- 1356 - WY D M FE Chind Pharm Anal 2024, 44(8) @

I BERIAFB LA S RIERTT GAT -1 7& 1% RRHY EE 5157 ik

ERE L ATAT  FRY L FERT R
(L7 RS20 51143632, AR 2550 K0 PR (515620 A P 20 RO 0 AR T 000
AR A R BB ) 510663)

WE BB 5WHD @R 6 % IKAR, ST EMTH L LA GAT -1 &5F W mm %2 ik, Fik: AR
KTtk ign &% - BN (uLC - MS/MS) 6§ % AR FH R, s R E R M 64 5 R4 AT
2R B A 1R B Fe it SV R P4 0% S AR 69 AR B AR, L35 A A S TRON | o fis B e Al i A
Fm | R AT 5, 5, AT FEUSN S R EanmatER, SR AFZNEE
FA PRI T ITF] 384 LS, AT B LR 19 £ L0 E RS THREMGBRERBRENR %K, 1L
¥, % ik FDHFDFDAF 6§ 454 Fo /) 5 &, L R &2 EHYAWGIK 2 4 % pk £ %@ i3 85 5K A dp b 48 Z A
A5 GAT -1 44,5 F3h h F BB R e T FDHFDFDAF #= EHYAWGIK 5 GAT -1 9 % 544 % M
HiP: AT S HRAF it AR MG RBRAA THELIAH DG FR SRR, AFR ST HINER 7
FRBIREE S RO RA A LR H5H MWL, BB A8 % R oA R 83

K AR R R A B3 - R  H B GAT — LR E AR $ RS ik ik
BmESHEKE. R917 SCHERFRINAD: A XERD . 0254 - 1793(2024)08 — 1356 — 09

doi: 10. 16155/j. 0254 — 1793. 2024 - 0169

Characterization of peptide components of bran — fried
Bombyx batryticatus decoction and virtual screening of
anti — GAT -1 active peptides”

HUANG Ya —yang', LIU Ya —xiong”™ , XIAO Xiao — tong' ,
LUO Zhuo —ya*™ , YANG Zhi - ye’

(1. School of Pharmaceutical Sciences, Guangzhou Medical University, Guangzhou 511436, China; 2. Guangdong Institute for Drug Control, NMPA Key
Laboratory of Rapid Drug Inspection Technology, Guangdong Biomedical Technology Collaborative Innovation Center, Guangzhou 510663, China)

Abstract Objective: To analyze the peptide components of bran — fried Bombyx batryticaius decoction and
virtually screen anti — epileptic peptides with GAT — 1 binding activity. Methods: The peptide compounds in
bran — fried Bombyx bairyticatus decoction were extensively identified by micro — flow liquid chromatography — tan-
dem mass spectrometry ( uLC — MS/MS) technology. Potential anti — epileptic peptides were screened through
bioinformatics and in silico simulations, including bioactivity prediction, blood — brain barrier permeability predic-

tion, toxicity prediction, and molecular docking. Finally, molecular dynamics simulations were employed to
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analyze the interactions between peptides and the target protein. Results; A total of 384 peptides were identified

from bran — fried Bombyx batryticatus decoction, and 19 peptides with higher binding affinities to GAT —1 than that

of the control drug were screened as potential anti — epileptic peptides. The FDHFDFDAF exhibited the highest
binding affinity, followed by the EHYAWGIK. Two peptides primarily interacted with GAT — 1 through hydrogen
bonds, hydrophobic, and electrostatic interactions. Molecular dynamics simulations confirmed the binding stability
of FDHFDFDAF and EHYAWGIK to GAT —1. Conclusion: Peptidomics and in silico virtual screening techniques

facilitate the rapid discovery of active peptide components in animal — derived traditional Chinese medicine. This

study has significant reference value for researching anti — epileptic peptides in bran —fried Bombyx batryticatus decoc-

tion, and provides new insights for the study of peptide components in animal — derived traditional Chinese medicine.

Keywords : n.LC - MS/MS; bran — fried Bombyx batryticatus; GAT —1; epilepsy; active peptide; peptidomics;
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Fig. 1 Total ion current chromatogram of the peptide sample of bran - fried Bombyx batryticatus decoction
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Fig. 2 Distribution of peptide relative molecular mass ( A) and peptide length (B) of the bran — fried Bombyx batryticatus decoction
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Tab.1 Results of biological activity, blood — brain barrier permeability and toxicity prediction of peptides

95 KB 41| Peptideranker 434§ BBPpred 4344 ToxIBTL 434§
(No. ) (sequence of peptides) ( Peptideranker score) ( BBPpred score) ( ToxIBTL score)
1 FDHFDFDAF 0.928 378 0.776 434 2.11E -37
2 EHYAWGIK 0. 505 231 0. 656 983 5.13E -05
3 TDYPPLGRFAVR 0. 595 257 0. 520 742 1. 66E - 17
4 TGPNLHGLFGR 0.715 478 0.527 883 4.01E -17
5 DPDWIIQGL 0. 874 649 0. 555 630 1.07E -07
6 GYPFDRPIDMA 0. 770 226 0.556 179 8.52E-16
7 KYENDVLFF 0. 593 086 0. 881 704 3.40E -08
8 AGAGAGSGAGAGY 0.518 538 0.601 538 7.25E -35
9 AGAGYGAGAGGY 0. 547 863 0.776 981 1.93E -21
10 VIVSPVRTGML 0.513 123 0. 645 221 2.53E -24
11 AGAGAGAGAGYG 0. 574 380 0.592 948 1. 30E -29
12 SSDASVARLF 0.630 919 0.519 144 1.24E - 15
13 DMPEPVGPIAIL 0.532 587 0. 543 729 4.96E -24
14 AGAGAGAGYGAGAGAGYGAGY 0. 853 083 0. 740 499 4.32E-30
15 AGAGAGSGAGAGSGAGAGY 0. 686 617 0.569 124 3.62E -24
16 AGSGAGAGSGAGAGSGAGAGSGAGY 0.709 182 0.594 214 5.51E -28
17 AGAGSGAGAGSGAGAGSGAGY 0.702 189 0.577 591 1.75E -36
18 AGSGAGAGSGAGAGSGAGY 0. 648 656 0.561 638 1.24E -24
19 AGAGSGAGAGSGAGAGSGAGAGY 0. 675 282 0. 589 259 5.02E - 18
3.3 PR £2 ZM5 GAT-1BAHFHEER

SR IEA R (K 2) BIR, 19 K Z R HAD-
DOCK 43 B ¥R F % B 25 e fin 22, RUTEAT S
GAT - 1 /45 & 5 f 1 #R L 42 v, i sp FDHFDFDAF
B BURAR, K 189. 0, Hyk ly EHYAWGIK,, i — 4
X 2 L2 kS GAT - 1 WA T/ A=, 45
(B3 .36 3) F W, we i o 32 203 5 S0 A B /K A B
YEFS GAT — 1 454, BLAb, HEINTE () WE WY I7 38 5 5%
HE CYS 399 Wymi i - A M AR . ZIR T8 A
WL R, 5 GAT - 1 AL Z M EA/E, &
SRR AU R K T RO AR 15 T K
G RN RRHE TR S REL AR L
AR EAE R, A 25 G iR . Mk, FDH-
FDFDAF 5 SER 295 .LEU 306 Fil CYS 399 = &
855 7K A T AE ], 1 EHYAWGIK 5 LEU 64, GLY
65 .SER 295 il LEU 306 7= & ol g /K A0 H.AE
X 5 BENIEE A GAT — 1 (g AH B AF FI—3% .

3.4 Sr1ahdisEsidl

BT T RHER S5 F, Pk HADDOCK 43 % i
k1Y 2 % Z ik FDHFDFDAF 1 EHYAWGIK #f— 4
HEFT53 F 8 I3 2 A B0, I LA T C 1R 2 1 R e
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Tab.2 Results of molecular docking between peptides

and the GAT -1 protein

Hv

)

BREZEXTHE 254

(peptides or control drug)

HADDOCK 4345
(HADDOCK score)

—_
—_

12

—~

FDHFDFDAF

EHYAWGIK

TDYPPLGRFAVR

TGPNLHGLFGR

DPDWIIQGL

GYPFDRPIDMA

KYENDVLFF

AGAGAGSGAGAGY
AGAGAGAGAGYG

SSDASVARLF

DMPEPVGPIAIL
AGAGAGAGYGAGAGAGYGAGY
AGAGAGSGAGAGSGAGAGY
AGSGAGAGSGAGAGSGAGAGSGAGY
AGAGSGAGAGSGAGAGSGAGY
AGSGAGAGSGAGAGSGAGY
AGAGSGAGAGSGAGAGSGAGAGY
BEAIIZ Tiagabine)

-189.0 +/-1.2
-164.1 +/-12.4
-162.4 +/-5.9
-137.9 +/-4.7
-131.0 +/-2.6
-130.3 +/-7.4
-128.5 +/-11.9
-112.7 +/-3.0
-101.6 +/-5.3
-9.9 +/-11.9

-91.9
-90.8
-88.9
-88.2
-86.9
-85.7
-79.2
-43.7

+/ =117
+/-9.3
+/-8.0
+/ -4.2
+/ -4.7
+/-2.5
+/-5.4
+/-0.8
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cvs o
A:399 &
N / SER
S/ A:295
LEU
A:306
A8 EL1E F (interactions)
I 1% i 282 (conventional hydrogen bond) [ 3 (alkyl)
[ 1 # & #8(carbon hydrogen bond) [ n-$ed(pi-alkyl)
[ n-Fi(pi-sulfur)
o @ "
2 e
i
o \ .
[ ‘\\/‘P \\\un/\\‘:
s &
A8 EL1F F (interactions)
[0 554842 7 (van der waals) I - B HEFA(pi-pi T-shaped)
I (% &L f# (conventional hydrogen bond) W Bt HZ-nHEFH (amide-pi stacked)
[ 1B & (carbon hydrogen bond) [ Glkyl)
[ - B F (pi-cation) [ n-Y 3 (pi-alkyl)
[ - HE AR (pi-pi stacked)
@
) A » g
i = @
-~ ,@
A8 EL1E F (interactions)
[T Y5484 7 (van der waals) I n-n R AR (pi-pi stacked)
0 {435 (conventional hydrogen bond) [ m-n % ELHER (pi-pi T-shaped)
] #% & # (carbon hydrogen bond) I BERE-n A (amide-pi stacked)
1o n- RS (pi-donor hydrogen bond) M- i-alkyl
S m B 7-6(pi-sigma)
B3 GAT-15mEmE(A) . FDHFDFDAF (B)#1 EHYAWGIK (C) 98 E/ERERK
Fig.3 Binding patterns of the GAT —1 with Tiagabine(A ), FDHFDFDAF (B) and EHYAWGIK (C)
=3 EEYHEERRBRKEMS
Tab.3 Types and residue sites of interactions for complexes
ZEY S EAEH B EAEH FHAHEAEH HAly
(complexes) (hydrogen bond interaction) (hydrophobic interaction) (electrostatic interaction)  (others)
GAT -1 + BEJIEE ( Tiagabine) LEU 64,GLY 65, TYR 140,SER 295 LEU 306,CYS 399 CYS 39
GAT -1 + FDHFDFDAF ARG 69,THR 236,GLN 291 ,PHE 294 ,SER 295 * , ILE 62,PHE 70, TYR 86,PHE 294, LEU ARG 69 GLY 63
SER 302,ASN 327,SER 396,ALA 455 306" ,MET 332,ASP 395,CYS 399 *
GAT -1 + EHYAWGIK ALA 61,LEU64 " ,GLY 65" ,TRP 68,AGR 69, ILE 62, TYR 139, ILE 143, PHE 294, ARG 69,PHE 365 GLY 63

TYR 139,PHE 294,SER 295 * ,SER 302,TYR 309, LEU 306" ,LEU 389
PHE 365, THR 400,GLY 403, ASP 451

1 (note) ; * Frn -5 BEIN AR [R] 19 AR B AE 5% %L ( * represents the same interacting residues as Tiagabine)

RO R
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RMSD F1 RMSF , JE4 78385 4347 .

RMSD K78 5 — I ZIRH X 2 25 40 4 1) 45 40 fii
%, AT DL WAL R R i Re g L, RMSD i 8
/N, UL SE R D 22/, R R IR BIRG E . 1AL 4 - A i
AN AERC G AR BT A A W EUIE 9 RMSD 7

6 GAT-1
GAT-1+ME JJ11 52 ( Tiagabine)
GAT-1+FDHFDFDAF

—— GAT-1+EHYAWGIK

RMSD/A

t/ns

B4 5FEHFEUPLER RMSD(A) #1 RMSF(B) 547

0 ~20 nsz 0 ~25 ns [T}, Bl J5 I shisi/)s , 1 JC L 1
EHMTEO~10 ns BT, MEETRE. AWK
HAPLE R RMSD ZERTHA bl g th TR R &
FHI S IR AR R B I, 3 3B AU R AR L,
PR R R AR ETE 2.0 ~4.0 A, KT REHB
KB TV ARAE TRERES

— GAT-1
—— GAT-1+WE 1 5( Tiagabine)
12 GAT-1+FDHFDFDAF

— GAT-1+EHYAWGIK

RMSF/A

T T T T |
100 200 300 400 500 600

5% 345 %5 (number of residues)

Fig. 4 Analyses of RMSDs (A) and RMSFs (B) of molecular dynamics simulation trajectories

RMSF 5 B30T 8] Y, e — 5 F-H X F 554
SRR AR e TR TR A . WK
4-BFIR, BF A K & 0K 2 8CE R kR
RMSF <3 A, W14 1K 2 A 28 1 76 AR 05 72 rh 46
RIS Ra A , e E A8 A 7E & FRYE B N 20 o S D503

VA s % S AE AR DL TR] 0 R e 1 , e 436 ot R 245 )y e
INEEE 4 A ByFRIE, I X e AR S AE A5 A R o
) RMSF, 25 L 40 fEFrfT RGEH , iX L85k L 1
RMSF ¥ <3 A, & W13 o4 148 76 Ik 45 & )5 #0445

F4 FUEAR4 A WHELQEERE RMSF
Tab.4 Protein residues within 4 A around the ligand and their RMSF values

E AR RMSF/ A
(protein residue) GAT -1 GAT — 1 + BEJII % ( Tiagabine) ~ GAT -1 + FDHFDFDAF GAT -1 + EHYAWGIK

GLY 59 1.17 1.22 1.45 1.20
TYR 60 1.59 1. 60 2.35 1.72
ALA 61 1.22 0.88 1.34 1.05
GLY 63 0.78 0.67 0. 82 1.36
LEU 64 0. 86 0.78 0.89 2.00
GLY 65 0. 94 0. 80 0.83 1.50
ASN 66 1.06 1. 04 1. 04 1.41
TYR 140 0.97 1.14 1.02 1.15
SER 295 0.91 0.68 1.46 1.19
SER 302 1.25 1.55 2.49 1.44
LEU 303 1.25 1.50 2.73 1.51
LEU 306 1.28 1.37 2.54 1.73
ASP 395 1.15 1. 06 1.17 1.81
SER 396 0.94 0.96 0. 87 1.32
CYS 399 1.16 0. 87 1.03 1.48
THR 400 1.07 0. 90 0. 89 1.27

HWEHR L



JPA, zwmswmz=

Chin J Pharm Anal 2024, 44(8)

- 1363 -

4 Itig
gk E S HARITERNER R E

N1 7 5~ 11| NSl 1701110 44| N 3
I 22 RIS B 0 2 Bk 00 {8 A 5 B 1) 2 R0 4, WF 98
B, H S A 2RSS A R A R U B
PO 1 1 , ol i PI3K/ Akt {5538 I & #E 9T A AL
FIFCR TR 2 B, 3 PERK O BIF 5T 2 3h ¥ 24
2550 RIS P EE B

S E & Ny AR A E, 3h
W2y R B 2 K2R o T Ak A W A JEE A
R BT 0 2 KL 2 B 22 IR0 1) S
PRAME T AL i, BT A v R R T AR R R AR
WKV BRI AN %552 Z K, ZIRAL 2= AR 1 &
sy 25 h i) Z BRI Z BIR 2 % F 1%
TE Y (EE 22 K G 2R W 3 T O T B — 4B Y BT
o ALGTE Y T 55 A 46 43 85 4l 4 L 45 4 46 2 A
TP A R RERS % 7, T T SR R
AR AR B UE SC4 o 10 PE R R B a0 . Bt
5 240 N SE I R 22 Uk o R DL 1 1 LA 2 )
ST T2 K, I 2k — 25 30 5k 40 S 56 98I T 2 K
R P 5 HESPIFI 25 ) o SR T 00 05 1 205 1 S B
TIE, TR 4 2k 0 22 K v 5 7 15 BT 8 05 1 2 K
QNTVGLDDFFSSYER , ¥ £ Jik 2l 4 45 K 1 FH F 8h
25 R ILRE I 5T , i 4 T RS I RN 40 BT 25 F 3h W 1
ZIRALR, 5L UG e B AR A 25 A, BT 3h
Wy 25 1 3 P IR S L2 BRI A RO

AWFTE N B KD 18 A 37 70 43 B A 4y F R
it <3 000/ Z K413, R LT wlC - MS/MS £
JIRE 2% 4 R % e 15 51 384 X Z KT8, MR AW
ST 22 R A A A L I A B 3 A 1 A
B, W1 IR R R 19 SR EIE M 2K, o T ou A
REB/R 19 ZZ KBRS CAT -1 HZs &, it —%
X4k A o5 M 7 i s 1 2 4k 2 ik FDHFDFDAF Al
EHYAWGIK #F17 43 F 8l J1 A AU 5%, 25 1 R 2
FZRBE S E ARELS S, NED B E U
AEYTE R A S SR AL T R A KR

S 30k

[1] hAe ARSLAIEZI 2020 4ERT. —ER[S]. 2020:392
ChP 2020. Vol I [S]. 2020:392

[2] 2Bk, EXRWE, XIHE, 55 . fEAAMH DL 2 o &
AU R[], PR, 2023, 48(12) :3269
JIANG Q, WANG LN, LIU Y, et al. Research progress on pro-

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

cessing historical evolution, chemical constituents, and pharmaco-
logical action of Bombyx batryticatus [ J]. China J Chin Mater
Med, 2023, 48(12) :3269

HU M, YU Z, WANG ], et al. Traditional uses, origins, chemis-
try and pharmacology of Bombyx batryticatus: a review[ J]. Mole-
cules, 2017, 22(10) :1779

TANG X, GUO J, CHEN L, e al. Application for proteomics a-
nalysis technology in studying animal — derived traditional Chinese
medicine;a review[ J]. J Pharm Biomed, 2020, 191113609
HELLINGER R, SIGURDSSON A, WU W, et al. Peptidomics
[J]. Nat Rev Methods Primers, 2023, 3(1) :25

TRIPATHI NM, BANDYOPADHYAY A. High throughput virtual
screening ( HTVS) of peptide library; technological advancement
in ligand discovery[ J]. Eur J] Med Chem, 2022, 243.114766
e, B, RERE, 5. FURIE M BRBUESS SR E R0
Brostila s AL LR i AR WS PERR [T ). 259 o Hr ik,
2023, 43(5) .764

JIAO J, HE JH, LU L, et al. Prediction of bioactive peptides from
cardiomyopeptide for injection using high — resolution mass spec-
trometry in combination with bioinformatics analyses[ J]. Chin J
Pharm Anal, 2023, 43(5) .764

JOHNSON EL. Seizures and epilepsy[ J]. Med Clin North Am,
2019, 103(2) :309

MOTIWALA Z, ADURI NG, SHAYE H, et al. Structural basis of
GABA reuptake inhibition[ J]. Nature, 2022, 606(7915) ;820
BENARROCH E. What is the role of GABA transporters in sei-
zures? [J]. Neurology, 2021, 97(12) ;580

CAI K, WANG J, EISSMAN ], et al. A missense mutation in
SLCO6AL1 associated with lennox — gastaut syndrome impairs GABA
transporter 1 protein trafficking and function [ J]. Exp Neurol,
2019, 320:112973

ZHU A, HUANG J, KONG F, et al. Molecular basis for substrate
recognition and transport of human GABA transporter GAT1 [ J].
Nat Struct Mol Biol, 2023, 30(7) ;1012

HE L, HU M, LI R, et al. The effect of protein — rich extract
from Bombyx batryticatus against glutamate — damaged PC12 cells
via regulating y — aminobutyric acid signaling pathway[J]. Mole-
cules, 2020, 25(3) :553

DAI R, ZHANG W, TANG W, et al. BBPpred:sequence — based
prediction of blood — brain barrier peptides with feature representa-
tion learning and logistic regression[ J]. J Chem Inf Model, 2021,
61(1):525

WEI L, YE X, SAKURAI T, et al. ToxIBTL: prediction of pep-
tide toxicity based on information bottleneck and transfer learning
[J]. Bioinformatics, 2022, 38(6) :1514

TRELLET M, MELQUIOND AS, BONVIN AM. A unified confor-
mational selection and induced fit approach to protein — peptide
docking[ J]. PLoS One, 2013, 8(3) :e58769

VAN ZUNDERTGCP, RODRIGUES PGLM, TRELLET M, et al.
The HADDOCK?2. 2 web server: user — friendly integrative modeling

RO R



- 1364 -

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

R

B Chin J Pharm Anal 2024, 44(8) @

of biomolecular complexes[ J]. J Mol Biol, 2016, 428(4) ;720
NAMBIAR MP, ASHWANIKUMAR N, ANOOP A, et al. Bind-
ing energy analysis and molecular dynamic simulation studies of the
designed orally active, non — toxic GABARAP modulators[ J]. J
Biomol Struct Dyn, 2023, 41(13) :6394

DASH RC, WEN J, ZAINO AM, et al. Structure — based virtual
screening identifies an 8 — hydroxyquinoline as a small molecule
GLI1 inhibitor[ J]. Mol Ther;Oncolytics, 2021, 20 :265
WZEE, RFER, wEW, % T RIS T3 )26
UL BB ULKL k[ ], fesAaidi, 2024, 87(1) :92
YANG YF, SONG XQ, GAO ZM, et al. Discovery of novel ULK1
inhibitors based on virtual screening and molecular dynamics simu-
lation[ J]. Chemistry, 2024, 87(1) ;92

CHAN YS, CHEUNG RCF, XIA L, et al. Snake venom toxins:
toxicity and medicinal applications[J]. Appl Microbiol Biotechn-
ol, 2016, 100(14) :6165

BORDON KDCF, COLOGNA CT, FORNARI — BALDO EC, et al.
From animal poisons and venoms to medicines :achievements, challen-
ges and perspectives in drug discovery[J]. Front Pharmacol, 2020,
111132

ALI SM, SIDDIQUI R, ONG S, et al. Identification and charac-
terization of antibacterial compound(s) of cockroaches ( Periplane-
ta americana) [ J]. Appl Microbiol Biot, 2017, 101(1) ;253
CHEN H, CHENG S, FAN F, et al. Identification and molecular
mechanism of antithrombotic peptides from oyster proteins released
in simulated gastro — intestinal digestion[ J]. Food Funct, 2019,
10(9) :5426

HU M, LIUY, HE L, et al. Antiepileptic effects of protein — rich
extract from Bombyx batryticatus on mice and its protective effects
against H, 0, — induced oxidative damage in PC12 cells via regula-
ting PI3K/ Akt signaling pathways[ J]. Oxid Med Cell Longev,
2019, doi:10. 1155/2019/7897584

HU M, MENG X, WANG P, et al. Purification, identification and

neuroprotective effects of proteins from Bombyx batryticatus in Glu -

HWEHR L

[27]

(28]

[29]

[30]

[31]

[32]

[33]

stimulated PC12 cells[ J]. Separations, 2022, 9(9) ;236
RAETE, BN, WA, . AR BORIE S b 2
PO RN RERELT]. 2590 A R, 2023, 43(2) 1186
SONG HY, DONG P, HE MY, et al. Research of bioassay in
quality evaluation of animal traditional Chinese medicine[ J]. Chin
J Pharm Anal, 2023, 43(2) .186
LIU Z, TONG X, SU Y, et al. In — depth profiles of bioactive
large molecules in saliva secretions of leeches determined by com-
bining salivary gland proteome and transcriptome data[ J]. J Pro-
teomics, 2019, 200153
LIU R, HUANG Q, DUAN JA, et al. Peptidome characterization
of the antipyretic fraction of Bubali cornu aqueous extract by nano
liquid chromatography with orbitrap mass spectrometry detection
[J]. J Sep Sci, 2017, 40(2) :587
BAI Y, ZHAO Q, HE M, et al. Extensive characterization and
differential analysis of endogenous peptides from Bombyx batrytica-
tus using mass spectrometric approach[ J]. J Pharm Biomed Anal,
2019, 163,78
LIAO J, GAO M, DING Y, et al. Characterization of the natural pep-
tidome of four leeches by integrated proteogenomics and pseudotarget-
ed peptidomics[ J]. Anal Bioanal Chem, 2023, 415(14) ;2795
B, PE2, ATa R, 5. BT 2 IR 2 i 56 ORIk 2 20 4
TN AL RIS G PEZ R e[ 1] vhRE2y, 2022, 53(7):
2085
LIAO Q, PANG L, SHI JF, et al. Analysis of peptide components
of Periplaneta americana based on peptomics and screening of pep-
tides for promoting wound repair[ J]. Chin Tradit Herb Drugs,
2022, 53(7) ;2085
RPN, B, WA, 55 BT TR L TE R 4 2k
WEHTERE PR LT ], PEECHZY, 2023, 25(9) 1940
HUA YT, LI Y, DONG RJ, et al. An anticoagulant peptide
screened from Whitmania pigra Whitman based on molecular simu-
lation[ J]. Mod Chin Med, 2023, 25(9) :1940

(ARCF 2024 4£3 [ 14 HYF))



