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Structure prediction and biological activity analysis of
dybowskin-1ST antimicrobial peptide in Rana dybowskii

Yue Liu, Xuechao Shao, Tiantian Wang, Xinying Wang, Nan Li, Yundong Zhao, Wei Xia,
and Liyuan Sun

School of Medicine, Beihua University, Jilin 132013, Jilin, China

Abstract:  The evolution, structure and antigenic epitopes prediction of Rana dybowskii antimicrobial peptide
dybowskin-1ST were carried out using bioinformatics software available online. Its antibacterial mechanism and structural
properties were analyzed, and its activity was verified by applying wound healing assay in mice and bacteriostatic assay in
vitro. This provides the theoretical basis for the improvement of parental peptide and the development of novel derivative
peptides. The software MEGA_X were used to conduct homology alignment and to construct a phylogenetic tree. The online
software ProtParam, ProtScale, PeptideCutter, signal, TMHMM Server were respectively used to predict the physicochemical
parameters, hydrophilia/hydrophobicity, shear sites, signal peptides, and transmembrane domains of dybowskin-1ST. The
online software SOPMA, Jpred4, DNAstar Protean were used to predict the secondary structure of dybowskin-1ST, and
SWISS-MODEL, I-TASSER were used to predict the tertiary structure. ABCpred and SYFPEITHI were respectively used to
predict its B-and T-cell epitopes. The effect of dybowskin-1ST on the wound healing was observed on experimental mice.
Kirby-Bauer method and dilution method were used to determine the bacteriostatic activity of dybowskin-1ST. The
dybowskin-1ST consists of 59 amino acid residues, of which leucine accounts for 16.9%, with a molecular formula of
Cs18H510Ngo0g3S,. Its theoretical isoelectric point is 5.10 and the charge is -2. The dybowskin-1ST and dybowskin-1CDYa are
closely related phylogenetically. The secondary structure of dybowskin-1ST predicted by the three methods were similar,
which consisted of a-helix (44.07%), extended strand (16.95%), B-turns (3.39%), and random coil (35.39%). The prediction of
tertiary structure showed that dybowskin-1ST was mainly composed of a-helix, and it was regarded as a hydrophilic protein
with signal peptide sequence. Subcellular localization analysis showed that the probability of secreting the mitochondrial
targeted peptides was 0.944. Dybowskin-1ST is an extracellular protein with no transmembrane structure region, but contains
seven phosphorylation sites, three T-cell epitopes and eight B-cell epitopes. The dybowskin-1ST promoted wound healing and
effectively inhibited the growth of Escherichia coli and Staphylococcus aureus. However, it had limited antibacterial activity
against fungi and drug-resistant bacteria. Although the structure of dybowskin-1ST is rich in a-helix, the verification
experiments showed that its antibacterial ability needs to be enhanced. The reason may be that it is a negatively charged and
hydrophilic protein, and amino acid modification with the aim of increasing the number of positive charges and changing the
hydrophobicity may be used to obtain derived peptides with enhanced activity.

Keywords: Rana, antimicrobial peptide, bioinformatics analysis, wound healing, bacteriostasis
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IR IR G M 2k o VA AR kA 7 21 2
PR . BUAIKG R . PR RE R UE,, 2338 Wit
) S ARG . AR B 2e i, W R
JPANHEAT A M M RE R S E , X — 2
TP RIS P A E P A RS L, A
SCXF A< b MRl 470 B K dybowskin-1ST % B AL P
JR . TREEK . BERRALAL A BKME L BTN
GRHEHAT 0T, JFEMES R RS R T
B, [RIEE X A JE AR TR K dybowskin-1ST 4
Yy 6 AT S B IE LA TR A B AR BT A IR
dybowskin-1ST MHIEEAHLE, AT T —2LHEA
JoT ek i B A AT A 7 AL

1 MRE5FE

1.1 dybowskin-1ST #1& Bk

M NCBI H R E AU AR IEBT R AR dybowskin-
1ST 41, I ID: GU249565.1, 1 ID:
ADC54260.1 . HZ K12 7511 ) MFTLKKSLLLLFF

LGTISLSLCEEERNAEEERRDYPEERDVEVEKR
IIPLPLGYFAKKT . S5 Ff] dybowskin-1ST 7T i ik

(ZHFE 95%), Hi i AE IRAE MR A PR Rl 6 A
1.2 SRz

JbAE R 45255 5h ) oL 33 30 1) SPF 2% KM
ANER, BEMLRE LA SR . X R, JLrpoilgR
HAE/NR 20 2, SEXIRE (26.7£9.6) g, I
ANELL0 H, SRR (27.349.4) 9. BI4L/NREY
FHErE, YRR R E S RO 22 A B
1.3 =

KIp%FE ATCC 43889, 4 i (i Bk 1A
ATCC 6538, {22 LETE ATCC 90028, 4l £k fk
Hifi B CMCC(B)10104, o [E R 24 Be i A= Py it
FETHRAL
1.4 RXFIREEH

8 mm HA2/NRERRATILES, PR EH, 4l
A, LB RigRdk (W T B A MR A PR A
Al), UM RIS (6T s 2 AR A BRA A .
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1.5 dybowskin-1ST & #1158 F 7
1.5.1 ¥# dybowskin-1ST R&HE X B

Al MEGA_X XF A db #k @ dt B Ak
dybowskin-1ST (GenBank #3535 : GU249565.1) 5
By T AR R K Temporin-AM (GenBank &35 ;
JF922737.1, JF922736.1) . Amurin-3 (GenBank % 5%
5 AM233687.1), JbEFVEBTR K Temporin-1P
(GenBank %555 : AM493728.1). bR i ik
Temporin H (GenBank & 3¢5 : Y09394.1) . Temporin
B (GenBank %55 Y09393.1), AILARuERHK
dybowskin-1CDYa (GenBank %55 . EU827807.1).
FE AL T IR Limnonectin-1Fb (FR733639.1) .
Limnonectin-1Fa (GenBank %3¢ : FR733638.1) .
A6 R HT & K Brevinin-1S (GenBank & sk 5 .
AJ971790.1) . A ¥ AR & BT B K Brevinin-1 PLc
(GenBank &3¢S . AM745088.1) HEAT[RIEME HEXT,
I R GRS
1.5.2  dybowskin-1ST Z 4k 5 Tl

FIA % T TBCRPUAE K588 2 APD Hhikq T
PO KA W15 B 2 50 A i W st ExPASY  (https://
web.expasy.org/) [-f% ProtParam #4547 & H JF
SEA TN, oty AT A5 3 A DL 2 8 S g K
PR, HASHEEE: ISR A, TR IR K&
AL . W . GRAVY f5% (Grand average
of hydropathicity) . Ag¥tEFE% . AFE e 555,
1.5.3 dybowskin-1ST Bz MM

FI AT KA P45 B 27 23 A 1 3 EXPASY
(https://web.expasy.org/) H' Protscale %X 4 43 ¥t
dybowskin-1ST Ay /K1
1.5.4 dybowskin-1ST BYHI{7 & M

FI TR IR AE P45 B 43 B 9 9 3 EXPASY
(https://web.expasy.org/) ' PeptideCutter #x {47
W5 R M & H MR AR T
dybowskin-1ST [ ¥ 75 8y U {37 55
1.5.5 dybowskin-1ST 1gS MBI Y147 A K W 40 ffd 8
Az T

N TR FIRG P RIABIRAR, T TE5 AR
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FOTIIN , HEDR B S (55 I ik .
EREYINE P IS Rl I S PN LN A% N
MHag A KAz N o A5 5 RS 1 SR HT A 22 Bk Ji i P o
WU AN, & BNEMIAh . {55 I A K
J5 B BT 5 IR A TR 25 . ABFSE
SignalP-5.0  (http://www.cbs.dtu.dk/services/SignalP)
HATAE 5 ARAG I o [R] B 0 - TargetP 1.1 Server
(http://www.cbs.dtu.dk/services/TargetP-1.1/index.php)
HEATHU IR AR E 52 704 o
1.5.6 dybowskin-1ST ) X T

AR B T, 20%-30%#) ) T I
F, PRI P e 20 i A D RE o s E S A
SR, MR LT 2 RGRIK, AA1E— & HYME
o B BRI I B A R a-SREA AL, RN
L AT IR 5% S Bzl E R RE . R
JORCF1%) 22 JOR S i) IS DX Sl A 7 0000, B8 %o L S YA
FRGEMR R . AWTSE ] TMHMM Server
v.2.0 (http://www.cbs.dtu.dk/servicessTMHMM/) %}
dybowskin-1ST {5 i DX 54 T T
1.5.7 dybowskin-1ST B4k 17 & TR

B R R E A R R B —, A
5%3z Ff NetPhos 3.1 Server (http://www.cbs. dtu.dk/
services/NetPhos/) il dybowskin-1ST BRI AV 15
1.5.8 dybowskin-1ST — & %5l

TG — P R R U T T P A R X
S, T OREEAL ZH U BT T A R A T AL A
ol g PR . Ly 2OV IE ST 2 B R Ik
PMAP-36 (1] o B2 i [X dak 45 ¥4 k55 41 4 B AH 1
(22 BRIX . AR E B0, B-4ir e hfa 25 1 e
RIRBEEIE N i, T e U I 5 . AR
H ExPASy 1) SOPMA (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=npsa_sopma.html), Jpred4
(http://www.compbio.dundee.ac.uk/jpred/) Fil DNAstar
Protean 435l 53 #T Pt 18 K dybowskin-1ST ) — 2t 4%
My, ZE R PR RE
1.5.9 dybowskin-1ST =24 # Hiil

FH 76 28 7 BB F SWISS-MODEL  (https://

&: 010-64807509

swissmodel.expasy.org/) K 5 £k 1k 7 2k 45 #) 7
A4 1-TASSER (http://zhanglab.ccmb.med.umich.
edu/I-TASSER/)FRINHL A K dybowskin-1ST =2k
g5t
1.6 dybowskin-1ST BI{5 O &S1ER
1.6.1 434 Ry B Bk A AR

SC2H (dybowskin-1ST), X BE4H  (H
80%). /NEEIIRIHMEFEFE 5 min, X/
E R, 28K UEIE ] 75% C BAR sk f
R E . JCIR A1 T /N B IRAT AL AR AE /N R
TRHE A EAA N 8.0 mm BIEAH (ka2
BERK)
1.6.2 Al

PR ST I, AT ALARTE RN AT I B AT H
AR R/INFL, BT IR RS AN AT G I 1 TR AR
et RS UG /N BB T JRL L, ey 0 I /S B 1
Rl K, RS W 8l (45 /N B k43 ET Y
WA HAEE AN A S B . JC A A BRI B/ R
BT AN LIS, 03 80%H 3 . dybowskin-1ST
(1 500 mg/L). A FEER/K DL 0.1 mL/ 2 A5 i 4k
AR ZH /N BB AL, SR 2H /N B2 1 0
P& dybowskin-1ST, F Ml fj3 iR PR A BER K 5 X
HEAT/IN R A%5 1T bk 80% Hivl, A5 IA4% 11 TR 4K
AR, ARRERBEAN, BREMNHA 1K,
BEZMZ 15 d, WEIC B T AA .

1.7 dybowskin-1ST {&4MII & SLI6
1.7.1 EREL

BE 1 mL AR FREE: B 10 ub RIGFF R
S EHEIRE . AIRLEREE . WA R
1E 37 CTRHERT R FR 12-15 h, b B X
0.5 2 [ ke, WA FIELICK: BRIV 100 15,
BT (1x10°-1x10%) cfu/mL Z247, % H.
1.7.2 HEABWHEZE

23 48R 21T 100 mg/L # dybowskin-
1ST wh, BUH G LB Z 40K, EIHES N
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FARRRER 510 A F LB AR SRR H . LA
VU3 2= 48 5 o BH M X B, B 100 mg/L A9
dybowskin- 1ST 4% F 5 UM R 4CR CE T Ak
FRILIE YA E R SR A 2 R KPR E 37 C
BRfh R E SRR 8h E, BUh, WL,
1.7.3 dybowskin-1ST REMEWE (MIC) WE

KRR R B dybowskin-1ST J
IRKEEXKRGF . & OmARKRE . SR
UM B Y e /N PO Wk B2 (Minimal inhibit
concentration, MIC). 7 96 FLAR 454X b £L -
MIA 100 pL FBAFAH B (1x10° CFU/mL),
dybowskin-1ST (1.5 mg/mL-0.09375 mg/mL) }
PKREFE (128 pg/mL-0.25 pg/mL) 25 f% Ho s
BEJE A 100 pb, FCEAE 37 ClHERIE SR 1557
18 ho ¥k HELH; 96 FLAR, LA/INFL P 58 4 3 il 240 1
A K F /N YVR BB R 251 MIC L. 40 5l i
ATV A X R R A B A B X B

2 HERSAM

2.1 $EBk dybowskin-1ST £ & F%|EE M
bb 3t B & G i 0

R MEGA X HEATIRIEME X, g5 Rkl 1
FR, ARk K dybowskin-1ST 5 By yTAk
BT K Temporin-AM . Amurin-3., b3S MERT#
JK Temporin-1P . TR HuAREEHTEEAK Temporin H.
Temporin B, ZRJtARiEHTH K Dybowskin-1CDYa.
& H RSk BT A IK Limnonectin-1Fb . Limnonectin-
1Fa, {6 R IEHFIK Brevinin-1S . ¥/ F AR # K
Brevinin-1 PLc 5% J7 41, [A] 513578 80.00% 4
F, HAp SRR L dybowskin-1CDYa )
R f s, N 94.97%., HLUJE 5 I bl 3
ik Temporin B (4 [RIJE R, o 81.99%., RSk
M o3 R AN &l 2 B, HUEK dybowskin-1ST
5 Ab bk 4 & Ik dybowskin-1CDYa 3 T [6]— 4
Yk, HABERFEELR,

10 11 12

92.68| 77.08| 76.27| 75.00| 73.66 82.59

83.90

79.82| 86.69 78.62| 77.09 Temporin H

92.68 76.09| 74.29) 72.24| 73.80| 83.51

86.23

81.99| 81.88| 76.49| 75.00 Temporin B

77.08| 76.09 81.95| 81.68| 69.20/ 89.53

81.88

79.52| 79.94| 77.63| 76.27 Amurin-3

76.27|74.29| 81.95 94.24| 68.65| 80.08

80.38

77.34| 77.98| 82.17| 78.29 Temporin-AM1

75.00| 72.24| 81.68| 94.24 67.86| 79.69

73.66|73.80| 69.20] 68.65| 67.86 73.52

78.21

76.45

77.08| 77.09) 79.46| 75.58 Temporin-AM2

78.68| 78.09| 75.00( 73.50 Brevinin-1 PLc

82.59| 83.51| 79.53| 80.08| 79.69| 73.52

83.90| 86.23 | 81.88| 80.38| 78.21| 76.45| 82.37

79.85(81.99| 79.52| 77.34| 77.08| 78.68| 78.69

82.37

94.97

86.69| 81.88| 79.94| 77.98| 77.09| 78.07| 80.46

83.06

78.69| 80.46| 80.41| 76.98

Temporin-1P

94.97| 83.06| 79.51| 78.12 Dybowskin-1CDYa

79.80| 77.46| 76.76 Dybowskin-1ST

79.80 80.67| 78.00 Brevinin-1S

78.62| 76.49| 77.63| 82.17| 79.46| 75.00| 80.41

79.51

77.46| 80.67 93.31 Limnonectin-1Fa

77.09(75.00| 76.27| 78.29| 75.58| 73.50( 76.98

78.12

76.76| 78.00( 93.31 Limnonectin-1Fb

1 2 3 -4 5 6 7

8

9

1 Dybowskin-1ST 5 H fth i 2 471 B BRAX H B2 Fr 51 B4 5% bb
Fig. 1 Homology alignment of nucleotide sequences of dybowskin-1ST with other antibacterial peptides of Rana.
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99— Rana amurensis clone b2 temporin-AM (JF922737.1)

61 L Rana amurensis clone b-1 temporin-AM (JF922736.1)
72 L Rana amurensis mRNA for amurin-3 (AM233687.1)
52 \— Rana pipiens mRNA for temporin-1P (AM493728.1)
R. temporaria mRNA for temporin H (Y09394.1)
4 100 R. temporaria mRNA for temporin B (Y09393.1)
Rana dybowskii dybowskin-1ST (GU249565.1)
99 [

Rana dybowskii antimicrobial peptide dybowskin-1CDYa (EU827807.1)
Limnonectes fujianensis mRNA for limnonectin-1Fa (FR733638.1)

I
100 L Jimnonectes fujianensis mRNA for limnonectin-1Fb (FR733639.1)
Odorrana schmackeri mRNA for brevinin-1S (AJ971790.1)
99 Rana palustris mRNA for brevinin-1 PLc (AM745088.1)

i
0.020

2 Dybowskin-1ST 5 H i XM EARHNRRE LB/ S
Fig. 2 Phylogenetic tree analysis of dybowskin-1ST and other antibacterial peptides of Rana.

2.2 BLMHERTNER

#: ProtParam 4341, PUEE AL dybowskin-1ST
T 59 MM, 77 CaisHs10Ns0093S:,
MF %k 1003, dybowskin-1ST 2 5L 5 51 20 i
S3HrULIE 3. dybowskin-1ST s 7K P42 2L 1R i
SR Y 38.98% . LI IR Y A TR T 4 5 g K 1 £
IEADG, (HEK M 2 SR IR A o L IR e AL
FAK g KYE, HEgRsl—EmSEEH . Hib
sy S WHREEREE . ke
B RUEtE . BUKMERSEKMEGEE LR 1. AR

(==l S ]

Number of amino acids

o N e N ®

SRR

QO

DS

S O D DS

SEIRBORT 40 mf, WHEAARE. ZkTE
iR E IR N AR . SR . Sc A IR . Sroe AR
9 AT Dk SEAR v R BT AR W R MU
W 2 SR 22 KA PR E I, R AT AR
IR B TR I, WATIT 5 Wi e B R A 1 0 ARG
M2k Ra] IF 1 dybowskin-1ST il #& & 1k 45
U, PR . —BORBE, SEAKIE I R AL
(Grand average of hydropathicity, GRAVY) HH
TE-2 #+2 Z (8], FERBINFRIEE N PR
JIK GRAVY 5-0.358, MR IR K PR .

S S W

Name of amino acid

B 3 Dybowskin-1ST & & B A 5 1
Fig. 3 Amino acid composition of dybowskin-1ST.
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% 1 Dybowskin-1ST B4R H L

Table 1 Physical and chemical properties of dybowskin-1ST predicted by ProtParam

Physical and chemical properties Parameter
Number of amino acids 59.000
Molecular weight/Da 7 006.150
pl 5.100
Total number of negatively charged residues 12.000
Total number of positively charged residues 10.000
Estimated half-life in mammalian reticulocytes, vitro/h 30.000
Estimated half-life in yeast, vivo/h >20
Estimated half-life in Escherichia coli, vivo/h >10
Instability index 58.280
Aliphatic index 99.150
GRAVY —0.358

2.3 BHRKMETM SR

W1 ProtScale I HLAELR /M & P (A SL 56 (e
F Kyte FI Doolittle 253155 H i & IR BT /K S 5L
TR B K B K ), dybowskin-1ST Ay K
IKIEHCH 2.689, (T4 13 A IR, fe/NEiK
8K -3.378, (i F4E 35 (& ERR, UL 4. AR
Y& 4 A] 40, dybowskin-1ST 2 k% W i s Ky
FAKME, HBRF KR FH KM, BN %
KPR, SEAME R as R —30
2.4 BV s gE R

i 3 PeptideCutter % 14 7> #r 15 H
% 2 Dybowskin-1ST BI]4L & F i
Table 2 The predicted shear sites of dybowskin-1ST

dybowskin-1ST Hr iy K 22 %5 24 JE R AV s Al 43 31| 4
18 PG BT U) (3R 2), ki bnar aedk

Hphob. /Kyte & Doolittle

—_ O = N W

I
WM
—

1 1 1 1 1
10 20 30 40 50
Amino acid sites

Hydrophobic value analysis
\

|
i

4 Dybowskin-1ST Bi7K 1455
Fig. 4 Prediction of the hydrophobicity of dybowskin-1ST.

Name of enzymes

No. of cleavages

Positions of cleavage sites

Proteinase K 36
Pepsin (pH>2) 18
Thermolysin 17
Trypsin 17
Pepsin (pH1.3) 17
Chymotrypsin-low specificity 15
Asp-N endopeptidase+N-terminal Glu 12
Glutamyl endopeptidase 10
Chymotrypsin-high specificity 5
Clostripain 5
LysC 5
LysN 5
Staphylococcal peptidase [ 5
Arg-C proteinase 5
Formic acid 2
Asp-N endopeptidase 2
CNBr 1
NTCB 1

23489101112 13141617 19 21 23 24 25 28 29 30
31 3537 38 41 42 43 44 47 48 50 52 54 55 56 59
1234910111213 141819 20 21 51 53 54 55
1378910111213 1618 20 27 46 51 54 55
1378910111213 16 18 20 27 46 51 54 55
1234910111213 141819 20 21 51 54 55
1248910111213 1419 21525455

22 23 24 28 29 30 33 36 37 39 41 43

2324 2529303137384244

212135455

26 32 33 39 46

564557 58

454456 57

2329374244

26 32 33 39 46

34 40

33 39
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T RIS ThTE 2 IREE P o, o3 0I5 1. 9.

10. 54 55 @ EEMR o 1 b SCHiKPE B TR AR AT
dybowskin-1ST Wi K 2 W SRk M, SRk
X B RRE A 5s , DH UL e Ak 2 JE R A7 A 4 ) B

BY1. 534h, B SR 2 R A O K
HE MM (pH>2) . FEIREE A . &
(pH 1.3).

2.5 (55 RREIYIAL S & L4 i 7 52 Tl 45 SR

2 SignalP-5.0 7 #r, BT K REAFETR 5
JEIX I, & 5 s, X 4k dybowskin-1ST &
TSI 59 MR AL Y RN & SE
5 C HF/RSTYIN SAAAE T BEVE, A EIhLr4
JiR s SAEMAE S IKfETERT RedE, Ry B ek & i
Ny YIRS A S EHM CEITEEE MG R
B, FEPELXT R, g R TR, C (Hik
RAHAESS 27-28 (i FEMRAR AL, 76 M X Sl fpe 47 7]

REHBLBT DI A, HUOh 19 &R . 475 Y

MSAE, S 0.5, MY {EAREL, £
HL B B dybowskin-1ST ] it H A 15 5 ik .
dybowskin-1ST .4 Jfl & 2 43 B s, 7006 3
S5 IKE AT BEME N 0.024, Rk A HE i) ik Y TT BE
PES 0.944, HAh & H B AT AEME Y 0.054,
26 BERRXTMER

P TMHMM Server v.2.0 73-#r45 R 2R (A 6),
i £ AR RN K AR AL T AN BER , Z5 Rk
Bl dybowskin-1ST Z kA BB X, H

SignalP-NN prediction (euk networks): GU249565.1

1ol C score
: \? score
0.8 score
o 0.6}
=]
2 04
02+ ;
0‘0 T B AT ‘-‘_T T T e T s S
ATGTTICACCTTGAAGAARTCCCTGTTACTCCTTTTCTTCCTTGGGACCATCTCCTTGTCTCTCTIGTGAGSE
0 10 20 30 40 50 60 70
Position

5 Dybowskin-1ST 155 Bk F il
Fig. 5 Prediction of signal peptide of dybowskin-1ST.
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ZEA R TN EN

2.7 dybowskin-1ST #ER 1t i &5 7 5 R

NetPhos 3.1 Server Fiill 4k dybowskin-
1ST (&1 7) 3 {37 . 16 v 75 2 PR 5% FE AL A AE W IR fb &
WA, 7 4. 18 137 . 20 v 22 % B %% Kk b A7 7E
PR ALAGA 5, 35 3 . 54 i g 28 PR 4% HE A 7776 W
PR A AT 57 A5 o
2.8 dybowskin-1ST — £k &5 #) 7 45 R

KM SOPMA TELLF {41l dybowskin-1ST
B R EER . W 8A FIFR, dybowskin-1ST —
ity F Ml o-120E (Alpha helix). Efii 4
(Extended strand). B-F%ffi (Beta turn)FIJCHLE
(Random coil)# i, HA 26 NMEERSE o-
WRE (B E)RIERL, & 44.07%; 10 MEERS Y
SEAREE (21 60) MIERL, 5 16.95%; 2 MEILIRS
B-HEff (BRf) MBI, i 3.39%; 21 MRS

TMHMM posterior probabilities for GU249565.1

Transmembrane Inside Qutside

0.8 — —

o o

' \

S S
~

Probability
=
(=)

i | | HH\
U \ “H\H “|\||||\|nm|uu|nmmmun“u HHHM NMHHI\HHH “ H\Hﬁi“”\\||\||\\Hh \H“m‘wwﬂmuﬂ

50 100 150 200 250
Position

<
to

<

6 dybowskin-1ST B X 7
Fig. 6 Prediction of transmembrane region of dybowskin-1ST.

NetPhos 3.1a: predicted phosphorylation sites in ADC54260.1

=

b= Serine
29 Threonine
2 Tyrosine —
= Threshold
.2

B

: | |
S

=

20 . - . - -
é 0 10 20 30 40 50

Sequence position

7 Dybowskin-1ST #E& ¥ 11 25 7 i
Fig. 7 Predication of phosphorylation sites of
dybowskin-1ST.
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TG (56) BB, & 35.39%. AT
% A E UL a-M85E 8 T, ATHENNZ PR
JKELAT s A S A TG . 1 Jpredd dEAT gk
FA A3 AT B 45 9 DL 1] 8B, 1k &5 SRAT PR, 41
B ANRE o-IBIEX S, 72 I7E Leud-1lel? .

Arg39-Glud4 . Pro49-Ala56, T HiAth 2S5 — 2 454y

A 10 20 30 40 50

| | | \ |
MFTLKKSLLLLFFLGTISLSLCEEERNAEEERRDYPEERDVEVEKRIIPLPLGYFAKKT
hhhhc cheeeeehtcheehhhhhhhhhhhhhhh hhhht eee

B

AREAF I EE R . Ry T — DA R TR
Z Ik i B X, FFH DNAstar Protean 114
Y Garnier-Robson ¥ #il Chou-Fasman #: it —# 43
BrEE I i ezt , anlEl 8C i, 45 IR 3.
PP 7 B EB E s dybowskin-1ST — 245 o-12
WE R, 5 RIRES I I AHRT .

10 20 30 40 50

' ' ' ' ' ' ' ' ‘ ' '
MFTLKKSLLLLFFLGTISLSLCEEERNAEEERRDYPEERDVEVEKRI IPLPLGY FAKKT

10 20 30 40 50

8 Dybowskin-1ST ZZk5#I7iM (A: SOPMA; B: Jpred4; C: DNAstar)
Fig. 8 Secondary structure prediction of dybowskin-1ST. (A) SOPMA. (B) Jpred4. (C) DNAstar.

% 3 Dybowskin-1ST B9 — 4% &5 #3750

Table 3  Secondary structure of dybowskin-1ST
predicted by DNAstar Protean
Methods Alpha Beta Turn Coil
(R;("’)‘L';'(fr:' 1-9 10-14  15-16  17-21
22-32 47-50 33 34-35
36-45 52-54 51
54-58 59
SthZI:'Fa 1-15 6-19 32-35 -
18-31 45-49 50-53
36-49 54-56
54-59

2.9 dybowskin-1ST = 2k &5 #9745

F] Bl SWISS-MODEL  1& £ [a] J5 # #5 %}
dybowskin-1ST = &5 T 255 (B 9A), H
Tk = Rl AR S Rl I 45k, it e 45
dybowskin-1ST f£5F 3R 4l Bl X BAE =X, IR
{24 dybowskin-1ST f4 Leu10 | Arg32 i il P 4
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SR AR R R o i OF 2R Tk AR 4 T AR 1
I-TASSER #E17 =245/ Tl 25 5% (&1 9B), BAFf
SE AR B ORGSR T o- e R .
2.10 dybowskin-1ST B #HERAL/T HARRAL
RIEEES

fifill ABCpred ka1l ({E % 0.85)

: L @

9 Dybowskin-1ST =k 5471 (A: SWISS-
MODEL; B: I-TASSER)

Fig. 9 Tertiary structure prediction of dybowskin-1ST.
(A) SWISS-MODEL. (B) I-TASSER.
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dybowskin-1ST %45 3 1~ B 4t %0 (55 4)
FIH SYFPEITHI FEZ M, 25 HLA-A * 02:01 (fR
Ml ¥ CTL R Ar) 408 (BAEH N 19)
dybowskin-1ST 345 6 4~ T 4t )i %A (5 5).
2 MHC 7% RTLAI S0 (BfE-N 19), KA 2
AT bt s R AL (3R 5).

2.11 dybowskin-1ST B9 O & &S1ER
ANEURZ RS TR R DL 10, 2R, IRiK
% 4 Dybowskin-1ST B £ Bfa 3= {3 1)

Tab. 4 Prediction of B cell antigen epitopes of
dybowskin-1ST (threshold:0.85)

Rank Sequence Start position  Score
1 EERRDYPEERDVEVEK 30 0.95
2 EEERRDYPEERDVEVE 29 0.89
3 LGTISLSLCEEERNAE 14 0.85

%5 Dybowskin-1ST T 40 ffa 3 {2 7 )

Table 5 Prediction of T cell antigen epitopes of
dybowskin-1ST (threshold:19)
Rank Sequence Start position Score Method
1 LLLFFLGTI 9-17 28 HLA-A*
2 TLKKSLLLL  3-11 24 -
3 FLGTISLSL 13-21 24
4 LLLLFFLGT 8-16 21
5 FTLKKSLLL  2-10 19
6 LFFLGTISL 11-19 19
1 KSLLLLFFL 6-14 20

RT1.Al
2 NAEEERRDY 27-25 20

10 /NMEREBRGOER

Fig. 10 Wound model of mouse skin.

&: 010-64807509

dybowskin-1ST /)N R 13 11 2% 1 [R) 27 41 2L HE 51 458
HEETE, MRS AA], KIKTCMME Y, R
i SN A, R BT IR — o R BE b ) 1R im
MIA R A, [RBTG5 5 T H T
PRI 1 € et 2 i, TR 25 20 20T M 8 4
A R HARS AL (8] 11),

2.12  dybowskin-1ST BY4R5MIDE 1E

T2 4% e dybowskin-1ST (448 483t
JERETT I A2 ¥R BE R 100 mo/L) X RGFFR . 4
WO AEBRE . QIR E NI EEN, 4
W] dybowskin-1ST X KIGFFIE . 4 ¥ (A Bk
PRELAT — B AR ASCR RN B 22 e B 1 T P
BAINEBCR, R 12 Fik 6.

¥ 96 FLAR B & dybowskin-1ST % K5
. W EEAERE . SRR P Y S AR
BWE (MIC), 45RNE 7,

B 11 XWE 5 XeHOTEEE (A: 80%HM: B:
dybowskin-1ST)

Fig. 11 A comparison of the wounds on day 5. (A) 80%
glycerol; (B) dybowskin-1ST).

12 Dybowskin-1ST BYHIE R A: XA &E; B:
STHEBHEEKE: C: ARLBEE

Fig. 12 Antimicrobial effect of dybowskin-1ST. (A)
Escherichia coli. (B) Staphylococcus aureus. (C)
Candida albicans.
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% 6 Dybowskin-1ST X K#TE . S HBEEKE. BRLESREMNNERE X /)
Table 6 Antimicrobial ring size of dybowskin-1ST against three indicator strains

Escherichia coli

EEEE ATCC 43889

Staphylococcus aureus

Candida albicans

ATCC 6538 ATCC 90028

Inhibitory zone diameter
(cm)

1.19 1.23

0.60

F 7 Dybowskin-1ST XM KF#TE . S HBEEKE. FRHREMEE MIC N4 R
Table 7 Determination of the MIC of dybowskin-1ST against three indicator strains

Escherichia coli

Staphylococcus aureus

Pseudomonas aeruginosa

e ATCC 43889 ATCC 6538 CMCC(B)10104
MIC (mg/mL) 0.375 0.75 >1.5 mg/mL
3 W®h S AT, AT A A K R o RN 4 (0 7 4

2 F T} 245 DA 32 T R N JE AR L, A B
PG 24 B S Bt 2R R S B0 R & SRR L
WA, SEE A AERRB, A8 5 %
WF & 8 X 4% G o 2B R VR T BL I 37 B B B
FIOEL BB KR TR A e gl ay, 1EF %
LMY b 2R3k, LA Toll #5324k (TLR) %
S R BOE PO TR, B K T 5
A PN L BRI i A S R e P BB ik
B AT B LR R LS, SRR S
A2, de Breij ZMAFST 30, B K
SAAP-148 HE 53 1o X 20 B et 7= A= 15 435 1 FE 410
oy Z Hi 25 kAR K AE D BIE &, SR, HT
R IS RS PEAIR, B Wl e i T S K R, A7 AE
AR BETE . AR A AR R AR 7 A v A ) A
BRI T g — 2P R ARG R T . R, H AT
FENGLUARIRPT A IR SE A, 0 2 S R 2 ¥ |
BT 55 AT A Bk, S IR R AR BRI AR
R, e, W, Bhonsle 2250 s
KRR Z IR ThiE i saE 7 2, seg
e AR E ME R 2 B 1 M S R B,
o7 FH T B K A 2 T o R LR TR o AR e
BUBA I L8R 7 )

MRAEAE R RIR PG AS B, Bz IR 55 B A4 AT 2
WK Z YR, dybowskin-1ST &4 b bk
Bz Wk 430 v i 3 R TR IR, RE S AR )N
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BREETEYE, (HX T B X 2 e . R
R EA R M, BT H LA R P R T P A AR
EERPUERE, AWFSER dybowskin-1ST #E474:
Yifs B, 4550 R e % 05k 5.10,
HLfT =2, SRKPEF3 R %0 -0.358, i fif
QIR SR 12, I far LR Bk 10, A
WEARZM AR . RAR . KA R =R,
FKPE R IR /b, TR SR SRR
Jo B )22 S H A 5 400 R B 1 95 3 RN IR 1Y) BE D A
55, dybowskin-1ST iy % Tt i fuf 1 5% 7K K A9 4
P T RE 2 PR LR TR AR 7 0 F B R R gy
dybowskin-1ST A] 43l g 4 18 Fp B8y &1, ixXw]
B2 PR 2R PV 3047 s, 2 4 b T i 2 R RS
M2 . SignalP-5.0 2 TMHMM Server v.2.0 £5 3 i@
7, dybowskin-1ST A1{5F Kk, TERX, /R
dybowskin-1ST AJ REN /Wb & 11, AT 3 o #4) i 2%
N R V1 [ QU 20 /1 N - (VA 1
dybowskin-1ST HA T 4l A, F1 B 40 £ AL,
AN BT B K B b E AT AN . AR X
dybowskin-1ST 2 iK% (1) — 2 2544 J = 454 1
Wirk, o-RHE S 5 A, XS L TR T A
PUAEAE FLHEAH G
dybowskin-1ST 4 59 M FLER PR, T
I B LA B 00 e e 3 DX R AR A 7 AR I AL
1B IE R ek . % dybowskin-1ST #E47 N-i I
C-vii i 20 38 1 AR M7 B ik it — 20, 45
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RWIR, ¥ C-umi 2O N-ui 17 D2 SERET
R MREERY a-B2HE S H . RRETE . AR AT
A TE DU IKER P ZE 4 AT BT TR LR BE
dybowskin-1ST N-3f 17 >4 3 R (1) £ Bk 4
(MFTLKKSLLLLFFLGTI) A3 aih 17 2 L R 1B
B, DASRARAS4 i 100 51 T35 2k 1) T B B B B o [)
S E A A BRI K, DABE K P S SRR R 15 37
Gly. 16 fii Thr GE/KZFER), [FIBSAIIE e 1)
o-TEEKEE ;s A Arg. Lys B 34 Thr, 15 fif
Gly. 16 i Thr, {Hf7A4 BRE 7 80 fE+4 2 +6 Z 1],
G e A EL 7T A S A B R R Y B ik
FA) 5 A 5 EL I TR 3 e % 0 B R 2 R E A O
R, T 2EAE gk PE M BE 1 A M =2 R S
T A kbt S AT AR AR K A, N AE
—Eu BN (BK 3 4E 0.08-0.12 K i /K 4
0.8-1.2) #EATHiAME LR B0, EUSkE, Xt
PU DA R AT 24 5 R oAl 1V T 25 R K S BT
15, RS 5 S A R R AT R
JR B S R A A, BERE LR A gl . Bk
P R R R S M B i v HLAS S I R iy
T 2esess, MARMESLE . s . 4
WA S B0 A .t TR ON A2
BRI 3R G0 I A 530 B R FEAE 1) AT PR G 2E
PR, AEYIE B Rl i M A s
V1) 255 ) FOUIU 410 BT 5 P, (LT 2o M VR R D B T P
SRAAT ARG, AN DASE— 2 S IR 0 E, DLtk
A BEARAS BB M DR B A 2R T 247 [ A0 ) PR 0 T
Jiko
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