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Abstract We examined the anti-inflammatory properties of
Nostoc commune HCWO811 in lipopolysaccharide-stimulated
RAW264.7 macrophage cells. The anti-inflammatory activity of
HCWO0811 on viability of treated cells was assessed by measuring
the level of expression of NO, prostaglandin E, and pro-
inflammatory cytokines, namely interleukin-1p, interleukin-6, and
tumor necrosis factor-a in HCWO0811 treated RAW 264.7
macrophages. HCWO0811 was non-toxic to cells and inhibited the
production of cytokines in a concentration-dependent manner. In
addition its treatment suppressed the production of pro-inflammatory
cytokines in a dose-dependent manner, and concomitantly
decreased the protein expressions of inducible NO synthase and
cyclooxygenase-2. Moreover, the levels of the phosphorylation of
mitogen-activated protein kinase family proteins such as
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extracellular signal-regulated kinase, c-Jun N-terminal kinase,
p38, and nuclear factor kappa B were reduced by HCWO0811.
These findings suggest that the HCW0811 collected from Daejeon
National Cemetery have anti-inflammatory effects, and demonstrated
its efficacy in cell-based in vitro assays.

Keywords Anti-inflammatory - Cyanobacteria- MAPK: Nostoc
commune
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X409l A5 HY ZAZZE Mitogen-activated protein (MAP)
kinase®} nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xBY} &&4 tH13,14]. 243t & tja)H Zeilx
MAP kinase familyQl p38, extracellular signal regulated
kinase (ERK) 1/2, c-Jun N-terminal kinase (JNK)¢] <l4ksh=
9% I §el Bedsle] cytokine AL FAsk Pt
&S S7MI7IH[15,16] NF-kBe 2] d3A wiziAle] 2z
S fFeshke AARIAIZEA], inducible nitric oxide synthase
(iNOS)9} cyclooxygenase-2 (COX-2)¢] &S Fidhs #Alel
A2 A3 17,18]. 53] NF-kB B4 2 F=5H+E iNOS
o] WL macrophagedll] NO7F 2] AJatel= 23k H7
Uso® oI5 vk FgoA INOSERH 4 dild
hE s PEE B oke RS oy Fee] ¢
ATH19,20]. 3 INOSSF ¢ ¥ %= COX-2& PGE, 9
WS FAse] B ATAEE OIS Bd BHS F
T3k T Y A U Bl e AeE By
[21]. ©]&= MAP kinase®} NF-xB2| <11t} SA|E 53l iNOS
5 COX-29] &S AT A FSA AlolE7IRIS]
I BHIE GAgeEA ARl FES B A= &
Jes rigith webd A olE e 9% dAES Fol =
A g AAS 7S Wel7] S A 2s] JdH
ATH22-24].
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TS 3 A dYNEE AEA dA T8
Aqgs s A, Abtel] o277 vFek £ B A
7oA MAslar doh2s]. =3 it 2 g velg s @
7F tolyporphin, laxaphycin, indolocarbazole 52| d%-2
dele Aorw HIHEYNH26.27]. HEFY dFUd T+
(Nostoc commune Vaucher ex Bornet & Flahault)e

&S5 (Nostocales) =43 (Nostocaceae)oll &34 o]
X5 zle 5HoE v 55 FREsH SAelA &
AA7HA] BHLAT A Exs DA E7F AFEo] FAE
B2 trichomeEo] HAHel £ %<1 Fej=2 Avke Al
FAsIAL T2 EY, o, 1] 9] Foll ARtk deiA
28]. 20219 =7HIESES 7|EoE fEvEle &
4 1050] BHarwo] glov, &3] AEAEHA| ¥ A7t A
<] AAolrt. old & AFelde AAewE 83 A
T AE 2AE A7) flel 2 st A7 8ol o]HAA

& H2FRE TE-s4sien EEE N commune

HCWO0811¢] F&=2 95 &S A starat skl o]
o] LPSE =% RAW 26474134 NO, PGE,, % tumor
necrosis factor-a. (TNF-a), interleukin-6 (IL-6), interleukin-1§3
(L-1p)2t & d573 AllETRIS] oAl 245 SAsINoH,
western blot assayE F3 iNOS, COX-2 % MAP kinase <
NF-kB AlZW Asdd ZRofxe] thild 1S gR1s3it,
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A FPRAE N 5 Al Hastel Majshe o
= H2F 5 AFste] 22 MR strains HCWO811=2 ™

Baton, FenEE ARgate] AlEe] FEE SAS A
st (Olympus BX 50). Fei% 548 EWE H2F=E 3
sl FEF 5o°l4 primer CYA106F (CGGACGGGTGAG
TAACGCGTGA)®} FDSKS CyaR1 (CACCTTCCGGTACGGC
TACCTTG)[29,3015 AF&-3F polymerase chain reactionS 53}
°F 1.3kbe] 16S IRNA 4725 5% F91E5 FH3IT ©
& SZE °F 1.3kbe] DNA TS Ald Gyl o=]ste] 9
7IME S sl5ar0em HCWO8112] 168 rRNA 412} A2
941 NCBI database?llM 73572 A2kl Nostoc £2] &3
=A% H3e] ATE B4 918l Mega X TRIfOR
aligndl2 Al £48 AAIBIIH. Pairwise distance= maximum
composite likelihood modelZ AJ4F8F3L, maximum likelihood
(ML) tree= bootstrap method= 10003] ¥HL B|~E ST}

HCWO0811 :&& AX

7z # HCWO8I1 #Z 1goll 70% ethanol 500 mL& 7}t
FEol A 48A7F BRF 28] WHEsle] &SIt e 12
E2H 22F FEES £ 3 so0pmd I3 ANE e
paper filter (Toyo Roshi Kaisha, Tokyo, Japan)Z <3}3}3it}.
o]%, oJzolS ethyl acetate® #-33F H U=/ 2 B

sto] Aol ARSI

A A @ AxeF

B 2o A H RAW 264.7 Al Ze A 23300 &
& ®ol 10% fetal bovine serum (FBS, Gibco, NY, USA)Z}
100 U/mL penicillin, 100 pg/mL streptomycine $+%2 Dulbecco’s
Modified Eagle Medium (DMEM, Gibco, NY, USA)S AR
3le] 37°C, 5% CO, Z79] incubator o4 ¥l 3}ATh. 24
S FIE A mES AldEle g sisler dF fEe
$1s AME ¥ LPSE Sigma-Aldrich (St. Louis, MO, USA)|
Al Y3k

AE =4 &3

HCWO08119] MXE 542 MTT assaye ©]8-3F cell viability
assayS Eo ZA3IATE 24-well plated] RAW 264.7 AES
8.0x10* cellsiwelle] F=E& HF3l 37°C, 5% CO, incubator
oA 24x7F FF A wiF & H 3A4gk HCWO811 (12.5, 25,
50 pg/mL)e} LPS (1 pg/mL)E BAl A2lste] e ag =
Zatel 2477 B HFS A ¥ T8 & MTT A
kS 7Kl incubatorell A 2417F F9F WESSIH O™ 7} well
o] A% formazan blueS DMSOZE £3&|A]7] & ELISA
reader (Thermo Fisher Scientific, Waltham, MA, USA)E ©]
&3kl 570 nm oM FFEE S8 Th

NO A4 A &4 33

RAW 264.7 AlZE 24-well plateo] 8.0x10* cells/well®] &%=
2 BF5he] 37°C, 5% CO, incubatorollA] 244]17F E<2F A
3 ¥ 33 HCWO811 (12.5, 25, 50 ug/mL)$} LPS
(1 pgmLyE Al AElsted L3t vk skl 2477 B2
S fresileh. ol F AlEEYF 45 100 pLot Griess A
¢F [1% (w/v) sulfanilamide, 0.1% (w/v) naphylethylenediamine
in 2.5% (v/v) phosphoric acid] 100 pL-2 96-well plate®l] A]
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T 38t 1087 9NES- A1l & ELISA readerS AME-sh
o] 540 nmIFoA FHEE SYSIATH

Prostaglandin E, (PGE,) 84 4] ¥4 33

RAW 264.7 cell & 24-well plateol] 8.0x10* cells/well F1=
B8 5§ 37°C, 5% CO, incubatordl|X] 24417k E<F X wljk
g % LPS (1 pg/mL)$t 3|4 ¥ HCWO8IL (125, 25, 50
ng/mL)E &4 AZlsl] sd 27sle] 2407 Bt des
Fr=sldch vk B8 & A2l dENLS centrifuge (10,000
pm, 3min) sl AR AASIGLOH B5E o] =
ASk= PGE9] &3S mouse enzyme-linked immnunosorbent
assay (ELISA) kit (R&D Systems Inc., Minneapolis, MN,
USA)E ol&3l] 2431t

AQZA A EFRI(INF-a, IL-6, IL-1p) A4 oA &4 23
264.7 AIEE 24-well plated] 8.0x10* cells/welld] TE=2 HF
3}l CO, incubator (37°C, 5% CO,)ZANA 24A17F vl st
T, 84% HCWO811 (12.5, 25, 50 ug/mL)2} LPS (1 ug/mL)
£ B4 sl BA A 21 BU 9FL frest
Atk olF 3 MEAY FdE 94E2](10,000 rppm, 3
min)at] HAHES AAsAeH 55 s ol SAlsh=
HAATA Aol E7Qle] 8-S Mouse TNF-a ELISA Kit
(Invitrogen, Carlsbad, CA, USA), Mouse IL-6 ELISA Kit (BD
Biosciences, San Jose, CA, USA), Mouse IL-1B ELISA Kit (R&D

Systems Inc.,, Minneapolis, MN, USA)S o|&sf =3 s3It}

Western blot analysis

RAW 264.7 cell 6-well platedl] 4x10° cells/well®] F%
EF35ke] 37°C, 5% CO, incubatorol| A 24417F F<F A vl
3 % 34 ®© HCWO8Il (125, 25, 50 ug/mL)¢} LPS (1
pgmL)yE SA Aste] U st 24A7F St AES
Fresiint. o]F- AIEE PBSE ol&a] 23] AlH3TE H, lysis
buffer [1x RIPA (Upstate Cell Signaling Solution, NY, USA),
I mM phenylmethylsulfonyl fluoride, 1 mM Na;VO,, 1 mM
NaF, 1pg/mL aprotinin, 1pg/mL pepstatin, and 1 pg/mL leupeptin]
£ AHste] 1A7F 5 lysisE A st o]F A Eg
(12,000 rpm, 30 min) IS AX JZSA pelletS )51
BCA kit (Bio-Rad, Hercules, CA, USA)S Agste] A=k 3t
20 ugel ©¥A-S 10% polyacrylamideE 373+ 10% SDS-
PAGel|A] A7]19% g F, poly-vinylidene difluoride membrane
(Milipore, Burlington, MA, USA)ol| Zelsllom, o7t £5
¥ membrane 5% skim milk (sol. TBST)ll ¥l 2ol
IAZF 30% 5%t blockingS AlY3ATE. ©]F TBSTZ 1087F
33 AlHe H, 13 A wE2 TBSTE 34 iNOS
antibody (1:1,000, Bio-Rad), COX-2 antibody (1:1,000, Rockland
Immunochemicals, Inc. USA), phospho-ERK1/2 antibody,
phospho-SAPK/INK  (Thr180/Tyr185) antibody, phospho-p38
antibody, IkB-a antibody, phospho-NF-kB antibody (1:1,000,
Cell signaling Tech, Danvers, MA, USA), B-actin antibody
clone AC-74 (1:1,000, Sigma),oll BT 4°CollM 3% & &
oF wkS- 3l9t}. ¥k & TBST £HO02 43] AJ23F membran
< horseradish peroxidase”t A¥E 2% A (Jackson

ImmunoResearch, West Grove, PA, USA)E 1:5000 H] &=
s|A3te] 90 FF wHE-gH ¥ TBSTZ 10%7F 33] AlZste
ECL kit (Bio-Rad)® WF3A1Z S ™ imaging densitometer
(model GS-700, Bio-Rad)E &3l &dstaict. w3k € &
iz 9 30 image] program (NIH, Bethesda, MD, USA)S
B AAS FRIgeEte] 2 EZR eI

FAAE

BE A¥L 33] yhEsie] SH43I9en o dye Het
THAZ YeRNATE g BAE 242 72 A 7

oA (*p <0.05; **p<0.01y& HFE I8 2HEA (analysis of
variance, ANOVA)$- student’s t-testZ Tlz H|2E AJ3YsIT).

4 3

d4x79 33 2+

SPHAEZT AN AF S HCWO0S11S =18 o JZ2R/E
TEEY FoRn|Eor Ao Alxrt o2 7 4" v
9] trichomeo] FHAHe] el B cmell Bohke 7vet &
A5 FHske A FRIITHFig. 1A). B3 ©]21gh trichome
ZFoll= It Alxro}h 37171 2 oA X (heterocyst)’t 2=
o] Nostocales (TF£Z5)e] 548 EATE (Fig. 1B). HE2F9
Eol& Zgjo|mz FZE oF 13kbe] DNA T =RE 3}
HE HCWO08119] 1,289bpe] €7IME HRE EUE NCBI
databasecll X &4 HAAES TS A, dEA BHiE
Nostoc commune HK-02 [31]12} N. commune YK-04 (GenBank
no. AB694928), WA oA EIE N commune ACT709
[32] 5 27} 99.77, 99.54, 98.37%2] =& AFAHS BT
HCWO08113} Nostoc %€ &% N. flagelliforme CCNUNI
[33], N. sphaeroides CCNUNI1 (CP024785), N. edaphicum
CCNUC!1 (CP045226)7+= pairwise distance”} 2F 2% o] =}
o]& HoJ Nostoc &9 & Zoll= 168 Fdxke] Ho 7} vi§-
2tk HCWO0811+= Nostocaceae (T-&d3)ol = A2 2o
H 21 Violetonostoc minutum CHAB5840 (MN400069)Z+=
pairwise distance7}  5.5%, Minunostoc cylindricum CHAB
5843 (MH918062)%k= 7.1%=Z &7kl F7tl sl frize
2 Fgo] FEHATKFig. 10). o] BRIl Violetonostoc,
ME Fej7t 958 Minunostoco| H1d]l HCWO0S11E =21
o] Fagk JEje] AT Rge® e o7t Tk w
2t HCWO0B11E CIFAEE 7FA= Nostocalesoll <3hH 7]
o 2AE FAse T M2t 4% trichome® 2 7}
5 2k o™ N communest FRAH SR LEA A AMAE=
N. communeS}= 7V 717 HCWO0811E Y% Nostoc
commune Vaucher ex Bornet & Flahault®Z 5733t} NCBI
database®l] 553t 16S FAA LWL Nostoc commune
HCW20200728°]3, @l AR Al&%-2 HCWOSI1o|t
(GenBank no. OL679911).

ME 4 vla 34
LPSe] ©Jal] F=¥ RAW264.7 AlEA HCWO8110] AlE A
ol A= FFS AR flE MTT assays A3 &kt
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Fig. 1 Morphology and molecular phylogenetic relationship of HCWO0811. (A) Natural habit of macrophytic Nostoc commune HCWO0811 colony. (B)
Microscopic morphology of Nostoc commune HCWO0811 colony. The connecting cells formed thread-like trichomes. The bigger round cell was
heterocyst for nitrogen fixation metabolism (arrow). Scale bar represents 20 um. (C) Phylogenetic tree based on the 16S rRNA gene partial sequences
aligned 1,296 bp showing the genetic position of Nostoc commune HCW0811 of Daejeon, Korea compared with other geographical populations (Japan,
Mexico) and related genera Violetonostoc and Minunostoc among family Notocaceae. Numbers indicate bootstrap value (>50%) from 1,000 replicates
maximum likelihood (ML) analysis. GenBank accession numbers are shown in parentheses. (scale bar: 0.02 nucleotide substitutions per site)

HCWO811Z 12.5, 25, 50 pg/mL B== 2] &lo] 2447} vl
3k & M AESS AR 49 B HAE T4 85%
ol de] Al AEEo] RIFAHFig 2). W FF g
12,5, 25, 50 pgmL T=E AR 3] 213315t}

NO A4 A &4 vz

LPSE =% RAW264.7 AlZolA HCW08110] NO2| Aol
nAs dFE AR AP EAT LPS (1 pg/mL)<}
HCWO0811E 125, 25, 50 ug/mL 552 B4 A3 5 griess
reagent (Sigma-Aldrich)E ©]&3td Al wjYgde EA)sH=
NO*9| & =43tk = 23 HCWO0811& LPS @5 A7
3 v S W NO AAS 125, 25 ugmLolA zHzt
109, 28.0% A stem™ 7HE FEEQD 50 pg/mLol A
58.9% SAlst= Ao ® YERdTh(Fig. 3).

PGE, A4 oA €4

LPS A=l oJs] ¥ RAW 264.7 A|Eo|4 HCWO08119]
PGE2] AAel mlxl= J&S ARV S8 ddS 233 2
7 HCWO0811S 7+ swollA LPS ©= Agwd vlusie
W PGE,®] A4S 104, 36.5, 45.3% JAEIATHFig. 4).

iNOS € COX-2 &d 94

E oAM= NO9 PGE,o| Aol #olsk= iNOS ¥ COX-
2 chilzlo] whde]] HCWO08110] HX= W3] olEe dza
AE ZAFSFALAL western blot assayE Al3F3ATE LPS (1 pg/
mDE A3 RAW 264.7 AlEo] HCWO0S11S 12.5, 25, 50
pgmL TE2 Xl 24A17F 95S =% & INOS ¥
COX-2¢9] wuld wdS sk A3 HCWO0SIS |3
RAW 26474364 LPS T AM2lta) ¥lwslls o 25, 50
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Fig. 2 Inhibitory effects of HCWO0811 on cell viability in RAW 264.7
cells. The production of nitric oxide was assayed in the culture medium
of cells stimulated with LPS (1 pg/mL) for 24 h in the presence of
HCWO0811 (12.5, 25, 50 ug/mL). Cytotoxicity was determined by MTT
assay. Result is expressed as percentages compared to the respective
values obtained for the control. Data represent the means + SD with three
separate experiments. *p <0.05; **p <0.01
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Fig. 3 Inhibitory effects of HCWO0811 on nitric oxide production in RAW
264.7 cells. The production of nitric oxide was assayed in the culture
medium of cells stimulated with LPS (1 pg/mL) for 24 h in the presence
of HCWO0811 (12.5, 25, 50 ug/mL). Result is expressed as percentages
compared to the respective values obtained for the control. Data represent
the means + SD with three separate experiments. *p <0.05; **p <0.01

pg/mL EE0A INOSe] W&lo] folslA] idhe ZAes U
Ebskom iINOS 33 NO 74 Pde] fAKE Zog Hot
HCWO0811 =|Ze]l 9]6} NO 7ZF2a &AL iNOSe| &z =
sk #AHo] 55 I }Qiﬁ}(Flo 5A). T3} prostaglandin A
g A0 arachidonic acid2%E PGE,S A/dsh= 2o
2 4#% COX-29F PGE,°] &S delsly] 918 COX-2
WHRS g1 A3 PGE, #a@ s AR e s &
AsFATHFig. 5B). °l9F e AFAE ZAZ HCWOSIS
iNOS9} COX-2¢] F3ar g AAIEO=ZH NO % PGE9]
AE Aofsle Aoz AlsHT)

AL ARIEND B8 94

HCWO08110] LPSCE =¥ RAW 264.7 Al EolX HFZA Alo]
2RI el mIAE L 2ARP] 3 A3t 125, 25, S0y
mL FEE 2] ¥ HCWO0811E LPS #2li3} Hlwald s
TNF-02] A4S 22t 94, 258, 34.1% AL 1L-62] B4
25, 50 pgimL Fx=olA 2 379, 64.3% AIEII o™ 1L-182] A

Fig. 4 Inhibitory effects of HCWO0811 on PGE, production in RAW
264.7 cells. The production of PGE, was assayed in the culture medium
of cells stimulated with LPS (1 pg/mL) for 24 h in the presence of
HCWO0811 (12.5, 25, 50 pg/mL). Result is expressed as percentages
compared to the respective values obtained for the control. Data represent
the means = SD with three separate experiments. *p <0.05; **p <0.01

AL 25, 50 pg/mL FE=0NA 262, 41.1% JASKITHFIg. 6).
MAPKs 2 NF-xB71A A
LPSE =4 RAW 264.7 A3E HCWO0811S & 3sle] p3s,
INK, ERK1/2¢] <14¥sl5 ER1sk A3} p38, INK, ERK 1/29]
Rkt Tw gEAoz 7%@}: S FelEllthFig. 7A,
B, C). =3+ NF«xBe] &3} =% IkB- a«] degradation 21
A3, LPS ©& Az oA 7}’&} degradation ¥| %o
HCWO08112 AZ|3F RAW 264.7 A|¥Eo|A FL oJEXHOZ
IkB-02] degradation®] 7+4dhk= AS FASIITHFig. 7D, E).

z #F

B AFZE LPSE FEd o)Al H5HkSoA HCWO0811
o] A= TS Al AFA F3ke] g 2 gdS 7]

54 IEE MRS 3 NSAS AFIEA AEAT 01
o] RAW 264.7 M Zo] LPSE A sl 9=L fx3 &

HCWO0811& 125, 25, 50 pg/mL == A gsle] NO, PGE,
o] A JAE ZAKSE A3 NO, PGE, ¢ Aol a3xo=w
A HAE FQIEATE ©]F western blot assayES E3
iNOS$} COX-2¢ 2dS& =xAMg A3z HCWO0SIIE NO,
PGE,¢} vZ7IA & iINOSSt COX-29] &S folsiA oAlst
= ez G o33 Azl= HCWOS11S] 95 &
o] iINOSSF COX-2 ¥ Aol 2]gk NO, PGE2] A4 7+
A BRE G5 AYS Y8t HCW0811S COX-2 w3l
AAE F3F PGES] 7Hael o Eﬂr@%]—% el s
A5 B A gAZAAME AEE BHEE7] flste] NO<k
PGE%t 22 5 miZlE o]9]ol Xd AEA AR EFFI(TNEF-
o ¥ IL-1B, IL-6)S EHlstk=dl F=dt A58 AIETIRIS]
o= d5S Askela HE5s ZEL% a5 23S fust
t}. HCW0811= TNF-a 2 IL—lB o] AJAFS AAEI o
4% Qir‘sﬁﬂv}

E

IL-6olA 7P frast &4 Zl% A 1 oyt |
= w7 Ede wEe % é = F8 7d=Zol= MAP kinase9}t

NFxB 4% Ag A=Z7} o 11] HCWO8110] F 2l% A A
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Fig. 5 Inhibitory effects of HCWO0811 on the protein level of iNOS and £ 80 *
COX-2 expression in LPS-stimulated RAW 264.7 cells. (A) iNOS, (B) 3 **
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Fig. 6 Inhibitory effects of HCWO0811 on production of pro-inflammatory
cytokines in RAW 264.7 cells. The production of (A) TNF-a, (B) IL-6,
and (C) IL-1P was assayed in the culture medium of cells stimulated with
LPS (1 pg/mL) for 24 h in the presence of HCW0811 (12.5, 25, 50 pg/
mL). Results are expressed as a percentage of the control. Data represent
the means = SD with three separate experiments. *p <0.05; **p <0.01
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Fig. 7 Inhibitory effect of HCWO0811on the phosphorylation levels of (A)
P38, (B) INK, (C) ERK, (D) IkB-kinase (E) NF-kB in LPS-stimulated
RAW 264.7 cells. Cells (4.0x10° cell/mL) were stimulated with LPS (1
pg/mL) in the presence (12.5, 25, 50 pg/mL) or absence of HCW0811
for 20 min. Whole-cell lysates (20 pg) were prepared, and the proteins
were resolved using 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), and the expressions of MAPK, NF-kB, and
B-actin were determined using western blotting. Data represent the means
+ SD with three separate experiments. *p <0.05; **p <0.01
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