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The Regulatory Mechanism of Sre¢ Family Kinase in Lipopolysaccharide
(LPS) induced NF-xB Activation Pathway

Hee-Jae Kim ‘- Heywon Lee - Hui Su Lee * Jong Sik Ha - Ji Hee Lee
Department of Physiology, College of Medicine, Ewha Womans University

Objectives : Src family tyrosine kinases (TK) have been found to be involved in LPS induc-
tion of signal cascades. Furthermore Lipopolysaccharide (LPS) or Tumor necrosis factor alpha
(TNF- ) activate nuclear transcription factor B (NF-#B) by inducing serine or tyrosine pho-
sphorylation of the inhibitory subunit of NF- £ B(I £ B- @ ). In this study, it is our purpose to search
the role of Src TK in LPS induced activation of NF-« B and NF-« B dependent induced inflam-
matory factors.

Methods © Nuclear extracts were prepared from RAW 264.7 cells pretreated with damnacan-
thal or PP1 and then stimulate with LPS. After that, we figured out the effects of inhibition of
Src family kinases on LPS-induced activation of NF-x B by EMSA. We investigated effects of
damnacanthal of PP1 on the production of NO by Griess assay and LPS-induced serine phos-
phorylation and degradation of Ix B-@ by Western blots in LPS-stimulated RAW263.7 cells.

Results : Inhibition of Src TK with damnacanthal or PP1 blocked LPS-induced NF-« B acti-
vation at the range of nanomolar concentrations. Substantial inhibition in LPS-induced production
of NO was also observed in cells treated with damnacanthal or PP1. These kinase inhibitors
blocked LPS-induced the serine phosphorylation, and the degradation of 1x B-«a .

Conclusion : we investigated the role of Src TK in NF-« B activation and production of nitric
oxide (NO) in LPS stimulated RAW 264.7 macrophages and the underlying mechanism by which
Src TK play a role in LPS-induction of the possible pathways leading to NF-« B activation. Src
kinase specific inhibitors, damnacanthal and PP1 blocked LPS induced activating NF-« B and
producing Nitric Oxide in RAW 264.7 machrophages. Moreover, Damnacanthal and PP1 inhibited
LPS induced serine phosphorylation and degradation of I« B-c .
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Src family tyrosine kinases(TK)7} W%42 Qs
HFEEt NF-¢B 843 AsdgAAe duslo] g
go] Rag v P, g EALPS) Y TNF o 9
722 ofe] AFAE 14 B- a9 serine?] EE tyrosine
719 QIS E3lo] NF- «BE #4413} A7ickn ¢
A v . meb 2 ATelMis RAW264.7 Tl
T2 YWSEALPS) S &A1) ¥ Src TK7F NF- «BE
A5} Gkl Aol loiA] oW AgE sh=ol of
glo] AL WE L Fo& A% NF- ¢ BEAe
o} Src TKE] 7|21 #AL7]el disfl AR
Damnacanthalolt} PP1& Src TK 5ol7 <Az &
AR AV, B AFoME Sre TKE) EoiF A
damnacanthalolv} PP1& ARSI, RAW 264.7 of
AAEAM Sre TK 5ol Al AHA & YHALR
AR NF- e BE#EE 2hdAAc) B3 Y54 Fo
2 Z74¥ NO A& damnacanthaloh} PP1oY) 2)&}o]

£l A EoA Western blot& 588131t}

RAW 264.7 AZ(1x10%% 10% FBS, 2mM glut-
amine, 1000units/ml penicillin, 100 yg/ml strepto-
mycin ©] X9 Iml MEM uljokale] 2AkgE 3 24
well vl o 3913}, 37°C, 5% CO, ¥i¥71olA 2
A7k whokst 3 obBER WSA0£g/mD) E AEtn
24A17F Fof) ZAF AJ¥Eo)A NO production® &3
&3ict.

2. Yoy 73 A MAARY

¥ 222 Gun Z(Sun et al, 1994) 2] WHS Wy
sto] AAIERITk Sre TK S0l A4 [Damnacanthal
(1.7~170nM), PP1(1,100nM)] 9] 2217} X&)z} b
A AEE 201 hypotonic buffer A(100mM HEPES,
pH7.9, 10mM KCl, 1.5mM MgCl,, 0.5mM dithioth-
reitol, 0.5mM phenylmethylsulfony! fluid, 0.1mM
EDTA, 1% Nonidet p—40) 2 AF-AA713 A-golA
1087 w8k 1027} vortex$tel

AL 12,0002 303 ¥t f4lFE 8kl Buffer
BL20mM_HEPES, pH7.9,..1.5mM MgCly, 0.5mM

A=A} o]¢l TK kinase AAAE UFAZ A5
L gserine”] 91439} [ ¥ B— ¢ H-81E AR A}

oy X 38

1. MEZQ MY

A2l thAHIE, RAW264.7 Al¥3= American Type
Culture Collection(ATCC) oM #<IE1913L 10% Fetal
Bovine Serum(FBS) =} 1,000unit/ml penicillin—stre-
ptomycin®] RZg DMEM wigoz f=sisich
Channerlyzer?} -2l 217 #5715 o)8-8t0] 757E]
T2 7122 ARy 9 a5 W v E FA8)
et

RAW 264.7 AZ(5% 10% & Sml wickelel] Hhakeh %
6 well wigkste] F9]8loy, 37°C, 5% CO, uliek7]elA
7277} vllekgt & damnacanthal (Biomol) v} PPP1 (Bio-
mol) 8T WEALPS, Escherichia coli lipopolys-
accharide, 055 ; B5, Sigma) 10 zg/mli& xgjab, &
25l AEoM NF- ¢ B #3438 Z43I8Ick RAW 264.7
HE(6.5% 109 & 5ml wjekelol $-AHE 3 60mm M)
oFR Aol )8l 37°C, 5% CO» wWid]oM 48413
wjoket & okEEu LPS(10 #g/mb) & M@t ¥ £2

PMSF, ImM EDTA, 20% glycerol, 0.42M NaCl) &
AR F dSollA 3048z HAAIZIC & dwiEo)
SEFHE AAEele 10,000g00A 287 A4Eelsle] ¥
w8 Fdalo —70ColA BRI

o1A F:&3% 7 A 8 FEHE Sugd ) 2l
o4 AAIAQ poly dl-dC, z1e]it P—FAE LR}
(40,000cpm) & binding buffer (4mM HEPES pH7.9,
1mM MgCly, 0.5mM DTT, 2% glycerol, 20mM NaCl
of Egkala 304 Fel AhollA] whe-AFch WA -
DNA E8A1% 527 918 ukE-o-& non-denatur-
ing 5% poly—acrylamide gelollA @7 %3l 4
& BZAA A7PA)E (autoradiography) 8t 4%
44 (Electrophoretic Mobility Shift Assay, EMSA)
Sl BE ATPIA EO] WA e FEA
(BIO-RAD laboratories—Segrate) & ©]83l0] &4
AL thZstel] ot nifold) & AlRteRich

227k AMEE) oligonucleotidet> [ @—"P1dATP
(Amersham, Buckinghamshire, UK)2 EA€ NF-
« BB consensus sequence 5 ~CCTGTGCTCCGGGA-

ATTTCCCTGGCC—3 ¥ A¥ldouble—stranded oligo-

nucleotideso|th, EAE 42]2R= G25 spin columne
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o] &3l gAIE F, Bo] BY=r} 40,000cpm/ 117} H
55 TE ¢%5890= AG 5 4T rA3GIh

3. Nitrite assay in cultured cell

NO2| 432 2417k wiekst AL A5 Ael|A] nitrite
£ SHgeEA Frklitt Basl| & sample 50 plol
Greiss regent(1% sulfanilamide, 0.1% naphthylety-
lenediamide in 5% phosphoric acid)Z 100 1 A7}
$ ¥ microplate reader® AME3}] optical densityE
550nm (ODsso) o 381500t Nitrite $%& w2 &
H)8 F9 sodium nitrite ] 3+ T4 (ODsso) 3 1]
A3k} AT

4, Western blot 24

10% SDS—Polyacrylamide gel “3oiX A7) 9%s}0
g @A nitrocellulose Dol Aolaigitt, Aoje
GdS 5% bovine serum albumin(BSA) E H]Eo]
A uhe-2 AAsIL, QXA anti—phospho 14 Ba,
anti— I« Be (Santa Cruz Biotechnology, Inc.) 8} A&
oA 1Azt BhgAIA AHFAIE HET o3 FAR
A4 302~1A1ZF WHAIZ U chemiluminesc-
ence(ECL) reagent 2] ¥ o]z} Aol gt wg vt
$& x—ray filmell =27 ¥ d3le] gA)8I4ic.

5. LY

RE AP 299 $8AE BELEELAE eR
t}. Z3X ¢ A= one—way analysis of variance
(ANOVA) ¢} Student’s T—testE ©]-&3Iich. pgto]
0.05 TR Aol F2Ao] Qe A oR ZhEsisich

2 1

1. Damnacanthal2t PP1°] RAW264.7M N
NF-xBRE2 0N = FF.

UYELZ FE9E NF-+B 8/33) 31oiM Src TK
9] dghs ZAYE7] Y8) Src kinase ¢A|A)Q] damna-
canthal@ PP1-& RAW264.7 thAAIEo] 2417+ A=)
& F WEAE 27 Aagich UisAE 47 A3
% DNA—binding activityE ZAMt 23} damnacanthal
(1.7~170nM) =+ PP1(1~500nM)& e A2z
M J54E 5P NF- B2 DNA binding activity
7} A S #elE & Uitk (Fig. 1.

2. Damnacanthal® PP1°| YSAZ fx5E NO
Ngol OiNE 9% ’

Nitric oxide NO) & US4 o =&HE o h2lA
2o 98 FEHE Fo 9F WA, g
29§38 FHE NF- ¢ B 843}l 2J&Fo]}?,
21804 damnacanthalo|y} PP1o] NF—xB 4] of&
NO S o]=AT Z2AFIER Y tisle] ZA1E Tk

UELE BA 2ol Aelst A3 24417 vkt RAW
264.7 AZA NO AA4o] 3348 Z71stich(Fig. 2).
Damnacanthal (0.34~17 pM) ¥ PP1(0.5~10 M) &

PS+Dam(1.7nM)
LPS+Dam(1.7nM)
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Fig. 1. Emesa illustrating the effects of inhibitors of Src
family kinases on LPS-induced activation of NF-
kB. Nuclear extracts were prepared from RAW
264.7 cells pretreated for 2h with damancanthal
(1.7-170nM., A) or PP1{(1-500nM, B) and then
stimulate with LPS(10 2 g/mb) for additional 4h.
The results of EMSA are shown (upper panels) and
quantized by densitometric analysis as a per-
centage of the response to stimulant alone
minus controllower panels). Data cre represen-
tative of at least 3 experiments.
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Fig. 2. Effects damnacanthal of PP1 on the production of No by LPS-stimulated RAW263.7cells. RAW 264.7cells(10¢
cells/ml) were stimulated with LPS(10 zg/ml) in the presence or absence of damnacanths(0.34—~17 M) or
PP1(0.5-101M). Atrer 24h, superna-tants were assayed for nitric using the Griess assay. Values are means+
standard errors of 4 separate experiments. * : Indicates a significan decrease (p<0.05) compared to LPS alone.

2 AXE] & AR E FE JEFHOE Y5Ah
off g =" NO WS AxA7le AR B3y, 17
#M damnacantal 100%%4, 10 «M PP1& 70% <
Ashe A9E BRY 5 YA} o= HFFHOE o]
EKinase AR RFIA-NOS - gol-otulg-33=

P-l  B- & {s0r32)
LPS LPS+Dam LPS+PP1
5 10 5 10

(0} 5 10
® =" "

7)1AA) gkskeh(data not shown).

3. Damnacanthal®} PP1°] serine| QI3 A
|k B-a® 0= 9B

YEAZ FEHE NF-«B 8493432 [¢B-e9
serine 7] 33}, [4B—a H3Z AZ A3 NF-«B
2] subunito] Mo 2 A2 ojFo] AP maby &
AT USAZ FE¥ o)Al [£B~ a2 serine 7]
Q1iks} 9l 4B~ ®a]3g0l Src family TK7} Q&
=o] 9h=A] BRIEZ] $l8iA RAW 264.7 AEo dam-
nacanthal®|t} PP1-& AXxelsly, WSAE Foisln X
AE Azt MEE lysate 33k [£B-a 9 serine 7|
QBIS} 14 B-a O] @A EE ZANEY) 3 anti~
phospho—1 k B~ e (serine 32)''? 78]1 anti-1«
B-e AbE AM3l9] Western bloto2 #A43lgich
Fig. 394 BoAF R} o] Y54 A= 58 F 1«
B-eo serine?] QA7 F7kehz: BEE B} H
A Fo] 108 Fol& [4B~a serine?] A3}7} 2o
WA ¢kgket, Damnacanthalo)ut PP1& WS4 2 5
F Fol A= [4B-a QA8 ANk [kB-2

Lir'g s al?4 i o
0 5 10 20 30
D e P
NP —— e @ LPS+Dom

= ——-

Fig. 3. Effect of damnacanthat or PP1 on LPS-induced
serine phosphorylation (A) and degradation (B)
of lkb-a RAW 2624.7 cell were preincubated
for 2h with damnacabthal(17nM) or PP1(500nM)
befor treatment with PLS(10 £ g/ml) for an addi-
tional indicated time. Cell lysates were analyzed
by anti-phospho- « b~ a (serine 32), and anti- «
b- « western blotting. Data are representative of
atf least 3 experiments.

LPS+PP]

o} ¥aie WS 2= 1083} 204 ol SE8lo] Bad
F AAcHFig. 3A). WiSA X2)F 308 ol AFA 3
g A gL HEl 6087HA] Sl A B
SitHdata 2P, Damnacanthalo\} PP1E- A28 4
¥ol Y542 2531 A3k ysd X & 208 @
BHAE [k B-a o] #3E 433] APdAI AT olw
Damnacanthalo[t} PP19] AbtEah= Wis4 X2)¥ 30
Fox A&}
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4 #H

B dFlAlE NO A3 NF-«B 4ol SlojA ol
o] A AL A Sre TKY &g s 1A
PTK 9AIA7} RAW 264.7 thalAZoA W)
5 NF-«B 843 NO 448 4RI
AM-L(Kang et al,, 2003) thalAFEolA U542
signalingell PTK7} $23 48g gty AAEx
=R

uzb NF- ¢ B 84318 sk AsdgAAldd o
wet PTK7E Qdso} gleA] 1] 918 Sre TKY)
Aad AL damnacanthal# PP1& AMg3lo) RAW
264.7 AAZAN UELE FEHE NF-«B 243}
9 NO 4487 14 B—e?) Qg nXE 93& 533
At

B A72] AY A3 Damnacanthal(170nM) oJvt
PP1(100nM)©] RAW264.7 tiAAZM USAE &
ZHE NF-«B 848 dizr nlwsle] 212 429%%
70% HaAAT AFTmM 75 oM VeRd NF-«B
AAEI= o]F Sre TK AAA Sre TKE vy A=
Hog Ao =N NF-«B 8432 Aaxzls At
3l Yot Aol Sre TK dAAE WSied 9t
NO A9} A4 Eoh= vieksigiont 1558 Sre TK
oLA|A) (17 uM damnacanthal® 10 uM PPL) & X84
NO 24g0] o] dAlelt)

o] A3= PP1(5~15uM)©] RAW 264.7 A|3EolA
549} IFN=7 o g3l FE25& iNOSeH TNF 34
& Ak Rud Olicek 59 dgda Host
72 702 Sre TK7} NF-«B843 NF-«B 9%
el NO A& 25k UIE2 signaling cascade o X
Sl AL AAS) B3 o] Sre TK AR} L«
B9 serine QASIE B4 dolths NF—¢ B 243
2l0] serine JAE} 14 B-a 28E &8 & Jsich

IKK @, IKK £, cytokine inducible kinasestT [ «B—
a ¥ serine 32, 36 A4S} A7) kinaseF. ojn) &

ok i

2
o
k3

4

=
2

r\r B

Q1 ¥ Yk (Woronicz et al,, 1997; Zandi et al,, 1997).

m}a}ﬂi 9)¢) A2 wo} Src TK7} KK a1t IKKB 2

& serine kinase® B3} A7) 523 988 3}
kil IKB—a/-J serine 7] QAYE= LPSE X3 A9
ZRTY sl 1kB-aE B8 NF-«B #4¢ %

e AFdE & A
& A7 Aok Src TKS] 8] SAE S5 RAW

264.7 thAAFNN 14 B— a2 serine YAk F 3t
AgS o= AMIE RolFE Fojth

Damnacanthal Lck TKS} 78 788t Mgzl
AAAlE T deA Yok =3 PP1E ¢—Sre, Lyn 1
23 LekE #1230 Fyn, HckE nonomolar E5o)A4
Aazdoz AL & vtz 2useP?, wey
USAR 58 NF—«B #8487 14B-a 2 serine 3
tyrosine QVFsle] $lojA o}F ¢—SRC TKS 9% 7%
A& AN B 5 Ak

2 ¢

g5 3

Src family tyrosine kinases(TK)7} HEAZ Q3]
FEHE NF-¢B 343l AaagAdAe dusle] gl
£o] X318 ut gt EF WERLPS)H TNFa 9
22 o2 AZAE 1eB-a Y serine?] EE tyrosine
719 QA Fate) NF-4BE 843 A1y &
2 vl Qi) olof 2 ATl RAW 264.7 TIANZ
of YEA 5o A fEHE NF~«B843} 9 NF-«B
A& AS59AA Bl tiE Sre TKS) 4] sy
TEenA gch

H .

o

American Type Culture Collectionol|A] T¢1g 4
FY A E, RAW264.58 WESLOPS) o 8471
% damnacanthal\} PP1-& #2l3le], EMSA, Nitrite
assay, Western blotS $31¢] Src TK7} NF—« B84
T} AFARke] B doir oW JEkE skelol tist
o] ZARBIFT WS4 FoIZ Qg NF-xBEA Sl
Al Src TKE 712321 287170 ] ZAsiglth

2 I

Damnacanthalo}l} PP1& Src TK 5o1d JAlAz
AA e, B dFeME Sre TKE) 013 QA1
damnacanthal ©]\ PP1& AM-51811, RAW 264.7 U
AAZAA Src TK 5ol JAAY AAAE 5AE
EHE NF-«BEAE AaAZh B8 vsh Foi2
2718 NO AA2 damnacanthalelut PP1o)) 2Jsle] <

AHe} o] TK kinase AAAE 5482 §5E=
serine 7] QA8 1k B—a ¥4I AAIAIZT
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3 E:

Src kinase £9°|3 ¢JAlAI%] damnacanthal 121l
PP10] RAW 26474204 WFAE FEEI: NF-«B
@4 7 Nitric Oxide843-& AMHAIA T B3 Damna-
canthalo|t} PP1& US4A2 FE¥ serine?] QAkste}
1kB~a 9] £815 JAAF
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