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Locusta migratoria is a widespread locust species in many parts of the world and is considered an alter-
native source for the production of protein for value-added ingredients. We previously identified pu-
tative antimicrobial peptides derived from L. migratoria through an in silico analysis of its transcrip-
tome. However, its anti-inflammatory effect has not been studied. In this study, we investigated the
anti-inflammatory activities of the antimicrobial peptide locustacin (KTHILSFFPSFLPLFLKK-NH,) de-
rived from L. migratoria on lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage cells. Locusta-
cin (50, 100, and 200 ug/ml) significantly reduced the production of nitric oxide (NO) in LPS-stimu-
lated macrophages without any cytotoxicity. Locustacin also inhibited the mRNA and protein ex-
pression of pro-inflammatory mediators, such as inducible NO synthase and cyclooxygenase-2, in con-
trast to the presence of LPS alone. Locustacin decreased the release of LPS-induced pro-inflammatory
cytokines, including interleukin (IL)-6 and IL-1B3, and their gene expression in a dose-dependent
manner. Furthermore, locustacin (100 and/or 200 ug/ml) inhibited phosphorylation levels of extracel-
lular signal regulated kinase, p38, and c-Jun N-terminal kinase. Locustacin also suppressed the degra-
dation of inhibitory kappa B alpha, which was considered to be an inhibitor of nuclear factor kappa
B (NF-kB). Collectively, these results demonstrate that locustacin can exert anti-inflammatory effects
through the inhibition of mitogen-activated protein kinase (MAPK) phosphorylation, activation of NF-
kB, and downstream inflammatory mediators in LPS-stimulated macrophage cells.
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RAW264.7 M ZE American Type Culture Collections
(ATCC, Manassas, VA, USA)oll A & #gtom 10% fetal
bovine serum (HyClone Laboratories Inc., Logan, UT, USA)
¢} 1x penicillin-streptomycin (HyClone Laboratories Inc.)©]
#7td  Dulbecco’s modified Eagle medium (DMEM,
HyClone Laboratories Inc.)& AH&-3ke] 37°C, 5% CO, ¥ &7
ol A wjFatAtt. AEs 239 AR At et AF
of Ah&stiH.

NE ¥z 58

RAW264.7 Al Z+ 96-well plate (SPL Life Sciences Co.,
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Ltd., Pocheon, Korea)l| 2x10* cells/well 2 EF3¢] 1847
53 3t H k. Locustacing &5 (25, 50, 100, 200 ng/
ml)E A zste] 244 7F Tk v gk F 3-(4,5-dimethylthia-
20l-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS, Sigma-Aldrich, St. Louis, MO, USA)E A
&3t AE AEEE FAsAH.

Nitric oxide (NO) X3l &M =X

RAW264.7 Al Eo th3t locustacin®] NO As| &A4& &<l
3t7] 93k NO plus detection kit (iNtRON Biotechnology,
Inc., Seongnam, Korea)& Ab&-3te] AAH WHO 2 A5}
ATh RAW264.7 A 3= 96-well plate (SPL Life Sciences Co.,
Ltd)oll 8x10" cells/well2 #53}of 1847 B3k 3}t
Locustacing & 5% (25, 50, 100, 200 ug/ml)= 1417 A A g
gk %, 100 ng/ml LPS &5 F7ksto] 24413 54t ot 3l
o} v ko] B A5 100 plét sulfanilamide £ 50 pl=
G g Aol A 587 WA F T 88 & naph-
thylethylenediamine < 50 pl& % 7}ate] 1083t WA
% microplate reader (Varioskan Lux, Thermo Fisher Scientific,
Waltham, MA, USA)E ©]-8-3}%] 550 nmel| A §F2EE 34

e M Yo NO B EE nitrite £ 899 521
EEIME ol §3te] AEFAT

Enzyme-linked immunosorbent assay (ELISA)

RAW264.7 M 3EE 6-well plate (SPL Life Sciences Co.,
Ltd.)oll 1x10° cells/well& E33ke] 18413+ 59k v F3t 5t
Locustacing 5% (25, 50, 100, 200 pg/ml)Z 147 2 A
g %, 100 ng/ml LPS &= H7boto] 2443t 52k Hl &3t
o w ol B 4549 interleukin (IL)-69} IL-B &% en-
zyme-linked immunosorbent assay (ELISA) kit (Thermo
Fisher Scientific)g ©| &3t &4t

gRT-PCR

RAW264.7 M 3EE 6-well plate (SPL Life Sciences Co.,
Ltd)ol 1x10° cells/well& £33to] 1847F E9F v st gl th.
Locustacing &% (25, 50, 100, 200 pg/ml)= 1A1ZF 2 A ]
g %, 100 ng/ml LPS &< Z7kske] 5AI7F F<F vl ¥aki
t}. Total RNAE TRIzol reagent (Invitrogen, Carlsbad, CA,
USA)E o] &3t #83tda, 508 343 & UV/VIS &%
3 =7 (Beckman coulter, Inc., Brea, CA, USA)E ©] &3} &
F 3FATh ©] % high capacity cDNA reverse transcription
kit (Applied Biosystems, Waltham, MA, USA)E ©| &3}
cDNAE #7335 1, AMPIGENE qPCR Green Mix Lo-ROX
(Enzo Life Sciences, Inc., Farmingdale, NY, USA)E A}&-3}4
qRT-PCR ¥H&-& 3t ATt qRT-PCRA AHETH 2t 24
9] primer+= Table 10 A|ASFH o0 FH2k9] o2 @d ok
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Western blot

RAW264.7 MEE 6-well plate (SPL Life Sciences Co.,
Ltd.)ell 1x10° cells/well 2 EZ3ko] 18417 F¢ Wl 4st gt
Locustacins & 5= % (25, 50, 100, 200 ug/ml)& 1A A A g
g %, 100 ng/ml LPS &4& H7lste] 308 Ee 4A7E 5o
Hj ¥t ATt v ol B Al E = protease®} phosphatase in-
hibitor cocktail (Thermo Fisher Scientific)¢] 3% M-PER
mammalian protein extraction reagent (Thermo Fisher
Scientific) & ©]-&38k lysisAZl F 4Tl A A4 &2 (12,000
rpm, 15%)3t] 454 S AUt Pierce BCA protein assay
kit (Thermo Fisher Scientific)& ©| &3} Blldg A
%, SDS-PAGE gelell A 2719 5< &3 £A&F uhe} &
A& £93}t1, PVDF membrane 2.2 transfer 3} 1Tt Mem-
brane& 5% skim milk &% &2 blocking & $ iNOS, COX-2,
p-ERK, ERK, p-p38, p38, pJNK, JNK & B-actin 13} 34 (Cell
Signaling Technology, Danvers, MA, USA)E 4Tl Al over-
night® 2 WA 7131, o]o]A 23} & A (Promega Corpora-
tion, Madison, WI, USA)& U3 A7l & enhanced chem-
iluminescent (ECL) Western blotting substrate (Thermo
Fisher Scientific)& ©]-8-3tc] Blld ] Wy A= F3 o

SAANZ|

A A3t 33 wHEste] W d ZEAAE et A
A 9 AL Student's ttestE: E3 HAAFHL
p<0.05¢ W I zH9 Aol7t KA AoE AT

2n o

LPSZE XI=¢t OF2A CHAMIZOIM locustacin® NO AaH
M

Locustacin®] RAW264.7 A E A& &0 ux= 43S 3
ol8t7] 918te] locustacing %% (25, 50, 100, 200 pg/ml)Z

Table 1. Sequences of primes used for qRT-PCR

24N 7 A2)d F MTS assays &3l AE9 F4 3 =4S
13 th(Fig. 1A). Locustacin®] BE A s5& X &
Aolu A% As| a3yt BEHA ot o] 2H}E HigoR
I T WA o] F 4P S APsGch NO= LPSE

ASH-e o2 A HH, NOSe ol LargmmeO] cit-

28].
P AEs A EY AAFZEE arachidonic acid?} £ 5
@ENE WAL prostaglandins
o, PGHF Fell A= 53] PGE2/} @5%&
EE‘ O-]xﬂ*c‘;].oq Z_ok }\g/ﬂ o]]
71998 21]. B AT M= locustacin®] E 5 45 &<

3t7] 938t locustacing &= (25, 50, 100, 200 pg/ml)=E
1A A A @ F, LPSE A58 RAW264.7 A ZHl < 45
doe Al FFAE NO A4 A 745 &35 th(Fig.
1B). LPS ©=A 2l FA g izl Hls] NO 440l &
A3l S7ek3 &, locustacine @A A2 d dTodA e
LPS &= gl ve s=ofEH o2 Hf 80%71A oA
HA. ¢, RAW264.7 A Eo M LPSE 53 NO A4 o
)¢k locustacin®] A &7} iNOS9} COX-29] W8 243
#eo] deA 2AEH] 8k qRT-PCRF western blot<
Tyt Fig. 2A0] Yebd nheh o], LPS B 5 A 27 &
gz Hl3) iINOSSF COX-29] 7z Hd& Fogo=z
S7HAH 2 Y locustacin A 2l ol &3] FToEH o2 743}
At LPsz 255 o] Astd ti4 A L= INOSSH COX-29]
gl Wl S F74AZ1 B, locustacin 50 pg/ml B 5 o] 4
oA dEo] AAFHAh(Fig. 2B). ol A= AATF ]
(Marphysa sanguinea) 52 3 E}o] = (NCWPFQGVPLGFQAPP;
Mw 1757.86 kDa)7} LPS (2 pg/m)2 A28 NO 443
iNOS9| Tl w38 259} 50 uMoll A ZHA A7) Park 5[23]
of AT} A FEAA EHAY S AT & AT w
2}A locustacin iNOS9 COX-2 FAA 2 ©hld wh o

cDNAs Primer sequences Accession number
COX-2 Forward, 5-CAGACAACATAAACTGCGCCTT-3' NM_011198
Reverse, 5'-GATACACCTCTCCACCAATGACC-¥
iNOS Forward, 5-CAGCACAGGAAATGTTTCAGC-3 NM_010927
Reverse, 5-TAGCCAGCGTACCGGATGA-3
IL-6 Forward, 5-GAGGATACCACTCCCAACAGACC-3 NM_031168
Reverse, 5'-AAGTGCATCATCGTTGTTCATACA-¥
IL-158 Forward, 5-CCTTCCAGGATGAGGACATGA-3 NM_013693
Reverse, 5-TGAGTCACAGAGGATGGGCTC-3’
GAPDH Forward, 5-AAGGTCATCCCAGAGCTGAA-3 NM_008084

Reverse, 5'-CTGCTTCACCACCTTCITGA-3
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Fig. 1. Effects of locustacin on cell viability (A) and nitric oxide production (B) in LPS-stimulated RAW264.7 cells. Cell viability
was determined from the 24 hr culture of RAW264.7 cells in the presence of locustacin. To examine nitric oxide levels,
RAW264.7 cells were pre-incubated for 1 hr with locustacin (25, 50, 100, 200 pg/ml) and then stimulated for 24 hr with
lipopolysaccharide (LPS, 100 ng/ml) alone or LPS plus locustacin. Values are presented as the mean + standard deviation
(SD) of three independent experiments. #p<0.05 vs. control (CTR) group, *p<0.05 vs. LPS-treated group. N.S; not significant.
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Fig. 2. Effects of locustacin on mRNA expression (A) and protein expression (B) of iNOS and COX-2 in LPS-stimulated RAW264.7
cells. RAW264.7 cells were pre-incubated for 1 hr with locustacin (25, 50, 100, 200 ug/ml) and then stimulated for 5 hr
or 24 hr with lipopolysaccharide (LPS, 100 ng/ml) alone or LPS plus locustacin. Values are presented as the mean +* standard
deviation (SD) of three independent experiments. #p<0.05 vs. control (CTR) group, *p<0.05 vs. LPS-treated group.
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1}% oA EBEA Aol BT A mA = G

LPSZE XI=6t OFRA CHAIMIZOIM locustacin®| HE4A At <% 8kol RAW264.7 A 2ol & = (25, 50, 100, 200

ol

OIE7Il =F &t ug/ h= 1 l{ A AHd ¥, LPSE A3uEE FE8H
HSA ACIETRIE Az 24, 54 3 23E = A5 Aol B7HQ(IL-6%% 1L-1[3)4 Fad gz 2Ee 5

dste] G5HES Wifste AR TNF-q, IL6 2 IL-1BE Astich 1 A3, LPsel o oAl £ IL-69} IL-1B 4

ASUes 2dste du2dd G354 AolERNeZ ¢y A ¥ F7HE locustacin Ao o3 FEoEH o2 W

A ATH20, 28]. ol A F o] F2 LPSel s 243te Az o] qAHE FAATh(Fig 3A). EF, LPS FHA TS F

S
thokst 4= Ad AL EFIIS Aoz HEukSS A gz vle) IL-69 IL-18 o] A3 Z7lEC
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, 53] locustacin®] &%7} 50 ug/ml ©]4Y

o] 49 A &S Ve A
A A Ess B 93 (Allomyrina dichotoma)
Z el = allomyrinasing] % % (1003+ 200 pg/ml)
Fo] 28225 png/ml o] )l BTk &AL 3
ATH17]. ©1% 2ol locustacin® @54 Abo] E7}
o A E Bl $9F a345 dells AR AE

°F 50%

9 |o =

Mz 4y Rl
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f ¢ o to do 24
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LPSZ X}=58 OFRA CHAIMZOA locustacin® MAPKs
dsl =& g1t

MAPKsE ERK, p383 INKS] A7HA 2 819 3
TAHY 4% 2do a3 4TS It =3, A5
A NF-xB A& Ag Z2E QaAE7} F471< 9
oA g IkB-a7t AFE FJHZ AZHNAM LA Fe 2
EAA S, ME7} AFHE kB-a7} Q4H3E o] NF-kB ©]
FAZHE B2 2% kB-o& proteosomed] 23 £
AHa ojm] AHZYZ NFkBE oz HAYso] £4 H4
Aol AAE A AT, 7). F AFolAE NFkB AA

A 300
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A7} TLRAE &3 LPsell o3 &43td |5 2 74
AAe] F8 247 F shteta Bastgn9] & A7l
LPS ©5 A 2|2 ERK, p-38¢} INK9] <Ql4tstrt @A s1A)
7HE AA T, locustacin®] Aol o st Hag &
AT & AUTH(Fig. 4A). £, locustacine LPS &= 4 g
o ulsl AMEAA IkB-a] E3E oA A A THFig.
4B). Gao s[6] EAdel <5 o el =(125, 25, 50
iM)7H LPS (2 pg/mhASo2 74 454 AIEFH
(IL-6, IL-1B) 8 < A A18t3, MAPKs & JNK$} p389] 14k
5l T+ES T YA oE Fasdvay Bustglon, lo-
custacin¥ A A& YER QT Shim 5[24]9] & T
A &+t 31Efo] E(WALK11; tryptophan-containing, amphi-
pathic-helical leucine/lysine undecapeptides)= 4 &2
S BE2 M)A LPS (100 ng/m)2 5% MAPKsS)
Qs 8l kB EelE Ashs AL Bug uh gk e
OJEE &G oW AFEA MAPKs¢ NF-«xB % £ ¢
ZHo] 45 Al T8 e Frha g vpel o
2 A7l o] & EFA frdl F HEOIE locustacin
LPS A g o4 M Eel A MAPKsS} NF-kB 415 Hg 4 29
g4 dAlE Tl 9 EF WA E dAGnE FHF
aA el o] & 7Hed Aoz AsdEn.
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Fig. 3. Effects of locustacin on mRNA expression (A) and production (B) of IL-6 and IL-1B in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were pre-incubated for 1 hr with locustacin (25, 50, 100, 200 pg/ml) and then stimulated for 5 hr or 24
hr with lipopolysaccharide (LPS, 100 ng/ml) alone or LPS plus locustacin. Values are presented as the mean +* standard
deviation (SD) of three independent experiments. #p<0.05 vs. control (CTR) group, *p<0.05 vs. LPS-treated group.
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LPS (100 ng/ml)
25 50 100 200 (ug/ml)
1B
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Fig. 4. Effects of locustacin on the protein expression of MAPKs (A) and IxB-a (B) in LPS-stimulated RAW264.7 cells. RAW264.7
cells were pre-incubated for 1 hr with locustacin (25, 50, 100, 200 pg/ml) and then stimulated for 30 min with lip-
opolysaccharide (LPS, 100 ng/ml) alone or LPS plus locustacin.
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