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Abstract: This study aimed to screen and identify bioactive peptides from Tubanus, characterize their
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structural and functional features, and provide a theoretical basis for the development of novel natural peptide-
based therapeutics. Initially, bioactive peptides were extracted using phosphate buffered saline (PBS), followed by
protein precipitation with cold ethanol and purification via solid-phase extraction (SPE). Peptide identification and
sequence analysis were performed based on LC-MS/MS data using PEAKS Studio software. Peptide activity
potential was then predicted using Peptide Ranker, and a comprehensive bioinformatics analysis was conducted to
evaluate key functional characteristics, including active sites, solubility, stability, toxicity, and intestinal absorption
capacity. A total of 10 378 peptide sequences were identified, with lengths predominantly ranging from 6 to 26
amino acids. Most peptides had a molecular weight below 1 500 Da, and 97.49% were below 2 500 Da. Based on
Peptide Ranker score (> 0.80), 95 candidate bioactive peptides were selected. Among them, 59 peptides were
identified as having neuroregulatory potential via the BIOPEP-UWM database, due to the presence of key
functional residues. Bioinformatics prediction further revealed that among these 59 peptides, 29 exhibited good
water solubility, 22 were predicted to be stable, 43 had favorable intestinal absorption potential, and none were
toxic, highlighting their suitability for further functional studies and therapeutic development. Molecular docking
analysis demonstrated that FPPRDF, the highest-ranking peptide according to Peptide Ranker, formed stable
interactions with dipeptidyl peptidase III (DPP III), suggesting its potential neuroregulatory and antitumor
activities. Overall, this study established a systematic and efficient workflow for the screening and functional

prediction of bioactive peptides from natural sources. The proposed strategy provides robust technical support for

subsequent experimental validation, mechanistic studies, and the development of novel peptide-based drugs.
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Figure 1 Total ion chromatograms of Tabanus bivittatus polypeptides. A: Tabanus bivittatus polypeptide sample 1; B: Taubanus bivittatus

polypeptide sample 2
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Figure 2 Peptide sequence analysis based on MS/MS spectra. A

|

b6-557.2996

: Peptide sequence analysis from DB search results. The MS/MS spectrum

shows the b-ion and y-ion fragments of the peptide sequence (KTFDKDGLLIDGEK); B: Peptide sequence analysis from de novo sequencing
results. The MS/MS spectrum shows the b-ion and y-ion fragments of the peptide sequence (VLSAADKGVNK)
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Figure 3 Frequency of neuroactive peptide functional sites iden-

tified in Tabanus bivittatus

Table 1 Physicochemical properties of neuroactive bioactive peptides identified in Tabanus bivittatus. GCP 1I: Glutamate carboxypepti-

dase II; DCP: Des-gamma-carboxy prothrombin; TPP II: Tripeptidyl-peptidase 1I; PPI: Peptidyl-prolyl cis-trans isomerase; AAP: Amino

acid permease; PAM: Peptidylglycine alpha-amidating monooxygenase; PEP: Phospholipid exchang proteins; ENK: Enkephalinases; AC:

Adenylate cyclase; CAAP: Caspase activity and apoptosis; Xaa-Pro AP: Xaa-Pro aminopeptidase; GCP: Glutamate carboxypeptidase

. Peptide rank ~ Valid  Bioactive peptide L. . . Abundance
No. Peptide sequence Toxicity Solubility Instability ADMET Length Mass
score sequence name rank
1 FPPRDF 0.972 134 DF GCP Il inhibitor  Non-toxic ~ Good 47.40  HIA- 6 777.380 9 50
PR DPP III inhibitor
2 PPPPPPPPPK 0.968 593 PPK x-Casein-derived Non-toxic ~ Good 163.08  HIA- 10 1019.580 4 2
peptide
PPPK DCP inhibitor
3 APPPPPPPPP 0.960917 AP TPP Il inhibitor ~ Non-toxic ~ Poor 182.34  HIA+ 10 962.522 5 23
AP PPI inhibitor
4 GFPFDR 0.958 934 GF AAP inhibitor Non-toxic ~ Good 80.53  HIA- 6 737.349 7 36
GF,PF  DPP III inhibitor
GF TPP II inhibitor
5  GFPGGFPGGA 0.948 028 GF AAP inhibitor Non-toxic ~ Poor 63.71 HIA+ 10 862.397 3 9
GF DPP III inhibitor
GF TPP II inhibitor
PG Anti-thrombotic
peptide
PG PAM inhibitor
PG PEP inhibitor
GG ENK inhibitor
GA AC inhibitor
GGF, CAAP inhibitor
GGA
6 FPGGGP 0.946 9 PG, GP  Anti-thrombotic  Non-toxic ~ Poor 80.57 HIA+ 6 530.248 8 24

peptide
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Continued
. Peptide rank ~ Valid  Bioactive peptide L . . Abundance
No. Peptide sequence Toxicity Solubility Instability ADMET Length Mass
score sequence name rank
GG, GP  ENK inhibitor
PG PAM inhibitor
PG, GP  PEP inhibitor
7 WPPLNP 0.946 177 PL Xaa-Pro AP Non-toxic ~ Poor 35.63 HIA+ 6 722.3751 10
inhibitor
8 GGFGGGF 0.942 854 GG,FG ENK inhibitor Non-toxic ~ Poor 61.46  HIA+ 7 597.254 7 20
GF AAP inhibitor
GF DPP III inhibitor
GF, GGF TPP II inhibitor
GGF CAAP inhibitor
9 FGGGFG 0.939998 FG,GG ENK inhibitor Non-toxic ~ Poor 49.47  HIA+ 6 540.233 2 30
GF AAP inhibitor
GF DPP III inhibitor
GF, GGF TPP II inhibitor
GGF CAAP inhibitor
10 APPPPPPKPA 0.936 869 PPK k-Casein-derived Non-toxic ~ Good 136.28 HIA- 10 967.549 1 3
peptide
PPPK DCP inhibitor
AP TPP 1II inhibitor
AP PPI inhibitor
11 PPPPPPKPA 0.933 505 PPK k-Casein-derived Non-toxic ~ Good 136.28 HIA+ 9 896.512 50
peptide
PPPK DCP inhibitor
12 APPPPPPKPAAP 0.922726 AP,AA  TPPIl inhibitor =~ Non-toxic = Good 128.91 HIA- 12 1135.6389 38
AP PPI inhibitor
PPK x-Casein-derived
peptide
PPPK DCP inhibitor
AA CAAP inhibitor
13 APPPPPPKPAAP 0.918 189 AP,APA, TPP Il inhibitor = Non-toxic = Good 131.28  HIA- 13 1206.676 50
A AA,
AAPA
AP PPI inhibitor
PPK x-Casein-derived
peptide
PPPK DCP inhibitor
AA CAAP inhibitor
14  APGPINF 0.917 894 PGP, PG, PEP inhibitor Non-toxic ~ Good 136.77  HIA+ 7 714.370 1 22
GP
GP ENK inhibitor
PG PAM inhibitor
PGP, PG, Anti-thrombotic
GP peptide
AP TPP 1II inhibitor
AP PPI inhibitor
15 AAPPPPPPKPA 0.910258 AA,AP  TPP Il inhibitor =~ Non-toxic  Poor 14.61 HIA- 11 1038.586 2 4
AA CAAP inhibitor
AP PPI inhibitor
PPK x-Casein-derived
peptide
PPPK DCP inhibitor
16 GPPGPMGPA 0.908 978 PGP, PG, PEP inhibitor Non-toxic ~ Good 124.8 HIA+ 9 779.363 6 29
GP
PGP, PG, Anti-thrombotic
GP peptide
GP, GPA ENK inhibitor
PG PAM inhibitor
PPGP DCP inhibitor
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No. Peptide sequence Peptiderank  Valid - Bioactive peptide Toxicity Solubility Instability ADMET Length Mass Abundance
score sequence name rank
17 RPPPPR 0.904 961 RP Anti-injury Non-toxic ~ Poor 43.31 HIA- 6 718.423 8 46
peptide
RP ENK inhibitor
RP Neurolysin
inhibitor
PR DPP III inhibitor
18 KDPSFDPNFG 0.904 686 FG ENK inhibitor Non-toxic ~ Good 124.17  HIA- 10 1122.4982 47
19 GFGLFD 0.902 149 FG ENK inhibitor Non-toxic ~ Good 25.57 HIA+ 6 654.301 3 28
GF AAP inhibitor
GF DPP III inhibitor
GF TPP II inhibitor
20 PPPPPKPA 0.896 498 PPK x-Casein-derived Non-toxic ~ Poor 28.9 HIA+ 8 799.459 2 27
peptide
PPPK DCP inhibitor
21 VGKFPF 0.896 363 PF DPP III inhibitor Non-toxic ~ Good 119.7 HIA+ 6 693.384 9 13
22 SIFGNGF 0.890 525 FG ENK inhibitor Non-toxic  Poor 4423 HIA+ 7 740.349 3 31
GF DPP III inhibitor
GF TPP II inhibitor
GF AAP inhibitor
23 APAPPP 0.885383 AP PPI inhibitor Non-toxic ~ Poor -25.03 HIA+ 6 548.295 8 19
AP, APA  TPP II inhibitor
24 GIPDYDHPFG 0.884 643 DY Peptide Non-toxic ~ Poor 168.83 HIA+ 10 11164875 50
modulation of
ion flux
HP, PF DPP III inhibitor
FG ENK inhibitor
25 GVPAPF 0.881 908 PF DPP I inhibitor Non-toxic ~ Good 30.15 HIA+ 6 586.3115 16
AP TPP II inhibitor
AP PPI inhibitor
26 GPPSHDFHEILM 0.881216 GP PEP inhibitor Non-toxic ~ Poor 136.73 HIA+ 12 1378.6339 8
GP Anti-thrombotic
peptide
GP ENK inhibitor
DF GCP 11 inhibitor
HE GCP inhibitor
IL Neuropeptide
27 DDMGFG 0.879 153 DD GCP Il inhibitor ~ Non-toxic ~ Poor 67.08  HIA+ 6 640.216 2 14
GF DPP III inhibitor
GF TPP II inhibitor
GF AAP inhibitor
FG ENK inhibitor
28 RDPILFP 0.873 158 IL Neuropeptide Non-toxic ~ Good 833  HIA+ 7 856.480 7 50
29 GPSGKLW 0.867 823 GP PEP inhibitor Non-toxic ~ Good 63.6 HIA+ 7 743.396 6 43
GP Anti-thrombotic
peptide
GP ENK inhibitor
LW DPP III inhibitor
30 FSGSFG 0.867 148 FG ENK inhibitor Non-toxic ~ Poor 45.66 HIA- 6 600.254 3 18
31 PSPAGPIGGIP 0.863 189 GP PEP inhibitor Non-toxic ~ Poor 8.33 HIA+ 11 961.523 3 42
GP Anti-thrombotic
peptide
GP ENK inhibitor
32 VPFDPRFPN 0.856 118 PF,PR, DPPIII inhibitor Non-toxic = Poor 84,94  HIA+ 9 1087.545 37
RF
33 VWTRPW 0.845733 RP Anti-injury Non-toxic ~ Good 78.42 HIA+ 6 843.439 1 34
peptide
RP Neurolysin
inhibitor
RP ENK inhibitor
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. Peptide rank ~ Valid  Bioactive peptide L . . Abundance
No. Peptide sequence Toxicity Solubility Instability ADMET Length Mass
score sequence name rank
34 GPPVFAKL 0.842 499 GP PEP inhibitor Non-toxic ~ Poor 10.58  HIA+ 8 827.490 5 50
GP Anti-thrombotic
peptide
GP,AK  ENK inhibitor
VF TPP 1II inhibitor
FA AC inhibitor
FA DPP III inhibitor
35 FIDNIFR 0.842 058 FR DPP III inhibitor Non-toxic ~ Poor 46.29  HIA+ 7 843.439 1 39
36 GPPSHDFHEILM 0.841921 GP PEP inhibitor Non-toxic ~ Good 71.34  HIA+ 13 1506.728 9 5
K GP Anti-thrombotic
peptide
GP ENK inhibitor
DF GCP 11 inhibitor
HE GCP inhibitor
IL Neuropeptide
37 APGPINFTQL 0.836 244 AP TPP Il inhibitor ~ Non-toxic ~ Good 62.69  HIA+ 10 1056.560 4 26
AP PPI inhibitor
PGP, PG, Anti-thrombotic
GP peptide
GP ENK inhibitor
PG PAM inhibitor
PGP, PG, PEP inhibitor
GP
38 PRPANF 0.835643 PR DPP III inhibitor Non-toxic ~ Poor 5.69 HIA+ 6 700.365 7 50
RP Anti-injury
peptide
RP Neurolysin
inhibitor
RP ENK inhibitor
39 GFGLFE 0.834108 GF DPP III inhibitor Non-toxic ~ Good 3492  HIA+ 6 668.317 41
GF TPP II inhibitor
GF AAP inhibitor
FG ENK inhibitor
FE GCP inhibitor
40 QIFRPDNFVFG 0.829 491 FR DPP III inhibitor Non-toxic ~ Poor 8.33 HIA+ 11 1338.672 40
RP Anti-injury
peptide
RP Neurolysin
inhibitor
VF TPP II inhibitor
VF Calpain-1
inhibitor
RP, FG ENK inhibitor
41 DGPSGKLW 0.828 314 GP PEP inhibitor Non-toxic ~ Poor 6.08  HIA+ 8 858.423 5 44
GP Anti-thrombotic
peptide
GP ENK inhibitor
LW DPP III inhibitor
42  APPAPAPP 0.825575 AP,APA TPP Il inhibitor =~ Non-toxic  Good 41.2 HIA+ 8 716.3857 50
AP PPI inhibitor
PPAP DCP inhibitor
43 GLPPAP 0.825471 AP TPP Il inhibitor ~ Non-toxic ~ Poor 177.28  HIA- 6 550.3115 6
AP PPI inhibitor
PPAP DCP inhibitor
44 GGGGPP 0.82272  GP PEP inhibitor Non-toxic ~ Poor 136.73 HIA- 6 440.201 9 45
GP Anti-thrombotic
peptide

GG, GP

ENK inhibitor
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Continued
No. Peptide sequence Peptiderank  Valid - Bioactive peptide Toxicity Solubility Instability ADMET Length Mass Abundance
score sequence name rank
45 VGKFPFLA 0.820061 PF,FL, DPPIIl inhibitor Non-toxic  Poor 102.13  HIA+ 8 877.506 2 32
LA
46 PASGGPPR 0.817869 GP PEP inhibitor Non-toxic ~ Poor 35.68  HIA- 8 737.382 49
GP Anti-thrombotic
peptide
GG, GP  ENK inhibitor
PR DPP III inhibitor
47 GIPPAPR 0.816334 AP TPP Il inhibitor ~ Non-toxic ~ Good 62.9 HIA+ 7 706.412 6 48
AP PPI inhibitor
PPAP DCP inhibitor
PR DPP III inhibitor
48 SERFGPNGW 0.814976 RF DPP III inhibitor Non-toxic ~ Good 64.1 HIA+ 9 1048.4727 50
GP PEP inhibitor
GP Anti-thrombotic
peptide
GW TPP II inhibitor
ER, FG, ENK inhibitor
GP
49 LDPINRPTFWP 0.814192 RP Anti-injury Non-toxic ~ Good 27.3 HIA+ 11 1425.7405 25
peptide
RP Neurolysin
inhibitor
TF DPP III inhibitor
RP, FW  ENK inhibitor
50 VDIPPAPFR 0.811 676 PPAP DCP inhibitor Non-toxic ~ Poor 37.82 HIA+ 9 1010.5549 1
AP TPP II inhibitor
AP PPI inhibitor
PF, FR DPP I inhibitor
51 GIPPAP 0.81166 AP TPP Il inhibitor ~ Non-toxic ~ Good 74.59 HIA+ 6 550.3115 7
AP PPI inhibitor
PPAP DCP inhibitor
52 GNDNPFDM 0.807 618 PF DPP III inhibitor Non-toxic ~ Poor 85.68 HIA+ 8 908.333 4 11
53 FLDSNFKM 0.805552 FL DPP III inhibitor Non-toxic ~ Good 34.04 HIA+ 8 1000.468 8 33
54 APPAPAPPA 0.804 761 AP,APA TPP Il inhibitor =~ Non-toxic ~ Good 36 HIA- 9 787.422 8 21
AP PPI inhibitor
PPAP DCP inhibitor
55 FDPRFPNQ 0.803 851 PR,RF  DPPIIl inhibitor Non-toxic  Poor 180.09  HIA- 8 10194825 12
56 SQLGDLGSGAG 0.802819 GA AC inhibitor Non-toxic ~ Good 29.4 HIA- 18 1430.6749 35
KGGGGGG GD, GG ENK inhibitor
57 ALDPINRPTFWP 0.802711 RP Anti-injury Non-toxic ~ Good 40.27  HIA+ 12 14257405 15
peptide
RP Neurolysin
inhibitor
TF DPP III inhibitor
RP,FW  ENK inhibitor
58 APGIIPR 0.801 647 AP TPP Il inhibitor ~ Non-toxic ~ Poor 355 HIA+ 7 722.443 9 17
AP PPI inhibitor
PG PEP inhibitor
PG PAM inhibitor
PG Anti-thrombotic
peptide
PR DPP III inhibitor
59 DNPFDMKVFK 0.800 246 PF DPP III inhibitor Non-toxic ~ Good 14.2 HIA+ 10 1239.5958 50
VF Calpain-1
inhibitor

VF

TPP II inhibitor
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Figure 4 Schematic illustration of the molecular docking between peptide FPPRDF and the DPP III protein, showing the binding site
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