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1 £

P4 M NO £ DNA z interaction 3K M2 A ¥ X1EE P 2 §454 NOx
BAZAM S 4 da s DNA 45 A 2 DNA Ju i #h » NOx 7546 INOS & & NO z g f& »
NOx % # DNA £ % 2 oM A BHANMEEL » B NOX BRA B2 TR -
HHABER -

AR A A 2 peroxynitrite $1 guanine REL R -—EEXE A% # B
HPLC 7#7 % peak I (RT=17.2 min) A& peak Il (RT=19.1 min) + £4 NOx /& ¥ MRC-
S RRIEE LB peak | K54 > @ peak 11 f54 7 NOX RIE 2 MRC-S 4a
et BENOX REREARMY  ARIEAAZ iR ¥ FERBERE S peak 1T 5
B 0 BASE peak 1T 7T 2 NOx s % DNA #45 B 4542 o

ERMHBA HPLC #% peak Il 4% - & NMR R Mass 44 peak Il A 8-
nitroguanine (8-NO,-G) » T # % #h & # NOx 275 #4542 « A9} — 8% NOx
BB DNA Z848HF = > — B 4 M NOx H%% DNA » 5% —A NOx & &334k
INOS » &4 NO » # superoxide 4 & & peroxynitrite H 7% DNA » #:5T & fuA
INOS inhibitor (N-nitro-L-arginine-methylester » NAME) » 45 % 8-NO,-G Z.## >
BURNOX TREHN AN NO F4 AR K& d A4 M NO M2 DNA -

A RLE~ BT I 2 M NOx £ MRC-5 S 546 INOS 24 NO % » &
3 7% 46 MEKK-1 ~ INK & p38 » {2 # #2751t Ral/MAPK > R] K48 B 4 v A NAME
infubitor £ & NOx Rz MRC-5 faf MKK-4 & JNK-1 #hssibik b » s A8
P NOX 7T 48 & 7 41t NF-xB & iNOS # & NO 4 #] 3% MEKK-1/INK/p38 1. B8 #.1& »
% c-Fos R c-Jun R G RMHA > Tas NOx #4 MRC-5 a b BiLA B » &
B-FHRAT 0 5 —F WET RN NOX 438 5% p53 ML % pS3 » 458
ICERZ B eB A A -




2% NOx 2§ EH |
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EERFRY - §L§Mb#} Nitrogen oxides
£ &‘%%ﬁTﬁ%zm’ﬁﬁ%ﬁ

NOXMEE R0 E  KATH
» FRNOFRBH  RIPERT

144 NO~N,O~ N203 ~NO, *N,O, & peroxynitrite & - F& i &35 % .4 NOx

BEEETE %ﬁ@#ﬁﬁé’]ﬁﬂi - AFHUA
L%ﬁ&%ﬂNOxi,ﬁ}xNOgbﬁeﬁ%é’Jmifi

NOx BEA VXSG 4
a4 -

REAHBEZ Y BERALSNABEE NO Z—BESHN LM
BERWY > Thmp b A% 0 RARMKEE Wil 0P GIBRRE  aRe
%ﬂ’ﬁ@%é%ﬁﬁ’%Q%ﬁﬁ$$°$@#k$ﬂ%ﬁ%NO%?%&*

K — % 1993 44 Science #g;g NO A& ERE

7-F (The Molecular of the Year) -

B—HFR 1998 EMRARBLMAL T ZRAE NO RRAMLEE + 0

7 Robert F. Furchgott ’ Louis%J . Ignarro & Ferid

Murad - 2 3L 55 — R eh A SH A%
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RTEMZARCEREEHER - RERNE

B2 REER  E2 NO J&ﬁﬁi%zéﬂ

MBI - |
%55 % 2 NOX ,E—-ﬁui

# F #1164 % NO, & NO »INO, &

& % NO,°NO, &i%1kL aIveolar: macrophages AE

i3 SR

RRFRME

ZRARFEZLHAT NO it
HHREHARREALEAFR

i EAARSRERMNE > BA
EXNOARZATZ O; RELE
4 i cytokines NO & free radical »

SBENRBASTRE > BER ?.Li‘i 4 & A 4 asthma like syndrome 4 1844 - 5 9

Z R P H NOx ?%ﬁi%k@ﬁ%%ﬁ%%ﬁ ’

4o i 8, 5% 8 7 &5 85 (peroxyacetyl
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B ONHAMBZREGEFR -~ HEEZHB -NOX ABF L2 FEM
BWAHIFNO A NOx RSB HI ERA A2~ »NO & NOx T+ 2 Bka
CeMRB M RE FHRZ BHERLSY » 42518 (tabacco smoking)d » NO $t
NOx + &2 £ & T (nornicotine) & & # 7 %, 2= 55 % Bt #8 1t 4 4 (tabacco specific
nitrosamines) * ESBERZILEWRLEBFELHE S L2 FHEH -

ABREBNO A NOXx 2 8 FhmBBARE  A— S AmBATHR
Lo BRI EZR  ROREDIRRAAZ - B RO ER I HANGEEES
THRNO ANOX 948 > RiofTH Y LBEEHE - BR—FHEHLEL NO
B NOX #t ABRARFEAEYARERNEE - b NO B NOX 4 mBMBEERS
HEty o bR FRRE > BB L LU N S S GaMETARRES

B EERMCI NOx REZAHZRFTLY > HAMBTU RS F @G
RELT > AtEBAE NOx ERBFTHFLHEN > REHEEED At T
BAhB RRARG HELAG BARZGRANRELAT  BHEHASFA
YERAEVCEG T ERT R NOx Himji b £ £ F4 DNA » RNA » protein &
ARZZAAR  ERMAFTFRRENAL SRS - AFHPAEHTARE
F T NOX B8 4 ta BB L4 A Z 4 -

=0 ARHH

MREEBZELRCLENIRE = XRE— (1) RARALSHETHE
HEMBREZRE (23) Hibdo passive smoking (4) > B HEF AR 5,6)° X
FARBELZRE (IDENEBREXA |  BARNHEZIY FRAESE—F
ME-ZRAFPEF EEZ NOx» £4 N,0~NO-NO, N0, - N0, & N,O,, &
¥ NO B NO, AABAFZALERHN NO 2L TAGBETEYIH Y
ABRERMEI Y RARBLEBEAIAZIRENIREABZELAAR
Wb K mH R AR REE (9 @ NO,RIRAEN - BAEAMN 150
ppm AT KRR B BB BIL AR T H LD, 44 25 ppm - BE
% 4-20 ppm & A B W H X L & o4l E R brochiolitis (10-13) © NO & NOx
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B0 MERH

AUNM—ARBAERBBEBRAEL  RHERBNSEY > RAFAR KA
AMHE  BAHF A EReRERE  HFERE ABRRAF (14-16) &
MAEE NO SAMBEAFRXEBHFEARA NOX RAMMN - REVELAE
FHRWS SR AR CFBHIE (17,18) - REA % 5587 - NOX
AHRTEGIAIAAHAEEENAEA L1920 NO £ARATH
superoxide & % peroxynitrite :(21) » & cigarette smoke fracction ¥ 4% 3, peroxynitrite
& & 4 (22) » peroxynitrite EHEEBTAAMESE (23,24) 0 L& WG E(25)
BT BEIERQHE éeroxynitrite LB E B —# oxidative stress-inducing
compound » 38 3 A B4 1 DNA £ (22,26) {2 st & 518 5 2% .77 4 # NOX
S B 2 B R |

ZRAIEETNOx A DNAGE > THRLH - MRE E-AHNOxEE
K8 DNA » % — #3645 % 35 b INOB & % NOQR7,28) 8% % fa s 2. 02
& 4 peroxynitrite 3% # DNA'%o AR EREABZEREA DS ARAREFED
2 B45(29,30) » BHiRAZ NO T4 ps3 &3 he(33-35) R baf M = (33-35) > &
wmA R AG(36) 0 WA LT - X A KIEHE T2 NOx 54k INOS & £ NO TH#E
SRR 15 A48 W B SR IR % R < NOX B4 & B #8784t INOS

MRz Ae -



7.
8.

. NO & NOx &#38ETH DNA HE/R » 4 DNA damage * B84 T4

CBRVAREE NOX A WA NO w2z HAREREERB 2 HER > &

PR E B ZERBFNOX B F 4 Rz 8% 8 5553 420,000
2 A NORBRNOX Z 52 HERZBER L ER -

## 42 NOx-specific DNA adduct » 4t adduct &3 A B AEXERNOX £ E
L H HLEE -

R RAEAFR R -
AE R EAS LR NOX FTAE AL DNA - & 4 NOx-specific DNA
adduct -

3T NOx L cell proliferation 2 3 & 1% 3£ 9548 $1 NOx A 8.8 > sa b1 -
ABE LI E 8-NO,-G T A NOX 55 £ (4» smoking) 3542 -

Fwl HinaR

1.

7% NOx 2 DNA interaction Z T MM T Z BN A M2 NO KA -

2. RENOX T HE#ES DNA ¥i R 2384 -
3.
4

# 1 NO-specific DNA adduct T4 2 NOx 5§ 2 4538 » R B2 14 o

. BRI A &R P -5 F NOx-specific DNA adduct » #3R 95 £ BB E 2 NOx 7

REABAMEEE -

i NOx 75 $: 48 dy MAPK kinase cascade %4t iNOS » #4upy £ 4 NO B & >
T B AR &R DNA damage ; #p53 R EHHICRBIEM %G 5 Lk
A% 4 2z signal pathway o

] 1 NOx 751t 4= Bs 3% protooncogenes i %, 3% & BLIE 1L 2 44 o



HBAEER2zHLRCENBHE &

ARARMELZAE ODETLEAZBAE
BE - ZR¥YAH 582 NOx» &4 N,O N

[O > N02 » N203 > N204 & N205,
BAEGAORE TR Y 2%

%}E =
. o}

HE— (1) RABAERETHE
AERMNBREEERE (2.3) L Hde passive smoking (4) sk HEEERE (5.6)°
{a

k3
e HBHEI S TRENFE—F
H

ABRENED ik > RERDSHBROIAKBEN SREHBRZBARA

-k o FZARFEREE )
 ppm i AR E S I B A S
£ 4-20 ppm ﬂ%ﬁﬁii‘b%%% XEhmiisE)
AN - AMBARRBRERAEL 2
ERME o REHS AW w BRI - A
BRE NO AMBELEX LA L AN
BHANS SR LA RERIRRS (17,18
BB RGN AN AR A

superoxide # 4 peroxynitrite (21) ' #& cigarette sm
|

&) & % (22) » peroxynitrite E,@.:%iﬁ?éﬁr’rz.;ﬁ\.:ﬁ'#
BAEH BAALERA 23)% - péroxynitrite SR A
compound » f 3% A A % 4 A IZ}NA 5 %(22,26) 1
ERME R REET

pS3 S MIMEZ 5 BN > O A DML
29) > BEHRE Eﬁeﬁfr%%)‘;‘ibﬁ NO % 5% wild

(30,32-33) » # % A 28 % & K357 DS

| 8

i NO, Ri& A &1 EE AN 150

R TR LDy 44 25 ppm» RE
% brochiolitis (10-13) - NO & NOx
RN RY > RAFRZ—HN
&M E AREARE (14-16) &

NOx RAEM M EAMAELLR
c REAHSMEBT 0 NOx &2
A &(19,20) -
oke fracction ¥ 42, 3, peroxynitrite
2 (23,24) 0 b taReds E(Q25)
% B —%§ oxidative stress-inducing
A TEFRERSG P NOx

B4 > A B AR %27
type p53 2 Au(30-31) R A% =
3 RB A4 H(34-36) 0 LM ES

NO £#ABMATH



FENNERZINO MMz EAZRS:Y AL TRE2 NO B NOx Al &
V|4 12 NO, % s, DNA damage €% BRGT) > NO, L&A ELBEEH A
PKC(38) » B NO,# NO % B3 4£(39,40) -

B LA SURRIRS - RAMBBEAT R P2 NO & NOx(4h4H) Bdia
BBEX > BTHEFEEINOS &4 NO(R A M) » %35 %5 DNA = interaction
MmPE target KRB pS3)2shie > THRABMBE TR REZASL -

A—HERE > LTREGNIIAENE NOX BB RERB AR Tid

EBRBEIHFEERAL -
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Fo® BRI %

 (—) Peroxynitrite ¥ 4 & 4g %
‘ Peroxynitrite 2 B3k 144 4E Beckman EADF % » il > ABER
F NaNO, (0.6 M)/H,0, (0.7M) & NaOH (1.5 M) » NaNO, & HCl /H,0, % X
pump (26 ml/min)id 41 B A48 B #Li% 24 NaOH» 24 MnO, 3 3% 8 #] 2 H,0,
BAZ LB H G585 RSP T3 peroxynitrite > £ ) max % 302nm -
&0=1670M cm* -
(Z)NOx 1 DNA g 54 A
(A) 4% % NOx-specific DNA adduct = 4 g,
3 ml 2 50 mM peroxynitrite & 2 mg guanine # 0.1 M sodium phosphate
buffer (pH 7.0) ¥ R & » sA HCl +4v > Z 448 Slica gel Fpq, -8 » 5L 25%
ammonium #8#v 2 n-butanol % & & - L UV {85 -

(B) HPLC 4-#7
£ Millex-HV / 3 filter (0.45pm)i& & » 48 Nucleosil C18 (5p) column 4+ & »
mobil phase & 20 mM ammonium formate buffer > pH 6.0 > flow rate 2 2
ml/min > Dector % 254 nm -

(C) NOx-specific DNA adduct 4 &
22 458 HPLC > ODS column (5u 7 4.6 mm x 15 ¢cm) flow rate 0.8 m/min >
mobil phase B} b » 4% & peack fractions * 24 NMR » Mass » IR ¥ H &
- |

(Z)MRC-5 fafe & & NOx £ > RBAEH &% T DNA adduct ;BB 5%
SRR B 4 b B0 B 748 NO & NO, (0~ 25 ~ 50 ~ 100 ~ 200 ~ 500 ppm )i&4
At Z 35 % A VI R#% - W& @M - oL chloroform/isoamylalcohol (24: 1)
R DNA » B# % » B2 Tris-EDTA buffer (pH 8.0) & RNase A (100°C >
fodk 15 4048) 0 & 65°Chvdh 1 /&AL phenol/chloroform 2 B BB # ki
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DNA » 423 Frenkel’s % (42)7 s » o4 nuclease Pl /K87 + &1L alkaline
phosphatase K #% » PA HPLC 3}:{% NOx-specific DNA adduct 28 & » HPLC 4~
M EREARLE - NO BEZ5#HAH A Griess reagent - 7 WFRIERF
%2 daik » 4B DNA % » FIEA5K AR | 2 HPLC 24f -
() NOx £ &F4 2 MRC-5 tafi p53 £ B A H o #
MRC-5 4 4& gaseous NO solution 384 * & p53 A 7194 > R FHF B (A)
1% DNA: (B) 31 F(primen) 4 AR 2 33T 4 R o A —
(C) PCR #&#h4ok = 5 ' (D) PCR £ #4444 #1 F USB 2 sequencing kit 2
HRA - |

Kt & — : Sequencing oﬁ the oligonucleotides gor PCR and direct sequence

Y

analysis

Exons Primérs ES “end 3’end (size

5 s |TGTTCACTTGTGCCCTGACT 217
5.3 |AGCAATCAGTGAGGAATCAG

6 6-1 ETGGTTGCCCAGGGTCCCCAG 130
6-2 [TGGAGGGCCACTGACAACCA

7 537 |CTTGCCACAGGTCTCCCCAA |98
7-1 |AGGGGTCAGCGGCAAGCAGA

8 §-1 MTGGGAGTAGATGGAGCCT  [135
8-3 |AGTGTTAGACTGGAAACTTT

R4 % = : Polymerase chain reaction conditiobs for detection of the point mutation
. i )

|
of p53 gene |
Exons | primer ﬁ)enanue anneal Extension | Cycle
P53 °¢ 13 OC 14 OC 13 NO.

5 |[5-1,5-3] 94 60 58 60 | 72 | 120 35

6 l61,62] 94 | 60 | 56 | 60 | 72 | 120 | 35

! 12



7 153-7,7-1] 94 60 54 60 72 120 35

8§ |8-1,83] 94 60 54 60 72 120 35

(%) Western blotting 4-#t

£ NOx (25-500 ppm) & & 1% 2 MRC-5 éa iy » E# buffer A (20 mM Tris-HCl
pH7.4-EDTA 2 mM - glycerol 10% > sucorse 0.33 M » p-mercaptoethanol 50 mM >
PMSF 2 mM & leupeptin 25 pg/ml)2A35 B #4518 - 5 100pg @ 2234 4%
7&::/\?_3—%%2 protein loading buffer » ;24344 - loading £ 10% SDS-PAGE >
TAREARK > R 4T - 100 mA #HF% G » BAS %K 4wk 2z TBST
buffer(Tris-HCI 10 mM » NaCl 100 mM » Tween-20 0.1%)2 €58 F 8 2 5 »
/e antibody 4E 8 3.5 hr » B 2t TBST iF 3% = k4% & secondary Ab (0.2pg/mD R
B 1085 R TBST Fak » RAL Y E#8%(%5 BCIP » NBT)#AT2Z KK -
#1030 s AZEFHEA -

(#) NAME (iNOS inhibitor)#} NOx & 4 DNA damage A signal proteins 2 %
AEANOXBMAE—HHREBHF AN NO /A > £ LAHTR
¥ 2 e INOS #p#l % NAME(9# NO 2 %) > 4 2# 8-NO,G #9g4 &
A H A L Western blotting 44 signal proteins 2 %% -
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8 HERANATRER

Peroxynitrite ¥ #

NOxX specific
DNA adduct # 4

4a i 3% & NOx
R RAEH 5 H

HPLC % #t
NOx-specific
DNA adduct

P53 A 5 oA

Western blotting
2

’\*ﬁ iNOS 5] &
Z 8

j)}ﬁ NOx %45«‘% 4+ ' R TN E T T e
MEFRBR | LT T LT T T

(3o 21 4% 68 ) i 3

Bk ? =

2
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B WEeERS

L &5 5 peroxynitrite Z B R BB S H (B — B=—> AE =)

2. &5 M NOx-specific DNA adduct = # 4 & 42 % (8 va) % 8-NO,-G -

3.4ai% % NOX R RIS A X FI# % 4 4 8-NO,G 2 AW H(BE - ~

4. Jm A INOS inhibitor (NAME)#, & 3 24 NOx $t MRC-5 @ fih B2 DNA B /& >
A 8NOrGz A4 » B~ NOX TH#EP DNAHA(B £ « ARA) -

5.NOx fr cell free & MRC-5 tafis ¥ - 35T & medium & 4 nitrite > {24 MRC-5 4a
B ¥ & A8 % nitrite > 8557 KA NO T £ 375/t iNOS 242 (B 1) -

6. T B RERIEA £k DNA + 8-NO,-G 4 E0#(B+—) BFARRAER
X85 91 4% DNA + 8-NO,-G s 48 B -

7. TR A M NOx 16 MRC-5 s NFxB & iNOS & 4 NO ZREBE+=—A-
B) -

8. £ 2 NOx & ¢ 7%t INOS & & NO » &%/t MEKK-I/MKK-4 & JNK ~ p38(H
+w A-B-~C) {24 c-Fos & c-Jun 2B (B +%) > K& d Ra/MEK &
Z2E+=)-

9. 54 NAME %324 31 MKK-4-p & INK-p &V (B +E A -~ By £ 24 NOx &
B MEKK-1 & MKK-4 #84& » {28584 o

10. /884 NOx 43 5 pS3 ¥4 R phosphorylation(| + ) » 123 k& & pS3

mutation -
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28 BX
1. Peroxynitrite zﬂ%ﬁ#—*}-}i ‘
B — B 24 0.6 M NaNO2 & 0.6 M H202

£0,=1670 M cm -
2. NOx-specific DNA adduct 2 ¥ R 4& %

J3% 2 B v > peakll &4E% 4 8-NO,G -
3,359 8-NO,-G 4 £ NOx £ 32 2 MRC-5

MRC-3 fafis 48 hr » TR BT 8INO,G & & 1

#// INOS #741% N"-nitro-L-arginine-met]
8, NOx 32 2 MRC-5 faf » & % 2z 8-NC

B 304 NOx B &y 3% A H 2 NO % F A
|
5.8 5 HMEZ 8NO,-GRE

i 16

257 NOx 2 MRC-5 4Bz 8-NO,-G 2.}

i
.
o
&
f—‘t
3

AO0TMHCI B2 X BHE » &

Z. peyoxynitrite 2 % # 7% £ % 302 nm(8 =)

#1 A guanine $2 peroxynitrite K & 7 5, — B Wbk & 2 R B4 (B =) & HPLC
2 BMEAY RT A 172 & 19.1 min(@ w) - 4 ¢ 245 2 HPLC 4/ » Mass

L)
#£ % 2% NOx 50 pM & 32 MRC-5 4a

B> 6~12-24 R 48 hr» & HPLC 44 » 8% 8-NO,G 24 BEH
time-dependent(J8 %) » SAR Bl & NOx (10 ~ 20 ~ 30 ~ 50 & 1000M )& 32

R % dose-response({ & %) °

4389 NOX %% DNA 2 H# K55 A 4 NO # 4 DNA ?

iylester (NAME)dp#] NO # 4 > %
),-G &P > 2B 4 35%FE B

— % @ H & MRC-5 fm ki 2 DNA> $2 NOX & 48 hr % » 4.4 8-NO,-G
|
Z AR B4 RZEE S NOx BB ARIE (B £) - 85F NOx # # DNA 44

(B~ ARA)-

BARBEREELESH LRk DNA 4% 8NOSG (B+—)zfik &
RERRBEEREL  BETEEFNORNOx HARALABFW - TH




ABFEZER -
6.INOS A NF-kxB &4 &2 £ %
& 50 pM 2 NOx £ 72 MRC-5 48 » 815+ INOS R NF-xB & & k& 3 0% [ 3%
Ao EEE ¥ (B + =) 0 ARER A NOx £32 MRC-5 it 48 hr - 48555 3t
=R A &RBH NOX i £ F dose-response B4k > B L8 NOx T4 &y NF-«B
E4L INOS &2 & NO -
7.MAPK Kinase 2% & % 3,
BL 50 pM NOx & 52 MRC-5 %= 48 hr » 885~ MRC-5 4a g Raf 2 ERk B & ¥
#4012 Ad31 @B H & R(positive control) » (B + =) > {24 12 hr 8§ MEKK
1 R INK 1 AA&R (B+w) BAREEAE2 NOx (10-100 pM)&£ =
MRC-5 4af8 12 hr > 42885« MEKK-1 & INK 172 & & 48 1L > # — 3% 4 INK
phosphorylation £ & - #85% JNKK # NOx /%4t » Bt S ey R85 » 5
M NOx & & MEKK-1 » INKK/INK * NF«B &4k iNOS £4 NO s f2xr &b
&1t Rat/MAPK 2428 - 24 NAME &£ 3 MRC-5 g + 85~ MKK-4 & JNK-1
phosphorylation /b (B + ) » #8 38 £ 1+ NOx %1t MEKK-1/INK/p38 £ 4& -
8.NOx & MRC-5 b3t i ta ot R BB A B c-Jun & c-Fos &3R5 (B
+5X) » THES NOX BB Aahg -
9.NOx & MRC-5 % s i p53 BR800 B3 pS3(B + ) » 123 R 3% & p53
RE > WR KW NOX tmip BALZ M4 » 14483 -

*oB Hw

AE R A R BESAL R 45 5F 8-NO,-G 3 % 3. NOx & Z 3 MRC-5 4 ji - MRC-5

fm s DNA R 4184 & 334 % dose- A time- dependent z B4k (B 5, 6, 9, 11) >
#3 8-NO,-G T#5 NOx 52 A 548 - 3t 8-NO,-G vy & s thse dy NOx H#
%546 INOS # 4 WA NO 44 4% DNA (§ 7-9) - 8% 645 % &.807 8-NO,-G
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Z. T A 4% 48 & peroxynitrite % % DNA (22, 26) » A EBELH TupEs » &
DNA (438 MRC-5 i) HiES NOx AT AE L » & RTH NAME
(INOS #r#B) 4 38+ NOX 255 MRC-5 daf & £ 2 8-NO,.G 2 354§ (A
7) A A ABFERIEE 8NO,G #) & £ & dyém B peroxynitrite ( &
superoxide 2 NO 5 F & 4 ) % DNA » % —dg NOx & # A # guanine Z C-8 &
£ o |
NOx BHANZRREFZE T (43-45) £EE T NO XIREH X FEAH 600 1

g (46) - NOx ¥ NO Jéz_.}l‘t‘.é NOS £ A B4Rz airway epithelial s ¥ 54 &
#, eNOS » ¥ E 4 NO (47-49) - 8-Hydroxyeoxguanosine ( 8-OH-dG) & —18
f4ui5 T DNA 2 $54% (50-54) ' 2% B AT Bk 3 kA 445 B NOx #f DNA 4
EHRM 2R AR RIS 8-NO,G & NOx 4 DNA SEZH B2
& 3542 - b DNA & C-8 ﬁﬁz nitration * ¥ 4534 & DNA L apurinic sites 2

depurination (55) > ::%-*%ﬁﬁk G:C T:A transversions - Fl 3t 8-NO,-G = # 4
THRAMEBRBRGEERAL -
AR Rk —F B R AR NOX & MRCS faf ¥ 546 iINOS &4 NO % -
%48 & 7546 MEKK-1 » INK A& p38 %& & %8 » 12 3 % 7%/t RaMAPK 42 » hun
NAME 7 MKK-4 % JNK-1 ézﬁaﬁﬂ:sﬁw , 563 NOx £ &5 7%/t NF-£ B & iNOS &
4 NO 4 /&1t INK/p38 %ﬂ.%éﬁﬁi’i%ﬁi c-Fos B c-Jun & & & B3%w-(F 12-16) >
£iHBLEEREMRN ﬁ.%f& NOx #%41t INOS |# £ NO #& %1t JNK/p38 mitogenic
pathway + 44 usfE A B c-Fos & é-Jun KRB A T A NOX BIF &
% 448 o BEFE LBE NOX 7%t p2] Ras| 42i& NF-£B %1t (56) Rifi#
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Ledgends to Figures

. |
Fig. 1. Peroxynitrite synthesized. Solutions of 0.6 M NaNO, and 0.6 M H,0, in
0.7 M HCI were pumped at 26 mi/min into a T-junction and mixed in a 3
mm diameterx2.5 cm glass tube. The peroxynitrous acid which formed
was quenched by pumping 1.2 M NaOH at the same rate into a second
T-junction. Excess H,0, was destroyed by granuiar MnO,.

Fig. 2. UV/vis spectra of peroxynitrite

Fig. 3. UV/vis spectra of the products formed by the reactlon of guanine with
peroxynitrite in vitro.

Fig. 4. Electrospray mass spectrum analysis (B)|of peak 1I (A) (8-NO,-G).

Fig. 5. Dose response of gaseous.NO treatment|on 8-NO,-G formation in MRC-
5 cells. Culture cells were treated with NO solution in indicated
concentrations for 48hr. Formation of 81NO,-G was analyzed by HPLC
and monitoried at 395 nm (A). 8-NO,-G was quantatied (B) and expressed
as pg per ug of DNA. The values are the [three experiments, the error bars
are indicated the stari_dard ‘deviation. Std: 8-NO,-G standards; *ND: not
determined.

Fig. 6. Time course of gaseous NO treatment on 8-NO,-G formation in MRC-5
cells. Culture cells were treated with NO solution (50pM) for indicated
time. Formation of 8-NO,-G was analyzed by HPLC and monitoried at
395 nm. 8-NO,-G was quantatled (B) and expressed aspg per pg of DNA.
The values are the three experiments, the error bars are indicated the
standard deviation. Std: 8-NO,-G standards; ¥*ND: not determined.

Fig. 7. The inhibitory effect of NAME on the formation of 8-NO,-G in MRC-5
cells. Culture cells were treated with NO solution in 500M and NAME
(100pM) for 48hr. Formation of 8-NO,-G was analyzed by HPLC and
monitoried at 395 nm. The values are the three experiments, the error bars
are indicated the standard deviation. Std] 8-NO,-G standards; *ND: not
determined. :

Fig. 8. Effects of gaseous NO treatment on iNOS protein expression in MRC-5
cells. Culture cells were treated with NO solution (50uM) for indicated
time (A) and indicated concentrations for 48 hr (B). Three independent
experiment were conducted, a representative one is show here.

Fig. 9. Dose response of gaseous NO treatment on the formation of 8-NO,~G in
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cell free DNA. DNA was isolated from MRC-5 cells and were treated
with NO solution in indicated concentrations for 48hr. Formation of 8-
NO,-G was analyzed by HPLC and monitored at 395 nm (A). 8-NO,-G
was quantatied (B) and expressed as pg per pg of DNA. The values are
the three experiments, the error bars are indicated the standard deviation.
Std: 8-NO,-G standards; *ND: not determined.

Fig. 10. Analysis of formation of nitrite in NO medium incubated with or
without MRC-5 cells for 48 hrs. The values are the three experiments,
the error bars are indicated the standard deviation.

Fig. 11. Formation of 8-NO2-G in the DNA of cigarette smokers using high-
performance liquid chromatography with electrochemical. Non-smokers
control, n=12; Light-smokers (1 pack/day), n=15; Middle-smokers (1-2
pack/day for over 5-10 years), n=20; Heavy-smokers (over 2 pack/day
for 10 years), n=13; Lung cancer with heavy smokers, n=14. Values were
means; *p<0.05; *#p,0.001 compared with non-smokers control.

Fig. 12. Effect of gas NOx on NF-kB (A) and iNOS (B) protein levels of MRC-
5 cells. MRC-5 cells treated with 50 ¢ M Nox for the indicated times
were analyzed by 10% SDS-PAGE and subsequently immunoblotted
with antisera against NF-xB, iINOS and S -actin, which served as an
internal control. Densitometric quantitation of the autoradiogram in
arbitrary units. The result shown is one data set representation of two
independent experiments.

Fig. 13. Effect of gas NOx on Raf and ERK protein tevels of MRC-5 cells.
MRC-5 cells treated with 50 yM NOx for the indicated times were
analyzed by 10% SDS-PAGE and subsequently immunoblotted with
antisera against Raf, ERK and B -actin, which served as an internal
control. Densitometric quantitation of the autoradiogram in arbitrary

units. The result shown is one data set representation of two independent
experiments.

Fig. 14. Effect of gas NOx on MEKK-1 (A), INK1 (B) and p38 (C). MRC-5
cells treated with 50 M NOx for the indicated times were analyzed by
10% SDS-PAGE and subsequently immunoblotted with antisera against
MEKK-1, JNK1, p38 and £ -actin, which served as an internal control.

Densitometric quantitation of the autoradiogram in arbitrary units. The
result shown is one data set representation of two independent
experiments.
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Fig. 15. Effect of gas NOx on phosphorylation of INK1 (A) and MKK4 (B) in

the presence and absence of iNOS inhibitor (NAME) in MRC-5 cells.
MRC-5 cells treated with 50 yM NOx for the indicated times were
analyzed by 10% SDS-PAGE and subsequently immunoblotied with
antisera against JNK1, MKK4 and [ -actin, which served as an internal
control. Densitomeiric quantitation of the autoradiogram in arbitrary

units. The result shown is one data set representation of two independent
experiments.

Fig. 16. Effect of gas NOxon ¢-Fos (A) and c-Jun (B) protein levels of MRC-5

cells. MRC-5 cells treated with 50 (/M NOx for the indicated times
were analyzed by 10% ;SDS-PAGE d subsequently immunoblotted
with antisera against c-Fos, ¢-Jun and A -actin, which served as an
internal control. Densitometric quantitation of the autoradiogram in

arbitrary units. The result shown is one data set representation of two
independent experiments.

Fig. 17. Effect of gas NOx on p53 protein levels (A) and phosphorylation of p53

(B) in MRC-5 cells. MRC-5 cells treated with 50 g M NOx for the
indicated times were analyzed by 10% SDS-PAGE and subsequently
immunoblotted with antisera against p53, phospho-p53 and S -actin,
which served as an:intelfnal control. Densitometric quantitation of the

autoradiogram in arbitrary units. The result shown is one data set
representation of two independent experiments.
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Collzzuon

HyOq = HCE
NaNQ, NaOH

Fig. 1. Peroxynitrite synthesized. Solutions of 0.6 M NaNO, and 0.6 M H,0, in 0.7 M HCI
were pumped at 26 ml/min into a T-junction and mixed in a 3 mm diameterx2.5 cm
glass tube. The peroxynitrous acid v:hjch formed was quenched by pumping 1.2 M
NaOH at the same rate into a second T-junction. Excess H,0, was destroyed by

granuiar MnQO,.
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Fig. 5. Dose reSponse‘of gaseous:rN.O t’reétment on 8-NO,-G fonni'f_joé in MRC-5 cells.
‘ Culture cells were treated §vith NO solution in jindicated concel\lntrations for 48hr.
Formation of 8-NO,-G was analyzed by HPLC and monitoried at 3:95 nm (A). 8-NO,-
G was quantatied (B) and e;cpressed as ug per pg of DNA. The vialues are the three
experiments, the error bafs are; indicated the standard deviatié)n. Std: 8-NO,-G
’ ~ standards; *ND: not determined. :.
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Fig. 6. Time course of gaseous NO?ueauﬁent on 8-NO,-G formation in MRC-5 cells. Culture

!

cells were treated with NO solution (50uM) for indicated time. For:mation of 8-NO,-G
|

was analyzed by HPLC and monitoried at 395 nm. 8-NO,-G was :quantatied (B) and

|

expressed as pg per ug of DNA. The values are the three experiments, the error bars

i
are indicated the standard deviation. Std: 8-NO,-G standards; *ND: not determined.
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Fig. 7. The inhibitory effect of NAME pn the formation
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cells were treated with :NO 'éolution in S0p
Formation of 8-NO,-G was analyzed by HPLC 4
are the three experiments,i the érror bars are ind

NO,-G standards; *ND: nc:>t determined.
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of 8-NO,-G in MRC-5 cells. Culture
|
i
M and NAMEI (100uM) for 48hr.
Ind monitoried a& 395 nm. The values

icated the standz;rd deviation. Std: 8-
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Fig. 8. Eff
ig. ects of gaseous NO treatment on iNOS protein expression in MRC-5 cells. Culture

cells w i i :
| ere treated with NO solution (SOuM) for indicated time (A) and indicated

concentratj )
A 0 ns for 48 hr (B). Three independent experiment were conducted. a

s
- Ie resentahve one i.q show hara
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Fig. 9. Dose response of gaseous NO treatment on the formation of 8-N02-G in cell free DNA.
|

DNA was isolated from MRC-S cells and were treated with NQ §<:)lution in indicated

e . ' I )
concentrations for 48hr. Formation of 8-NO,-G was analyzed by H?LC and monitored
i ' |
e Ay xpressed as ug pier ug of DNA. The

re indicated the !standard deviation.
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Fig. 10. Analysis of formation of nitritEj in NO medium
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Fig. 11. Formation of 8-NO2-G in the DNA of cigarette smokers using high-performance
liquid chromatography with electrochemical. Non-smokers control, n=12; Light-

smokers (1 pack/day), n=15; Middle-smokers (1-2 pack/day for over 5-10 years),

n=20; Heavy-smokers (over 2 pack/day for 10 years), n=13; Lung cancer with heavy

smokers, n=14. Values were means; *p<0.05; **p,0.001 compared with non-smokers

control.

R




Fig. 12-(A) ;

'
}
i

B.
74
n—-s-
=2 |
o
= 5 ‘
E i
3., ] |
=
@ '
2 3] :
[=% i
Z 4
]
1
0 12 :h
Time (hr)

Fig. 12. Effect of gas NOx on NF-xB (A) and INOS (B
S cells treated with 50 M Nox for the indica
PAGE and subsequently immunoblotted with antis
which served as an internal control. Densitomy
in arbitrary units. The result spown is one data

experiments.
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Fig. 13. Effect of gas NOx on Raf and ERK protein

48 ()

levels of MRC-5 cells. MRC-5 cells

treated with SO 1z M NOx for the indicated times were analyzed tlwy 10% SDS-PAGE and

subsequently immunoblotted with antisera against

|
Raf, ERK and |4 -actin, which served
|

as an Internal control. Densitometric quantitation of the autoradiogram in arbitrary

]
i

units. The result shown is one data set representation of two indepehdent experiments.

[




(A)

protein level (fold)

Fig. 14. Effect of gas NOx on MEKK-] (A), JNKI (B) and p38 (C). MRC-5 cells treated with

50 1M NOXx for the indicated times were analyzed by 10% SDS-PAGE and subsequently
immunoblotted with antisera against MEKK-1, JNK1, p38 and B -actin, which served
as an internal control. Densitometric quantitation of the autoradiogram in arbitrary

units. The result shown is one data set representation of two independent experiments,
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Fig. 15. Effe(r:tiof gas NOx on phospho;'ylation of INK1
and absence of INOS inhil;itor (NAME) in MRC-
f£M NOx for the indicated ﬁmeé were analyzed Y
immunoblotted with antisera against JINK1, MKK
internal control. Densitometric Quantitation of t
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Fig. 16-(A)
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Fig. 16. Effect of gas NOX on c-Fos (A) and c-Jun (B

) protein levels ?f MRC-5 cells. MRC-5

cells treated with 50 1M N_Ox for the indicated times were analyzed by 10% SDS-PAGE

and subsequently immunoblotted with antisera 4gainst c- Fos, c-Jun and B -actin, which

served as an internal control. Densitometrid quantitation of the autoradiogram in

arbitrary units. The result shown is one datg set Tepresentation of two independent

1
experiments. ‘ !
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Fig. 17. Effect of gas NOx on p33 protein levels (A) and phosphorylation of p53 (B) in MRC-
; ! i :
5 cells. MRC-5 cells treated with 50 12 M NOx for the indicated times were analyzed by

10% SDS-PAGE and subsequenﬂy immunoblotted with antisera agdinst p53, phospho-p53
and f-actin, which seré/ed as an internal con‘trol. Densitomet:ric quantitation of the
o

autoradiogram in arbitrary units. The result shown is one data se::t representation of two

' : |
independent experiments. I ‘
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