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Abstract: Objective To identify the abundant peptides in Periplaneta americana (PA) and search for peptides with the activity of
promoting wound repair. Methods Peptide components were extracted preliminarily from PA by ultrafiltration technology, and the
amino acid sequence of the peptides were quickly purified and identified using the combined technology of ultra-performance liquid
chromatography and high-resolution mass spectrometry. PeptideRanker online tool was used to predict the activity of the peptides,

and the Autodock 4.2 molecular docking software was used to predict and identify the binding effect of the peptides with the target
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proteins related to wound repair. Finally, the activity of the screened peptides was verified through experiments in vitro. Results A
total of 449 peptide sequences belonging to 34 precursor proteins were identified, and five peptides with higher intensity and scores
were selected, the amino acid sequences were AGFAGDDAPR, DFIR, PGPIN, IGF and TLF, respectively. Analysis of molecular
docking results showed that DFIR, PGPIN, IGF and TLF were effectively docked with 8 target proteins including extracellular
regulated protein kinases 2, mitogen-activated protein kinase, Janus kinase 2, and endothelial nitric oxide synthase in extracellular
regulated protein kinases/mitogen-activated protein kinase, Janus kinase/signal transducer and activator of transcription,
phosphatidylinositol 3 kinase/protein kinase B/endothelial nitric oxide synthase and other related signaling pathways. Meanwhile, the
results showed that the Synthetic DFIR, PGPIN, IGF and TLF at the concentration of 0.1—10 pmol/L had different promotion effects
on the proliferation and migration of human umbilical vein endothelial cells (HUVEC) and mouse fibroblasts (L929) cell models. It
indicated that the four peptides of DFIR, IGF, PGPIN and TLF may have an impact on wound repair. Conclusion The combined
technology of ultra-performance liquid chromatography and high-resolution mass spectrometry provided strong support for the
analysis and identification of the peptide components of PA. The analysis and identification of peptides also provided new ideas for
the exploration of the active ingredients of PA to promote wound repair.

Key words: Periplaneta americana (L.); peptides; the combined technology of ultra-performance liquid chromatography and high-

resolution mass spectrometry; peptidomics; wound repair activity; proliferation; migration
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*2 PAPEMITNLER
Table 2 Activity score results of PAP
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IGF 0.948 319 VMVL 0.219 242
TLF 0.743 966 LVL 0.174 931
DFIR 0.697 692 LNSI 0.144 604
PGPIN 0.649 743 LGLSER  0.126928
AGFAGDDAPR  0.561 859 TAPSK 0.124 739
VGRPR 0.461 116 ITIIK 0.099 899
LILR 0.334 562
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Table 3 Results of interaction between PAP and target protein

PDBID XHEEEE KBEERFY 4466/ KImol™) | PDBID SHEEA MKEBEERFTS  45i46/K mol™)
1HZM ERK2 AGFAGDDAPR >0 3DOE Akt2 AGFAGDDAPR >0
DFIR -3.73 DFIR >0
IGF —21.39 IGF -11.34
PGPIN —17.96 PGPIN —4.86
TLF —21.05 TLF -11.09
4D3R MAPK AGFAGDDAPR >0 3NOS eNOs AGFAGDDAPR >0
DFIR —15.99 DFIR >0
IGF —21.10 IGF —15.82
PGPIN -11.72 PGPIN —2.55
TLF —15.24 TLF -13.77
3UGC JAK2 AGFAGDDAPR >0 3VHE VEGFR2 AGFAGDDAPR >0
DFIR —4.56 DFIR —4.48
IGF -20.97 IGF -12.10
PGPIN -9.04 PGPIN -17.16
TLF —19.80 TLF -15.74
3QKO0 PI3K-a AGFAGDDAPR >0 1XJD PKC AGFAGDDAPR >0
DFIR >0 DFIR -3.31
IGF —11.34 IGF —23.78
PGPIN -9.96 PGPIN —14.90
TLF -16.07 TLF -28.92
N 0.5 pmol/L i, 7 &3 {Lifk HUVEC 41t (P<
(}ﬁ*\’ 0.05). 7E 0.1~10.0 umol/L ¥/ R, IGF 1 DFIR 2
‘ 2N 2 ANk BEG L929 W5 v A .3 VE§2mi, {2 TLF £ 0.1
"

El6 ZBk TLF 5$ER PKC MEER
Fig. 6 Binding site of peptide TLF and target protein PKC

1.0v 5.0 umol/L ¥ JE T RE 2 (2 L929 41
B (P<<0.05), PGPIN (1.0 pmol/L) ¢ & e i3k L929
YHREIEEE (P<<0.05).
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Table 4 Effects of TLF, PGPIN, IGF and DFIR on HUVEC proliferation after 24 h treatment (X + s, n=5)

kB 5k I 5 /%

&%) il 0.1 pmol-L™! 0.5 umol-L™! 1.0 umol-L™! 5.0 pmol-L™! 10.0 pmol-L~!
TLF 102.15+3.43 95.59+2.15 95.4346.94 111.20£10.97 99.50+12.67 99.01+11.66
PGPIN 102.15+3.43  102.27+6.01 101.68+7.09 1122741297  112.68+4.48 119.3345.99*
IGF 102.154+3.43 91.60+9.71 101.39+5.31 94.46+5.94 101.17+8.48 97.96+3.47
DFIR 102.15+3.43  121.91+15.79*  121.89+19.11*  106.10+8.20 96.66+6.17 90.5843.94

x4t "P<<0.05, £ 5~7[F

“P < 0.05 vs control group, same as tables 5—7
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%5 TLF. PGPIN. IGF. DFIR & 24 h 5%t L929 {RAIESESNE (X+s,n=5)
Table 5 Effects of TLF, PGPIN, IGF and DFIR on L929 proliferation after 24 h treatment (X £ s, n =5)

ik B 2 2 G B %
[l Xt iR 0.1 pmol-L™! 0.5 pmol-L™! 1.0 pmol-L™! 5.0 umol-L™! 10.0 pmol-L™!
TLF 100.88+6.12 122.17+4.35* 107.06 7.3 123.561+9.58* 114.93£13.41* 97.21+10.74
PGPIN 100.88+6.12 113.38+10.19 112.60+11.78 115.40+11.88* 106.15+1.64 112.85+£7.90
IGF 100.88 +6.12 97.25+6.12 93.55+4.45 96.76 +7.28 100.27+6.93 108.91 +6.47
DFIR 100.88+6.12 90.89+4.33 100.34+3.47 91.22+2.48 107.59+5.35 105.12£+14.96
# TLF. IGF. PGPIN. DFIR fikE (1.0 pmol/L) Wo ok 0 h IIRIE IR, W FoR ¢ h BRIR T

PURINE (1%) KigEdk, BErf R S/EN 0 he 7£ 0.
24, 48 h FRMELLE 40 555 PO, @it
Image J 1.46r HAFIERPRIAAR, THE A R [E] 5
RIRE A%

YR A5 =Wo— W)/ Wo

X iR TLF

% 6 TLF. PGPIN. IGF. DFIR (1.0 pmol-L™") % HUVEC
HREXIRAEE (Xts,n=3)

Table 6 TLF, PGPIN, IGF, DFIR (1.0 pmol-L™") on the
scratch healing rate of HUVEC cells (X £ s, n=3)

K RIIR 0 2% 452 i i e Jik B HUVEC 41 g
ER I, REERAFWE 7 R, YRESFRLE
Rk 6 fm. SHHRAMLL, 4 KB (1 umol/L)
LAEFRAND 24 h J5, % HUVEC 408 TR S # A
K ACFEYMI 48 h J5, IGF fg 352 HUVEC 4H

PGPIN DFIR

E7 TLF. PGPIN. IGF. DFIR (1.0 pmol-L™") %f HUVEC fﬂiﬂﬂ*zuﬁﬁjé%ﬂm’c%ﬁlﬁl)#
Fig. 7 Representative images of effects of TLF, PGPIN, IGF, and DFIR (1.0 pmol-L™") on scratch healing of HUVEC cells

MR (P<0.05),

K FHRIR RIS S0IE 7 126 K B L929 AHifLiT 4%
sz, RERE A WE 8 Fin, RIRAEARLE R
TR, SHHBAAMEL, 4 BB (1 pmol/L) kb

QIR A A5 2% e 3
PP apr—. A AN 24 h 5, MEERET 1929 ML
24h 48h (P<0.05); 48h i, PGPIN &3t L929 4lHLiE

TR 24.00£8.10 33.5843.27 BAEH (P<0.05). HILHIR, FNFHEATHX L

TLF 13.29+0.43 34.08+2.20 L2 M EA—E R mis g e,

PGPIN 14.68+1.73 37.29+2.67 3 g

IGF 20.14+4.33 44.001+2.46" G EI NP R« MG B2 57 f AT

DFIR 10.51£1.10 29.08 £2.69

FEMEZY”, R 3 KR . (Eljlzsb%
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X A TLF

%7 TLF. PGPIN, IGF. DFIR (1.0 pmol-L™) % L929
MIXIRABEE (Xts,n=3)

Table 7 TLF, PGPIN, IGF, DFIR (1.0 umol-L™") on scratch
healing rate of L929 cells (X £ s, n=3)

s
Ttk B R SR
24 h 48 h

bt 10.68+7.19 30.92+4.18
TLF 37.03+3.50" 58.46+12.01
PGPIN 46.20+1.46" 59.35+10.69"
IGF 46.05+5.32" 58.43+6.27
DFIR 37.34+13.77" 55.73+2.98

ARIR) Guit, BELHSIBIRLA) 2215 B, 4905
Al G BRI 18% . SN2 E B N B S A
Wi PR D8Ry L7 2800 2, EIRT SRR 7 Tl
AHEML TR BRI . s EERUEA .
2 IR A N HAEVE YRR, SR H AT AR A Y
JRAZFRAR R Z NEASEIR . A S/ e T IR AEARH ™
Y, SRZYFh L RN, HANE S 2R SRR
FIRTSCIM KRR B /Doy T Habe o™ JeikR
AP Ko7 NV R I ZH 257

] R e R R 53 B 4 B 2 R AL AN 45
. & H RIS 25 AR R T (G . 22 Ik 2>
7 AR I R AR ARG L B BV A
HLIKIE S 03T BN ORS00, IR AR I B
LM, AERTEIERE SRR, R, ARG
%, XHEFARUA D B REFSERER, EE3

PGPIN IGF DFR
El8 TLF. PGPIN. IGF. DFIR (1.0 pmol-L™") Xf L929 HAfaXIRA A MK REE A
Fig. 8 Representative images of effects of TLF, PGPIN, IGF, and DFIR (1.0 pmol-L™") on scratch healing of 1.929 cells

ZIKMIRIG o5 . BaBERens s S A 2 Ik,
= BT 2 I s aife ) F EHARFB. 20
BEORIR AT S) T Z IRFP ISR T, 2 R4
M2 BT TSV Z IR BLE], A B T2k
TEPEZ IREIT KR o 22 IR %€ J7 10 B4R N AR i e
FIME L BUEE . RERYE . P ki i e
5T EL 5 B AT, et o PR S A o
BAPGE, & RBENRAR, ek, ETma
HETS RO B A5/ 2 IR 22 B, SR RN % e
AR /2 IR AL T TN S s 7, R BIX
150/ 22 UK ) RO 45 s A Rl e, SRR TR
Jaem CREgsb. D Bt BER/ZIRA
N T R 7T, 2 AZ IS
PARER B4 /KPR 5T R A R A AR ORI D) AR
X, WALHIMEK R E BR8-S
(A 2407 e

B E 2 — R 2 A B R, A4 b i
SRR BAFEHA A IR E SRR, i E
(1) P 4 L R b PR 4 i 2 3 BUE M4 (reactive
oxygen species, ROS) I 4z, ROS it =4
S AL (extracellular matrix, ECM) %2
TS AT AEA )53 o AT AR P S B A e v
BRII4EM . —, BT, Ha
RERRZHEY, $RALHTR ECM A KRB IRE A
DAY BCM [P RL5mE . Py 7 4 i £ 53 10853 A
RIS S R BT 2 —, i Y E AT A T
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S P18 L7657 R = 20 L %o P2 2H A 7 SRk A B

MLt 28 0 B 324, AW R IS I K Wk £ 2

SRR DA £ -+ HUVEC 4R iE# fe /1 &%

JIBE ~F B IR 2 LA S ) O RE S 25 v N T 4

Y M3 77 SR AR PERS) . BRI, AR SEEG R 1L929

A HUVEC 1Ey4H iRy, S0k 57 i IR B 81 T

B EE
ARSI AE PRI 3 Bt SE I R il AH S

73T RN T 3000 12 IR 73, K BANE & RO

R VAN 2 Ikt — Ak, A Q-Exactive

UHMR i & DY BUE I & o i A e ok E 136

MRS T EEES . N EA RS REAR

449 N ZIRFFF o SR> TRHEEOR, BN 4

% % JIK(TLF.PGPIN.IGF.DFIR)fi£5 ERK/MAPK.

JAK/STAT . PI3K/AKT/eNOS % % A5 5 1@ i (1)

ERK2. MAPK. JAK2. eNOS % 8 MMl s ZE 1A 3L

X% HIIAIX 4 26 2 ikfieidt HUVEC M11L929 2 #

PR I AT RS E 5, IORIX LS

JIKFT RE BB TEAEAL BB EAE . ASER N SRIIR

il S FLi 70 A 52 2 IRSTE M 1 o T SR At T T
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