o st & & ¢l 7 8 3 X
Korean J Phys Anthropol
19(2): 117 ~ 124, 2006

Fxoll A EE g Aol o3 EEAAE A5
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REEEEICER L LS  RE I ER L R SR
2 ; Sk (lloonia rbacma L) S AWA Ak A8 AERLISA doAE T Ui
WA AR HAE-S A3} A7l 71%e] el BuEgdTh o] Aol FxelA Rl g3Ast v 5
o4 Wejukgo] Felsh LEANEE BAS AL s

x7l ZxAAES FAFA7|E= 7]AE Bed7] ¢sle] inducible nitric oxide synthase INOS)S o] 43+ &=
FAAZ WA FGAS, iINOSmMRNAS] ¥3tE 17 93 A& A-F3& 4924k (reverse transcriptase-

A S

polymerase chain reaction: RT-PCR)&

Frzeel M

23+ A (Sdicornia polysaccharide, SPS)E AF ZxAM 2541

RAW 264.7 4| ol 2447} 3

93 A} gpslEdon QAL APE S AR INOS RAYRAAL AN A3k AN &
3 RUAL INOS ulale] 5% AUD Fol T AALE & 5 S5l £ RTPORE AT A
SPSE #2]% RAW264.74] ] 4] INOS MRNAS] 444 o] %%M o= Z719¢ & 4 ek iNOSS) 44

2} Wreel] 293k Q&S 3} nuclear factor-kB/Rel (NF-kB/Rel)2] & —g—
iINOS 441 %}-2] E.L
A3 = 24T 74

ztg o
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9 40)

Folro| ot g% ZxAM %, iINOS
Moo=
Pz 92 et Asiront delt WeE A
FE 2FEs 2 A AU uhgrEe] P s
ot AW @R yel Tl Ae] Ak HE=

E=uitzly Een -2 Slicornia herbacea L.
ehx gieh(Kim 5 1983). F2 sk Aol Ak A
B0l £49) At Nkl AT o AT
of W3k A A7 A 2 deA A
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A M £ 0 ol WeAEE B
AT Pse] Sles wasiseh GaE Ae| w7}
Qs 445 QL B Az S 5 e
el Foq T e B BAE 27
Ak

SRl Hod Fad e A 2=
NAE7d SRS, FopEe) WA e
FRsIsl JA o By Fol YarsAsE

ZEAA 2] M Z Lol Rl Aoz B
2= 9o} (Pamer 5 1988). Lipopolysaccharide (LPS)
s} interferon-y (IFN-y)ell €|t Q2o ZEAAZ
Z}=-2 inducible nitric oxide synthase (iNOS) €] ®H&]
& $x=31=4, o] &47} L-arginined} EAARAR
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— T 0147, 4, st
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o) A} 2]

=2 v

1

F-E =} dhss
(Hibbs & 1987). A1 # o] NOS A4 2 Foig)L uf
o3 Foke] AAE HAlAZer (Yim 5 1993
Farias-Eisner 5 1994), iNOS cDNAZ 3
(transfection with the inducible nitric oxide synthase
gene)¥ WehdFel ze Aol AAF L, A el7t
72 Fx] g oz dex 9ok (Xies 1995).

2 AdelME FxelM FE3 oA (SPY7H
AN ZE 75l WA s detr A} Fh.
53494, JAAEL-SFaLAH NS (reverse
transcriptase-polymerase chain reaction : RT-PCR) %
A o)A W 3}8A (electrophoretic mobility shift
assay : EMSA) 5-2] ubhH& o]-&3le] SPS A X4
3t kst 4] A, TEAA 2] 24, INOSe]
A3, NF-KkB/Relel] e gt ¢33k-& Aot

we o 2ARE F0AZ

v

Axd

=3
T
we

Lo

N

HitH
o

M=

=

1. M=

SPS= vh5-3t 7ol #2l3ksitt (Lee 5 2006). ¥
2= 23 nax| g AHste] 100ge 95°Co
SRR A A FE3 A5 (500mL) o= RE
3w o] cetez g7gAE FAAAAG. AHES
DEAE-Sephacel 23 Z=rlEI3]E 433}
A AlZql SPSE Raslgic) 1.56g9] SPS7) 3
4590t (3541 1.56%). Azl ofel] AH4E 22
= O

-2 Gibco BRL (Grand Island, NY, USA)ellA] 4]
et

zx]

2. MEoj

RAW 264.7 M sz American Type Culture
Collection (Bethesda, MD, USA)d| A 3] &}ed A&
3ok A= 10% Ao} &8 A (fetal bovine
serum), 2mM<2] L-glutamine, 100U/mL YAl =13}
100 ug/mL A= gulo]4le] 4% DMEMoO=
wj oFsl et Al 252 37°CollA] 5% CO, £ 3}l
o sheict.

= o

=2

ol
=]

M2
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Ab

1%/ | Al

a8, atzs,
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g, g, 2 —

3. O}&AHH (nitrite) X

HZEL 96-well wlfgr e o] g3te] 5x10°
celldmL= =43 o8, 24A|7H59t SPSE 54
Zoh B85 A=A 3} GriessA] < (1% sulfanilamide,
0.1% naphthylenthylenediamine dihydrochloride, 2%
phosphoric acid)& 22 R3] 2 413 Al A 10%
ot WA H . = ] $13 NaNO,=
ARg-8Ear, oAb AARS 550nmell A FR ==
34 A8k} (Green 5 1982).

= ol
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EFME WG

=]
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AH
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4. HAHEH

uj okl M ZS 0.01M <lAkelel (PBS, pH 7.4)2
2 4 29 AlA & &, 4% paraformaldehydez. A1
2ol A 10% <t A7 A PBSZ A|A 7

S, 0.3% Triton X-100¢] &% PBSE Al-29]|A
208 ol ul2 A7l & 1% Aejold A bovine
serum albumin (BSA)o] 3-8¥ PBSZ Al&dA] 1
Az MRAA HlEeld kg ojAlstsich. anti-
iNOS (Upstate biotechnology, USA)= 1% BSA7} 3+
f5 PBSEo] 1:20022 3]AM3}e] 4°Collr 24
AZE WA FAEE PBSZ. 4= 2t AR R F 23} 9
A ¢l fluorescein isothiocyanate (FI TC)-conjugate 19gG
(Molecular Probe, OR, USA)E- 1:1002 2 3] 3}e]
Aeel A 147 5t WA ek aToze Al
PAE Asta 22 Falwk WA
shodet Wiy 2ne
7 (FV300. Olympus, Japan) & AH§-5ke]
glo]#] Ao TRl os 488nmE FITCEo=
AHg-3k9i ). Flow View Softwave program (Olympus,
Japan) & AHg3le] HE 3AIA dez AxH
ahgiet.

4
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5. AXAIZA-S8 5 24)¢HS (RT-PCR)

RNA®] F2]&= o]zl 7]&3F ul(Chomczynski
¢} Mackey 1995)¢} Zro] TriAl<F (Tri Reagent,
Molecular Research Center, Cincinnati, OH)& A}&-
stoict. ZetolH (primen 7] M E-2 o537 2t
iNOS: 5'-CTG CAG CAC TTG GAT CAG GAA
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CCT G-3,5-GGG AGT AGC CTG TGT GCA CCT
GGA A-3, B-actin: 5-TGG AAT CCT GTG GCA
TCC ATG AAA C-3,5-TAA AAC GCA GCT CAG
TAA CAG TCC G-3. 2] RNAZ oligo (dT)15
zelolm & ARgsl] cDNA=Z HHARAF o} PCRE
cDNAg} 7} zelolmE o] 8-3}3]tt. 94°Col|A] 53
7t 7143 &, 94°Col|lA] 18, 55°Cel| 4] 1.5%, 72°C
oA 13 AR 303] vEEEEaL, o] Fof] 72°CellA] 5
7 F7F DAE AR PCR YA EES 3%
NuSieve 3: 1 gels(FMC Bioproducts, Rockland, ME)
oA H71edZA]7]22 ethidium bromide % A 7}
iINOS¢} B-actin Z#}o]m|= z+z} 311bp, 349bp =
712 FFE A

6. Zo|=M w3lEAM (electrophoretic mobility
shift assay : EMSA)

EMSAE Aol 7]&3d v (Jeon 5 1996) o=
ST AR 2 264.7 M EZES A7
(10mM HEPES, 1.5mM MgCl,, pH 7.5)¢] &3] A Z
a7, 32 3,000x gel|A] 5% <k dAEElstd A
A Ze} A& 3248 (30 mM HEPES, 1.5 mM MgCl,,
450 mM KCI, 0.3mM EDTA, 10% glycerol, 1 mM
DTT, 1mM PMSF, 1 ug/mL of aprotinin, and 1 pg/
mL of leupeptin)& o]-&-3tef &3] A H T} &3] A7)
F,14,500 x gol| Al 53¢ <t AR A7, A
< DNAZ3HEA (DNA binding assay)ell A-8-3}51
o} 7 7hge] &2|az3ial (double-stranded)e] £
[y-2P-ATPE 2270 8322 (5> A<
2l (binding-buffer : 100 MM KCI, 30 MM HEPES,
1.5mM MgCl,, 0.3mM EDTA, 10% glycerol, 1 mM
DTT, 1mM PMSF, 1 pg/mL of aprotinin, and 1 pg/
mL of leupeptin)o| A1 poly (dI-dC) 2 [*P]-labeled
DNA zz}elmiel g7 10% <t RH-g-A1Zith DNA
748+8kA4) = (DNA binding activity):= 0.5X TBE ¢}
Aol A 4% polyacrylamide gel-& o] &3} free
probez FE] Ee]AF et A7]d5E Algste A
w2 & 217)ukApy (autoradiography) o 2 #-els}e]
o}
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Tablel. Activation of NO production by SPS in RAW 264. 7

cells
Treatment Nitrite (nmole/10° cells)
Vehicle (saline) 31+13
SPS(10pg/mL) 155+36
SPS (50 pg/mL) 3224638
SPS (100 pg/mL) 67.9+37
SPS(200 pg/mL) 68.2+45
LPS(1ug/mL) 721431

RAW 264.7 cells were treated with the indicated concentrations of SPS
and LPSfor 24 hr. The culture supernatants were subsequently isolated
and analyzed for nitrite production. Each value shows the mean+S.D.
of triplicate determinations.

7. AIXzZ|
747kl AP FES HF+SDE A X 9
gl 2ol AL o, X2 Dunnett’'s

two-tailed t testZ Alg-3l T
8] 23}9] o} (Dunnett 1955).

(Vehicle control)=}

2
1. SPSTt 2 ZAMZE2| itstaEs Mol
ojxl= I
FTHAES} HAA S A7 SFe|7) AN F
2% 4L FYPste Az QA HE

A3 A obdAge] 99 e yskic
SPSell <8 el ohdArge] Y Hle) 2x

7}3teiv} (Table 1). SPSZ 100 pg/mL 3} 200 pg/mL
228 FllME kAT LPS(1pug/mL) A2
23} A2) Ak obdAld & AAskeE

2. SPSo| 2|st INOS T E o] MMET|

SPSel| gt ZZAM A3} 7AE dofrr)
218l INOSH-#12] whad ARE-ql iINOS whilf 2l o] A
Aol gt ofks Agslolel. SPSE ZEA M EF



Fig. 1. Immunohistochemical staining of iINOS in RAW 264.7
cells. Cells (5% 10° cells/mL) were incubated with
Salicornia polysaccharide (SPS) for 24 hr on cover slide
in 12 well plates. Immunohistochemica staining of iINOS
showed expression of iNOS gene. Immunoreactivity of
iNOS was localized along the margin (arrows) of the
cytoplasm of in control (Fig. 1A-B). After incubation
with the polysaccharide, expression of iINOS (arrows) was
strongly expressed in the cytoplasmic processes of
activated RAW 264.7 cells(Fig. 1C-D). Scale bar, 20 um.

ol RAW 264.7 | £l 2447}
Al A BRI A} ASS
ZAM S =77t AAF] F
o] FAE o] 83 WP FA
A8k Ag el A INOS?]
et AE 9T & AUl AFHA
RAW 264.7 Al Zoj| A]2] iNOSe] whale o A
ZAA wlekstA] Jepd Wb, SPSE 24417 A
23t ¥ HdYPFANS A A7 INOS| I
7¥ste] M ZANML =7} wi$- Eobx 9l

)
=7}ah st

°] &

&% & 4 AsicH(Fig. 1). ol=i3h Ak SPSe <)
3 AaksbA 20 YA Z7)= INOS sl =l o] A]=

Pell 71Q1ak AL AlAFie.

3. SPSof 2|5t INOS mRNA2| MM ZEJ}

SPSel] 2]+ iINOS Z7}7} iINOS $-A )] utal )
°)gk A=elA] otolrr] 95, INOS MRNAS] A
o] Hat 33k A sIAch. RAW 264.7 | 2o SPS
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Fig. 2. Activation of iNOS gene expression by SPS in RAW
264.7 cells. Cells (5% 10° cells/mL) were incubated with
SPS(10, 50, 100 or 200 pg/mL) for 8 hr (A) or incubated
with 100 pg/mL SPS for the indicated times (B). Total
RNA was then isolated and analyzed for the magnitude of
mRNA expression of iNOS using RT-PCR.

=
=

=

24717k BF A’ F AA RNAZ FE3)e]
RT-PCRS o] 43le] iINOS mRNA A4 =
A5kl RAW 264.7 A 2ol SPSE- A 2|3} iINOS
MRNAS] ko] gaejExoz /e o 4 9l
Sic} (Fig. 2A). RAW 264.7 4| s£9)] SPS (100 pg/mL)
H2gt &= A7 2 INOSMRNAS] 8 A=
273t 23}, INOS mMRNA2] ofe] oF 4A|7t o]
FRE oA FkEe] 24X 744 fA1ES &
olstsdet (Fig. 2B). o|23t AFE=2 w|Fo] Z o
SPSef| o8t dAbstA A A Z7H= INOSHA AL
ol 7118 RS Uit

=
OJ‘E

mlru mlru

% 4

4, SPSof| 2|&t NF-KB/Rel2| &Ads}

SPS7} nuclear factor-k B/Rel (NF-kB/Rel)o] DNA
of AgE FEAITIEA oHAE Sdelrr] S5
EMSAE o]&3}led NF-kB/Rel?] DNAZE A=
2 2AF9h RAW 264.7 | 9l SPSE #2354,
NF-kB/Rele] DNAZAE-S fego|E=r oz :771] =
7kl el e} (Fig. 3A). h2-DNA A gte] o] AL
WA o] AAA o 2hgsl 32p H]:n:;q _,_7p;)f
(®2P-unlabeled double-stranded) B =-2 Oct oligonu-
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Fig. 3. Activation of NF-kB/Rel by SPSin RAW 264.7 cells. (A)
RAW 264.7 cells were treated with SPS (10, 50, 100 or
200 pg/mL) for 2 hr. Nuclear extracts (5 pg/mL) were
isolated and incubated with *P-labeled B. (B). Cells(5x
10° cells/mL) were incubated with SPS for 2 hr on cover
slide in 6 well plates. Immunohistochemical staining of
p65 showed nuclear translocation of NF-kB/Rel family of
transcription factors. Immunoreactivity of p65 was
localized along the margin of the cytoplasm of in control.
After incubation with SPS, nuclear translocation of p65
was revealed in activated RAW 264.7 cells.

cleotide?] 3}eF Fodo| 95 st (A8m|A)|
). NF-kB/Rel ] —,—H il R o] p65ell T3k A=

o4 WARTYN £AE v, AT
el A p652] W e] Hex Frlele e &
& 4 9ok (Fig. 3B). AF=5A o2 RAW 264.7
AN Zol| A 2] p659] > fEE Mz oA
W ApelE Rolx] oA vehd Wi, SPSE 4431

o n;E
rlo

A

AL F Ay RgA e dum pesrh oz o
gaje] djage] WRGATIE e doA] Bol
Z7he o 4 sl

o

o] AFo)A SPSe A=z AF e ZEAE
RAW 264.7 A| £l A, INOS 447} e 53
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sxcigne] 2EAMEEL S —

dibsds S F= Ioe AL A
=3 WYY FAN AT} INOS shijd o] A £ el A]
Z71He Elsle] SPS7L XM 2E A5
A% FHsle S *Zmoiﬂﬂoﬂ
A Fod ¢S I G4 | FEANEE

Fo el WAA S AAE FESEH °—1Xﬂs}t
o o] AN dAEAALE ZEAAMZ] N Z S
| 2Hgo HAed3l= Aoz BIFHH (PAmer 5
1988). LPSe} IFN-yel| 2J3t AJF 2] ZxAM=Z A}
=2 INOSE WAl 7)=1], o] &4+= L-argininez}

1o
=
RN

a1

EAabAzRE g2 ofe] NOYAS ExAZI5
(Hibbs 5 1987). 711% L10 7FEckA =} A3

L1210 R = zkM 2o glelAl, LPS/IFN-y= Es3)
FHshE 4 AR ZEAAEE) A 2§ A
42 NO AJAFY] A|&=aql NC-methyl-L-arginine
(NMA)e]] ]3] 2psts] 37, NOZ| A A 2HEl NO,
frAFsHAl =-8-8bH, INOS 3122 3 (INOS/)
Holx AF e ZEAM ZAME A Z L824
o] Yel}x] =t} (Hibbs 5 1987, Stuehre}b
Nathan 1989, MacMicking 5 1995). AJF o] NOS
AAE FAYE o o]Ast ko] AAE 314
ZAom (Yim 5 1993, Farias-Eisner 5 1994), iINOS
cDNA¢®| transfection®l =z} &C’b‘ﬂi—t— A7)
AAE 3z, Ael7t & HA o= Aoz A 9l
o (Xies 1995)
A AEiE e ST WA g B
gom, HzdEA2 ARl o
of] ALo] r}sslc} (Tzianabos, 2000).
E, 33| B Ao HEzHoznE
AT tEe] WAaTY
4 235 veple Zlez ¥y FHid
(Kataoka 5 2002, Brown 5 2003). =3}, Al &2 3
B 228 oA 71 invitrodh invivoel A W=7}
FAS YeplittE= B uEoe] glgddh(Liu 5 1998,
Sonoda 5 1998). B-2Jo|A] 23t vdAl= Zx 4]
Mz EE B3t FEfdde veie e
2 oA ¢t} (Kaminaga 5 1996, Ukiya 5 2002).
B3] 9 O FEE] digk &F<F SV ] v
AR dA "W 24 B8 S5
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1 gig} B A= E]-%Piﬂ
= BY =T A WAE A=3)T,
RAW 264.7 A| 252 H-E] °"~Pi‘r5=li9] =
Sx3= Aoz oA gt} (Rhee 5 1999, Lees}
Jeon 2003).
NF-kB/Rel &, INOSE =33 ¥

ri i

) o

o} (Xie 5 1994). NF—KB/ReI%
o] A=zAle gA|A}e] IkBeF 2
o o 9| 3A el o3 fiwy} -
IKBS] <14t517} zel|¥|o] NF-KB/Rel23-E dol7]
oA ®o} $2l¥ NFKB/ReS oz o] 534
kBsk AFsH =, cepat AL wAE A
3 ok B AFAME Wy gada 49 NF-

‘-

KBIRe 74 Thidle] o) W2 olFal A& el
o] FreFZohedAlel SPS7h NF-kB/Rel S 243}
ARE ZEsISIE 2 QT4 INOSHA A e

9)eJr] NF-kB/Relo] SPSel 9oJ3] =A=tl= 7S
ol 3.

SPSe| = gAlE obH A L% Ak, S
gl R o] I AN EO] 58772 283 A

oz FAHd. o5 £4, CD14, CR3, T l1-like
receptors (TLRs) 5-¢]t}. CD14+=
ZEA M| Zo| A 2 w5 = 55-kDag] GPI-%-3t “/PDP
Wl (glycosylphosphatidylinositol-anchored glycopro-
tein 2 LPSH8&7]etx d=lx glem, LPSet 73t
Al A3sko (Goyert 5 1988). BA| 444 CR3
(Mac-1, CD11b/CD18, and a,B-integring} 2= 31

£ B-glucansel] =gk M 7872 delA Sl
9] (Thornton 5 1996), 357, 3l 7, Zx A4 =,
A Absl| M| 3£ (natural killer cell)e] ZHoAM = Wy
H 32, oS HlE-AEAbe] Bl A7) Aol o] 2
Foll dRHeqgles Aoz &3 slH (Hynes
1992). TLRs:= Z5-7 IR AZE FA3}
3, A g A Fag 93-S g (Koppset
Medzhitov 1999).
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Abstract

Activation of M acrophage by Polysaccharide I solated from
Salicornia herbacea L.
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Yong Lim?, Han-Yong Kim?, Kyeung-Han Park*, Sang-Pil Yoon®

Department of Thoracic and Cardiovascular Surgery, College of Medicine, Chosun University
1Department of Anatomy, College of Medicine, Chosun University
2Department of Microbiology, College of Medicine, Chosun University
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“Department of Anatomy, College of Medicine, Kangwon National University
SDepartment of Anatomy, College of Medicine, Seonam University

Salicornia herbacea L. is one of the halophytes that can grow in salt marshes, or sdt fields along the seashores in
Korea. The objective of this study is to investigate the mechanism by which Salicornia Polysaccharide, (SPS) activates

macrophages.

To analyze macrophage activation and iNOS gene expression, we performed nitrite generation assay,

immunohistochemistry, and reverse transcriptase-polymerase chain reaction.

A polysaccharide isolated from the Salicornia herbacea L. significantly induces nitric oxide (NO).

Immunohistochemical staining of inducible NO synthase (iINOS) showed that the increase of NO was due to the
induction of iNOS production. RT-PCR analysis showed that SPS produced significant induction of iNOS gene
expression. Immunohistochemical staining of p65 showed that SPS produced strong induction of NF-kB/Rel nuclear

translocation. Electrophoretic mobility shift assay further confirmed the activation of NF-kB/Rel by SPS.

In conclusion, we demonstrate that SPS stimulates the macrophages to express iNOS gene via the activation of NF-

KB/Rel.
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