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The suppression of neuroinflammatory responses in microglial cells, well known as the main immune
cells in the central nervous system (CNS), are considered a key target for improving the progression
of neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, and Huntington’s
disease. Teleogryllus emma is widely consumed around the world for its broad-spectrum therapeutic
effect. In a previous work, we performed transcriptome analysis on T. emma in order to obtain the
diversity and activity of its antimicrobial peptides (AMPs). AMPs are found in a variety of species,
from microorganisms to mammals. They have received much attention as candidates oftherapeutic
drugs for the treatment of inflammation-associated diseases. In this study, we investigated the an-
ti-neuroinflammatory effect of Teleogryllusine (VKWKRLNNNKVLQKIYFVKI-NHy) derived from T.
emma on lipopolysaccharide (LPS) induced BV-2 microglia cells. Teleogryllusine significantly inhibited
nitric oxide (NO) production without cytotoxicity, and reducing pro-inflammatory enzymes expression
such as inducible nitric oxide synthase (INOS) and cyclooxygenase-2 (COX-2). In addition, Telegryllu-
sine also inhibited the expression of pro-inflammatory cytokines such as interleukin-6 (IL-6) and tu-
mor necrosis factor alpha (TNF-a) through down-regulation of the mitogen-activated protein kinases
(MAPKs) and nuclear factor kappa B (NF-kB) signaling pathway. These results suggest that T. em-
ma-derived Teleogryllusine could be a good source of functional substances that prevent neuroin-

flammation and neurodegenerative diseases.
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BV-2 W Ao} WA E = 5% fetal bovine serum (FBS)$} 50
ug/ml gentamicin®] 371 Dulbecco’s modified eagle’s me-
dium (DMEM) ¥l 4& A&3d 37°C, 5% CO, ZA5H] A
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Table 1. Sequences of primes used for RT-PCR

BV-2 A ZZ 96-well plate (SPL life sciences, Korea)ol 2.0x10*
cells/wellZ &3+ °F 80%9] confluency] EE wj7}7]
5% FBS (Hyclone)7t o1& wiA oA wjFstgict 1 ¥
Teleogryllusine< 10, 20, 40, 80 ug/ml T =2 A 2]3to] 244
¢ F7F MY T MIS (3-(4,5-dimethylthiazol-2-y1)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazo-
lium) reagent (Sigma, MO, USA)E At-&3te] A HEES
S8t

Nitric oxide (NO) &H

Lipopolysaccharide (LPS)ll 93l 4174 €% ®h-&o] fr=d
BV-2 Al Z o A A nitric oxide (NO)-°4 %-& NO detection
kit (Intron, Seongnam, Korea)E ©| &3t &3ttt Adh
o ® BV-2 A ZE 4x10° cells/ well2 96-well platec] ¥
ato] oF 24AZF FF Wl ¥ T Teleogryllusines 10, 20, 40,
80 pg/ml =2 1A% AAe & H 100 ng/ml®| LPSE
Aelste] 4N AF TS FE AT Mgde 45
4 100 plE # 8+ Griess Al F3} ¥-3 AJ7] & multi detector
(Beckman, DTX 8800, CA, USA)Z 540 nm
skel NO 43S S48t 4AdE N S
EFEZY sodium nitrate (NaNO,) &4 EEFA S 7]

o2 dto] Adatgin

O
{o
fr
b
=
=
MNP e

Real-time RT-PCR

BV-2 A& 4x10° cells/well £ 6-well plate (SPL life sci-
ences, Korea)ol| #F3tof oF 2447t 52t vl & ¥ Teleog-
ryllusine= 10, 20, 40, 80 ug/ml ¥ =2 1At AAF & H
100 ng/ml®] LPSE A late] 541 5k ol sk Ach. w4
BV-2 A% phosphate buffered saline (PBS)E 23] Al 431
TRIzol reagent (Invitrogen, Carlsbad, CA)Z total RNAE +
Z3 & 5% RNA (1 ug)ZFH High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster city,
CA)E °] 439 cDNAE #-93}% T} Real-time PCRYY| A&
g 2 FHA] AP Table 16 VR ATt

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
-6 Forward, 5-GAGGATACCACTCCCAACAGACC-3 NM_031168
Reverse, 5-AAGTGCATCATCGTTGTTCATACA-¥
TNF-a Forward, 5-ATGAGAAGTTCCCAAATGGC-3 NM_013693
Reverse, 5'-CTCCACTTGGTGGTTTGCTA-3’
Gapdh Forward, 5-AAGGTCATCCCAGAGCTGAA-¥ NM_008084

Reverse, 5'-CTGCTTCACCACCTTCTTGA-3




Western blot analysis
BV-2 Al 25 4x10° cells/welld] =& 6—we11 plate (SPL
life sciences)oll #F-3}¢] 2442t w3t Hth. 1 ¥ Teleogryl-
lusine 10, 20, 40, 80 ng/ml =% 1A AAE g H 100
ng/ml9| LPSE A 2|3t 40% (MAPKs ¥ IkB) =& 244 7F
(INOS ¥ COX-2) Wi &atgct. wige] £ &, M| X & PBS
(Caisson laboratories)Z A& g ¥ protease®} phosphatase
inhibitor cocktail7} ¥ M-PERTM Mammalian Protein
Extraction Reagent (ThermoFisher, MA, USA)E A+-&-3to] Al
€ lysis 3taL A EEste] F5AE st BCAS
Ol%o}@l gde A% 7, SDS PAGE gell 4 #7194 %

S 53 B uel gy s 322 PVDF membrane
9 2 transferst S ot Membrane—g 5% skim milkZ 1A%t &
ot HEGA|A B Eol A gl Ao ojgt ¥k S Adsta 47
o] 12k FAE 4T A overnighteE WHEAIASH, 1 &
Zt A g 22 FAE ¥HEAZ F ECL kit (Thermo
Fisher)E& ©] &3] 2 &9 bandE ##3t3h

Jai900, 1 AE AR
2 veyt. 4925 544 &

E
o
RE AP 32 HJ%;}@I =4
X

% o] &3} Student’s t-testS 3
AR, p<0.05Y W T 7k Fol7h F el Aoz

Teleogryllusine2| NO MM
oA ol A L F3A A A A quﬂ*4 qa
3t 9o 2EHAZRE TY
FGoan AAA W ButeE Mt 9 S . of
A 50 #
40 - *
30 -

20 4

Nitric Oxide (uM)
*

10 A *

CTR 0

LPS (100 ng/ml)

10 20 40 80(mg/ml)
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£ % nitric oxide (NO)&= A4 RS} ¥ wreko] glojA uf$-
T8F 98¢ 3t NOSS A3 inhibitor?] L-NAMEE
Aelstel NO9 S AAT ¢ NOJ 93 NAFHZE &
#7F A E A oH, NO7F FAI g B A 9| snitrosylation 2}
A2 ARAEY] &3 8 e FEste 2oz HiHo
ATH13, 30]. Lejut H=F NOOJ A& Ashd &4olut
] d #48 (blood-brain-barrier) 53 9} & ¥ 34
Tl HAE Ago AdaFo| Y] WEe NO9 ¥ £
Aoz zAste Aol AAEFY AR At %f‘f} Rl
dAHTHOE A H I Y17, 38]. wWEtA & AFellH e
immortalized ¥ mouse microglia Al £l BV-2E o] &34
FAFH fr# Teleogryllusine©] LPSe]l <} 3 243l BV-
2 A8 NO Aol mA s 98-S Fdatdt. 1 23 LpS
Aol s 200 7 F7FE NOS o] Teleogryllusines
FSE(10-80 pg/m) 2 AT AP FAAE Helswo] o
EHOE NO #H o] Aoz ZHags 9T + AN
T (Fig. 1A). T2 22 o] g3 NO2| 47} Teleogryllusine
Aol ogk A=l o AYA &2 87] Aste] Teleog-
ryllusine® BV-2 Al Xl =% (10~80 ng/m)Z A& F
M E BEES MTS assay B S o] &3kof &2l st ¢l th(Fig.
1B). 1 A3 NO A4 A E 828 A% 5 80 yg/ml7t
A AEZA ] YEhlA gae AT 5 AT wetA o
T AREF 94 &5 AP EA Teleogryllusine> A E %
e UehiA g H1s =9 80 pg/ml ol5te] X2 AHE

I:I[o

Teleogryllusine0| iNOS ¥ COX-2 L&l O|Xl= Y&
Inducible nitric oxide synthase (iNOS)&= ™4 HF3-of A
NADPHE o] &dto] L-ot27|Hd o2 E NOE HAste &
AolH, COX-2% prostaglandins (PG), prostacyclin 2 thro-
mboxanes 59 F4<& mAstE AR M E ZFEolY 9

120 - N.S
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Cell viability (%)
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Fig. 1. Inhibitory effects of Teleogryllusine on NO production in LPS-stimulated BV-2 microglia. (A) BV-2 microglial cells were
pretreated with Teleogryllusine (1g/ml) for 1 hr prior to incubation with lipopolysaccharides (LPS; 100 ng/ml) for 24 hr.
The nitrite in the culture media was measured with the Griess reagent. (B) BV-2 microglial cells (4x10" cells/well in a 96-well
plate) were incubated with Teleogryllusine for 24 hr, and cell viability was assessed using MTS assay. Results are shown

as mean * SD (n=3). p<0.05 in comparison with control group.

lipopolysaccharides.

*p<0.05 in comparison with LPS group. CTR, control; LPS,
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Fig. 2. Inhibitory effects of Teleogryllusine on iNOS and COX-2 expression in LPS-stimulated BV-2 microglia. (A) BV-2 microglial
cells (4x10° cells/well in a 6-well plate) were pretreated with Teleogryllusine (1ig/ml) for 1 hr prior to incubation with LPS
(100 ng/ml). RNA was isolated at 6 hr after the LPS treatment. The levels of iNos and Cox-2 mRNA were determined by
quantitative RT-PCR. The data were normalized to Gapdh. (B) BV-2 microglial cells (4x10° cells/well in a 6-well plate) were
pretreated with Teleogryllusine for 1 hr prior to incubation with LPS (100 ng/ml). Protein was isolated at 24 hr after LPS
treatment. The expression level of iNOS and COX-2 were determined by Western blot. The data were normalized to tubulin.

Results of densitometric analysis of Western blot are also shown (right). Results are shown as mean * SD (n=3).

#p<0.05

in comparison with control group. “p<0.05 in comparison with LPS group. CTR, control; LPS, lipopolysaccharides.
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Fig. 3. Inhibitory effects of Teleogryllusine on the production of proinflammatory factors in LPS-stimulated BV-2 microglia. BV-2
microglial cells (4x10° cells/well in a 6-well plate) were pretreated with Teleogryllusine (ug/ml) for 1 hr prior to incubation
of LPS (100 ng/ml). RNA was isolated at 6 hr after the LPS treatment. The levels of TNF-a and II-6 mRNA were determined
by quantitative RT-PCR. The data were normalized to Gapdh. Results are shown as mean + SD (n=3). “p<0.05 in comparison
with control group. “p<0.05 in comparison with LPS group. CTR, control; LPS, lipopolysaccharides.
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PA = S western blots Tt &3 TH(Fig. 4).
MAPKs 2 [kB Q143 W3H5 #<lst7] 9)s)A BV-2 Al £of
Teleogryllusines 147t A2 3 § LPSE 4023t A 28k

HESHSE FE3H4 . 2 23 MAP kinase?! p38, INK %
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T — —— — — )38
 ——§ ] p-JNK

— = e = === JNK
IS S S === === === ERK Fig. 4. Inhibitory effect of Teleogryllusine on MAPKs
e e and NF-kB signaling pathways. BV-2 micro-
s s . lial cells (4x10° cells/well in a 6-well plate

& p
p-p38/p38 g-JNKIJNK P-ERK/ERK were incubated with the indicated concen-
%' i # . 2 tration of Teleogryllusine (ug/ml). (A) Pro-
g 6 # tein was then isolated at 40 min after LPS
.i Z 4 1 * . treatment, and phosphorylation of ERK,
= 1 X . 2 . 8 4 p38, and JNK was detected using Western
2 5 3 * 5 blot. The data were normalized to total pro-
- x°2828 ko292 g k229238 tein, respectively. Results of densitometric
5 o S T 5 TS analysis of the Western blot are also shown
(lower). (B) Phosphorylation and degrada-
B > 6, PpixBixB tion of 1kB was detected using Western blot.
LPS (100 ng/ml) @ 54 # The data were normalized to total protein.
CTR 0 10 20 40 80 (ng/m) £ 4 Results of densitometric ana?ysis of the
. 3 Western blot are also shown (right). Results
S S S S —_—— kB 2 2 - * are shown as mean + SD (n=3). “p<0.05 in
- R 5 1 4 i comparison with control group. “p<0.05 in
0 - o . comparison with LPS group. CTR, control;
g =N St 6 LPS, lipopolysaccharides.
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