co i S Mk Bl 1 A AL
FVER] S BE OB T S - S R B S B R I
HECE ARG INE AN (Sheih et al., 2009) -
64t ACE SEREF e bAE M E 7E A= 7 iR F AR I
FREEA /K - FEMERRINMEE 71 - ACE HIIHIH%IZ
—HF RN PR MR EEY) » - EERISEH/E
FRANE] ACE 351 » JkA MUE SR 11 194 BORTRE
WIKHI/KEVER] (Saad etal., 2019) » IS EF SR A
IMA TR » T EEILEE N - (H ATRER LK ~ WREE
SFUH ~ RO ~ B2 - BWEEARIE -

H R e BRI 3 A LB S ) ACE
HIFI R EU0 - AT AE SRR R BORy F 0
(Gomes et al., 2020) » BB HIHEE R LREMR
FH R IR R BRR B G Y - 5 H R g
HIREEE (Chakrabarti et al., 2014) - [KIFLARWFSEF]
HHERS RN BIOPEP-UWM &8}
JEE PR BRI ) 260 8 o DITRE M 7K A S R P 2 g
G AT AR BEVE PR E - DA AL A e 25 )
¥ ACE HHIHI1E R » SRS R BT IURR A R G 21

PERHEL 7 i
— ~ B hbR i PREGEL I
KLATATIEIEOR EE AR TSR R A I 2

fefft - DL 50°C §Z2H% 48 hr > FRRSETERERIEE Rk
Kt - IRAFHRZIERE TR -

= R
(—) —RREND D

BRI 4 HTL 2 7 &  (Association of Official
Analytical Chemists, A.0.A.C.) (2000) /5153 Hr s
mhZ 7KGy ~ FHEE ARG R B A b SV

(%) -
(D) BOHEEN

2% &8l Kadam et al. (2017) #9573 - 4L
AR P EBE K W& S R TN R TR
DA RERY LR 240 - R 50°C UKfig 3 hr 4% »
HE LB 0.4 M NaOH 598 400 ml &
% 10 min > 535 FE AT DL 20% TCA/Acetone [,
BERE - BSEHEEEY) - 1B -20°C fi§
M S HE B ZERRCE -

(Z) XD

o FH - o R T AR i 2 P M M Y I s 7R vk
(sodium  dodecyl polyacrylamide  gel
electrophoresis) #1753 H'E50HT ° 2% Huangetal.
(2015) A5k BEFH 12% Z>BEIBRERT 4% HEEE
i o FPHY 5 mg RL A AT B BREZHD - TSR 100
ul B E B P (0.5 M Tris-HCI pH 6.8,
glycerol,10% SDS, 0.5% bromophenol blue, v/iw/w) >
AL 95°C 7K IIEL 5 min » BT/ HTVAWR - 18
BRI 73 BIEA 10 pl 34TSR S pl B VKR YE
fi o AELL 70V EERE 3T 30 min FEKER > FELLEE
EX 130 V #fT7EFK 90 min % » B LI coomassie
brilliant blue #EFTHLt 30 min » BEESRYLRF BR
FIEtE23ERIR -

sulfate

(W) EEEHTE
1. BAEL (in gel digestion)

TERR B LV R IA 200 ul 425 % Acetonitrile
(ACN) / 25 mM ammonium bicarbonate (ABC) R4t
R BN 4°C B EIBRLERH < A 100 pl #Y
50 mM dithioerythritol (DTE) / 25 mM ABC A 37°C
I 60 min ZREEOEER EIFR > FHIIA 100 pl
9 100 mM iodoacetamide (IAM) / 25 mM ABC A
W TRESE 60 min BEEREHRISBAEIIA 200 pl
<. 25% ACN /25 mM ABC Zifl 5 min » FEEREH
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VSIRALANA 100 pl 2 100% ACN 2251 fE 5 min
R EERBKEEBR 2 NEAER

ZEEE R 5 min o BHE AR SE B R IIA
Lys-C 5& [ ESARG » iDL 25 mM ABC W4 1Bk: »

A 37°C i 180 min > FEANA MR E H B
(trypsin) ¥R 37°C [HE 16 hr » Bl HE/Kf#
FELEIERK -

2. HERRZEIY

JOA 50 wl #Y 50% ACN / 5% trifluoroacetic
acid (TFA) JARER SRR S B LV - LU
B IR AL - BE O PR EIERERS E R
HELE - B BIUPER 2 X EHEHEEER
AR DI B L8 PR IR 58 B HERG, -

3. ELRERR

A 10 pl 79 0.1 % formic acid (FA) FAJERK
ZEHNGE IR LV > WL Zip-Tip fRFIREN
10 ul F4 100% ACN~10 pl (9 50% ACN /0.1% FA ~
10 ul /Y 0.1% FA SETTIREL - R &G HEIRZ Th =R
DVEEREY 10 2% > 6L 10 pl 0.1 % FA FEfTIE
Ve B2l 10 pl 50% ACN /0.1% FA kLT
P ERELE T - O VB B AR R R
EHRIRGE AT IRTFEAE -20°C fifiH -

4. BRI S B o E T

FEZAOHCEEE O E T 40 pl B ENFHAETTIE]
VARG DA RAER 1 min £& > L1 15,000 rpm EfECy
15 min FEERFEE > _EIEIREAAHE BT SR BT Rl
(liquid chromatography tandem mass spectrometry,
LC/MS) 34 » 2L Mascot ZoRH R HET T8 =5 L
AP E S VB TESE 0 I H 15 National Center for
Biotechnology Information (NCBI) &ECH5 -

(h) EMERTIEDH

5 NCBI ZC5H A NCBI Bk - DUET
HEHERY > BRI EEE PRI ATE T
fKEFLEE (BIOPEP-UWM) SEATS3AT > FIFGR1E
FUE P8 b e T P AR ~ AT 1 DA
EEHE RSN E - BE SR SOMNETT
TR R /KR - ARIBFTSHYERLET TR 04T - A
AL VS TPAN L=

(V) BEROKHRYDRME

2% Huangetal. (2015) BYJ5i% - FHALATA B
EHBEWRR XokA 53 AlFH#E 2 papain ~ pepsin »
proteinase K -~ subtilisin ~ pancreatic elastase -
leukocyte elastase 55 6 FHPI¥ESR Bl E RS K
pH {H » FREFT/KE 0~ 135~ Thr ik > kiR
W R R IR RTHEZAFR 4°C fiH -

L. IKfEsR e

F| F§  O-Phthalaldehyde (OPA) i I &
(Rutherfurd, 2010) » 10 pl £EH#EL, (Gly - Gly - Gly)
BifEALEL 200 pl OPA EABNRE &% @ IR R
340 nm NHIKOEAE © AN ERY 6 NHCI
HETTH /K 24 hr (110 °C) LA HratBEER e
R GRS - B 6 fERFIREER Gly - Gly - Gly
e S A WHERAR IR S & DIGHE
KPR - HERAZANT ¢

DH (%) = [(NH2)x — (NH2)o] / [(NH2)a —
(NH,)o X 100 %

(NHy)x : x 53 ##RFIIEAL & & (mg/ml)

(NHz)o * 0 Z3$FHIRERL & & (mg/ml)

(NH)a © B/KfELIONERL & & (mg/ml)

2. MRS EHIE

[/ =R TR T FIEY OPA 3% » DL Gly-
Gly- Gly FRHEML IR EARE T SR RPN IR S & -

() BMRREIZEMERIE

1. ACE #ljiflge

2% Girgihetal. (2015) #7535k » HUGRL A%
JERK 0.5 mg P52 1 ml B9 50 mM Tris-HCI £B A
BRI » i 20 pl BRALIATR ~ 25 mU ACE
YUR 10 pl Bz 170 pl 0.5mM N-[3-(2-Furyl)acryloyl]-
L-phenylalanyl-glycyl-glycine / 50 mM Tris-HC1 %%
EYARIIERA - 1Y 37°C T 3 min [EHIE
345 nm BOUIE > FHEHIE 30 min  RHE AT

% ACE inhidition = [(slope of blank-slope of
sample)/ slope of blank]x100 %

2. MRS

BB (Raw cell 264.7) A 37°C~5% CO;
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IR TR 24 hr 1% IIASIRIE Z AR EEN
B/Kf#Y) (pepsin-hydrolysate) fERERZE 24 hr - I
HUE528¥% » 7 phenazine methosulfate (PMS) 7#4E |
15 MTS 32 /KA TEHIRLER DY) » HIE: ODagonm?
DUEHRRH 100%2 R il AR L SRR

3. MRS NO (nitric oxide) & &5

#% Kim and Mendis (2006) 9515 > BGIEER]
(ARG B VRHEY 100 ul I ARTHY 96-well » 3if H A
A 100 pl HEEER 1% (w/v) sulfanilamide DLz
0.1% naphthylethylenediamine dihydrochloriden Fft
F0#YfHY griess reagent T2 EJE » DL ELISA
reader (TECAN, Nano Quant Plate, Infinite M200
PRO.) HIEIECERE 540 nm R BAE - 1
NEIEREE 200 mM NaNO, (0 - 100 pM/mL) BI/ERE
HEhR BRSO (A T ARRHERRR - BIT AT
BESL RS NaNO, 125 -

(\) #RstoHf

BHESBELL SPSS ##E (12.0.1C, 2000) 3t
IT#EET BB #71 > i LL ANOVA (analysis of
variance) EFETRMC MRS HARE 2R -

— ~ RLAIEIEEZ T ST

— R AT AS BRI Table 1 fiR - ALATARE
fH B 0 B e Ry BLIK 73 (35.05%) ATHL R H
(34.19%) > iR/KMLEVIRZ - REVEEAE S &
#15-56% » HAEMESA 30% » 411 Alaria esculenta
(#EE) Z2EHEEEE 9 - 20 % (Holdt and Kraan,
2011; Pereira, 2011) ; Gracilariatikvahiae (AL #%) &
12 - 23% (Taboada et al., 2013) ; Saccharina
latissima (#57) ks 6 - 26 % (Lakshmi et al., 2014;
Pereira, 2011) ; Porphyridium (55EkEE) B 56%
(Safi et al., 2013) » HJb AT RS EURLfj 4 S5 i L e
HEAHSRERENEHE - 5340 » Fleurence
(1999) 5 » HREEBEAE J HL A Rl B AL 2
AR HEAESEBRAERRER R 3 -
47% » IRIPL DA 7 Pl i A0 S P B - BT
R & A BRIt R E N E & E1iRE
IR EESEREA -

Table 1  Approximate composition of Botryocladia
leptopoda (values expressed as % dry weight). All data
are shown as the mean + SD (n = 3)

Compositions %
Ash 35.05 +0.06
Crude protein 34.19 £ 0.08
Carbohydrate 23.41 £ 0.05
Crude lipid 7.35 +0.01

T RLATA R E B

iR A ARGEER: STt SR DET e Sl
AR < XU S A G - 3 H PR 1
ZEHGR (Fig. 1) » GBS REEUR - (0P
g i PR BEAH AR B2 R (7.1%) BEE B
FHim (5.9%) » BLRERRAE IR S A B E
HBHESR > TR IITREGHE B ] 0 MEREAE SR - R
it IMmPET 8 HEAZLER (Bleakley and Hayes,
2017) o [RIE AR A B oK 5 PR B AAfE BB HE A THL
R BRI R - HKBYIRKETEERE S B R
62.09 +0.13% -
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Fig. 1  Protein extraction yields of Botryocladia
leptopoda treated with or without cellulase. All data are
shown as the mean + SD (n = 3). Different symbols on
the bar graph indicate significant differences at p < 0.05.

RLA 5 o B E B — D (R R Bl
TR B o B2 3R R R K KL A A e L VR AR 0 DA
SDS-PAGE EfTHEHE 2 HE - HASE B
SrRIEL 1-10 FoR (Fig. 2) - BATA TR EYI%
HETBREE R EAEERENRE =L -
HEME - BRI EEZE AN AR E 1 12
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HHBENFEVINETIE W TR R A
EAH TR Fr B - AL A% .2 SDS-PAGE
B » DU FEBET TIH BT Y] - RIBE HEE
E/ERFA arginine F1 lysine #Y C HFfiE @ #A]
FELE ARG RSB FF TR E R - 35 e BR th KT B
FRHH & AR B A AN AE &R 52404 - AT #ED
WA HT- B RS (LC/MS) 43 HT i B 3 e v AR
‘B &5 MIESERE S Ay E BB R
FHENIERCE RELLE - W LG T R i
A rREEA MV E & EITE A E Py ok
EHEHBENS N - SRR B E AR - 8
Al (mass spectrometer) AT BRI LY o B
iR EEWRTERN FEEERN (n/z) BT
Jitk o HEORIF I E ket N B RS - 1
YR (ionsource) HHLIFAE(L (ionization) HEf
SRV ERE T FAE RSHTES (mass analyser)
HhEEYs (BiY) TERTT @ s nREITS AN+
HE L (mass-to-charge ratio, m/z) BaAH¥5&EE
HYE R o AR - B R AR ERE
o KRS Lep e Fakr  BURTHERNR e 5+
AR - FR DA E L E e 2B ERYE G E - th
IR Ry '8 it ] EL A B DL F BRI DI RE - BT DAEETT IR
O~ BRIECE KOE =T -

1l

>
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Fig. 2 SDS-PAGE of Botryocladia leptopoda protein
using a12% resolving gel.

HEH AR 2 A B 2R 1 B /K AR M e R P B
NGBy - PR E RS o b H
R I L Mascot BEORHEERTRETR - HALRT
PRV EHE EEDUEALE N o > BB~ REE
H'E o~ BREIC ~ HIREEEN P 81 - ZHIFE-1.5-
T AL/ AR K HEIT B RRE- 1,6- EE R IR
REHANESE SR VB PR - HEyEESRR 7-61%
A& (Table 2) -

= ~ BRES WL TR AR

BIOPEP-UWM [ 73 A7 8 HE J# 3 B E Y
T PR AR B HL /K IR I SR A P HORR &R
FEERANREIURR ~ Hiilke ~ REAPESE =
FDLETEPENEAR - CE iz M B IS 5 s P
BRA943 AT T H (Minkiewicz et al., 2019) o

RHALAT R SR FEARS LOMS i iE Hify
T B % > DL BIOPEP-UWM JEFTYBAE IS N
FRO AT AL I SR /K M o el R AR -1,5-—
1k % # AL B/ N S B8 K X B JT  (ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit)
DIk R ZEH B ## (phycoerythrin beta chain) » Ed
RL AR B SR ER BRI R AT - Py R
B o WA 2 M H'EFAIRE BIOPEP-UWM
TG MENE R B R T T A0 AT EL S - BRI A AR
HE DU A R B B3R (papain »
proteinase K ~ subtilisin ~
leukocyte elastase) #E{T/KfE > A %1 ACE
IS PENERR ~ DPP-4 HIHNE PENERL St ih
PERERK (Table 3) » B ATV Ry SRR AR ~
P b E IR R M A -

pepsin ~

pancreatic elastase -

9~ HERRZ T S
(—) KERSEDH
AR T S TSI J0 AT B A R L A 2 5 G

papain ~ pepsin ~ proteinase K ~ subtilisin ~ pancreatic
elastase ~ leukocyte elastase 7Kgt n]GE AR =Y
ACE #IHITE P RERR - HUEE /R R A 25 f5d pH {H
FREE /K 1~ 3~ 5~ 7 hr > DOREESR/K B iE
IRF[E] » SHIRIRHER > B R RERT S - 6 hr R HEK
fiEsREANFFHEAN (Albin et al., 2000) > [RIEEAE B



74 GEHIE

Table 2 Proteins identified in Botryocladia leptopoda

Protein name

Sequence coverage (%)

Phycoerythrin beta chain

45(band1), 17(band2), 24(band3), 33(band5), 25(band6)
17(band7) 42(band8) ~ 33(band10)

Phvcocvanin beta subunit 20(band1), 20(band2), 20(band3), 19(band5), 20(band6)
yeocy 20(band?), 29(band8)
. . 29(band1), 19(band2), (band3), 29(band4), 29(band5)
Allophycocyanin beta chain 29(band6). 29(band7), 19(band10)

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit

31(band1), 21(band2), 11(band3), 7(band7), 15(band8)

Table 3 Number of predicted bioactive peptides released from identified Botryocladia leptopoda proteins, using
BIOPEP’s enzyme action tool (accessed on 26 February 2019)

ACE

Antioxidant activity Other activity

Protease inhibitory activity

R' P2 R p? R' P2
Papain 24 6 2 ND 1 1
Pepsin 39 13 2 ND 9 9
Proteinase K 23 5 4 ND 3 ND
Subtilisin 16 3 4 ND 5 1
Pancreatic Elastase 24 14 1 ND 3 4
Leukocyte Elastase 19 11 1 ND 3 2
Papain 33 14 1 ND 4 1

'R: Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit

*P: Phycoerythrin beta chain

D7 b BB R » S5 HIISE % (e
AL KR 2 B

1. ZKfEER

K R e R I E M IR RO
FEAINE IR 8% - R A% L BIOPEP-UWM {5
(iR N=¢ SAEERE &0 ST o VR NS S
FRERAH BT R /K s Y R - HoK ik 2B
(BN - SELAKAE 7 hr S# i KRS B Ry
papain (39.03 + 1.269) ~ pepsin (8.63 = 0.25%) ~
proteinase K (40.87 = 0.429%) ~ subtilisin (33.82 +
1.429%) 0.719%) ~
leukocyte elastase (7.86 + 0.289%) (Fig. 3) °

~ pancreatic elastase (11.69 +

2. IR EE

T3 R REHL A ) e WOE /K iR 1 LUK fige
PIh IR S B R R AL TEER - F5RA0 Fig. 4 Fy
T LRSS 6 TSR /K% S hr AT 7 hr 1% >

HoKEY K B4 papain fik 1.31 mg/ml F1
1.51 mg/ml; pepsin £H Fy 0.46 mg/ml 1 0.50 mg/ml);
proteinase K #H % 1.18 mg/ml FI 1.29 mg/ml ;
subtilisin {5 1.05 mg/ml [ 1.14 mg/ml; pancreatic
elastase $Hk 0.53 mg/ml &1 0.55 mg/ml ; leukocyte
elastase #1k 0.47 mg/ml FI 0.51 mg/ml » H{#E
papain 2 BEERLAEAKRE 5 hr 1 7 hr 2 S BIEEE
FEFL o

(=) ACE #IHlIEED

ACE FodFIURRRIE SR - Efst I MR 1
SRS I SR 1T LX)EZ%T I E PR R SR -
HETE A VimEREEY) - sZ@iliH ACE #5700
RS MBRALIR - (Kt ACE #JIfI§ET) (ACE
inhibition, ACEi) HJ DU/E Ry & fiti 3 7 L8R A Fi5 AR
Z— (Iwaniak et al., 2014) - R [FRIRESRIE AL
i) 7 35 1 7K R ) B T B R D 3 R A
(Captopril » {ERy B IR - FEAHFIREARERE (0.5
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Fig. 3 Degree of Botryocladia leptopoda hydrolysis following 1, 3, 5, or 7 hr of treatment with papain, pepsin,
proteinase, subtilisin, pancreatic elastase, and leukocyte elastase at the appropriate temperature and pH for each
enzyme. All data is shown as the mean + SD (n = 3). Different letters for each enzyme indicate significant differences
at p < 0.05.

1.8 m 5hr

:E1'6 d o 7hr
w0 1.4
1.2

1

Content of peptides (m
c 2 9
o o

0.2

Papain Pepsin Proteinase K Subtilisin Pancreatic elastase Leukoyte elastase

Fig. 4 Peptide contents of Botryocladia leptopoda after treatment for 5 or 7 h with papain, pepsin, proteinase,
subtilisin, pancreatic elastase, and leukocyte elastase at an appropriate temperature and pH for each enzyme. All data
is shown as the mean = SD (n = 3). Different letters indicate significant differences at p < 0.05.

mg/ml) FRESHE ACE m9HIHITER - #5 R EER L
pepsin 73 BI7Kf# 5 hr A1 7 hr A7k fEEY) LI ety
HHI=R > Hop X PIKfE 5 hr (YEREHHE ACEi
(97.65 + 1.78 %) HlTiEEEG K F%E (Captopril) fi
HAEEH (Fig. 5a) HAh SRR A &S
B k] EE A HIH] ACE RIS MERERL - B2
BIOPEP-UWM THHIFTRVIE © 5% (2005) fRHJH
H &bt AT o B R IR 15 1 A B - ELEIPEF L
B REEYIE - R A T A FLER R R B R I Y
HHNE] ACE BES7H 49.84% #27+2 97.91% th i
A GBI RL A 5 SR /K R IR -

53R BRI EIEL pepsin ZKfEY) (pH 4)
(S IE R - % i I8 1 9 7K g ) ) 8 2 vp
(pPH7) FEESTHIH] ACE 35 PR ARG SR B > pH
EAVRRHE S ACE! {EfERA= 2% - HE pH (EH ]y
3 FYEHRAE (Captopril) A% (Fig. Sb) o FLAHREH
R AL S pepsin JKEEYIRIRITI A - £
R T R sE R s B LG el - A Bk
e e e L Ml A R L R R s 1 - 411
SUBRHERE E T pH [EKEY) - thiefRE
ACE HYHIHITIRE - Hebl LA SEERITE: -
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ACE inhibitory activity (%)
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Captopril Papain Pepsin Proteinase K Subtilisin Pancreatic Leukocyte
elastase Elastase

g

120 -

100 - S
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ACE inhibitory activity (%)

Captopril (pH 3) Pepsin hydrolysate (pH 4) Pepsin hydrolysate (pH 7)

g

140 +

120 - a a

100 -
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b b

20 A T T
0

Mixed hydrolysate 10 kDa 1 3-10 kDa 3 kDa |

ACE inhibitory activity (%)

Fig. 5 ACE inhibitory activity of (a) Botryocladia leptopoda protein hydrolysates after 5 or 7 h of treatment with 6
different enzymes at the appropriate temperature and pH for each enzyme. (b) Comparison of ACE inhibitory activity
between captopril and Botryocladia leptopoda pepsin hydrolysates at different pH values. (c) Differences in the
molecular weights of Botryocladia leptopoda pepsin hydrolysates at the 0.5 mg/ml peptide concentration. All data is
shown as the mean + SD (n = 3). Different letters for each enzyme indicate significant differences at p < 0.05.

HHRLH %L pepsin JKfiEY) 2% Sun et al. T-H>10kDa [EM)H: ACEi {HELRE 737312
(2019) ZJ33k > I HEI D Ry AR 1 (<3kDa> ZIKfEP) (mixed hydrolysate) fERAZE A5 > 4T
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Fig. 6 Cell viability of Botryocladia leptopoda pepsin hydrolysates treated with raw 264.7 cells for 24 h. All data is

shown as the mean = SD (n = 3). *

indicates a significant difference at p < 0.05.
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Fig. 7 The NO (nitric oxide) production of Botryocladia leptopoda pepsin hydrolysates treated with RAW 264.7 cells
exposed to 1 pg lipopolysaccharide (LPS) for 24 h. All data is shown as the mean + SD (n = 3). Different letters indicate

significant differences at p < 0.05.
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ABSTRACT

In this study, Botryocladia leptopoda was analyzed to identify proteins and bioactive peptides. First, the
proteins expressed by Botryocladia leptopoda were extracted using enzymatic and alkali treatments and identified
using proteomics. Two proteins, ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit and
phycoerythrin beta chain, were chosen for the analysis of potential bioactive peptides based on phylogenetic
relationships and the higher sequence coverage. The two identified protein sequences were subjected to potential
active peptide analysis and simulated enzyme hydrolysis using the BIOPEP-UWM database. The results showed
Botryocladia leptopoda was predicted to generate peptides with angiotensin-converting enzyme (ACE) inhibitory
and antioxidant activities. The simulated enzymatic hydrolysis of Botryocladia leptopoda using 6 different
enzymes showed that the pepsin hydrolysate produced peptides with the highest ACE inhibitory activities (97.65%
+ 1.78%) compared with the other hydrolysates, which was consistent with the BIOPEP-UWM simulation results.
The predicted ACE inhibitory activity of the pepsin hydrolysate is not significantly different from that of a
commercial hypertension drug (captopril) used clinically, and the pepsin hydrolysate activity was not affected by
pH. In addition, the peptides derived from the pepsin hydrolysate with molecular weights >10 kDa showed the
best ACE inhibitory activity and nitric oxide contents compared with peptides with molecular weights of 3—10
kDa and <3 kDa, respectively. This study demonstrates that a proteomics approach combined with the BIOPEP-
UWM database can be a powerful tool to assist with the preparation of functional hydrolysates or peptides. This
study also revealed that protein hydrolysates generated from Botryocladia leptopoda contain peptides with ACE
inhibitory activities, especially those in the molecular weight >10 kDa fraction, which can be used as a natural
material for blood pressure management. The ACE inhibitor peptide from Botryocladia leptopoda proteins could

be purified and the sequence determined in future studies to develop functional supplemental foods.
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