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The white-spotted flower chafer Protaetia brevitarsis seulensis is a medicinally beneficial and important
edible insect species. We previously performed an in silico analysis of the Protaetia brevitarsis seulensis
transcriptome to identify putative antimicrobial peptides and then tested their antimicrobial and he-
molytic activities. These peptides had potent antimicrobial activities against bacteria and yeast without
inducing hemolysis. In the present study, the cationic antimicrobial peptide, protaetiamycine 2, was
selected for further assessment of its anti-inflammatory properties in mouse macrophage Raw264.7
cells. Protaetiamycine 2 treatment of Raw264.7 cells suppressed LPS-induced nitric oxide production
and reduced the expression of inducible nitric oxide synthase and cyclooxygenase-2, as determined
by real-time PCR and western blotting. The expression of proinflammatory cytokines (TNF-a, IL-6,
and IL-1B) was also attenuated through the MAPKs and NF-kB signaling. We also confirmed that pro-
taetiamycine 2 bound to bacterial cell membranes by a specific interaction with LPS. Collectively, these
data obtained from LPS-induced Raw264.7 cells indicated that protaetiamycine 2 could have both anti-

microbial and anti-inflammatory properties.

Key words : Antimicrobial peptide, antimicrobial activity, anti-inflammatory activity, Protaetia brevitarsis

seulensis, RNA sequencing
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frel & el Ex 2
(hemolymph)i—rH Ago2 B2 HAE protaetin 1,
2, 3 [25] protaetin 1& 778 ¥ 7 ©| (Holotrichia diomphalia)
frel & EO] = holotricin 2 [15]9F W% A AE&
YR AT ¢ 254 E RNA Ad7d =91 A 2006'd
o] X FA FF 225 DNA gholBeg] 248d<
53l 2% Y34 (defensin)& A0 2 23511 ZZHE
ofu}o] 4l (protaetiamycine) &. & ™ 7 3} 9 T}H[5]. Z ZH| E] ofn}
o] 21 9] mature forme 437] 9] ofmAto 2 A = o] gl
I % oprieat 22W(Ala) - E 309 (Gly)7kA 9 9-mer T ELC]
£ template® ¥ ofr|ibe] A 8HS F8) theFE analog
E S OAQdste] 95 24, FFEAH, T84 #4871
S Bagha} 9ITH10, 12, 24]. o] Foll &= 2016 o] 3144} o)
LA 25 EH HAA A 3 JEo] & Psdefensin®] Bl

© fod oot ofm WE b foh WH kol [ O

o
(Kl

~

b )



=l ATH11]. Psdefensine £ AFA oA EE

TTE o O 226l A LR Z2HE o}
npolAl[5]& ZEotete] & EFEE HAAFH M EFAA
< Yetdisloh

&3t FE}o] = (antimicrobial peptide, AMP)= A4 WY

A Al (innate immune system)l A v - F Q3 YA Gl EA
24 %]0]'5‘}3 A4S st 2o Hdez
BH MAE Rostal 344 (homeostasis) S AT + U=
= 5H—r‘jr[26] e el A3 B ATSE I W8
ojte] Eegeta EASET ofy wA o I T

R R e e = P R [ M e )2 S R R
71342 MY EeR A9 ¢ e WA s vl

o] MEte] Z43E membrane-active W AYFo]I thE
shibe AT FHete] AlEZ A4 AHapoptosis)E =8}
© Wolty, A xTo 283 membrane-active Ml AU E
< g3t Jeto]E7F Holl 79 (hole)S Hv A& 4o whet
Carpet, Barrel-Stave, Troidal M|AUE 2 E U= 4 ITH13].
ojmj ¥ Feto]=rt mAEY AlEutel AE3t7] Aol &
35 He= Axet AR ER F3AES e Aol ¢
A e, ds =9 183479 AZ G A (lipopolysac-
charide, LPS)9} 2|3 = A (lipid A) 283 IHFEHC] HE
k= :LE] ﬂ(peptidoglycan PGN)T»} 2] 2 ¥ o] 4k (lipoteichoic
NZe LA Bo|t}, o

Ql

1w
Fﬂﬂ A et %““4 =S BYeS ol FEIA
(elicitor) 2A4] o] 83 EHES FA3t] pathogen-associated

molecular patterns (PAMPs)2t3L & B 3t=H], o] 83t PAMPs
T S2Ed EA3 & A4 DWA (recognition protein)E ol
o) Ao "ol AANHM o] AR AES S
pattern recognition receptors (PRRs)Z}. &t} @ FHHE
A3l A LPSt W54 (endotoxin) 25 Z &4 Sled 1
‘%‘3/‘3‘?01] EA3te PAMPY] 902 OdSA+#Y 44
o Q3| thFe] Ux4rt felsH WA £ (septic shock)
Yo 77 % 322, o] 23 LPSE YA X A 3=
RRS! Toll-like receptor 4 (TLR 4)°] «loH A A EE HAA
i«] 243t dFuhgol dojuA dot. 2dstd WAL
HZSA Aol E71RI (proinflammatory cytokines), # &
(chemokmes)0 23sto] GFd G54 AAAEY
EHof Erlsted, o2 A4 MALAE
‘%‘8% MEEFH 220 &4 407)7] i #Hdst
T o] e ojof dh[7, 20]. ol T SHAA & AT
= 1‘&;@‘1. OJEFARTE Awd ¢ JEolE ZZHE
27} LPSE f=® thaAEe dSiEolA 43t
524 < Hehl=A 5
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= (Portaetia brevitarsis seulensis)= = 4% Y
Hetd e 2FAFFAN AhAGE T A 9l
; el doldle PEEUE Agoto

|

E]- =i ';%‘?‘X] T —
H 28C, 70%9] 44 E ZA0Z 16L : 8D FF72 AHS
H9ich

HE0I=

z2 ooyl 25 HUAF)NA THEL ol §3to]
FAsAT AT Wepo 1 % AN FF001% of
AESG) SelAl AgsEom A4S Hol 20T B
SEEES

[ 0ok

b gy
z g Eoprto] 4l 29 @A L radial diffusion assay
[16] 3l Hl2E&tSith HEto]E &HE 0.01% oA EA
Fdo= Frletglon JArolE gre YFFOE serial
dilution 3% t}. Radial diffusion assay®ll AF&& E. coli, S
aureus, C. albicanse 3% (w/v) tryptic soy broth (TSB)el| 4] 37
T, 200 rpm&] 2702 1847t vl 3, E. coli 9} S. aureus
T O YT 23904 554 7] (log phase)ll E°17t=
5 247 303t 24+ v Fskglth. Citrate phosphate buffer
(9 mM sodium phosphate, 1 mM sodium citrate, pH7.4) <}
1%(w/v) type I (low EEO) agarose, 0.03% TSBE T4 % &
% underlay gelol M9 #4E@4x10° colony forming
units, CFUs)& 27t Y1l E@al& 5 AA Sl Eq 21,
underlay gelo] 224 A& 3 mm2] holes W FHl3}%th.
Serial dilutione 53] Fuld FE% Jeo|=EL 5 Y
hole® &} loading ’3}0”4' MEE0] FAAHEE 37TAA 34
b Ft w4 =, overlay agar (6% TSB, 1% agarose) 10
ml& 23 37ColA a2 F¢ F7H iR dad 44

H clear zones sty AEFE ZHIH

(125, 25, 50, 100, 200 pg/ml)2] Zeto]= Lo
20 plefl A4FHZ4 A 4 (phosphate buffered saline, PBS)l %)
T 25%(v/v) AE(rat) 287 &9 180 nlE ¥l F3Uth 2
2] ® (melittin) > 5025 H £29 o 729 &4 3
Eol=2 AYFE gyste A dze oz AEstAt 3
Elo] =9} AT EFEL 37TA 3087 HEAZ &
600 pl¢] PBSE
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u}$-2 9] )4 A Z 9 Raw264.7 Al £F+ Dulbecco’s Modi-
fied Eagle Medium (DMEM)®ll 10% fetal bovine serum (FBS)
% A A penicillin G (100 U/ml) ¥ streptomycin (100 1
g/ml) (Invitrogen, USA)°| ¥ complete medium= ] &
kel 37°C, 5% CO, 2AstAA A st FA st

Raw264. ]Eoﬂ gt 2 e Eolrtol4l 29 NEEA S
gelat7] -r]s}@] 96-well plateOl] 2x10* cells/well & 33} 11
18717 5k W gstAt. 1 F ZRE Eotuto] 4l 2& 25, 50,
75, 100, 200 pg/mle) S =2 A ek A7 S 27} o
& & MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) reagents A&
o AE AEES SAAT. FF ST multi detector
(Beckman, DTX8800, CA, USA)E ©] &3t 490 nmol A 7%
skt

Nitric oxide (NO) assay

Raw264.7 A | A LPSe 93l A4 H nitric oxide (NO)<
&2 Griess reagents ©| &3t ZA 5ttt Raw264.7 Al &
E 4x10" cells/well 2 96-well platec] EF38to] oF 18417 &
o Wik § ZEH E oluto] 4l 25 25, 50, 75, 100 ug/mlo|
FEE N AAE F Fo 100 ng/mle] LPSE A 23k
2447 v st it wjF A o A5 100 plE F 8ol Griess
A3} ¥HE A1Z1 & multi detector (Beckman, DTX8800, CA,
USA)Z 540 nmoll A 355 43t NO B3 &FE 43
Atk A E NO HAIEE LPSE A &S Hdf NO
AR 71E 02 o] AlLtetd.

Quantitative real-time PCR (qRT-PCR)
Raw264.7 A Z & 1x10° cells/well £ 6-well platec] &3}

Table 1. Sequences of primers used for qRT-PCR

o 18417k Tk W e & L2 EHEofrtolAl 28 25, 50, 75,
100 pg/mle] =2 147 A2 g Fo 100 ng/mle] LPS
= Agiste] 17413k Wi skt W ek Raw264.7 Al E= PBS
& 23] A3t TRIzol reagent (Invitrogen, Carlsbad, CA)E
total RNAS 23 ¥ 5% RNA (2 ug)= 55 High Ca-
pacity cDNA Reverse Transcription Kit (Applied Biosys-
tems, Foster city, CA)E ©]-&3t9 (DNAE FA35H. €5
T+ A B Table 100 AT 22| primerst 37
AMPIGENE® qPCR Green Mix Lo-ROX (Enzo Life Sciences,
USA)E ©| 839 ABI 7500 Real Time PCR System (PE
Applied Biosystems, Foster City, CA, USA)2. 2 313} 5ith.

Enzyme-linked immunosorbent assay (ELISA)

Raw264.7 A ZE 1x10° cells/well £ 6-well plated] &3}
of 18417t B¢k M3 & T2 Elolnto) Al 28 25, 50, 75,
100 pg/mle] =2 1417 AA el & Fo 100 ng/mle] LPS
S Agste] 43 Wdetit. 1 5 W gd & Feete] w
Fho] f2l® TNF-q, IL-69 IL-13E ELISA kit (Thermo
Fisher, Waltham, MA)E °] &3t ZA 34t

Western blot analysis

Raw264.7 A Z & 1x10° cells/well £ 6-well platec] &3}
of 18417t ok Hj kg T T2 Eofno] Al 2 25, 50, 75,
100 pg/mle] B=E 1A AA 2 & Fo 100 ng/ml9] LPS
g Aglsto] 24A17F W] %384tk M-PERTM Mammalian Pro-
tein Extraction Reagent (Thermo)E ©| &3t A EE lysis Al
21 3 A48 (12,000 rpm, 15 min)3te] A5 A& $A8A
o} @A ok BCA protein assay kit (Pierce, Rockford, IL,
USA)E A% stdor TdZF @A L sodium dodecyl
sulfate-polyacrlyamide gel electrophoresis (SDS-PAGE)E +
2] 8t &, nitrocellulose membrane 2. Z transfers} %1 t. Mem-
branes 5% skim milkZ 1417t o+ WS A1A W] Eo| A ol

cDNAs Primer sequences Accession number

. Forward, 5-CAGCACAGGAAATGTTTCAGC-3'

iNOS Reverse, 5'- TAGCCAGCGTACCGGATGA-¥ NM_010927
Forward, 5-CAGACAACATAAACTGCGCCTT-3

Cox2 Reverse, 5-GATACACCTCTCCACCAATGACC-Y NM_OLL1%8

16 Forward, 5 -GAGGATACCACTCCCAACAGACC-S: NM_031168

Reverse, 5 -AAGTGCATCATCGTTGTTCATACA-3
Forward, 5 -CCTTCCAGGATGAGGACATGA-3’

g Reverse, 5-TGAGTCACAGAGGATGGGCTC-3 NM_008361
Forward, 5-ATGAGAAGTTCCCAAATGGC-3

Tnf-a Reverse, 5'-CTCCACTTGGTGGTGGTTTGCTA-3’ NM_013693

Gapdh Forward, 5-AAGGTCATCCCAGAGCTGAA-3 NM._008084

Reverse, 5-CTGCTTCACCACCTTCTTGA-3
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Aol g wE4dE& AEI Bactin, iINOS, COX-2, an- o] &8t FF2RT o2t 8L S T3 AEFA o]
ti-phospho$}  total-p44/p42 MAPK, anti-phospho$} to- AEA Gl A7} d "l (melittin)S HAF =20 125 ng/
tal-p38 MAPK, anti-phospho ¢} total JNK, 1] i IkB (Cell mlol A 75%°] &4 &S Uehd i T Eofuto] Al 2
signaling, MA, USA) &4 & Zt7} 4Tl A & &9 Fet vk T H1FE 200 pg/mlgAE §EFA0] gl A0E &
A7l % horseradish peroxidase (HRP)7}F 235 o] Sl 24 1= A th(Fig. 1B). ol & I+ HEpo| =9 L?%}"é% =4

F
¢

FAZ 1A FEAZRT 4 g Abold] 005% TBSTZ 102 8+ HE PIAE9] AZs FALEES F348S 54
# 33 A stdnt. 21 5 A B3 s @A bandE AZe 7S FAUY e T3t 424 vt
Western Lightning Plus (PerkinElmer, Boston, MA, USA)& = 2ol ¢EA T19]. Z2HEotrtolAl 2= ¢AEHE Y
A48t FluorChem (Alpha Innotech Corporation, San = &7 Heole2 2w ofn] &8 (amidation) S E 33

A %A 3Hnet charge)= 54 pHOAlA +6 o™ 52 A (isoelec-

Leandro, CA, USA) ©| v B4 02 1A ).
tric point, pl)& 10622 ¢7]4 3Elo] ol

= SE

BE A9 A 33 WEste] Pt EFH A (mean + ZZHElofOtolAl 29| MZ=H =0l
SD)E Yetdlth A8 Y F942 Duncan post-hoc Z 2 g g olufo]Al 27} vp$- 29 B4 A £ Raw264.7 Al
ANOVA analysisE& &3 #8stH1, p<0.05¥ o o 7+ zof tie] NZ54S Jebl=A g&lstr] s MTS assay
Aol7h oAl Ao Bee it & 5ol #Es st A E548-2 Raw2ed.7 Al E | 25, 50, 75,

100, 12 3 200 pg/mle] T2 E|Ejotulol A 25 A 2jsl 1 24
243} o & At ol MTS Al <Fs Aelated AZAESS FsaT.
1 A3 Z2HEolrto] Al 2& 100 ug/ml 7HA & AZYEE
of &L u = &R T 200 ng/ml9| DA E &S
PN Ews o] 2% 9% AEZEAS YER)ATH(Fig. 24). ThebA 4
1% ZUUAYELS AZSHE dehiA 2E 100 pg/mlE F

S U%EE s 4¥L sASAT.

Z2H|ElofatolAl 29| ErEN U

AAA BN & T st g 3
AE ZZEEolutol e A5 £ T

zZg g ofutolal 25 o] &5t WA EY U FHFEA
o E

i

A4 th(Fig. 1A). 1 A3 225 F WL (E. coli)F
DFFEFL FAULEFTH(S. aureus) R AAY B & Z2HIE[ofofo]Al 20il 2/st Nitric Oxide MM A &0l
I ZF2(C. albicans) ol o 3] JiEﬂE]O]' Fol 4l 27} =& NOE # & &2} (messenger molecule)24 B2 A& 8H4
o7 PHT B eI BT A E(rat)d AT E Weghd A S dofdte Ao 2 4 A AH17]. 53
A ynits B 100
—— —e
60 =
2
9 g0 —e— Melittin
oy —o— Protaetiamycine 2
40 - (o]
=
O 40
I
20 —e— E. coli X
—O— S. aureus 20
—v— C. albicans
0 0 ~—
0 50 100 150 200 0 50 100 150 200
PI'OtiIE‘ﬁill]l'\'(‘il‘l?Z (}lgz’llll) Peptide concentrution (”g/nll)

Fig. 1. Antimicrobial and hemolytic activities of protaetiamycine 2 against microorganisms and rat erythrocytes determined through
radial diffusion assay and hemolysis assay. (A) Protaetiamycine 2 concentration (x-axis) was plotted against the diameter
of the microbial growth inhibition zone (y-axis) after incubation for 12 hr, and is expressed in units (1 mm = 10 units).
Data shown are means + standard deviations (SD) of triplicate experiments. (B) Melittin was used as a control. Percentage
hemolysis was calculated follows: % Hemolysis = (Asyp of sample - Asy of peptide-free control)/(Asyp of 100% control - Ass
of peptide-free control) x 100.
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0 25 50 75 100 200 Con 0 25 50 75 100

Protaetiamycine 2 (pg/ml) LPS(100 ng/ml) + protaetiamycine 2 (ug/ml)

Fig. 2. Cell viability and inhibition of NO production in Raw264.7 cells after protaetiamycine 2 treatment. (A) Cell viability was
measured through the MTS assay after 24 hr incubation with the indicated concentrations of the peptides. (B) Cells were
pretreated with protaetiamycine 2 for 1 hr prior to incubation with LPS for 24 hr. The NO in the culture media was measured
with the Griess reagent. Data shown are means + SD of triplicate experiments. Statistical analyses were performed as described.
*p<0.05 in comparison with control group. **p<0.001, **p<0.01, *p<0.05, compared to the LPS-treated group. Con, control;
LPS, lipopolysaccharide.

oM 783 (sepsis)? @Y & (septic shock)st  BUF LFHL Y FFolh
Z93 9488 st ugr] AFS B3 LPS 9

¢

e o2
M ofN
2@
X oo

3 =% Raw264.7 A Eo} GF-colA EHIshH= NO9| 4 ZZe|E|ofatolal 27 INOS2H COX-2 SHHA grsio) Of
A Aol B3 Z2EEotrioll 29 E3E Fle it 1 = g

At HAFEY 25 pg/mldl A& NOO| A& AdAstA % SA ¥ 2 Z2EE koAl 29 NO A4 oAl & sHeE g
SFAIRE 50 ng/ml FE = FE7F S7Hgl wet =& ofyel GFHSAM Adadedy § £23 m7fAAe iNOS
2.2 NO®J Aol o7l = ol th(Fig. 2B). $HA tF e el o COX-29] o 2 Elotrolal 27} vA = F&& &
EESS IR 45 AAE AT Aetol=9 28717 ATt 1 A7 INOSH COX-2 B LPSH| 93l F=2d

o B in vitro % in vivo AFF0] BIHAGEE APF  HAT ZzeEolrioll 2 Aelo] Teh FEEH 02 INOS
ABAZA A F5d HE| S/ SfAE gl ARolE % COX29 WHo| AAHE AS %+ ANTHFig. ).
2] PAG godA TR FHEF A%E Aol

A iNos w000 i Cox- B
LPS (100 ng/ml) + Protaetiamycine 2 (ug/ml)
ok
T 400
2 800 Com 0 25 5 75 100
A
< 5
é © 300 600 iNOS “ H “ L
e
=
o
"L m - COX-2 “ '
é dsc | ol O -
100 200
0 ol -
Con 0 25 50 75 100 Con 0 25 50 75 100
LPS(100 ng/ml) + protaetiamycine 2 (ng/ml) LPS(100 ng/ml) + protaetiamycine 2 (nug/ml)

Fig. 3. Inhibitory effects of protaetiamycine 2 on iNOS and COX-2 expression in LPS-induced Raw264.7 cells. (A) Raw264.7 cells
were pretreated with protaetiamycine 2 for 1 hr prior to incubation with LPS. RNA was isolated 12 hr after LPS treatment.
The levels of iNOS and COX-2 mRNA were determined by qRT-PCR. The data were normalized to Gapdh mRNA levels.
(B) Raw264.7 cells were pretreated with protaetiamycine 2 for 1 hr prior to incubation with LPS. Protein was isolated 24
hr after LPS treatment. The protein expression levels of iNOS and COX-2 were determined through Western blot analysis.
The data were normalized to (-actin protein levels. Data shown are means + SD of triplicate experiments and are representative
of three independent experiments. "p<0.05 in comparison with control group. **p<0.001, *p<0.01, *»<0.05 in comparison
with LPS group. Con, control; LPS, lipopolysaccharide.



ZZHEjofOlo|Al 27} HEH AlOIETIRl &0 O|X=

gt

LPSo| 9ol fF=se §5WeS ddY Adadedyd
F8l NO &7 ofyet B 454 Al EFRIE] frE=d
o] ErlHeH, o2 dAEo] A=A ErlHE A5
Z A £ (tissue injury) S 4o 5 FAEE 5] o
ol AAstA ook FT7]. ol BH NN Z=HE
ofutol Al 27} @S54 Aol E7FS (proinflammatory cyto-

kine)®| H&E Al & F 9l=A qRT-PCRF} ELISA A3
F3 Fdataich WA LPsel osf fr=d AESA Aol BT}

319l TNF-q, IL-6, IL-13¢l] o3t SAA L& ol =2 E olu}
ojAl 27} A& S ZASHATH ZAPA I TNF-a9 744
T H1FEQ 100 pg/mle] w4 wdo] A=A IL-6

o} ILA1BE 50 pg/mle] TEHE FEEH0E A E
U A Th(Fig. 4A). £ Z2HElolufo] Al 29] AAFA A
ol Bkl A Ert T FEA AT thEhtEA ELISA
2 53 gsdrt 1 A L6 FAALE Aol GA
371 50 ug/mle] FEFH FEIEHOR A AAE Yt

A Tnf-a

25

20

15

*okok

mRNA
Relative to GAPDH

Con 0 25 50 75 100
LPS(100 ng/ml) + protaetiamycine 2 (ug/ml)
7000
#
6000
=
5 Sooo
o
<<
; O 4000
2
E 2 3000
=
& 2000
Hgk
1000

Con 0 25 50 75 100

LPS(100 ng/ml) + protaetiamycine 2 (ng/ml)

mRNA
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Wl whE (Fig, 4B) TNF-a 9} IL-1pE @AY A axds vehy
As o
ZZH|EjotOt0Al 29+ LPSE = gol
LPSel of8l fr=5= 95 H-e2 Raw264.7 Al 9| Al e}
o A3+ Toll-like receptor 4 (TLR4)S <& A <145 of
AAEEHR2L, A& =9 dd e 35 LPS7h 83 A2
R0 2 9] (outer membrane)S EA TSI 9o
%2> (endotoxin) 2 & & <A ot WE4
FEd Bu oty 3 8 F(sepsis)=
olgd FAoA ZZgEolujo]A 27}
Aes T3 WELE 3 (neutralization) A 71 &
A @5TeE AT 5 dleA Y-S st Fletdl
o} 2 e gofuto]4l 29 LPSY A7+ radial diffusion
assay s Fo AT MA LPSY §=E F7HA O o
2 2 Eobutol Al 29 FF A o] AsH A Fd A

NS
o
p

3 LPS7} §le Afe 48 FTFEH 2 clear zone©] & 3
AE W LPSY FE7F FUHsel wet wRoEHoR X7
1l-6
8000
7000 #
o 6000
-
5000
3
£ 4000
g
£ 3000 AR
o
2000
1000
o
Ccon 0 25 50 75 100
LPS(100 ng/ml) + protaetiamycine 2 (ug/ml)
10000
8000
£ s000
=)
2
@ 4000
=
2000

Con 0 25 50 75 100

LPS(100 ng/ml) + protaetinmycine 2 (ug/ml)

Fig. 4. Inhibitory effects of protaetiamycine 2 on the production of proinflammatory cytokines in LPS-induced Raw?264.7 cells. (A)
Raw?264.7 cells were pretreated with protaetiamycine 2 for 1 hr prior to incubation with LPS. RNA was isolated at 12 hr
after LPS treatment. The levels of TNF-g, IL-6, and IL-18 mRNA were determined through quantitative real-time PCR. The
data were normalized to Gapdh mRNA level. (B) Raw264.7 cells were pretreated with protaetiamycine 2 for 1 hr prior to
incubation with LPS for 24 hr. IL-6 levels in the culture media were measured through ELISA. Data shown are means +
SD of triplicate experiments. p<0.05 in comparison with control group. **p<0.001, *p<0.01, *p<0.05 in comparison with

LPS group. Con, control; LPS, lipopolysaccharide.
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Fig. 5. Specific binding of protaetiamycine 2 to lipopolysaccharide. The radial

diffusion assay was conducted by mixing varying amounts of LPS
with 200 pg/ml of protaetiamycine 2. The mixtures of peptide with

Units LPS were loaded into wells of the assay plate seeded with E. coli,
80 1 which has been confirmed to be highly susceptible to protaetiamy-
cine 2. The upper panel shows a photo of the gel from the radial
60 1 diffusion assay. Numbers (x-axis) represent the LPS concentration
(mg/ml) of the mixture loaded in the wells. Five nl of 200 pug/ml
o protaetiamycine 2 was used for LPS-free control. The lower panel
shows the antibacterial activity of protaetiamycine 2 in the mixture
plotted against the concentration of LPS. The diameters of the clear-
20 1 ing zone are expressed in units (1 mm = 10 units). Data shown
are means * SD of triplicate experiments and are representative of
0 three independent experiments. Statistical analyses were performed
0 0.25 0.5 1 2 4 as described. ***p<0.001, *p<0.01, *p<0.05, compared to the LPS non-
LPS concentration (mg/ml) treated control. LPS, lipopolysaccharide.
A Lps (100 ng/ml) - + + + + + B Lprs (100 ng/ml) - + + + + +
Protaetiamycine 2 Con 0 25 50 75 100 (ug/ml) Protaetiamycine 2 25 50 75 100 (pg/ml)
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Fig. 6. Inhibitory effect of protaetiamycine 2 on MAPKs and NF-kB signaling pathways in Raw264.7 cells. (A) Raw264.7 cells (1x10°
cells/well in a 6-well plate) were incubated with the indicated concentration of protaetiamycine 2 (1g/ml). Protein was then
isolated at 30 min after LPS treatment, and phosphorylation of ERK, p38, and JNK was detected using Western blot analysis.
The data were normalized to total protein, respectively. (B) Degradation of IkB was detected using Western blot analysis.
The data were normalized to B-actin. Con, control; LPS, lipopolysaccharide.
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