Korean Society for Biotechnology and Bioengineering Journal 26: 172-176 (2011)

15

INOS &8 A&2 % invitro A|2€) 2] &5 @ 59 F5E49) 23

A3 as} A5

23 AA, o152, AU, 015, AYA', AvF, AT, o)A

Establishment of In vitro Detection System for INOS Expression and
the Venfication of Suppressive Effect by Pine Needle Extract

Nam-Young Kim', HyeJi Jang", Dong-Geun Lee', Min-Kyung Jang", Seung Woo Lee', Myong Je Jeon’,

Mihyang Kim?, Sung Gu Kim®, and Sang-Hyeon Lee™*

A4 20119 3€ 109 / AAS: 2011 39 25¢Y

© 2011 The Korean Society for Biotechnology and Bioengineering

Abstract: This study was aimed to verify suppressive effect
of pine-needle extract on lipopolysaccharide (LPS)-induced
inducible nitric oxide synthase (iNOS) expression. In order
to evaluate suppressive effect on iNOS expression, RAW
264.7 cells were stably transfected using an iNOS promoter-
luciferase reporter plasmid yielding RAW 264.7/pGL2-Neo-
miNOS _proll cells. Established in vitro detection system
revealed to diminish LPS-induced iNOS expression by
0.1~500 pg/mL of saponin at the concentration-dependant
manner. Pine needle extract also diminished LPS-induced iNOS
expression to 92 and 88% at 500 and 50 pg/mL, respectively.
These results suggest that the in vitro detection system developed
here could be useful for the verification of suppressive
materials on iNOS expression and pine needle extract could
be used for the development of functional foods.
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JNA7F 7HA AL Q= G AAlRE o= F sk 2
AZHE QIS AAUE T8t S sk=dl, A9AAE
o|F= F 23 NEE Fol 37} A M3 (microphage)
ojm o] =& WA ZTH JAE Kok, T4 2E
(phagocytosis)= 3F7] Wizl E2Azeta s shr}. o2
Al Byt 22 A=l o 243k nitric
oxide (NO), prostaglandin E2 (PGE2), AF°|E7}2] (cytokine)
T A AT FEEAE O ERleke] BAE Bsst
A9k o] 5 FutEl2 #H Y (theumatoid arthritis)©]
o] 7315 (multiple sclerosis), X2 (asthma) 5-2] 7Hd
HoAgke] ol Hojshz 210 Bl vk [1-3].
Nitric oxide (NO)<= I~ 22Fg3t 12]7] (free radical) =
L-arginine®] guanidinonitrogen®] nitric oxide synthase (NOS)
of eJalf wigto] wwA o] Em AAA, A, A7
AN oM Tt A E4E A=A 9 A oA
9] 7T BAlel Uehfle] a9} e 417 B A Q]
Aol = ofeh= o= delA Qlvt [4,5]. NO+= B
A7 7)ol Hofstar glont, HEgk NO9| BdE A1
Al AFEE FIAITIE o A qltk NO<] §4
AR NOSE= 4 AJ] 2] 1ol EASR= constitutive 3
(cNOS) =} HHEgof| 23l YoJuh= inducibled (iNOS) O
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LM, cNOS<= thA] d3te]] 18-85 SK= endothelial 3 (eNOS)
I} 217ef|A T 28-S 3= neuronal 3 (nNOS) O 2 L]
Al At [6]. A INOSE MU 2 559} 2]ellA
¥ calmodulin®] A== il E/dskE MZefA
T 438 wolr tlekst MEelA] SEEo] B e
ZQ38F 98kS st} [7,8]. NOSO Tt} Wl e W&, WA
], &S 5o H g dxstolmy W wpzlEy )
22 B o MRS AlF 53 WA whedo] glt
3 LA QY 9]

Pinus densiflorat= A=A HAF2A LUEE717F FolA
AE Ry oleka WY EH, SeuUErE vlREste] S,
A& 5 A ofrlof x99 Qlotel] Y] AP¥star 9lo] £s
Aulg-0 7 EHA IS 4= 3= Fdo] Qi) lZFE] £l
S IEA 7R e " 22 S48 TEAY At
580 A5E ARESHE 5 wiktellA g ARgEoA] gk
T} 2UR et Ak 7132 2] |28 Swl s
ASA R Soll @50] Y= AoT dexEA 1S S5k

l

Seluon} oA, &% EE AN rEC] Alg]
31 9LV} FrEfo] Qs BpEel B 71 ARE

- 755 AR o] 85 o] girt. SAIRE FHZeoll= £l
HIER] &} K, 7Fe 8, Zehu o], SHEAIQl B 9 A&
50] o] Qlom eztro|E AR 50 QA ¢k Aol
ExJolal thekst 579 terpene 3}3HEC] X EEH O Q=
Zow Harsolx] glom &dlof 3hiE o] 3l flavonoid,
akaloid, lignan, f-71:H+ 5o 8% Fd|2ElE Astat,
A gy, AR 9 dkslay), Eitadyl Qs Ao
2 AR QlUk [10-14]. ¥Rk o e} FHE £9)0] i &
7}, £ SN2 hA|zel| tigt in vitro A|lESA, XA AfS)H
4l gPrksl gatel a5 B AThEo] HalswA] &4
2 TRt SRES TR AARER QI EH AL QLY [15-17).

1 ATAES o]HE] ATl AFY FEEL Akt
G4 4 S FSate] Barskgitt [18,19]. & AT
of| A= NOs 9| zc} w0 & <lsh thofst ¥ 23l 1l
T ATASS AN 7 Qe 3% V1A AEe] A
< 18k in vitro iNOS & A& A|AELS S8l
A4 FFE9] lipopolysaccharide (LPS) +%7 iNOS
o] gt Asll avs A5sIit.

2. A= 93

21 Nk WA

Agka 4, DNA ligation kit ver. 2, pyrobest DNA polymerase
= Takara Korea (Seaul, Korea) oA 7185t -4 222F
& %k SR Oigst Al (E. coli DH Say& ARESIITE
)+t Luria-Bertani (LB)WI#] (1% bacto trytone, 0.5%
yeast extract, 0.5% NaCl)E ©]-83}o] 37 CoflA] HijeFeisict.
Pt FAHEAS] AE-E $1k= LB (Difeo, USA) HI A
o] ampicillin 5= kanamycins #& &% 100 pg/mL 5=
10 pg/mL7} HA| 371810 AR8Iitt JAMIAR= LB HiA| o]
SHd (agar)S 1.5%7F HE5 H7ksto] Alzbeioict A

AT RAW 264.7-2 SHASET=2-88 (KCLB 40071)°114]
T3 21, 10% feal bovine serum (FBS, BioWhittaker,
Walkersville, MD, USA)¥} penicillin-streptomycin (100 units/
mL, BioWhittaker)S ¥315H= RPMI 1640 (BioWhittaker)
HAE olg31o] 37C, 5% COelIM wleFslsiLt.

22.iINCS 2w g fHze 29 ¥ 23xE ETkiv
B9 3=
RAW 264.7 A|3EE 75T flaskollA] 48A17F &t wljsto]
phosphate buffered saline (PBS, Bio Whittaker) ©.% 2%
A A%t & A EE 3]95F3L Genomic DNA Extraction Kit
(Promega, Madison, WI, USA)E AFH&-3t%] genomic DNA
E FES9I0h A7 INOS ZEYE 1k S29S 9]
3t miNOS _prol-F (5-CTCGAGGACTTTGATATGCTG
AAATCCATA-3’, Xhol site underlined)2} miNOS_prol-
R (5’-AAGCTTAGTTGACTAGGCTACTCCGTGGAG-3’,
HindIlI site underlined)E primer [20]% AFE-3}31 RAW
264.7 AIEZFE] FE3F genomic DNAS T8O 2 3]
polymerase chain reaction (PCR)FCZ THS st &
(95C, 53-[94C, 17-55C, 18-727C, 13] 30 cycles-72C,
10%), pGEM-T easy vector (Promega, WI, USA)®] ligation
AA pGEMTe-miNOS_proll= #|2H&} ),

$h, INOS B A5 AlIAEE F-53H7] 913t stable
transfection®] 713t 2|32 E WE:= pGL2-basic (Promega,
USA)S A|sta 4 Sacl¥ BamHIC 2 X ]sto] A
luciferase 2|3¥E F+HUAE E8SH= 2.7 kb2 F314}
< pDSRedl-1 (Clontech, USA)9] allQ Alstait H-9]o
ligationA|# A2™ pGL2-NeoZ 8} T pGEMTe-
miNOS_prol1-& #|&+& 2 Xhol¥} HindllIE A 2]ale] A
AE 1.7 kb2l AF INOS 2 FH 74 ¢HHS 2|3 H
HEIQl pGL2-Neo?] i AITHa A H-9lof A4AIA iINOS
W 5 2aE kA =21 pGL2-Neo-miNOS prol 1
= AZrstelt

A s FEAv|EES Algkadh Al oJg o
9 7L BA4E Eato] ERlsksinh

2.3. Stable transfection

RAW 264.7 A2 60 mm disholl 4] 24417 5<F vljeka} a1
PBS 4 mL=E ¥ Ml# st § pGL2-Neo-miNOS_prol 1
Z2}A1|= 5 ug¥} SuperFect Transfection Reagent (Qiagen,
Walencia, CA, USA)7} 37} ¥ FBS7} 9l A= w3k
sto] 37°C, 5% COy0llA] 2A1%E &< Bl oFaSitt. vl 24]
7t %, PBS 4 mLE 11 AlF3}al 10% FBS$}F G418 (H
F55% 0.8 mg/mL, BioWhittaker)7} 323 #jA| = wgk
sto] 37°C, 5% CO.0llA wiekaiaiom, Ga18el sl wi4d
= Hehll= Az o] 344 wizkA] 3 A0 R 10%
FBS®} G4185 ¥38h= A28 WA= wdksl A% ujok
33T}, Stable transfection®] A¥=Z iNOS &d A= =
21| =7} genome DNAC =% RAW 264.7 AI3ZE RAW
264.7/pGL2-Neo-miNOS_prol1 A= §&}9] o
Az Hasiglct
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24. 24U 28 AR YU LPS §% iNOS &3 A3 axt
35

L ARelA] AR AEele 2007 797 AEAkellA
Ak A3E B2 A 60Collr AFAZT T A
2 BT TES FEE AEE ARGl AE9
w3 kgoll & 4 LE 7Rk} 80CelM 12413 54 4
Agjol Faok AL F 29 WRelon, o) o3
(Whatman No 3, England)% ©{3}3}3L rotary evaporator =
60CellA wFe & 54 Axsar -20Cof Bkt

RAW 264.7/pGL2-Neo-miNOS_proll H|3E- 60 mm dish
oA 243 FE sttt wiAE AlASEAL vk Al
5 PBSE AIGE & Al=e wiA = welslglal, LPS (HF
E5% 1 pg/mL)E H7F8 T saponin (E55 500, 50,
10,5, 1,0.5, 0.1 pg/mL) 52 258 F2& (HF55% 500,
50, 5, 0.5 pg/mL)& PBSel 83l B 3148l 5 uL# A2t
AL, tiETo = 5] PBSE Aelsle] 37°C, 5% COyollA
24413k 53 vjoktic.

M3 FEE9] luciferase B4 5742 luciferase assay
kit (Promega, WI, USA)E AF&3lo] A ZFALS] manuals
B2 85191 ™, TD-20/20 luminometer (Turner Design,
Sunnyvale CA, USA)E o]-83s}o] S73ISItt. B luciferase
2457 A3= BCA protein assay reagent (Pierce, Rockford,
IL, USA)E 5743t AlZ F5&2] ol ko s 35

skl

3.8%H n

3.1 INOS ¥ H& e|xE SgtAn|E9 75
FZE9] iINOS T Aslazte] AFS flske] iNos

| Smal Kpnl Sacl Med Nael ol Bgil Mindll | |hal Sact Hindllil Ecafil Sall Kprl Sacil BamHl |

g e

P oo k DsRean ™,

fawig B »

(fam u
pDsRed1-1

||' pGL2-Basic o '| J |
)

(5588 bp)

[#5v 1 (4100 bp)
lpay

T SackBamHidgestion .~

-~ - e e
p ZT20DP @loA e et AR —

A
| el Bact Mkl Nhel Xhol Bghl Hindll!
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\
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Fig. 1. Construction of a luciferase reporter plasmid for stable
transfection. A 2720 bp Sacl-BamHI fragment which contains the
luciferase gene was inserted into the corresponding sites of
pDsRed1-1 yielding pGL2-Neo. Amp'; ampicillin resistance gene,
luc; luciferase gene, SV40 poly A; SV40 polyadenylation signal,
Psv40; SV40 early promoter, DsRed1; Discosoma sp. human codon-
optimized red fluorescent protein gene, Kan'/Neo'; kanamycin/
neomycin resistance gene, pUC ori; pUC plasmid replication origin,
f1 ori; f1 single-strand DNA origin.

A s gy YA s 5630tk WA, stable
transfection®] 713t €| E] ZefAv| =5 F5317] 98k
o] pGL2-basice Algta s~z A |ste] A3 luciferase
RS EEshk= 2.7 kbS] A} ©HA-S- kanamycin A&
’d F7d2E 71 pDSRed1-1¢] ligation A1 .21, G418 #]2]
of &J&l transfection’® A|3E°] AHo] 71t 5% 2L
B ZEAH|=E pGL2-Neo= 33t (Fig. 1). RAW
264.7 A EZHE] genomic DNAS F%3}1 A7 iNOS
ZRRE 98 Edsh= 1.7 kb FHA GBS SES
3 2 ¥E] ST E pGL2-Neool Aelsto] HExow
stable transfection®] 7}5-3t iNOS Wéd A= B XH &
221 = pGL2-Neo-miNOS_prol 15 33T} 54
pGL2-Neo-miNOS_prol1S Algka A Xhol¥} HindIII=
2]t & agarose gelollA] &<l 3k A3}, 1.7 kb2l iNOS
ZRRE AR dEHE g1 = QI3IT (Fig. 2).
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Fig. 2. Confirmation of an iNOS promoter-luciferase reporter
plasmid pGL2-Neo-miNOS_proll by restriction enzyme. pGL2-
Neo-miNOS _proll was digested by restriction enzymes Xhol and
HindIII and a 1753 bp mouse iNOS promoter fragment and a 6820
bp pGL2-Neo fragment were confirmed.

32. INOSHE ZH&S A A Z2F g4

LPSe] &Jaf %= INOS 9| Héle AAlleh= =42 Al
shal goldt A AFS f1ste] iNOS 2d AE #E
ZZ AU EE stable transfectionA|7] RAW 264.7 AX5E
2 3190tE RAW 264.7 Al3Zo] iNOS 28l 7% 2] ZE]
ZZAT| = pGL2-Neo-miNOS prollE transfectionA] 7!
%, G418 Aol olal] 2|3 FekAan|Ert Al [ Ao
AlE AEFE F7519 00, o] RAW 264.7/pGL2-
Neo-miNOS proll = §H3}At]

5% in vitro iINOS I & A|AFE] LPSOl| <]
W f e g Wy &4 REE ot W AslavE
saponin ©. = 7153} Th Saponin 14}, EEHA], & Sl
ol o] glom, WS gt AR, etk 24
g geked Tofl Bt AArt Hasa Qi [21-23].
RAW 264.7/pGL2-Neo-miNOS_proll A|3ZE wljfstar o

(I
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71ofl AF5HEE2Rl LPSE A5k iNOS WS =
O =)

& 5743 47, LPS ThE AEsle] iNOS S e
AlZ1 e Z=1ell B3l saponings #HEE5E 5007 50 pg/mL
2 AHgellS v iNoS Zéo] 712} 9737} 88% A3l 3,
0.59} 0.1 pg/mL2 SE= H2stlS wele 247t 149}
6% A== As IRISHATE (Fig. 3). ©] A¥= LPSel
o& f=E iNOS2| o] saponin FEeoll oEA o R
AdEi= e BR1E 4= lSlar, ¥ A= /P in vitro
iNOS el A% AlER We] SdEx] B AT &8
o] 7z Aow e}

Luciferase activity (%)

Blank 500 100 50 10 5 1 0.5 0.1

Concentration (#g/ml)

Fig. 3. Evaluation of the developed in vitro detection system for
supression of iNOS expression. RAW 264.7/pGL2-Neo-miNOS_prol1
cells were exposed with LPS (final concentration 1 pg/mL) and
then treated with indicated concentrations of saponin. Luciferase
activity was measured using a luciferase assay kit and normalized to
the protein concentration of cell lysates. The values were expressed
a percentage of maximum activity in the culture treated with LPS
alone. Means + SEM for three plates are shown.

"ANOVA p < 0.0001 compared with LPS alone (blank).

3.3.Invitro iINOS 28 & A 2ES o] &8 ¥ &
E9 LPS f =4 INOS ¥ A aT HF

RAW 264.7/pGL2-Neo-miNOS_prol1 A|3e] LPSE #z]
ato] INOS W& s & 259 FE2ES Austo]
W& =4 A3, LpS vk APfsle] iNOoS TS f
AR tiztel] vls) AEe] FEES HEEE 500 pg/mL
= AalolE o iNOS o] 92% AFNHSIL, 50 pg/mL
o] TR A2aile well= 88% A8l o] saponin¥} ]S
gHiNOS A dd& B3It (Fig 4). 39, 264 FE=
= HTEE 5 pgml o= APsiolE Heli= LpS =
g iNOS EHE A9 AsfahA] Koz Ao UER
t} (Fig. 4). ©] 232, HE55E 500~50 pg/mLe] £ 3%
£ LPS 524 iNOS 2Ee aabs| o Asfd + Q=
AL g = 3tk Yoon 52 £ FEEC| thxd
off vl 2.5019] ¥ FHAS FHS ER R &9
=9 71578 2AEAe] 7V 3 ARSI, Choi &
< &9 F550] LPS/IFN-y-stimulated microglia®llx] NO
RS oAIEC A B skitt [24,25]. B Ao Ayt
49l FE50] INOS9| &5 Asfisk= A om A=l

*

*
=] -

Blank 500 50 5 0.5

Luciferase activity (%)

Concentration (§g/ml)

Fig. 4. Verification of suppressive effect of pine needle extract on
LPS-induced iNOS expression using the in vitro detection system.
RAW 264.7/pGL2-Neo-miNOS proll cells were exposed with
LPS (final concentration 1 pg/mL) and then treated with indicated
concentrations of pine needle extract. Luciferase activity was
measured using a luciferase assay kit and normalized to the protein
concentration of cell lysates. The values were expressed a percentage
of maximum activity in the culture treated with LPS alone. Means
+ SEM for three plates are shown.

"ANOVA p< 0.0001 compared with LPS alone (blank).

¥ AR LPS 1524 iNOS S 2145k folap
AL 4= Q= in vitro iINOS 2 HE AIAELS F9519)
©m, LPS 524 iINOS els Eabeo® Asfshe 24
dio] A5 FEE X UdS5S AT 5 9l
o}l whebA], 7k in vitro iINOS e A& A AELS Tk
3764 FEEL Al B ATl 8o 7eE A
o7 AlgHth 53 iNOS W AdjEde LERE A
el FEE st 7141 A7-E F3l NOS Hebda
O Qg FulElA W9, thEA Aslks o] WIS
gy} B WA AeS oAU 5 Qs 71 WY
A AARE] o] hsd Zlo J|thEc) # A
o] Byt 259l 252 Faks) g4 2 &=tk [18,19]
7} 3 B Aol HaEE A5 FEE2] iNOS
A Al A7AWL HalAd AE5 FEES o18S
AZAFNET 1271573 AR 888 5 s Ao

2 7t

> H

4. 8&

AT vkl A fJekRo R 9 ARRH o
A%l F=50] lipopolysaccharide (LPS)ell 2J3l] %
+ inducible nitric oxide synthase (iNOS) & of tfj st
s Hstaat a3l o5 flsto] iNOS 22
TE-FAIFEA] 2XEE] ZEAT|EE RAW 264.7 AXEE
stable transfectionA]7] RAW 264.7/pGL2-Neo-miNOS _prol1
AEE AR AAE in vitro AEAIANES] G849
LPS 2] Fof] A E= iNOS #&1o] 0.1~500 pg/mL H<]
9] saponin §=o] oJEH 07 [Adh= Z o= SIS

2L 4 rlo rle
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o) A& FEEL 5007 50 pg/mL2] FEolA LPSel

FEE INOS 23S 7217 929} 88% FAA|F L #
AAZZ 7P in vitro AE A2~ER- iINOS WS A3
k= BAS Szt olgo] 7teE Zloy, A5l &
B2 715N A el Agol 7FsE Ao Ttk

B QA SISl ASAL QIR A1) 49l
2 yo} Sagatelon] ofo] L=
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