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Abstract: While the COVID-19 pandemic and COVID-19-related mortality in China have been under control, SARS-
CoV-2 remains infectious and transmissible. Inhibiting the activity of SARS-CoV-2 main protease (SARS-CoV-2 Mpro) can
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reduce viral infectivity. A screen for peptides from Porphyra haitanensis proteins with inhibitory potency toward SARS-
CoV-2 Mpro was performed, and twenty-nine P. haitanensis proteins identified through a literature search. Ten representative
proteins were selected from among them based on predicted physicochemical properties and potential allergenicity. These
representative proteins were subsequently subjected to simulated gastrointestinal hydrolysis to screen out the peptides
with lengths in the range of 2~5 amino acids. These were subjected to predictive screening based on the physicochemical
properties of the peptides of Porphyra haitanensis. Twenty-one hydrophilic and non-toxic peptides with no potential
allergenicity were identified and assessed as ligands for the receptor SARS-CoV-2 Mpro. Bioactive peptides with high affinity
for the target protein were identified by molecular docking, and the binding modes and interactions between the bioactive
peptides and the target protein were analyzed by 2D and 3D visualization. Some of the active peptides entered the active
center of the target protein and bound to SARS-CoV-2 Mpro forming hydrogen bonds, n-bonds, and alkyl bonds. The peptide
that exhibited the highest bound fraction was DDGSF (145.441), followed by DQF (143.819), and then DGPW (141.446).
These studies suggest that peptides have the potential to inhibit SARS-CoV-2 Mpro, and that P. haitanensis proteins thus have
potential as nutritional supplements with possible protective efficacy against SARS-CoV-2.
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Table 1 Protein names and gene library numbers of Porphyra haitanensis

B3 AR5 EA A AR X /% /(aa)
1 ACF21010.1 cytosolic ascorbate peroxidase [Neoporphyra haitanensis] 242
2 PXF43557.1 L-ascorbate peroxidase 3, peroxisomal [Gracilariopsis chorda) 290
3 AFS17267.1 manganese superoxide dismutase [Neoporphyra haitanensis] 224
4 AHAA41527.1 Cu-Zn SOD [Neoporphyra haitanensis] 216
5 0SX71607.1 hypothetical protein BU14 05195002 1[Porphyra umbilicalis] 209
6 0SX72839.1 hypothetical protein BU14_0401s0010 [Porphyra umbilicalis] 203
7 GAO51048.1 hypothetical protein G7K_5160-t1 [Saitoella complicataNRRL Y-17804] 355
8 0SX70349.1 hypothetical protein BU14 078250005 [Porphyra umbilicalis] 149
9 05X69999.1 hypothetical protein BU14_0961s0002 [Porphyra umbilicalis] 198
10 PXF43189.1 NADPH-dependent thioredoxin reductase 3 [Gracilariopsischorda] 553
11 0SX80786.1 hypothetical protein BU14_ 003250044 [Porphyra umbilicalis) 485
12 AGG09149.1 glutathione reductase [Neoporphyra haitanensis) 548
13 AFX60859.1 glutathione peroxidase [Neoporphyra haitanensis) 184
14 0SX80978.1 hypothetical protein BU14_0027s0004 [Porphyra umbilicalis) 204
15 AJAT1277.1 PrxR [Neoporphyra haitanensis] 162
16 0OSX69131.1 hypothetical protein BU14 18180002 [Porphyra umbilicalis] 296
17 OSX72151.1 hypothetical protein BU14 046350013 [Porphyra umbilicalis | 152
18 0SX79089.1 hypothetical protein BU14_ 008750036 [Porphyra umbilicalis | 660
19 0SX73494.1 hypothetical protein BU14_ 034250014 [Porphyra umbilicalis | 682

20 0SX69338.1 hypothetical protein BU14 1608s0003[Porphyra umbilicalis ] 223
21 0SX73494.1 hypothetical protein BU14 034250014 [Porphyra umbilicalis | 682
22 OSx70981.1 hypothetical protein BU14_0622s0009 [Porphyra umbilicalis ] 689
23 0SX72317.1 hypothetical protein BU14_0446s0012 [Porphyra umbilicalis | 355
24 0SX74390.1 hypothetical protein BU14_0291s0009[Porphyra umbilicalis ] 187
25 AGNS54275.1 lipoxygenase 2 [Neoporphyra haitanensis] 899
26 0SX77353.1 hypothetical protein BU14_ 015250048 [Porphyra umbilicalis] 510
27 AFQ59981.1 lipoxygenase [Neoporphyra haitanensis] 898
28 MBL8254545.1 thioredoxin family protein [Candidatus Competibacter sp.J] 193
29 0SX71956.1 hypothetical protein BU14_0486s0002 [Porphyra umbilicalis) 254
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Table 2 The physicochemical properties of 10 selected Porphyra haitanensis protein

YT Famsik B FHFERE Tk  FoE REEEL MBEERE 4K/
a hypothetical protein BU14_0152s0048 -0.534 572352 6.04 31.69 72.33 510
b cytosolic ascorbate peroxidase -0.424 26 433.73 5.36 36.04 72.73 242
c hypothetical protein BU14_ 062250009 -0.296 75 195.62 6.57 35.37 78.93 689
d manganese superoxide dismutase -0.277 24 476.42 5.75 31.04 74.11 224
e hypothetical protein BU14_0087s0036 -0.214 70 239.05 8.78 34.29 76.62 660
f hypothetical protein BU14_0032s0044 -0.154 51972.92 6.08 25.63 83.24 485
g hypothetical protein BU14 048650002 -0.062 25489.5 10.01 31.55 77.2 254
h hypothetical protein BU14 040150010 -0.052 21 546.29 7.02 34.03 80.84 203
i hypothetical protein BU14_1818s0002 -0.039 30 426.43 5.87 24.74 90.14 296
] glutathione peroxidase -0.018 19 938.94 8.76 34.95 81.68 184
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Table 3 Bioactive peptides in Porphyra haitanensis protein
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A5 AR AR 24 Wy v KA & M MK
a hypothetical protein BU14_0152s50048 18 GE. AF. 21; D(;:DFCRPYPV(I}:GIXFEIELGi%PLSPi}%W DDE.
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f hypothetical protein BU14 003250044 19 CE (?‘5 ICI}\/IWDGDI\G/ISFPN;EFDIZVI? G(ISA}:/ FG]I;IIj SAI?’I\:/P}S R
g hypothetical protein BU14 048650002 9 AF. DF. GG. GR. AM. IGL. AAM. GDL. PSL
hypothetical protein BU14 040150010 7 GSF. GSGW. SAF. GL. VW. SM. DVW
i hypothetical protein BU14 181850002 9 AF. DF. GG. GR. AM. IGL. AAM. GDL. PSL
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Fig.2 Hydrolysis degree of Porphyra haitanensis protein

and proportion of oligopeptides

XF 10 Az 5 S 8 1 5 kAT TF 5L RE UL A
it 1% 5 A OB RO A Wi I Bk Bon 3R 3 B
7N, A MK B 2 11 /& hypothetical protein
BU14 062250009, £ i% £ ik % #% 22 BIOPEP £ #1)
% 18 W ff J5 79 31 37 A~ I PeptideRanker P45 =1 T
0.5 KRB, XLERRBAE NG LR HOOR
hypothetical protein BU14_0087s0036 1% #l i fi% J5 13
B 26 MG ARG R 15 2 1) A T 10 K 48 0
e Ja AR R — 0 ) 2K 5 SARS-CoV-2
Mpro (Z2AK) BEAT 7y 70 4. FETEAGE) 10 FiiR 5
sEART, HERREEL KRB, —31G3 107
A EWE 2 IR v o 7O R R Ak BT AR, Hb

94

EdSIi

ok AR 97 14 B R 5 A% 4 SIZ TG (1) v 3 B 7 e AH L
s — M EARIE H SR KO 1%TT
BT HAERAC, AR EEN A, TZisH T 40
RTSAGH I F =R Bl 10 Rl g Gt
AT KE B R B BT KR, KR B d e B 3R
L A JF 2 hypothetical protein BU14 015250048,
B 5P A ARk v 2 B HCAE N A o f ) FH A
Ko BEFEEEFRIK@EEZEM, 75F &80T 200 ku
(12 KA 73 08/0, 40T 58 200~1 000 ku FIZH 5>
I, I R 22 K 2 5 2H R S e i
W AEDRI S B T R EREH 2~4 MR
LR IR, Foor TR —MRAE 180~480 ku, 1HEH
WURADL G A £ 55 2 B 1 B (R /K fe BE w19 31 ) 8
K FEERKMERB S, BESH 2~5 Mkt
[FVESI NS EZR




MREmBE Modern Food Science and Technology 2025, Vol.41, No.5

& 4 RESCREYE SRR EAE RS R

Table 4 The prediction results of bioactive peptides from Porphyra haitanensis

5 A E K RREA KM 2185 Ui
1 GF a. by c. f — K
2 AF a. b.c. d. g i — —
3 SF a. c. d. e — —
4 DF a. fvogv i % BH
5 CR a % A
6 PVF a — —
7 VF a. c. f — —
8 PL a. dv e £\ — AL
9 PQPL a — —
10 PEW a ¥ -
11 DDF a 5 AL
12 GY a. f — —
13 QDF a e —
14 PY a. d — A
15 GGIL a — K
16 EF a. f *F -
17 GAL a — —
18 SPGN a % -
19 DGPW b ¥ —
20 SGF b — —
21 VGW b — —
22 TF b. c. e — —
23 GIM b — A
24 GR b. c.e. f.og. i ¥ A
25 GAVW b - A
26 CH b — K
27 DVF b ¥ A
28 PH B — —
29 PF cooen — A
30 AW c. d — K
31 PDW c +F A
32 PSF c — —
33 PCL c — A
34 CL c — A
35 SAF c. h — HAK
36 GGR c +F A
37 IGM c — —
38 GL c. dv e h.j — A
39 vw c. h — —
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k4
5 & M E MK kREA F KA BB
40 PR c. e & A
41 GDM c *F —
42 AM c.e. g i — —
43 GPGN c — —
44 SSF c. € - —
45 SADAF c ¥ —
46 CPK c *F K
47 CN c ¥ -
48 GQGL c — —
49 PIR c % -
50 EW c % A
51 IGL c. g i — —
52 SGL c — —
53 AGR c ¥ -
54 STW c — —
55 APAR c ¥ K
56 QGL c - —
57 GH c — A
58 DPAY c. e ¥ —
59 AIPDY c % B
60 PAF d — —
61 GSF d - K
62 GSGW d. h — HAK
63 PPL d. e - A
64 SGGL d — A
65 IASW d — —
66 DVW d. h ¥ HAK
67 SGGGH d — —
68 GF e — B
69 PAW e — —
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71 QF e j — K
72 PPY e — —
73 PIPL e — —
74 GAM e — —
75 DQF e 53 —
76 SGGR e *F —
77 PAL e — —
78 ADSF e *F —
79 PAR e +F -
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