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Angiotensin I-Converting Enzyme (ACE) Inhibitory Peptides of Molecular Docking
Analysis and Antihypertensive Effect of Algae Protein Hydrolysates
% 5 #7(5135)
2024/03/13
Outline
1. Introduction
2. Purification and the mechanism of ACE inhibitory peptides from algal protein hydrolysates
(1) Identification of active peptides and their molecular docking analysis from Pyropia
pseudolinearis protein hydrolysate
(2) Identification of active peptides and their molecular docking analysis from Spirulina
platensis protein hydrolyzate
(3) Identification of active peptides and antihypertensive effect of spontaneous
hypertensive rats (SHR) from Gracilaria tenuistipitata hydrolyzate
3. Conclusion
Abstract
ACE, acomponent of the renin-angiotensin system, is a zinc metalloprotease that catalyzes
cleavage of the C-terminal dipeptide from Ang | to produce the potent vasopressor octapeptide
Ang Il. Seaweed is a sustainable protein source in the production of peptide-based drugs and
functional foods to prevent disease, especially cardiovascular diseases and diabetes. Pyropia
pseudolinearis protein hydrolysates were purified by RP-HPLC and MALDI-TOF/MS/MS.
The major peptide sequence LRM exhibited the highest ACE inhibitory activity (ICso = 0.15
uM). Docking simulation analyses showed that three peptides were coordinated in the active
site of the ACE. However, these peptides do not bind to the zinc ion, which may be the reason
for their relatively low ACE inhibitory activity. Spirulina platensis protein hydrolysates (SPH)
were purified by SEC-HPLC and HPLC-MS. SPH were obtained for VTY (ICsp = 23.39 uM)
and LGVP (ICso = 45.76 uM) were with relatively low 1Cso values against ACE. At the ACE
active site in the presence of Zn (I1), with binding energies of -6.48 kcal/mol and -5.57 kcal/mol,
respectively. The results of the docking simulation investigation suggested that VTY displayed
a strong binding power to the active pocket S1 (Ala354, Glu384, and Tyr523) and S2 (GIn281,
His513, and Tyr520) of ACE via hydrogen bonds, and LGVP only interacted with the S1 pocket
(Ala354 and Tyr523). Gracilaria tenuistipitata microalgae was successfully purified and
identify a novel peptide, MQDAITSVINAADVQGK exhibited significant inhibitory activity
on ACE and an inhibition rate of 95.4%. In vivo data showed that peptide administration of
significantly reduced systolic blood pressure (SBP) in SHRs. In conclusion, the purified
peptides isolated from algae protein hydrolysates have potential antihypertensive effect which
could potentially be used as functional food ingredients.
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- W

w&?ﬁ}?ﬁ#&%ﬂi&ﬁ 1800 & A 5+ = » {23 = A fkehz A2 -
(Hanetal., 2019) » & % - ¥ Jc¥5% & 5t (Renin-angiotensin system, RAS) & & i &) =
BBl - o & FlcdgE | @3 pF (Angiotensin I converting enzyme, ACE) & - f4 £
B o TR ORA E T ﬁ% I (Angiotensin I) it = ~Exm 3 T4 ﬂﬂ IT (Angiotensin
II) ¢ %% 2% v (Bradykinin) » jim S5 § Jeig» Flt drdlfp ACE 3127 5§
AL Bk AT ML B ABEL R (Vickers et al., 2002; Miralles et al.,
2018) - p w ¥ L v ACE #r4|# 4+~ 4o Captopril ~ Enalapril 2 Lisinopril > & izt Z 4 ¢
LREF 2 LR FF > degrey (Huetal, 2023)~ 4 72 (Wolfetal., 1990)~ x ¢ 42k % (Kostis
etal., 2018) % -

AR AMREF A RS RAT B D TRR TR L F A BERL
7 (Daudetal., 2016) » £ % 57§ 45 41 > AT A3 FB ACE 4rdlit 4 2 @ Bodrken
Bl s 4oz & (Ulva prolifera) (ICso = 10.32 uM) (Li et al., 2023) £ § £ & (Sargassum
maclurei) (ICso = 72.24 uM) (Zheng et al., 2020) -

AEL Y FFREFEEN LR Y BE S 9-260/100g0 A i E 5 10-47
g/100g (Fleurence, 1999) - B 7 § R 2. X B3 & 2 5 KRB AR 75
M~ BRHAGTERRFF IS ABEFERT RS 0 A
e * & o (Herrero et al., 2006; Bleakley and Hayes, 2017) -

A EEL R E LT R E iRl (B DS RGN T AR F IR AR
EBird e e E g MR R E & EUkApT B 2 FLAPT ITF £ (Hetényiand
Spoel,2002) » B = & AR * > B~ %K f35 (Lietal,2014) ~ 2 45 F-v  (Panetal., 2011)
2 = fpfF 39 (Girgihetal., 2014) ¢ 7 jayrg]id?sgr ACE 2 FFejp 3 i£% o

e it A B A EIFE I Es ¥ (Pyropia pseudolinearis) ~ 4% 78 &% 2 &
(Spirulina platensis, SP) % m# /r g (Gracilaria tenuistipitata) 5 %% -kfzis > pl 2 #
ICso B 2|%7H Frd] ACE 2_4c 4 » B it T Fg I PKE 7 £ 00 3§ 774
Po¥t ACE 2 dr |3l s 2 5 & gk > 020 2 H IE W 484 o
-~ EERY kfRF P ACE #rflirkens 2 H (% 4]

2.1 WEsE R Fov ok fERF 2L B HEERNER 2 &3 HE

B EK F kB 30 (Water soluble protein, WSP) » 3% i - = = A fn ik

&R P fer=E0% T4 (Sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS-
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PAGE) ~ 47 WSP z_ 4 + & (Molecular weight, MW) (Fig. 1A) - % % & 7+ > WSP =7 MW
A B AE 20 ¥ 55 kDa e 4% B %8 ¥ ex Jok 2 (350-700 nm) o % A WSP E
4w B & E A w23 4952565615 2 650 nm T (Fig. 1B) - # ¢ ** 565 nm T
kB kg o AW T4l 0 s 3l ki g (Gracilaria longa) ¢ i = F-
(Phycoerythrin, PE) # 565 nm jat& ip|$]& + =k & (D'Agnolo et al., 1994) o 5]} 7z 2_
A7 ¢ 565nm T i PE v WSP ehi & 4 5 PE-

#F " F B ARG 5 (Thermolysin) #- WSP v 70°C 7 k2 3 hr - & ifmr
B RG KR > TP % WSP 22 8 -kjg A 4 o0 ACE #riliE i (Fig. 1C) » % 7 -
WSP ek f2 4 4 R d1 4% ¢ ACE #rdlic 4 % 67.7% > A7 kf3A 4 ° 24 ACE #r
FILES o

fI* & 4p 3 >k 4 & 17 (Reversed-phase high-performance liquid chromatography, RP-
HPLC) #- WSP -kjzf-i&i7 4~ 4 (Fig. 2A) » &7 & E 36 Bk » JZF A upgd
ACE #rilig e (Fig. 2B) o 2 % B & 9k chid 46 [ 4 50 28-85% -

B AT R R T SRR AP B R (Matrix-assisted laser desorption ionization-
time of flight-tandem Mass Spectrometer, MALDI-TOF/MS/MS) 4 47 36 1 4 93P 5
5] (Tablel) o % % & £ ¥ | F] 42 89475 A 7] @ WSP chi & % 4k p ErE 3y
(Phycobiliproteins) o Tyt f1* J-v FREGE D 7 B ok p Fredy kA F R EH
ICso & (Table2)o N =42 4 3 4 % ~#k 12 % g kv ke ez 475> 5 { & ¢h ACE #»
#lac 4 (Wuetal., 2006)- & P b it iE 2 7 BAReRAE AT HE D 3 BoA YL ARYS
YLR 2 LRM-> 27 2 LRM £ K2 ICs &5 0.15 uM » & 77 H ¥ ACE #r+]
fod BB oo

Bt 3 FAMERE R F E 2 A F RS (Fig.3) - $ % &1 ARY-YLR
% LRM # ACE 2 % ¢~ %5 -155.685--166.29 # -140.68 kcal/mol = < fkdp 1 ff
BENARF -~ BAM > &7 ACE &rirPkenjf & 848 = 4% 4% (Biedermann and
Schneider, 2016) - #7 % 45 i » ACE 3 = B 2 & ervid 2 =8k & B 5 S1(Alagss ~ Glusss %
Tyrs23) ~ S1' (Gluwe2) % S2' (Glngg1 ~ Hisass ~ Lyssit ~ Hissiz % Tyrspg) » Frd & R+ 12 &2
HE M g s P gk (AndUjar-Sanchez etal., 2004) - Aliskiren 5 — &% i
BREL > A3 T R Pirdl o HETF 3 38 c4 > 78 S3 HEEELE
i B eEEE R (Angiotensinogen) A4 F % fLit = Angl > @ i F|"F & B2 2% (Guang
etal,, 2012)- 4 + $+3 2 % &7 > ARY £ SI' v S2' ¥ 1 Arg v Tyr % & LRM

2
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Rl 2 S1 40 S2 ¢ ¢ Arg ¢ Met %4 > YLR B/ £ S2 4= S3 ¥ & Leu fr
Arg & > Rm b = fakikian & Zn?" (% o grE 4 wAnt > Lisinopril ¥ 22 S1~S1
fe S2' % & ; Captopril R|¥ &2 S1' fo S2" % & » 2 8 Zn® 4p3 (5% o ¢ pedp o
ACE #r#| |7 mdrd| A F £ 39 p5 (Matrix metalloproteinases, MMP) & | > 5
& S fréedt £ (Cohen and Golik, 2006) - LRM e & it S M & 1 % & mf&ﬁ@f B
Lisinopril — %+ ¥ S1 jEd =g 8 » Fpt 22 H B 5 S g frdlsiipet s o
ARG R BT 0 R R By PR fRIE R IS M T R 42 fEs
BB P 23 7 BIEERAE 7R EEFH v 925 LRM &7 N8 g ICs 2 5 0.15
uM > ¥ 22 ACE 0 S1 fr S2 Fi g & » i 5% & B2 75 2% o
22 SRR N R Fd RfEP 2 FHILNETE AT HE
&4 78 47 %% & (Spirulina platensis, SP) #i & & 4 2439 > 7 £ 51
70% (Guptaetal., 2013) » &f7 SP £ ¥ B iEp i rieniE A g Fhih o 218404
230 > d JE v (Phycocyanin, PC) fr%| & & 39 (Allophycocyanin, APC) ‘&= »
M oA Jﬁ d oo TR B L AES o F ARFEEFY f|* ProtParam Tool it {7 4 45
(Table 3) - % % %t > C-PC-a subunit ~ C-PC-f subunit ~ APC-a subunit 2 APC-f subunit
Fr AL AN TIRAKRZES P HF Zeakbr=ikpk (lle~Leu~Val~Pro 2 Ala)
fo 4 %irdpe (Trp & Tyr) - 345~ edp &0 TR C ShE 5 Frok IR L o FF
W Val~Leu~ >4 % 2 Bk e flpk (Trp~Tyr 2 Pro) 2<% 3 #&F « ACE #ri|
&1+ (Lietal, 2019) -

v%’ # F 39 p& (Thermolysin) ¢ gL -k jz <~ 8 f > 4 % =A% (Murray and
FitzGerald, 2007) > f#*c A 25 & 3 s RIS > 4 % eni o + £92°5 5 f[%0 & ACE %
> Tl kg I s R B0 Bk RSPy o o e Rf DA R 1T S R

70°C T -kjz 3hre w3 pho &+ 2 <3kDa #viis L 5 fiF 0 ACE #rilis
t2 (Lee and Hur, 2017) » F]ut 4] * 353 ¥ SP 3-v -KfEf 2 irdl e s g <3kDa »
F §amiiks o wl i SPH-3 £ SPC-3 gl H ACE #r4|3F o %% Bt > SPH-3 e¥r
#]% % *> SPC-3(34.17%) » 5 75.12% o

- Rk 7-8 sk 4p K 45 (Size-exclusion chromatography- high performance

liquid chromatography, SEC-HPLC) 4 #t SPH-3 (Fig.4A) - &% &7 » & 214nm Jutk iR
|5 @ (P1-P5) o & F |2 B A 2 ACE #r4]% (Fig.4B) > H

FEBiE 8185% > Flet:EHE P4 BET - N OERET o

vy P4 2 e
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fI % F sk 4p A 7 F 3 &k (High performance liquid chromatography-mass
spectrometry, HPLC-MS) # % i1 P4 enie = (Fig.5) » B % k7w > £ &%) 8 fAr+*5A
7 (3~6 1EFK) 0 B A G gIERR Ut b BORAR o AmAT T Ap 0 £ § B ACE e
ARG 220 BrRAM S o R {3 EBEET ACE eE =gl b (Harnedy and
FitzGerald, 2012) - # % ¢ * ToxinPred & {7 T "% {23 (Tabled) - %% %1z 8 f&
HPRIOBIER &AM HP VTY & LGVP # ACE erd|2c% & F > ICso & 3
23.39 ¥ 4576 uM -

Flt - VTY & LGVP g i3 - 3+ i 2 2 S50 (Fig.6) - S5 igr - 25
LA w5 -6.48 ¥ -557kcal/mol>m f 2 & i4%F &7 ACE #94°52 45 & e
& T [+ Ax4F (Biedermann and Schneider, 2016) ; * VTY £ LGVP ¥ ¢ Valine £
Leucine ¥ ¢ ACE ¢ Zn®" A & 4o 2 jpedn > & 44 3 187 4 AR R HHHAf & - &
PERE S B F LS G $4L% € & chivr (Chaudhary et al., 2009; Girgih et al., 2014; Li
etal,2014) - ACE 2 & 5 = BiE i8> # % 5 S1~82 2 S1'(Natesh et al., 2004) -
VTY £ 422 S1 &2 S2 % & > LGVP P S1 @ 44p 3 i5% o

AT SRR o I F%’ BF R0 PR RSN R T Sd BT T VTY
2 LGVP & fa3 kA5 > H ICso A % 5 23.39 & 4576 uM >~ + HHia S S kT o
VTY V54 422 S1 22 S2 & > LGVP pl¥r S1 435 iv* » £ 3 D13r4] ACE h
%k o
2.3 i RS KfFPF B EIEREF 2 B4 SHR dhfug o RiT?

B B S pES R AR T > & X B de0 T enFEEA 83 (Wijesinghe
and Jeon, 2012) - & » #= 3 #-'w f iz § (Gracilaria tenuistipitata) £ 12 = & pE =
(Celluclast ~ Termamyl % Viscozyme) ‘% ji#m?s k& % p& > £ & %] 12 Alcalase ~ Neutrase %
Flavourzyme »* 50°C T -kf# 2~4-6~8 %2 10hr> {5 £ 12 Pepsin ¥ Trypsin % 37°C
TokfE 2 22 4hro @ f802 10,000xg #es 20min o B fs Bk fRP G0 A B T Lt
3 4% F v pF k24 (Crude Gracilaria tenuistipitata Alcalase hydrolysate, CGTA) ~ #2ix
¢ M 3¥v fs-Kf2F (Crude Gracilaria tenuistipitata Neutrase hydrolysate, CGTN) % e
LF R v& k-9 ¥ K f24 (Crude Gracilaria tenuistipitata Flavourzyme hydrolysate, CGTF) -

BA#Ki22-4-6-8 2 10hr 5 CGTA ~ CGTN ~ CGTF :& {7 ACE #rilit #
BlE_ (Fig. 7) » B % &1 -kf2 4 hr &5 CGTN (GTN4H) £ 5 £ % 7 ACE #rdlic 4 &
82.7% o £ F # GTN4H &= R+ 3 o B+ & (Spontaneously Hypertensive Rat, SHR)
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Rl E 8 R TR E H T %5/& (Systolic blood pressure, SBP) &g it » 11325 gt #1P%
Ba Bad o ARk 5 SHR < B> X5 7 Blew s ~ % 5 R E (0mgkgBW) -
@ (Quinapril, 5 mg/kg BW) ~ & & % (L, 10 mg/kg BW) ~ # # & & (M, 50 mg/kg
BW) % & # € & (H,200mg/kg BW) » %PR# 24hr 1L & 2hr ip|£ - = SBP (Fig.
8)c % BEr »SBP ' MArHE T T ApH > B AL o2 SBP FIREPFFH ed T E
ferr ewWioh 24hr S v I RdeiEom AR %P A E 27 & SBP '3 1% 25mmHg
#% GTNAH er&x a ® & 5 200 mg/kg BW PFE 5 23 &5 B2 B4 o
J1* Sephadex G-25 z_ "} 486 g & 1755 * GTN4H (Fig. 9) - & % &7 > GTN4H 4%
*=BH AP (A~B 2 C) f£plad ACE #r4]i5 1 (Table5)- & % &1 » GTN4H-
A Ko BB ACE #rdlm i 69.74% - 3% F M 4p 3 »ig 40 K 47 1 3 &
(Reversed Phase-High Performance Liquid Chromatographic, RP-HPLC) 7 Cig % #l # )
Sﬁﬁ_éﬁ it (Fig.10) £ GTN4AH-A ¢ ¥ o @i 7 B % (AL-A5)- H+¢ A4 %
I8 F e ACE #r4]5 5 954% > FIMEH A4 (794 PKE 5| FT o
vk 4p K47 ¢ B FT 3% & (Liquid chromatography-tandem mass spectrometry, LC-
MS/MS) 447 A4 2z A~ 3 8 % 1325 B 5| (Fig. 11) - 2% &1 » 2 @7 I 5B 7] 4
MQDAITSVINAADVQGK: £ d 17 @i=iipile - 42+ & 5 1776 Da> R4 1 dp
£ 3 ACE #riliEhavirk< 5 7 2-20 By pe (Harnedyand FitzGerald, 2012) > @
kR ESMFERIN -
AT EE R > GTNAH @3 &£ 2 (200 mg/kg BW) fgip %7 7 # SHR
~ Blz2. SBP " 1% 25mmHg- @ {5 % GTNAH-A4 & it v gz &3 ACE #r|
B avirc i MQDAITSVINAADVQGK » 2 ACE Frdlistt 5 95.4% > B 41 o B

Z_F AL o

ik g N gy B 55 LRM (ICs = 0.15 pM) 7 & ACE ¢ S1 4v S2 %

& it 5 -140.68 kcal/mol - 44 B3 e e F 2 1 cr3PK B 7 5 VTY (ICso =
2339uM) HiEF 48 S1 ¥ S2 & La s -6.48kcal/mol o tm kit gE b P %
o BAE LT ® SBP 5149 25mmHg 47 % GTN4H sk & #£ 5 200 mg/kg
BW pFE 5 34 & n B2 B4 > g avii /7] 5 MQDAITSVINAADVQGK # ACE
Frd|E s 954% - d Lz B2 Jgk R OEBE F TR R R wR LSRR kRS

' ﬂ-E"K%B—@E}F""

-
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Fig. 1. Properties and ACE inhibitory activities of P. pseudolinearis WSP and its
hydrolysate. (a) SDS-PAGE. Lane 1, Maker; Lane 2, WSP; Lane 3, the thermolysin
hydrolysate of the WSP; Lane 4, WSP (Fluorescence); Lane 5, the thermolysin hydrolysate
of the WSP (Fluorescence). (b) Visual ray absorption spectra of WSP. (¢) ACE inhibitory
activities of WSP and the hydrolysate. Bars represent standard errors. * p < 0.05.
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Fig. 3. Binding motifs of ARY, LRM, and YLR in the active site of ACE. (a) ARY and ACE
interaction; (b) LRM and ACE interaction; (c) YLR and ACE interaction; (d) Lisinopril and
ACE interaction (PDB 1086); (e) Captopril and ACE interaction (PDB 1UZF). Zinc ion is
shown as a dark gray sphere. The binding pockets of the enzymes are labeled within the
surface-rendered catalytic channel of the C-domain of ACE.
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Fig. 5. Mass spectra of peptides identified by HPLC-MS. A LDY, B FDY, C LRDMEI, D
IDA, E LRETY, F IQK, G VTY, H LGVP

14

(Zhang et al., 2022)




Phe527

Phe457

)HIS513 ’—ﬁ
GIn281

His353

B
Ala354
His387
OB 2+4

-=""  Tyr360

Fig. 6. Local overview of the best ranked docking models of VTY (A) and LGVP (B) binding
with ACE (PDB: 108A) at the ACE catalytic site. The peptides VTY and LGVP are shown
as sticks colored in yellow. ACE residues involved in binding peptides are shown as sticks
colored in magenta. The possible hydrogen bonds are represented by dashed lines.
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Fig. 9. Sephadex G-25 gel filtration chromatography and molecular mass distribution of
GTN4H. Insulin A (2531 Da), Bca: bacitracin zinc salt (1400 Da), HHL: hippuryl-histidyl-
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Table 1. ACE inhibitory peptide sequences in the WSP from P.pseudolinearis and
identification of the peptide sources from in silico digestion of P.pulchra plastid proteins.

. Number of Peptides in In Silico Thermolysin Digestion
FN Peptide Chloroplast Proteins o2 b
3 AYR 6 rbel. apcE, atpA, cpcG, psal, rps7
4 MTFF 0 - -
5 VRFK 4 1 gltB -
6 KFR 4 - accA, cemA, chll, rpll6
6 WHKPA 0 - -
6 FFKWEF 0 - -
7 FGGR 1 pet] -
7 LVER 0 - -
8 YRD 7 - cpeA, moeB, odpA, orf148, rps14, ycf3, ycf21
8 FFR ¢ 4 psaB, ycf22 psbT, ycf63
9 ARY 6 atpl, chlB, gltB apcA, orf263, ycfd6
9 RFR 3 - odpA, rpoC1 (2) ©
10 FAR ¢ 7 clpC, orfl74, yef26 atpl, chlB, cpeA, ilvH
v v 2 - b 7t 1 D e sk
10 VYRT 1 - cpeA
10 FVCG 0 - -
11 FFLREF 0 - -
12 SRGL 1 - rpl23
13 ACWR 0 - -
13 RFAPR 0 - _
14 ACPSGT 0 - -
16 WER 1 - psbA
17 LDY 17 chiN, cpcA, cpeA, infB, accA, apcA, apcB, atpA, infC, orf111, orf565,
rbeL, yefle rpoA, rpsl, syh, yef24
17 LLEER 0 - -
18 PGCRR 0 - -
18 FLWWLR 0 - -
20 AAGRFP 1 - cpeA
23 LVFFGH 0 - -
24 PVAFN 0 - -
25 LRM 4 2 cpcA psbB
26 LRY 8 apcB, apiieag’cE cpeB, apeD, apcE, rheR
27 CPSNN 0 - -
27 AWRRP 0 - -
27 LWT ! trpG psaB, psbD, psbZ
28 YRF 3 - cpeG, odpA, syh
28 FRy 4 3 petB, rbcL, rps5, rpoB (2), pemA, rpoB

vef26
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Table 1. Cont.

FN

Peptide

Number of Peptides in
Chloroplast Proteins

In Silico Thermolysin Digestion

w b

29
29
30
32

VNLF
PGDTY
EWYPH

KTFPY

yef38

34

FGRPF ¢

R E=R = =1

rbcL

36

VESR

2

rbcL, rpoA

Total

101 peptides in 66 kinds of proteins (31 peptides were produced by in silico digestion)

Data from Pyropia pulchra plastid (NC_029861.1). ® The peptide is produced by
thermolysin digestion from the protein. ® The peptide is confirmed in the protein sequence,
but it is not produced by thermolysin digestion. ¢ - not detected in the plastid genome. ¢
The peptides are hydrolyzed by in silico thermolysin digestion. Hydrolysis position of
peptides show “-” : VR-FK;LR-M;FR-V;FGRP-F;F-FR;F-AR. ¢ The parentheses indicate
number of in silico thermolysin digestion site in proteins.
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Table 2. ACE inhibitory activity of the synthetic peptide.

Peptide ICsp (umol) Reference
ARY 1.3
YLR 5.8 This study
LRM 0.15
VYRT 0.14
LDY 6.1
FEQWAS >2.8 [35]
LRY 0.044
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Table 3. Amino acid composition of C-phycocyanin (C-PC) and allophycocyanin (APC)
subunits from SP.

Amino acid Amino acid composition (%)

C-PC-u subunit  C-PC-f subunit ~ APC-o subunit ~ APC-p subunit

Ala 14.80 16.90 11.20 13.70
Arg 4.30 6.40 7.50 5.60
Asn 3.70 4.10 1.90 3.70
Asp 5.60 5.80 5.00 6.20
Cys 1.20 2.30 0.60 1.20
Gln 4.30 2.90 1.20 3.10
Glu 4.90 4.70 9.30 3.70
Gly 8.00 6.40 9.90 8.10
His 0.60 0.00 0.00 0.00
Ile 6.80 5.20 7.50 7.50
Leu 8.00 8.10 6.80 8.70
Lys 5.60 2.30 3.70 5.00
Met 2.50 3.50 3.70 3.10
Phe 3.10 2.90 1.90 1.20
Pro 3.10 2.90 3.10 1.90
Ser 7.40 9.30 6.80 6.80
Thr 6.20 5.80 6.20 6.80
Trp 0.60 0.00 0.00 0.00
Tyr 6.80 2.90 5.00 7.50
Val 2.50 7.60 8.70 6.20
Total hydrophobic amino acids ~ 33.40 39.00 36.10 33.60
Total essential amino acids 35.90 3540 38.50 38.50

(Zhang et al., 2022)
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Table 4. Information of eight identified peptides from SP.

Peptide sequence No. of amino acid  Theoretical Observed molecular ion, Toxin prediction
residues mass (Da) m/z (charge)
LDY 3 409.18 410.1915 Non-toxin
FDY 3 443.17 444.1766 Non-toxin
LRDMEI 6 775.39 776.3920 Non-toxin
IDA 3 317.16 318.1797 Non-toxin
LRETY 5 680.35 681.3540 Non-toxin
IQK 3 387.25 388.2538 Non-toxin
VTY 3 381.19 382.1962 Non-toxin
LGVP 4 384.24 385.2436 Non-toxin

(Zhang et al., 2022)
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Table 5. In vitro ACE-inhibitory activity of GTN4H protein hydrolysate following fast
protein liquid purification (fractions A, B, and C) and further purification of fraction A by
RP-HPLC (fractions A1-Ab).

Fraction ACE Inhibition (%)

A 69.74 + 0.80

B 24.04 045

C 59.95 +1.29
Al N.D.
A2 N.D.
A3 N.D.

A4 95.4 £ 0.6
A5 5.00 +1.8

N.D.: not detectable.

(Su et al., 2022)
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