2018 E 1L

ZaF Yy - F—ILBEREZ/NNOEKMERD
NAERIINFIER DT & BERAKDIFE

Analysis of the anti-metastatic action of nicotine and tar removed-
cigarette smoke extract and the specification of its active ingredients
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928 FEBRITIA
1-2-1 b amsE

EBHZ NN LT, N2 1 RKOH-YOEZF—L 1 mgBLIRN=a3F2 0.1 mg %
Giemiiiho 7 a7 47 74 k% Japan Tobacco, Inc. (Tokyo. Japan)/»HiEAL7-, #
NAEORIA0D 99.9%F L= F 0D 99.998% % FrET D7 DI Ve, T AfiE 4
ERMBIZR L7 4 V& — Yy R Toh % Cambridge filter |3 Heinr. Borgwaldt GmbH
(Hamburg, Germany) 5 L 7=, Fetal bovine serum (FBS)/Z BioWest Co. (Nuaillé,
France)$! & - 7=, Ethylenediaminetetraacetic acid (EDTA) trypsin solution (EDTA: 2.2
mM, trypsin: 0.25%) % Mediatech, Inc. (Manassas, VA, USA) & T & - 7=,
Penicillin/streptomycin solution (penicillin: 50,000 U/ml, streptomycin: 50 mg/ml) %
Cosmo Bio Co., Ltd. (Tokyo, Japan)# CT#& - 7=, Dulbecco’s modified Eagle’s medium
(DMEM) with L-glutamine | Invitrogen Corp. (Carlsbad, CA, USA)#. CH ~7-, PBS(-)
% Nissui Pharmaceutical Co., Ltd. (Tokyo, Japan)# C# ~7-, Growth factor-reduced
Matrigel matrix 3 £ T8 FALCON cell culture inserts |¥ Becton Dickinson Labware

(Bedford, MA, USA)#TH -7,

1-2-2 &y
BRI IRBR E O IENE C57BL/6Cr ~ v A 7 #fii % Japan SLC, Inc. (Hamamatsu,

Japan) 22HiiE L T, BBBMEA T ) —~ OESREM & LT 8l TERICH W, v 7 A
122D S - BF = (23°C + 2°C and 60% + 10% humidity) (23T AL 12 B
Bl 7L (7:00 a.m. - 7:00 p.m.) FefF FCHE Lz, ERWIFS, 2L KT MBI
HER ST, TR TOERFMELTFHEE 1L HAFKH LRI Lo TRIBS TV D TE 38R

(ZB 5 HARSKE RS ICHE L, RED IR FRFPEBYEBREZAR B UKBE X T,
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1-2-3  Hifoks % 526
C57BL/6Cr ~ U AZA[BEMEDEERB It~ 7 A X T ) —<Hili TH 25 B16-BL6 #laiX

SEUKEFHOM HREEZ X0 TG 2720, M, 37 . 5%CO0e, Mg T,
10%® FBS 3 X 1% 0.1%® Penicillin/streptomycin solution % i1z 7= DMEM O TH53%
L7 TRTOERIZBWNT, 7 a7 MK L- B16-BL6 flla 2 k% 50
LIFCTHWE=, CSE (0%, 0.1%. 0.3%3 XN 1%) Z#Nt., 37°CT 3 BEfkE L, A
{# L 7= B16-BL6 #f}ial% EDTA trypsin solution THIY L. PBS(-)% L < iZ DMEM | 4%

L7,

1-2-4 CSE o3H#
Aol Z MRSy HIR E L C, BER A2 %1 L C CSE Z il L7z, (213

H72R 7 (Nippon Rikagaku Kikai Co., Ltd, Tokyo, Japan) (Z X 2W5I&METF T, #
N3 4 ROFERFICRBES 25 2 & CHA L= £ 4 Cambridge filter |Z@3 Z & T=2
Fr A —ERELIH%, PBSOIICEA L7, PBS(C) 1mL H7-0 3 A% OEjHijE 4 @
[UCTHB L7 0.22 pm A7 WA XOWE 7 4 V¥ —IZi@T Z & TR LNIERE
100%CSE & L7z, EZ%27R 7 (Nippon Rikagaku Kikai Co., Ltd, Tokyo, Japan) iZ 1 L/min
DZELTEIT R D X OICRE L, Rk 1 I Z N3z R LA 7 aisik Lic, L
7z CSE (3£ HE AT T-80°C THBRIRAF L 72, CSE [T ZITIE U T PBS () THex R ZIC

L, Zhb?D CSE DRAMFEEIINETER LI,
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1-2-5  FEEREPEIRE T T V& O TR AT
B16-BL6 #lfuizxf LT CSE (0%. 0.1%. 0.3%3 LN 1%) T 3 BRIATLE L2k, &

EZHE> THEIUL L, 5X106cells/ 10 mL Ok 2 SR8 U=, FARREIE 1< 105 cells
/0.2 mL/ mouse & JBEIk HEERE L7-, £ 15 Hi%., X2 b\ E X — LR T CfifaT
U, i8I LTZ, R~ U URRERIRIIRIERAT LTz, IS isaidor cRlanif &

L CHZBMHENRSH D DT, IR T CHssERE Rt 2 1E Lz,

1-2-6 ~ U vzEHWHRET v &zA
In vitro (23T, B16-BL6 MR D7 v & A 2B AW T To 7z, 16l

RICE L DD FAHLOR) ZF LT LT 2T — N7 4 V2 —E%HT 5 6.4-mm-
diameter Transwells (8-pm pore size) {Z 150 pg/mL ~ kU # /L DMEM ¥&#% 100 pL %
AL, 3TCTARMKET 22 LICEY, v~ IS vEa—T 47 Lz, Bl6-BL6
fIZ % LT CSE (0%, 0.1%. 0.3%35 K00 1%) % 3 WeEiALE L7, EREICHE > TR
L. DMEM (i) 72 % B Tl L 7=, B16-BL6 #lfd 2 x 105 cells % & el #Eik 500
pL 2 F ¥ >3 — EEIcisim L7z, FEIZi 20 pg/mL fibronectin %A serum-free DMEM
HET R Z e LTI U B & A o F 2 _X— % — T 24 IR E L7214,
AIREIE 0.1% crystal violet 10% methanol &K CHEER LYtz L, 7 4 V¥ — Efod
R Lo I MilIxfECRmelclRELL, 7o 0% — TR LML 2%
sodium acetate trihydrate, 1% acetic acid, ¥ L O 50% methanol % & A 3 DIEfHEN > 7

7 — Tl L, AR MR OWOLEE 23 & 550 nm THIE L7,

1-2-7 MlaEET v A
In vitro (23T, B16-BL6 MildDilEE T v A ZBERICES W T THo 7z, 17

BRI E DD L F v o —0 @)D FEloilEE L=z methanol THEIE L7-#1C

3% Giemsa PBS ()iFik CYuta L, BAEE T CHlias 21 L=,
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1-2-8 1In vitro (ZBF 2 FEHIIE O AR DVERK
Y7 a7z k@ B16-BL6 #ilia CSE (0%, 0.1%, 0.3%, and 1%) T 3 KEIRTALE

L7214, EIEICE-S TR L, 10%FBS &4 DMEM (ZF%&# L7-, 12-well culture plate
DEINEND T = /U 1 X 105 cells/2 mL DOHfuRREIK 2 #FE L 7=, MlasE® 1 o % 2 _—
52— 3TCT 24, 48, 72 WFfilE5a L7o&, EIEITHE - THAE L TV LA/ R L,
AAFHIN A 2 — v &% — 717 > % — (Coulter Z1, Beckman Coulter, Inc.) % AV CHHAHI

L. B & fRpk L7,

1-2-9  HeEtiRtT
7 —# X mean + standard error (S.E.) CHit L7z, #alfEHTIZIX Graphpad Prism 4

software package (Graphpad Software, Inc., San Diego, CA, USA) % T, Dunnett

test Z %0 L 72, p A2 0.05 Kiii DA ITH AR B A Z BT,
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BIHI R
1-3-1 B16-BL6 MO T 2 M F 9 CSE D%

CSE (0%. 0.1%. 0.3%. 1%) T 3 RFfEATLE L7 B16-BL6 Mild Z Hfi L 7=~ 7 A2k
W, G 14 BRICHERMED & 5 s i fi 2 8l 5 Z L 28 T& 7, Fig. 1-1121%
AT ) —< MO EBAE 2 TR 5 2 L O TE 2 MO EE %2 TN EN 0 FEERE:
LR LTz, CSE ORTLE (0%, 0.1%. 0.3%. 1%) OEBREEZ LIRS &, Miofms
EEBIZZ N ZH 89.6£13.6, 62.1418.9,49.9+11.8, 41.0£8.1 Th - 7= (Fig. 1-2), 1%CSE
THITALE S 4172 B16-BL6 % #4f S AL RFEO s ab i3t o e — A& i LT

HEIC 54%H LT,

- -

CSE 0.1% CSE 0.3% CSE 1%

Fig. 1-1 Appearance of the lungs of C57BL/6Cr mice injected intravenously with highly
metastatic B16-BL6 melanoma cells (1x105), after pretreatment with 0, 0.1, 0.3, and 1%
CSE for 3 hours at 37°C. Fourteen days later, mice were anesthetized with pentobarbital
and the lungs were excised. Each photograph shows a representative specimen from each
group.

14
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Fig. 1-2 Number of lung nodules in C57BL/6Cr mice injected intravenously with highly
metastatic B16-BL6 melanoma cells (1x105), after pretreatment with 0, 0.1, 0.3, and 1%
CSE for 3 hours at 37°C. Fourteen days later, mice were anesthetized with pentobarbital
and the lungs were excised. Data are expressed as the mean+S.E. of 7 samples. *P<0.05

vs. control.
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1-3-2 B16-BL6 Ml DM L ONEEIZ &IF T CSE D%
CSE OHEBAEH ORF 20 5 0T 5 720ic, EENEEZ K LT 5 -0 0ET

b 5imiMieR L OMEAEREICIER L, B16-BL6 fllaz AW ZiZM 7T v v A B L ONEET vt
A #1172, ZOfEF, CSE THiALE L7z B16-BL6 #iid DM IXH &AL,

1%CSE ALEIZHB\W T, iz hr—/L L il LT, B16-BL6 MR 0RiEITAEIC 32%
Wb LTz, (Fig. 1-3) 0.3%35 &L OV 1%CSE THijLE L7- B16-BL6 MiflddifFE 1L, k=

Fa— Ll L ¢, HEEKGFPIZENENAERIZ 32%B X 49% ) Lz, (Fig. 1-4)
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Fig. 1-3 Inhibitory effect of CSE on B16-BL6 melanoma cell invasion. Sub-confluent cells
were pretreated with CSE (0, 0.1, 0.3, and 1%) for 3 hours at 37°C. Cells (2x105/500 pL)
obtained as a monodisperse suspension by trypsinization were seeded into the upper
compartment of matrigel coated-Transwell chambers. Lower chambers contained serum-
free medium with 20 pg/mL fibronectin as a chemoattractant. After incubation for 24
hours, invading cells on the lower surface were stained with crystal violet, and cell
lysates were measured at 550 nm. Data are expressed as the meantSE of 6 samples.

*P<0.05 vs. control.

16



120
100 -

o s SN 0
=T — ]

i

00 e° e

D

o "3 \
L $
Qc&cﬁ) &

—]

Number of migrated cells
(% of control)

Fig. 1-4 Inhibitory effect of CSE on B16-BL6 melanoma cell migration. Sub-confluent
cells were pretreated with CSE (0, 0.1, 0.3, and 1%) for 3 hours at 37°C. Cells (2x105/500
uL) obtained as a monodisperse suspension by trypsinization were seeded into the upper
compartment of Transwell chambers. Lower chambers contained serum-free medium
with 20 pg/mL fibronectin as a chemoattractant. After incubation for 6 hours, migrating
cells on the lower surface were counted microscopically. Data are expressed as the

mean+SE of 6 samples. **P<0.01 vs. control.
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1-3-3 B16-BL6 Ml O HIFHIZ K13 CSE DR
CSE (T X % mATPEMs I ER . =REEGIER I L OuEEMHI{EH2S B16-BL6 #iia

(%% CSE OHFEIHIEAICHK S O TIHARNZ EZHABTT 572, B16-BL6 fll
D HEFE AR IC K1 T CSE RijiLE OB 2 et Lz, FOHFE. CSE (0.1%. 0.3%B LW
1%) T S RTALE %2 L7~ B16-BL6 M O HFE S IIABE 2 > ha— L LB 2o T,

(Fig. 1-5)

1000

i
=
<

-e-PBS(-)
-5CSE 0.1%
—-~CSE 0.3%
--CSE 1%

|

[y
(—]

Cell number
(X 104/ well)

1 I
0 24 48 72
Culture time (h)

Fig. 1-5 Effect of CSE on growth curves for B16-BL6 melanoma cells. Sub-confluent cells
were pretreated with CSE (0%, 0.1%, 0.3%, and 1%) for 3 hours at 37°C. At time 0, 1 X
105 cells in 2 mL of medium per well obtained as a monodisperse suspension by
trypsinization were seeded into a 12- well culture plate. At the times indicated, triplicate
cultures were trypsinized and viable cells in samples were enumerated using a Coulter

counter.
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TELIEND, ZOHEET7 7 —A MR YV == 7L UCHEA LTz, S EIOMEOREE.
CSE WP & 2 D 2 G ATND Z L 2 EGE LT, FRRMZRICH DD
[F]l CHEHREE 7 oM OEEBE T L& VT, CSE DOEFENIE G- I KT 2%
R T DB D D,

A F ) =< HIBDEEBIIN ONORAT » P H R CER I D, RIS E ) O FfE
Bl U CHRERZRE L, mES L<ITY o VEOMRERITIBAT D8 2815 LTl
B, T D%, TEER S DRI AR g ORI EIZ B U TR I AT T 5 72 0 1 HigE
LR IEZR B 72wy, IR OMEIEIEN b £72, FusBIcEH 535, CSE 23l D
SRR O R & B35 2 ERHE S TWD, 19 L L7esd s, CSE (0%, 0.1%, 0.3%,
BLO1%) ORILEITIA T 7 —~ MO Z 2 b S 2ol ZRbOEEIL, 46
DEBREIMITIBVT, CSE DR A T ) —~ Ml O¥EFEMi 29 2% Z & 72 <, in vivo
TOEBIHIER 2B L2 L 2R/ LT,

WL DODDWFFETIX, w7 v 77—l L > TIEBEZ IR > THW S D ERACR IR T
NIFIE B OFEHINL OIFER~DIRAEFHFET 25— BRI OYU /36 Mo Sind r
EHNA PR L T DEMIBONHZ R <EET 52 L 2R L Tng, o2 Zo X
NS RAEBHIT T X XL RS L > THEIS TR Y | 7FH F 2 AL 22 IO
AN AR L, KD mWEMLA~ L lEET DDA TH 5, 12022

TR, M OB B ORI L OEEL LD D Z Ltk oTIflang Z &

DV L TS, 231 AEIOKETIL, CSE OFMLE in vivo DA T/ —~ il 525k
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HIEER 3 LN in vitro DRHEF KOWEEZ MR L7z, L72h3-> T, CSE (2 X 2B il
DAL O RIE R X OBEEOME 2N+ 2 Z LR EnT, EREENELDZ LD
SR 72 bl U720 s, CSE A 4LE L 7= B16-BL6 A OISR IT% LT, dEE#nHR
DIF I DRENZ E»S, CSE 13T B16-BL6 Ml ObE A 28 L TV 5 £ & X b,
F72. La Rocca B3I # N fEOBREDNEMIRORBEICEE R ChH OIS~ N v 7
AR ZaTuTAF—FMMP)-2 (gelatinase A) OIEMEZIHEITSH 2 & & b bIikRHEEAN
FCHE LTV, 24 KETE MMP-2 OIEMEICHOWTIEIME L TV ey, CSE 2
B16-BL6 #fifid > MMP {E MO 21 U CREMIR ORI 2 J1fH] L TV 2 rlaeMES HEZR Sh
77

BNl Fa OBFIZESTHETHHZEEFHALNTHY, KHLEWT R0 21X
AR DDZ L ThD, LLRNRL, KREOFRERIZZ N H RSB E T
D0 LNRNWZ EBLOHE L7 A Vv E—FHWTHZAalipnb = aF o8 — ViR

EITLHIENEETHLZ LR L TND,

ARETIE, B16-BL6 #lifld Z AV 72 BRI £ 7L~ 7 2286\ T, B16-BL6 #ifdil
%19 % CSE ORMLE B IMEHERN 2”73 2 L 2 F5E LTz, & 61T, CSE OEBIMEIE
A% B16-BL6 #ifd iz L ONEEDIMKI 235 2 & AR S ivle, Eiaicisir s 2
5D CSE OFEADBHIRENEIC X D b O TH D0 E D E MRS D I20Ic, HlasggmthiRic
%t % CSE OFEAMRET Uiz, T OfEH, CSE RTLLE & 7= ARG o HH R 5E b AR A
ay hr—)L L TEM LR DT,

6 OfERIT CSE DRIy 25 A TVD Z L Z27RR LTV D,
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F2E LI uirEDORINIRES < Zoxaflid ORI s DR E 72 6 TONZ B16-BL6 Hilfa
IZ%4 % CSE 17 V7t REB LUV b O EIHEIER oG

F1HE Lol

5% 1 FIZBW T, CSE 7% B16-BL6 Ml AT & #1ii3- 2 22 & & fisf L, CSE
FOTEMER T DV A705, B16-BL6 MldDREF L OWEEOHH 24T L, EBRZ2 11T
PERREATS 2 92 2 & DVRIB SiTz,

R a3 < OIFEDE LT & Ete 4800 FHZ B 2 HLFWEDRAM T 5., 23]
Table 2-1 (ZIZZDO—#iZ& "7, 260 T AMITRL M EFERIZ 7 ) —F O HNARF F o
b, TRFXH L DRI RES DG EELTND, 2729 R—=FFF A T4 |
RT V=T PHND KD I H N2 fBEOH AR OIEEEFEFE (reactive oxygen species;
ROS) 1IN SUSER NS D TH D03, T D O TV, L7z > T,
ROS I3HsBER A 73 2 L O T& % CSE HOIEMRS D Tidena s Ltz

—J7 . R ORERCHEE IR D CSE ORI OV T OMEITA DRV, Z 3=
JEO T AFNIZEEAMEKDr £ XV AEHET L ENRINTEY, ZOERITY A
TA N Ko TEER S L, B Z =D H AAH 1T acrolein (ACR) <° crotonaldehyde
(CA) 2ED aB-REEFIT AT b RO b EZEHATEY, Bl ZRbiEFA4 =107 L
XA TH S, B Nz T, b MHFRMESEMARR, Z » NE LG 831 & I E R
NEfiifilse | < & At EEffiassl 2n &% < O IEF M OWEED 2 S fEoREY (R) 12
FoTHflEn s Z LIFH LRI TV D, R, Bridges & Hsieh (34 /3 = s
P> ACR X° CA % & TeHisy ML A MEROWEE Z iR < Jifil§2 Z L B S LT D,
Bl L7225 T, CSE D7 /T & RR7 b U Ml ORI - 15 E O Iflc B G- L T
LAREVEIIF B A BN D,

WAOE | ek L R, EUREE L, IR B DRI D FE R Y AV EKTHY |, BT Z Szl

O FT AFART N2 GBI 2 i D & B R B AL, FFRERR RS BRI B OFIEIC
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HBEREEZ R L S TR, 2138 CSE i3~ Zefifaloxt L Cifadtta Rm3 2 &
PHHINTND, B2l LinLei s, 2Nl BN ERSFITE S 5 2 & A3 alae
THHNE I D, ROEOICBYEREREDORIEZ G S I FZ LB WHENLE I 2OV T
IEE < Bho TN,

S S AR OTEMEYE DAL T T RN RSB D —2>TH Y | 2L O Fik%
HWTEWIREDPAT DI TN D, 18 BUSTED ST VAR = ALE O X 5 IRy D
Fricix GC =° GC-MS M SN TS, U4l Z DIFENL SN TN DITHE DD 5
P H N BRI B RN T & OFUSIZ K o TERT 2WE O HHHICE L CoRE
FRONATWD, ZOR TS, BALIE, BIERAIIEY I ORENTTE T REH 3 L0
EREZ RSN S H D 2 N AER Sy DIRIE 7R B NS Z OBEREORE | 12350 T AR RHEEET
HICHERT I JBEETHLTF e (Tyr) & CSE & DORIGAERMIZIER LTW5,
[45]

% 2 FTIE, CSE T O RME XL OHEMSIEM 2 A3 DI R 2 IRE T 5 7212,
FI. RINEOEVIKIEEEZ O I VB Th D Tyr L ORIGHEEZFRE L LT, LC-MS X
LC-MS/MS TUSAEM ZFE LTz, RIZ, A7 v~ N7 7+ —EHEH5H GC-MS %
MWT Tyr IZ#5 & L7z CSE HDIEMER Sy Z [FE « E& LTz, & 512, B16-BL6 MldiZ k4

% CSE 17 V7t FRE LU b oRBEIHEERIC W TG LT,
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Table 2-1 Cigarette Smoke Compounds!26!

mz compounds
17 NH:
30 NO
34 H.5
39 unidentified combustion fragment
40 propyne
42 propene

43 carbohydrate fragment: CaH;*, CoH.O*
44 acetaldehyde

45 dimethylamine, ethylamine

48 methanthiol

52 1-buten-3-yne,

54 1,3-butadiene, 1-butyne

56 2-propenal, butene, 2-methylpropene
58 acetone, propanal

66 cyclopentadiene

6

7 pymole
68 furan, isoprene, 1, 3-pentadiene, cyclopentene
69 pyrroline
70 2-butenal, methyl vinyl ketone, methylbutene, pentene,
butenone, 2-methyl-2-propenal
71 pymolidine
72 2-methylpropenal, 2-butanone, butanal
74 water-eliminated glycerol, tetrahydrofuran
78 benzene
79 pyndine
80 pyrazine

M methylpyrrole
82 methyifuran, methylcyclopentene, cyclohexene,
2-cyclopenten-1-one
84 nicotine fragment, cyclopentanone, dimethylbutene, hexene,
J-methyl-3-buten-2-one
85 methylpyrrolidine, pipendine
86 methylbutanal, 3-methyl-2-butanone, pentanone, 2, 3-butanedione
92 toluene
93 aniline, methylpyndine
04 phenol, 2-vinylfuran
95 pyndinol, ethylpyrral, dimethylpymol
96 dimethyifuran, furfural
106 xylene, ethylbenzene, benzaldehyde
108 anisol, dimethylpyridine, methylphenol
110 dihydroxybenzene, 2-acetyluran, methytfurfural
112 acetylcyclopentane, 2-hydroxy-3-methyl-2-cyclopenten-1-one
136 limonene, methoxybenzaldehyde, 2-ethyl-5-methylphenol
162 nicotine, anabasine
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928 FEBRITIA
2-2-1 b awE

X Nal LT, il 7a T 47 ZA4 b % Japan Tobacco Inc. (Tokyo, Japan)
X VEEA L7=, Cambridge filter IZ Borgwaldt (Germany) X VA L7=, Tyr i LC
(Shimadzu Co., Kyoto, Japan) % W CTHi#! L7z, N-acetyl-Tyr |Z Sigma-Aldrich Inc.
(Tokyo, Japan). O-acetyl-Tyr IZ Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, U.S.A.)
X VA L7-, Methyl vinyl ketone (MVK), ACR 3 X U CA IZ Tokyo Chemical Industry
Co., Ltd., (Tokyo, Japan) L VHEEAL7-, (Fig.2-1) LC-MS 7' L— ROKBIRA X J —
v, KRR OEERZIE Wako Pure Chemical Industries, Ltd. (Osaka, Japan) X VA L7=,
LC-MS 7' L — FO X, FrkoBKERE, 725 NNZA 27 % K7 v b(octadodecyl silicas
ODS) # 7 & LT, Cosmosil 5C18-AR-II 4.6 mmx150 mm % Nacalai Tesque, Inc.

(Kyoto, Japan) LV EEA L7,

(a) ) (c)

o) 0 O
\)J\ H3c’\‘)LH H?C%)LH

Fig. 2-1 Structures of (a)methyl vinyl ketone (MVK), (b)croton aldehyde (CA), and

(c)Acrolein (ACR).

2-2-2 CSE mifiu
1-2-4 L [RIERIZ, Z 3l ZAFAR iR & L CL BE A 2412 L C CSE il L7=,

[12,13,46]
FOGEER ORRET LM BV TIE, CSE 1Z 2 mM Tyr 848 & 37°C T 24 KREEISOG S 72,

FOGSAERIE LC-MS 3 LT LC-MS/MS (2 Totr L7z,
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2-2-3 Triple-Quadrupole Mass Spectrometer 35 . O HPLC D444

Quattro Premier triple-quadrupole LC-MS (Micromass, Manchester, U.K.) £ X O
electrospray ionization (ESI) source % Alliance HT2795 Separations Module (Waters Co.,
Milford, MA, U.S.A)IZEHGE L, 51 A BLUEA 4 F— K Qlscan & MS/MS 434712
v 7=, MS I selected reaction monitoring (SRM) £— RIiZEBW\WT QL EBLUQ3 & HiZ
Ko fEEE CH W, EE&OMi D% % source temperature:120°C., desolvation
temperature:350°C, cone nitrogen:50 L/h, desolvation nitrogen:800 L/h. capillary
voltage:3.0 kV. cone voltage:15-25 V |[Z&i{t L7z, SRM E— RIZEBITFH 777 A |k
{EIZ W % argon collision gas flow rate /3 0.3 mL/min (3.37-3.39%10-3 mbar) (Z[#EE L.
Tyr 3 X OE DM D 3HT %512 %5 % collisional energy % 10-13 eV [ ZHci{lk L7=, LC 5%
1%, column:Cosmosil 5Cis-AR-II column (4.6 mmx150 mm). mobile phase A:0.05%
formic acid, I3 & U mobile phase B:methanol Z v T, flow rate:0.4 mL/min, column
oven temperature:27°C (23 E LTz, FERDITIILLTFDOY =7 77V MEHETITo 72,
Bi4h 2 731% £ TBENH B Z 5%IZHERF L. B4R 12 40 £ TIZ 40%IZ LH-S, Bidh 156 0%

SITMERF L7z, S BIT, BASA 18 53 £ TIZ 95%IC EA- &, Bikh 238 43 % T 5 s filieRs
L7c, A, Baf B 2 A 24 53 £ TIZ 5%IC TRESE, 20% 2 o[MERF L=, fill
DT ZVx s MohrdtlE Fig. 2-2 OFHIR Lz, o 7V EARIL 5 pL IR E L=,

High-Resolution (HR) MS (Z X % %7 /7 #ric i, HR MS matrix-assisted laser
desorption/ionization (MALDI)-Spiral time-of-flight (TOF)/TOF (JEOL Ltd., Tokyo,
Japan) Zf\\2, ~AX ¥ U T L —y g VOO ONEEEYE & LT, /IMIEHLIA

FIRERIZ N-acetyl-Tyr & ZDF U D LMIIMEA F &1 U 0 DI A A2 2 VT2,
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2-2-4 GC-MS S

CSE H ™ Tyr eSO 43 #1113 GC (6890N, Agilent Technology Inc., Santa Clara,
CA, U.S.A)# LU MS (Automass SUN, JEOL Ltd., Tokyo, Japan) Z {14 & ot TR =,
GC/MS % 1ionization energy:70 eV, current, 300 pA. PM voltage:500 V. source
temperature:250°C, interface temperature:250°C, inlet temperature:250°C, He gas:1.0
mL/min, splitless &— ROZEMATHU 7z, Total ion current (TIC) chromatography &
selected ion monitoring (SIM) chromatography GC/MS (Z X V. HEMbLAEWZRER L O
ER L=, 7~ MyBfElZiE Zebron capillary GC column ZB-WAX (Phenomenex Inc.,
Torrance, CA, U.S.A.), 30 m longx0.25 mm i.d.x1.00 pm film thickness, phase:100%
polyethylene glycol % V7=,

CSE F DOIEMER ST D3 BEIZLL T O GC & T1T-72, £7 . oven temperature |3 40°C
T 2 rIMEFF L7217, 4°C/min 772 100°C £ THNR L., 2 iR L7z, &I, 15°C/min
92 220°C L TINE L72%%, 3 oHMERFL7c, 0%, 30°C/min THHIL, 1 ZfHiERF L

776

2-2-5 CSE & Tyr O FHI RS
FOGHE M 2 b4 572912, CSE 2 2 mM Tyr &FenIciBEd L%, IRik% 37°C

T0.017 (177). 1. 3, 6, 12 BLU 24 FRIISSET, SUGTREIT E ~ O PR & AR
LRIC 37TCE LT, £D%, pUSHKZ SRM £— R THM L7, ENENDORIGKRIZE
F DRSO SRM 7 v~ b7 T LD Y — 7 HfE A BOGKHH 24 RFE O ©— 7 mfE &t
L7,

N-(3-Oxobutyl)-Tyr [3-(4-hydroxyphenyl)-2-(3"-oxobutylamino) propanoic acid] |3
ffiZk 100 mL #1T 5.5 eq @ Tyr, MVK ¥ LT NaHCO3 L R4 LT 80°C T 4 FFfE S &
L LICR AL, RNz L. BR9%Z HPLC THEL, sHiL7, LC &

mobile phase: 0.1% trifluoroacetic acid %A 7 5 5% CH3CN ¥ L 95% water, flow
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rate’ 1.4 mL/min. column: Cosmosil 5C18-AR-II packed column (3.0 mmx150 mm) D5
HCHW7=, 1H-, 13C-, hetero-nuclear multiple quantum coherence (HMQC) ¥ X O
hetero-nuclear multiple-bond connectivity (HMBC) NMR A% h/1iZ ECP-500 (JEOL)
% 1T CDsOD ¥4 500 MHz THENT L 72, Mo ffREmdi R+ B B 2~ 2 /L (HR-

FAB-MS) % JMS-700 (JEOL Litd., Tokyo, Japan) TH##T L 7=,

2-2-6  AMfEREE
1-2-3 L [AAEEIC L C. B16-BL6 Ml z s L, FEBRIZH W=,

2-2-7 MRHEHET > & A

Y7 a7 x s b0 B16-BL6 flifld 2 7R S AL E IR T 3 RERIATALE L 721, &

TEICHE > TR L7, 1-2-8 & [RBRIC LT, Al 2 5 U Ml i se it 2 ERk L 7=,

2-2-8 M7 v A
1-2-6 L[AERIZ LT, AR OHFIEIZ LIy > TRET vt A 247 - 7206,

2-2-9  HKERIMEAT
7 — %X mean +S.E. TKFL L7z, #AMENTIZIX Graphpad Prism 4 software package

(Graphpad Software, Inc., San Diego, CA, USA) % FH\ . Dunnett test #3fi L7, p

B2 0.05 il D% & SRR F2RIA B 2RO T,
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F3HET MRBIUOELR
2-3-1 Tyr & CSE OUSARM D547
CSE & Tyr OIS L0 AR LTz AbE W% 5ot 2 72912, LC/MS 7341 3 K UOYMS/MS

fi#ghT & LT, product ion scan, neutral loss scan 3 L OVEEE SRM 21T~ 72,

£, MS &bz L, BiA A T— FBIUBRA 4 E— R ESIE&M4TFT Tyr O
7'~ AbA A o [Tyr+H]*,m/z 182 B L O 7 & b o Absy 74 A > [Tyr—H]-, m/z 180 % f#
L7,

RIZ, CSE 35 XN Tyr DG HIE DIEIR 2 70T LT, v AR MV O ZEZ g LTz (Fig.
2-2), = DfEF:, neutral loss scan (ZF T m/z 46 u DD 2R I{LEW 3 A HE LT,
m/z 46 u O, T80 H, [Tyr+H]* m/z 182 7>5 m/z 136 ~DEEEIL MS/MS A7 K
TR % Tyr FHERORETH D,

INHOMEOHERZRET DI, A A E— FBIURA A VE—FDv X
AT MVOB RSO E M) Z e Uiz, TO/REE, 3O B — 7 ORFFRH (tR)
ZENE 1L, 14.8, 16.7min TH Y. T 5D Mr lZENEH 251, 223, 223 Th D
LHEETE L, ZORRNG, TyrMr 18D XLV 6 m/z42u B &N L) ->72Z &0vbH, Mr
223 DILEWIT acetyl-Tyr (Tyr+42) LHEL7-, 7238, SRM £E— RT3 O~ D7
By A EBRETDEICIE, B FOBIRE 7T 7 AL MUD AT v 73 b v | kil
DEAIVTRENDTZO, tR11.1, 14.8, 16.7min (IZNZ4L 11.2, 15.2, 16.8min &

72 o>7=, (Table 2-2, 2-3)
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15.20

100 224
a)
2 12.00
0
500 1000 15.00 500 10.00 15.00
100 10.95 957 100 11.06 259
=
0
500 10.00 15.00 5.00 10.00 15.00
1492
100 8.3
a5l TIC 100 Tic
=2
0 .
500 1000 15.00 Time 500 10,00 1500 Time

Fig. 2-2 Mass Chromatogram of the CSE Solutions before (a) and after (b) Reaction with
the Tyr Solution for 24 h at 37°C. L.C condition, a binary mobile phase consisting of 0.05%
HCOOH (solvent A) and CH3OH (solvent B) was used in the following program: 2 min,

5% B; 12-15 min, 40% B; 16 min 5% B.

S 512, N-acetyl-Tyr 3 X O O-acetyl-Tyr (ZZNENDOEEELZHNT, 26D
tRIBLVPLCMS 7~ NI LDT 0BT A F o AT LD/ Z— A HS T
7€ L7- (Table 2-2), ZO#EHE, tR 15.2 min D{LEWIE O-acetyl-Tyr. tR 16.8 min D1k

A% N-acetyl-Tyr & L CIRE L7z (Figs. 2-3a,b),
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Table 2-2 Comparison of Retention Time tR and SRM Analyte Peak Area Ratio between
Tyr Derivatives (m/z 224, tR 15.2 and 16.8 min) Produced by CSE and the Respective

Authentic O-Acetyl-Tyr and N-Acetyl-Tyr

Peak area ratio of SRM chromatogram

Compound tR (min)
222>180/224>178 222>205/224>178
Mr 223 (Tyr+42) 15.2 0.0060 0.0023
O-Acetyl-Tyr 15.2 0.0061 0.0025
224>1178/224>182 222>180/224>182
Mr 223 (Tyr+42) 16.8 1.431 0.095
N-Acetyl-Tyr 16.8 1.485 0.093

HPLC conditions: flow rate, 0.4 mL/min; column oven temperature, 27°C; linear gradient
analysis system. Mass transition pattern: negative ion mode, m/z 222>180, 222>205;

positive ion mode, m/z 224>178, 224>182.
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a) b}y
HazMN COOH

HN COOH

HO

Fig. 2-3 Structures of (a)O-Acetyl Tyrosine, (b)N-Acetyl Tyrosine, and (c)N-(3-Oxobutyl)-

tyrosine [3-(4™-Hydroxyphenyl)-2-(3”-oxobutylamino)propanoic Acid]

)

0

=

HH

By FRREE & AT Et & T Mr 251 (Tyr+70) O 5Tk & it Uiz, 2 OfE R,
HIE RSB E &1T 252.1233+ 0.00048 Toh o 7=, HEREE E L CisH1sNO4s DFHFEREERE &
& D##13-0.00017 u 7>, masserror 2 0.67ppm TH-7=Z &6, Tyr+70 DILEH D

4342 0% C1sH1sNO4s TH A Z LA L 7=,

2-3-2 Tyr & CSE ORGSR IT % BUSHFH 0D 7278
KEOHFNZ LY, CSE & Tyr ORISERN) 3 HA4F7273, CSE OiEMEASr & Tyr &
DRIEMEIIARATH D Z L0265  CSE & Tyr O UL DY 32D Tyr #5548 N-acetyl-Tyr,
O-acetyl-Tyr 3 L O Tyr+70 OULRIZ G- 2 5 8 & fit L1z, LC-MS & LU SRM #£%
WT, EnEtho7u 7 MM A DE&EEMNS — &~ AANT "MV THEGR LT

(Table 2-3).



Table 2-3 Mass Transition Patterns of Three Tyr Derivatives Obtained by Reaction of

Tyr with CSE
Mass transition pattern
tR (min) Estimated Mr
from [M+H]*+ and [M-H]"
11.2 N-(3-Oxobutyl)-Tyr m/z 252>194, 148
251 m/z 250>180
15.2 O-Acetyl-Tyr m/z 224>178, 180
223 m/z 222>205
16.8 N-Acetyl-Tyr m/z 224>182, 178
223 m/z 222>180

HPLC conditions: flow rate, 0.4 mL/min; column oven temperature, 27°C; linear gradient

analysis system.

CSE & Tyr OJERE 0.017(1 49, 1, 3, 6, 12B L 24K E LT, ZThZho
& SRM 7 v~ s 77 hO Y —7 HREIE LTz, 2N ENOEMOINEE 24
1% DULE 64 2 E1E TRl L 72, £ D%, O-acetyl-Tyr (tR 15.2 min, Mr 223) @
E— 7 mfEIL 1 A%ICERKE D 24 FFfE#L £ TR L-L TRl L7z, O-acetyl-Tyr @
ARGERE I 8 2 DILEWOF T 7 < . N-acetyl"Tyr (tR 16.8 min, Mr 223) DA
RIZF /o7, N-acetyl-Tyr OULERIE 24 REfEI# 25 LT 1 RFEIZIZ 50% & 72 o7z, — 75,
Tyr+70 (tR11.2min, Mr251) OAERITRbIEL . £ OUIERIE 24 KR #1256 LT 3 RFfH

HBIZB0% ThHoT-. ZNHDIEEMDOE—271F CSE DO bI3BH S niroT-,
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2-3-3 CSE H Oi&EMER Sy O GC/MS 7047

Tyr+42 35 X O Tyr+ 70 Z £ & 5 CSE OIS # [RET 5 72912, GC-MS % H
Y

Tyr+42 [ZOWTHE L7fER. CSE 28 AL CTWZFER Y Tyr & &< G L7RNnT &
ANHIBR L7228, BEKERERIT PBS T T CSE & ABICKIE L, N-acetyl-Tyr L0 O-
acetyl'Tyr WAEMR L7z, ZDOZLinh, MKEHENA 7L v 272 CSEILEENTBY, £
AU & & ISR A ITHERA~ LMK DR SN TN D ZENRR STz, ZORERIC
1> T, IROFEEF K OMEKFEREORE S 2 W T, GC-MS s A4 ik L7z, W&o
TIC 7t~ 75 AZBWTE—Z % tR 23 min [ZHRH L, X227 FAZENTHH
Um/z43 D —7 it Lz, (Fig. 2-4) ZNHORER LY, BKEHRIL GC OO T L%
T DB CEDICHEE A~ E KGRI D Z LR I,

RIZ, CSE H1 D Try+70 Z A% ¥ % CSE FOIEMERSr DRE ZilAr Tz, 2 DDILEY)
mlzT0 D~ A7~ h 75 AIZEWT R 6.3 min B L 9.5 min ([ L7-, (Fig. 2-
5) TNHDVYAANRY MDTAT7Z Y —F—FOfHR, tR9.5min O ' —27 X CA Hik
ThV, tR6.3min D —7 [T MVK HKTHSL Z LM L7z, (Fig.2-6) Zi1HD tR
TR OIES L IR CTh o 72, SIM E— FIZBWTZhbaE®RLIZE I A, CSEHD
CA BXO'MVK OEEIZFNFI 52066 pM 351 Y 55058 pM  (mean=SE, n=3) T
bHoT,

SHIZ, CSE IZHEN TV D Z ENHE SN TS ACR  (Mr 56) DER AR,
m/z 56 I3 tR 4.1 min TE—27 Bt & i, 20 tR ZHIROEEM & R TH -7, SIM
ET—RZBWCINEEELZEZ A, 54049 uM (mean+SE, n=3) TH -7,

L7eh3o T, BAKERIIAES TR EnD Z &b CSE OHERAERH I LN,

WEAEMFIER 2480 5 TEPER Y & LTI MVK.CA B L NACR WA TH L L BEA BT,
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Bnehosa]. 60 el AEEHEGE . e
[100] ) i :

I T B

100220-2 0]

“100220-3 T T T T T T T T T T il
RT-->  02:0004:0006:0008:0010:0012:0014:0016:0018:00 2000 22:00 2400

- Acetic acid —_ k

Fig. 2-4 Mass chromatograms of m/z 60 in mass spectra of authentic preparations, acetic

acid and acetic anhydride.

Bazhrza] YEf : FHETHE G
+ [100] % o
. ] - Acetic acid

an

..... Crotonaldehyde (tz 9.5 min). - .

TIG

U 1 : ; 1
RT--> 0500 - 1000 - 1500 20:00 25:00 - 30:00

| mfz-=> " 400 60 0 80 1000 0 120 0 140 0 160 0 ° 180 0 200

Fig. 2-5 Mass chromatograms of fresh CSE/PBS and mass spectrum of the peak at tR

6.3 min.
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Fig. 2-6 The result of library search of the peak at tR 6.3 min.
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2-3-4 LAY Tyr+70 OIFEE

Tyr+70 OEZ B LT H720IZ, AET CSE ICHEENTWNDHZ EEH LML
CA BLUMVK % Tyr & 37°C THJ& &7, Tyr+70 O v —2 (3 MVK & Tyr ORGIE
D SRM A7 R UZEWTHRE SN2, CA DRISHEICE W TITIE E A EH S e
o7z, ZOREFR, MVK 23 Tyr & Ui LT Tyr+70 2 ER STV D Z &R sniz, %
7. MVK & Try OFSIC & - THR SN 7z Tyr+70 O55#E#1% CSE & Tyr O UG &
S>THLI Tyr+70 OHFER L —E LTz, (Fig. 2-7) & 52, H-, 13C- and 2D-
(HMQC, HMBC) NMR A% kL&A LT-,

TH-NMR (CD3OD) ®O#&H:, 6:2.17 (3H, s), 2.91 (2H, dd, J=6.4 Hz), 3.19 (2H, d, J=6.4
Hz), 3.26 (2H, d, J=6.4 Hz), 4.18 (H, dd, J=6.4 Hz), 6.77 (2H, d, J=8.7 Hz), 7.11 (2H, d,
J=8.7THz) TH 7=,

13C-NMR (CDsOD) Df55L, 6: 29.6, 35.9, 39.6, 43.1, 63.0, 116.9, 125.6, 131.6, 158.5,
170.9, and 207.6 TH -~ 7=,

HR-FAB-MS OfER:, m/z ((M+ HI)IXHIEM & LT 252.1238 3% H AL, Tyr+70 D4y
RIS & 252.1235 Th 5 Ci1sH1sNO4 & [FIE L7z,

INHO/RERLY . EFIE 1T I EINR= GO 7RIS E T 5
HL O TR~ A FAINIRC L > T B LD N-(3-oxobuty)-Tyr Th 5 Z & AR S
Nic, IEH, FROMEN SN TEBY, ob- R LR =/{tEWTHSH MVK & ACR
INREARAE G Z I LT N ED Y VU BRIE L OGS LT~ A T AR Z AR S5 2
ERHLMTAR S TEY , ZORIGITY v ZHEMINE 0 2R TH 5, 8l L3> T,
Tyr+70 1% N-(3-oxobutyD)-Tyr [3-(4-hydroxyphenyl)-2-(3”-oxobutylamino)propanoic acid]
(Fig. 2-3¢c) TH Y. ZOEMIRIEROHF THIZIZAER LT b DO TH D Z ERHABMNIC
ol

—F5 . CSEH® CA &£ ACRIZE FMIET LTI DU P VATA v BLONE AFY
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VERICAONR = AINEA LT SE L Z EREEREIC LV RERTWD, Wl S%OK

e LTiE, CSE S BT I 7 g & B L ViR = VAR & A2 U &4 5 I 32D

TOMEbHETH D,
C4HgO: 70
COOH R /Y
+ —0 i
NH,
HO .
Tyr Crotonaldehyde Methyl vinyl ketone (MVK)
11,68 252 12.17 252
10031084y 1045 8.73e5 1003 1.74e8
Mass chromatogram of m/z 252 5 ;.05 13.07 23512458 25 91 B D
(Tyr 181 + 70 = 251) GE o F: IS | S —
10.00 20.00 10,00 20.00
3.51 182 9.95 182
1005 1 7005 1007 5 5007
=] =
Mass chromatogram of m/z 182 0 L .
(Tyr 181) 1000 2000 Tyoon | 2000
9.51 TIC 1211 TiC
1005 ﬂ S 5 0ees 1005 1485 23,65 4-36€8
o] 9724 o] 1607
i 0 W 2583 s ULFU? i
0 Time 04— Time
10.00 20.00 10.00 20.00

Fig. 2-7 Mass chromatogram of Tyr before (lower panels, m/z 182 and TIC) and after
(upper panels, m/z 252) reaction with crotonaldehyde (left side) or methyl vinyl ketone
(right side). A binary mobile phase consisting of 0.05% HCOOH (solvent A) and CH30H
(solvent B) was used in the following program: 2 min, 5% B; 12-15 min, 40% B; 18-23

min 95% B; 24 min 5% B.
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2-3-5 MVK, CA 1 X O'ACR (T & % B16-BL6 ifllfiel o HEFE S TG
MVK, CA ¥ XU ACR IZ & % B16-BL6 Al REMTE M2 MGt BRI, iRiE RS

F 72 E IR E CRRZAT O 7ol MG & 7R SR WVAERE A IRET 2 LERH 5,
CSE % =528k & Rk, MVK, CA BEXWUACR £z 0, 10, 30, 100 uM (Z
T 3HERIRTALE L, % D% D B16-BL6 MO HFHARIC KT B L KRG LT,

Z DGR, MVK /X 30 uM LA b T 72 B16-BL6 il 085N 2~ L (Fig. 2-8A)
CA B LU ACR (% 100 pM T O HJEHZE 7o aamiliE M 2~ L7z (Fig. 2-8B. 2-80C),

2-3-3 DFEFR LV, CSE 1 MVK, CA 35 XN ACR OREIXZE N1 550, 520, 540
uM TH Y, CSE1%H7=Y TiL, WINbKs5uM Th-olz,

L=~ T, BT v A28 T, MVKIZ 10 uMEL T, CA B L NACR i3 30 uM LA

TORET 3 BFIATALES D S Y) TH 5 LW L7,
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A 1000 - e MVK 0 uM B 100
. - -8-MVK 10 uM e
L =  2=MVK 30 pM L=
€ 2100 - +MVK 100 uM ¢
235 i 235 10
= % I =% : --CAO UM
O 10 = o< i -CA 10 pM
i I --CA 30 uM
— —><CA 100 pM
1 ‘ ‘ 1 !
0 24 48 72 0 24 48
Culture time (h) Culture time (h)
C 1000 ¢
100

“e-ACR 0 pM
--ACR 10 pM
—~ACR 30 M
~<ACR 100 uM

[B=N
(@]

Cell number
(% 10%well)

1 |
0 24 48 72
Culture time (h)

Fig. 2-8 Effect of MVK (A), CA (B), and ACR (C) on growth curves for B16-BL6 melanoma
cells. Sub-confluent cells were pretreated with each reagent for 3 hours at 37°C. At time
0, 1 x 105 cells in 2 mL of medium per well obtained as a monodisperse suspension by
trypsinization were seeded into a 12-well culture plate. At the times indicated, triplicate
cultures were trypsinized and viable cells in samples were enumerated using a Coulter

counter.
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2-3-6  MVK, CA X WNACR IZ X % B16-BL6 HlJiE D 1= #7H7E:
MVK, CA BXT ACR (T X% B16-BL6 #lfid D HEFEMNHNTEE O MG RIZHADUN T,

B16-BL6 fiftic MVK 0, 1, 3, 10uM, CAO0, 3, 10, 30 uM F XL ACRO, 3. 10, 30
uM % F 2 3 FEREIRTALE L, Z D% 24 B To B16-BL6 M DR ERE L #E L7,

ZOfEFR, MVK 1Z 3 uM 5 L 10 pM I W CTRIEZ HHI 2 aIE R oz b oo,
AEAETRD bNeh o7z (Fig. 2-9A), —F7. CA L 10 uM UL | TIREEKFHIIZ B16-BL6
MR ORI ZIEI L, 10 uM TIFAE TIER VL OO 33.7% DR/, 30 uM TITAE
45.3% Db Z~ L= (Fig. 2-9B), ACR (% B16-BL6 it DZMEEE 30 uM TOAHA EIZ
34.7%8H L7= (Fig. 2-9C),

L7z ->T, MVK, CA XU ACR 28 CSE (2 & % B16-BL6 flifu oMl fEH o

< &b —E AR D ATREME DS RIR ST,
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Fig. 2-9 Effect of MVK (A), CA (B), and ACR (C) on B16-BL6 melanoma cell invasion.
Sub-confluent cells were pretreated with each reagent for 3 hours at 37°C. Cells
(2x105/500 pL) obtained as a monodisperse suspension by trypsinization were seeded
into the upper compartment of matrigel coated-Transwell chambers. Lower chambers
contained serum-free medium with 20 ug/mL fibronectin as a chemoattractant. After
incubation for 24 hours, invading cells on the lower surface were stained with crystal
violet, and cell lysates were measured at 550 nm. Data are expressed as the mean+SE of

6 samples. *P<0.05 vs. control.
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A ME

AREETIE, CSE 2% 37°C IZHB W\ T Tyr EASITKIE L N-acetyl-Tyr, O-acetyl-Tyr, ¥
L' N-(3-oxobuty)-Tyr Z4MESEHZ a2 R LIz, TNODORISERMEELSED
CSE DMy & LT MVK REKFFIE NG ENTND 2 E AW BN Lz, ERTAE
X CSE 1 MVK & Tyr OKGNZ L > T A ZAATIMER Ak s ivd Z & Th b, HKEE
BRI G (SRR 20 ) 5 2 & v, MVK &6 & 4% CSE o7 L5 Ry by
WAL THDLEEZ LN,

MVK T B16-BL6 it =1 % i3 2 238 v . CA 3 L OV ACR 1% B16-BL6 #ifin
DA ST 5 2 & 2R LTz, MVK, CA BXWACR OEEAER LV, EAMIC Bl6-
BL6 #ifi i & #Hl L 9 2T CSE ICH N Tz, Lizdi> T, MVK, CAB LD
ACR % CSE (2 L 2 =iEMHIER 072 < &b —# 2 5 15 Th D ATREMED RIR S

Nz,
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3B AANEAKTETICFEETAATFAE =AY AL BT T AAT ) —< il
WD 7 E F F AAERGER

F1E XL

%5 1 ®=TlE, CSE 7% B16-BL6 Ad OB, 2l L O EMmEIER 267 %
ZEEBHOMNT L, B2 E T, Tyr Z HWZMEHT L U . CSE HICHEKEEEES MVK 23
BENLTWD Z EZH LN LTz, EARFRRPIAKG I ZZ 0T VW &6, MVK % 4]
WEFHCSEHFDT T KRR R AciEH L, CSE IC L% B16-BL6 Al =] %
Pl EH—EH MVK, CA, ACRZH S Z & EH LT LT,

WL | 3 e N R SO S L OMBME P ZE M iR FR D JE AR R DRI B 53 5 FE R K 1 &
LTHBNTWD, Wl by, ZARNfEOHTAMHOEERR Sy ThHOLATF T H L bR
TOT b RIIBYERER B ORIK & LT L THDIBEA ML RAEMNT5EEZ bR
TW5o, Bos2l [ZISPEDE a,B-REEF AL = /UL G Th 5D ACR <° CA 134 /3= fiidD
AR EICEGENTEY, ZAaliGFEa0~ 7 v 77— AEM O F R EWE T
b2, B Flo, ZNOLOEEWITMIEA L AFEEORIELMEREFICHET 5L
ZHNTND B ZHIZ ACRR CAIZ~ A T IS ZI LT, 7 v s F 4 (GSH)
DFF—NVEEEHERIST D5 Z enmE S Te by, Bl JE&etto GSH 747 b RN
IRz AR SE D, TS, M ATEER T To GSH Iz this ¥ 5, 6657 GSH
AR DR LR E 6T 2 i LB B W THREREE 2 R L TWbH DT, GSH Ofh
Bl & S 3 R AV O w2 5| Sk 24, 15859 [RIRRIC, o B-NEAFN A VAR = AL G
Td D MVK [TREEDO~ A AAINTT U —1kD GSH & RIGT 5 Z MRS TN D,
o] MVK #FEMED T R b— A121% GSH Ofkde, I h=2 > RU 7 ORREMN OREE, 1HE
RO AP T 22 EEI TN DS, 6l

— 07, HEEEIEEE L R LT, BB H 5 EERE BV T GSH 28 A5

T RSB ERALIZ I T, R IR & it L € GSH ~ A F 4 —E R LU GSH
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B —BDIEEREE>TND Z ENMESNTEY, 626 IEBMEDOFMILTIT GSH
DOIALIEITLDOT A 7 ABTLHE L TV D AIEEMEDRE 2 bivd, E b, MIBEORA 7 ) —~
Hilakk Cd 5 B16-F10 (TREEBIED 2 7 7 — < fllflafk B16-F1 &t L T GSH & &1 H
HicE< ., BRMFEZET LTk, GSH 4 EHK CTH 5 L-buthionine (S,R)-
sulphoximine T GSH &&Z{X T &€/ B16-F10 D#EBNEA L7- 2 LR HE S TW
5, led4

INLOWEEEEDD L, MANTIZ CSE FO7 L7 e R4 kit GSH &S
LAl fetEnsE < . CSE 2 & % B16-BL6 Mifd DR MH <012 MBI H GSH Dk 2388 5-
LTWAH AR B Z HivD,

% 3 ®ClX. CSE OGS 2+ 25— & LT, CSE ORMIs K OMfER %
BT NAT e RRT h U DBHIRAN CEEAER S E2MEEZH LT 572012, CSE 1o
i3 K DI O sy DR Z LC-MS 36 LU LC-MS/MS That L7z, Mz T, £y
(2. B16-BL6 flifaflfi~ v 21xt7 %5 CSE 5O R4 MatT 28812, CSE A ao
REOHZMEIT 200, b LAIFEER AT L5002 LN L TELER D S

Z L2 b, CSE DOfifsery 72 4LiE 7S B16-BL6 MDA AFIC BT 35283 L Ol GSH o

B2t LT,
HS
0 H
HOOC\/\)J\N NVCOOH
H
NH» O

Fig. 3-1 Structure of Glutathione
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928 FEBRITIA
3-2-1 fERLEHE

FEEBA A NNa L LT HREDOF ¥y AX—T7 1T 7 U % Japan Tobacco Inc. (Tokyo,
Japan)”> S L7=, Cambridge filter i% Hiener Borgwaldt KC (Hamburg, Germany) 7>
LiHEL7-, CA B X O"MVK IE Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan) 7> & i
A L72. N-acetyl cysteine (NAC)(Z Sigma-Aldrich (St. Louis, MO, U.S.A)fITH -7,
FBS % BioWest Co. (Nuaille, Regular Article France) 5 C# - 7=, EDTA trypsin solution
(EDTA: 2.2 mM, trypsin: 0.25%)!Z Mediatech, Inc. (Manassas, VA, U.S.A)RTH 7=,
Penicillin/streptomycin solution (penicillin: 50000 U/mL, streptomycin: 50 mg/mL) /%
Cosmo Bio Co., Ltd. (Tokyo, Japan)$T#& - 7-, DMEM with L-glutamine /& Invitrogen
Corp. (Carlsbad, CA, US.A)H#LTH 7=, PBS (-)i% Nissui Pharmaceutical Co., Ltd.
(Tokyo, Japan) - T&H > 7=, LC-MS 7' L — FDO/KIB L O A ¥ / — /11T Wako Pure Chemical
Industries, Ltd. (Osaka, Japan) >S5 A L7z, LC-MS 7' L — FOX[EE LN 0ODS 7 7 A
& LT, Cosmosil 5C18-AR-II 4.6 mmx150 mm % Nacalai Tesque, Inc. (Kyoto, Japan).

MOEHE LT,

3-2-2 CSE o3y

1-2-4 LRIERICLC, Z \affiy 2Rkt s U<, BEfE5%I2 LT CSE % iiHl

L7=, [12,13.46]
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3-2-3  HfaREEE. ALE IS X OV Iu s 525k
1-2-3 L [ABEIC LT, B16-BL6 fllnZ 5538 L, FEBRICH V=, EIEISHE - TR L= A

% 10%FBS &4 DMEM (ZF&# L, 1X105{#/2 mL/well (7% L, 12 well 7L — RZ
R L=, =0, B16-BL6 #ifzix CSE (0.03, 0.1, 0.3, 1%), CA (3, 10, 30, 100 pM ) %
L <I1XMVK (3, 10, 30, 100 pM) T 24 BFALE L7=, NAC (X, LEIZJEL T, CSEH L
<IEXMVK ZALE ST HE/NCMZ 2, 1-2-8 L[RIBRIC LT, AFHIREZFHAI L, Mo
R 2 VERL U 7o AEERITALE R D COMIE L ALE L ToMaa b L CRIBL, %

T TR,

3-2-4 CSE 4L{& L 7- B16-BL6 #lila DIt 7 )L o i il
B16-BL6 cells (5x106 f#l)% 1% CSE T 30 43 37°C L& L7-, EIEITHE - THIML A [E]

L, PBSC) 1 mLIZHE L7z, HTHY v 7V dBE# %2 2512 L CRRLL 72,
ICEEDHDH & Mg PBS () 1mL THIE L, 2 D% 200xg T 5 4yl .LorET 5
WZEDBEE L7, B8] [ERRIC UGz 3 [BIed L7z, RIS/l 2 EI L, 70% A
& ) —/v 50 uL TR L7z, 66 HfaiEfEY %4 4°C, 17,400xg T 5 7l Lol 5 2 &

WZED . REZEEI Lz, LC-MS 8 X LC-MS/MS % AW T, 1§ b/ BiEZ T L7,

3-2-5 In Vitro 1281575 CSE & L < IZZF DIy TH 5 CA & MVK 12x%9 5 GSH
D i

AR GSH & CSE ORI 5 FAERMZH 5T 572D, 2 mM GSH PBS
() Wi L 2%CSE, 20uM CA % L < % 20 uyM MVK 1A % [ S CIRA L7z, 37°CT 30
Oy E L= . LC/MS 3 KX OV LC-MS/MS % FWCRUSIRIE T O GSH A DAL 4k

S3HT - [RE LT,
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3-2-6 Triple-Quadrupole Mass Spectrometer 35 L ' HPLC D544
Quattro Premier triple-quadrupole LC/MS (Micromass, Manchester, U.K.) 3 LK O

electrospray ionization (ESI) source % Alliance HT2795 Separations Module (Waters Co.,
Milford, MA, U.S AZHERE L, A A B L UEA 4 F— K Qlscan & MS/MS 73471
W= EEOHTRF DS % source temperature: 120°C. desolvation temperature: 350°C,
flow rate of cone nitrogen: 100 L/h, flow rate of desolvation nitrogen: 1000 L/h, capillary
voltage: 3.0kV, cone voltage: 20V |[ZfgiE{k L7z, SRM £ — RNIZBIFH7 T 7 A MEIZ
FiV % argon collision gas flow rate % 0.3 mL/min (3.37-3.39x10-3 mbar) |Z[#HE L. GSH
D7 T T A A FNTK L Chea{l 4172 collisional energy (% 5-25 eV Th -7z, LC
2L L C. column: Cosmosil 5C18-AR-II column (4.6 mmx150 mm), mobile phase A:
0.05% formic acid 35 & 0¥ mobile phase B: methanol % VT, flow rate: 0.3 mL/min.
column oven temperature: 27°C |Z5%E L7, ERDHIILULTOV =T 7 F V= FEAET
Tolz, PIIIBEME B 2 1%& LT, BlsaTR 2 0 £ THERF L7tk BAMAER 12 0 £ T
40% £ T ER-SE, B B Z 40% THltATR 15 0% TO 3 /piERr L. PRAATE 18 77
FTIT 95%IC LA &7, BEMA B 2 95% THAAtk 21 53 % T 3 ofliERr L 721k, A&

(2R 22 0 £ TIZ 1%ICIRT S8, 20 MR L7z, o 7 WEAEIT 5 uL IZiRE LTz,

3-2-7 HUEHENT
FEHY mean £+ SE TFGFL L7z, #EH#HTIZIL Graphpad Prism 4 software package

(Graphpad Software, Inc., San Diego, CA, USA) Z T, Dunnetttest & L < % Tukey

test &% hi L7z, pfED 0.05 K DG A ITHe A B EZ RO T,
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F3H MERBLOELE
3-3-1 HRAEFERICEBIT S CSE. CA., MVK O#20 b
B16-BL6 Al X BATEHEZ MR LT <, @it Tch o, 61 FHEMEO /S WERBEE

BRa1T 9 2 L3 TE %, CSE OMifa M EAER Ik 2 72/ Tl Sh T d 2 & h  loesl
FRAIC, s~ 21263 5 CSE R0 O DREHREZ BT 212H72 0 . CSE
DAL OIRZE D B2 i3 2 D0, b LIIHURIER AT 2002 600 5 0503
NdH . CSE X CA. MVK DOHkER 72 MLE A B16-BL6 L O AR I T 285 it L
7

Z O, CSE 1% B16-BL6 il DEfFR A HEKLAFINTRD S L 2 L 2B bnicL
7=, (Fig. 3-2a) CSE1%XLE 24 R[4 O A1 RITAEITHK 45.3%IZIK F LTz, CSE @
H A EH LT 572912, CSE IZEENTWD ab-REEfi v R=fbEMTH 5
CA. MVK Dl AEFERIC RIAE T 5B A et L7z, 30 uM DIREEICIH VLT, CA B L U'MVK
IS ER 2 Z N EN 54.2%F L O 8.4% 28 &8/, (Fig. 3-2b) Fhwpzic, MVK
X CA kv vyl mEEZ AT 5 LEL N, SHIC, ACRX CARED ab-
FEFNT LT RRo7 b 3 F A — A DT LXK TS = L. 82 GSH OFTEMA
T % NAC ZMLE LT- & 2 5, CSE B L UMVK Offa#EN:IT NAC (2 X - THEICHE
Sz, (Fig. 3-3a, b)

L7 - T, NAC AE#HS U< 1T GSH (24 S n-#ic, CSE R MVKIZ X%

GSH D% 2 i3~ % AR R’k S h e,
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Fig. 3-2 Viability of B16-BL6 mouse melanoma cells exposed to (a) Cigarette smoke

extract (CSE), (b) Methyl vinyl ketone (MVK) or Crotonaldehyde (CA) for 24 h. Values

are expressed as meanstS.E. (n=4-6). * p<0.05, ** p<0.01, statistical difference

compared with the corresponding untreated control.
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Fig. 3-3 Effect of N-acetyl cysteine (NAC) on B16-BL6 mouse melanoma (B16-BL#6) cell
viability inhibited by (a) CSE or (b) MVK for 24 h. Values are expressed as means+S.E.
(n=4-6). ** p<0.01, statistical difference compared with the corresponding untreated
control. # p<0.05, ## p<0.01, statistical difference compared with (a) CSE 1% or (b) MVK

5 uM.

3-3-2 CSE THLE L7z~ T A AT J —< 4D LC-MS 4547

wIZ, CSE OB L OMEIEMZH > 747 & B4 b S IaN CEEAR S8 5
W %W SN2 T % 72012, CSE O RSYIC L A RN O RSy DE# %2 LC-MS 3 L O LC-
MS/MS THFf L7, % 1 EOMRICESN T, B16-BL6 MIEIZAEIFRA~DEEN 2R
FEZHBWT CSE CTALE L7z, ©F V., #faiE CSE 1% T 30 min ALE L, ZD%, 70% A
% 7= /PBS (OVERWT, ¥ 7B L ORHMEE U, SO nBig, BiEs2E

#ZLC-MS O% 7 e Lic, BESWRIEL LT, BiA A BLORA A E— FO m/z
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52 725 720 OFiPHD ESIQ1 A% ¥, HPLC&fb& LT, /7Yy by AT L&AV
7=, CSE W@Efiay v I NVakA 4t — RTHE LR, A4 7 r~ 77 A2
BOTW o0 oFy—27 2 L7z, (Fig. 3-4a) tR16.1 min THb mWEHTH OB
=2 DvAANT MV & Fig. 3-51Z-LTc, ZOFBE—21Em/z 3718 D7 v ko AbA
FNCHIET DD TH o7z, —J, 10.5-18.6 min D FE & F o7 B — 7 ZALEDOH TIT)
b 5T, Figs. 3-4a BEL U 34b D TIC 7 u~ b7 7 A EIZiE®, m/z308 D71 k1L
A F oY —2 L LTI LTz, (Fig. 3-5b) TEARFEMEME TH 5 GSH 1THE D
HFIZK 5 mM VWS E@mBETHEENTVDL ZENRRLMHLNATNDHDT, m/z 308 DY
— 27137 v b AL GSH A AUk T 5 b D ThHhDH LEZ bivlc, EBRIC, Ml 7L
MO ST miz 308 A AU Nifilk®d GSH L[RIC7Ta X7 A A AT ML ERT

Z L EHgE LTz, (Fig. 3-6)

@ _1g0- a7 "
L’ LENLEL LI ) LN LENL B LB ) LI | LENL I LELELEE LENLENL I | L tj-['rlc H
" s00 1000 0 1500 2000 T
(b) TIC
100- 5.95

fr 10.5-13.58

18.70
10.35.;

Fig. 3-4 Total ion current (TIC) chromatogram of the deproteinized sample obtained from

%

=

Relative intensity (%)

(a) B16-BL16 Cells exposed to 1% CSE at 37°C for 30 min and (b) Unexposed control

cells. Some new peaks appeared in the upper TIC chromatogram as exemplified by the

peak of tR 16.1 min.
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Fig. 3-5 Mass Spectra of the Peaks at (a) tR 16.1 min and (b) tR 10.5—13.6 min are shown

in the TIC Chromatogram in Fig. 3-2. Mass spectral data indicate that the protonated

ions of (a) and (b) were m/z 378 and m/z 308, respectively.
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Fig. 3-6 Product ion spectra of (a) the ion at m/z 308 detected in Fig. 3-3b (B16-BL16

Cells) and (b) the authentic GSH ([M+H]+ m/z 308). The two products’ ion spectra show

good similarity.
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F72, m/z 378 /5 m/z 308 £ LI Z EIZL 5T, miz 70 1% o8- ARF1 A VAR =1
ILEMTHD CABLUOMVK THDEHE L, 8k b, ZhbobE¥Hn CSE O
WCREIZEENTWEINLTHD, F2FICENT, GC/MS ORIRA A E=F U 7T
— R CHIE L7 E. CSE 100%AEH o CA B L O MVK B E X4 520, 550 uM
THY ., OIS LREOWEE LT\ 5, 5369 Van der Toorn &1 MS 4347 D £,
B RO I AR R R S AGE ERIEIC B WO TR 22 B GSH 23 AR A iic GSH-
CA FHEBIEM SN TR Y . T K> TR ATEEZ: GSH I i85 2 2 & 28 5 2
IZLTWW5, B8l X512, Reddy HITZ /Rl H Z7K%A8 & GSH O 23T GSH-
CAfITIMAN EERERM TH D Z & 2HmE L Tn5, 100 NAC ZRiALE L 72 325 R (Fig.
3-3) 75, CSE Oz X GSH OHEIZ L - THI X Z S5 AIREMES /R S TE
O, FRRoOHEEL LTS, LrLanb, Miaicktd 5 CSE b L <3 # Nafioigk
#2 GSH-MVK (A Z AU S5 LW o efiE TR o,

ABFTTIE. 1%CSE Tz o572 5 min 4L L 7= B16-BL6 fiflad > = 1k GSH A 4>
DY — 7 HFRENSEEALE 22 > ks 17— LD 40%2384 L7-, (data not shown) ZiLsgiz,
CSE H® a,B-Afafi 1 VR = AbE¥ E GSH 23506 L. B2 GSH k& Bk &5
LEZ BT,

Mishra & ORgEARMIZE TliE, g &b L, Aoy TilE GSH 7 EH- L.
BEOHLEETIIIHIZ EAT L2 NPT ESNTE Y, 62 Dudek HDOHFFETIL,
MMERREERATIC I\ T R AR & el L€ GSH ~ v A v 4 —¥ B L OGSH L ¥ 7 #
—EBOEENEE > TN Z b, B3 MO MIL Tid GSH OfR{LEITO YA 71
DICHE L TV D AREMEN B 2 B iLTe, B CIX, MEBBED A 7 /) —<HlakTh 2
B16-F10 1ZEERBMED 2 T /7 —< itk B16-F1 & ik L C GSH &N FEICHE <, &
MRS E T BT, GSH = A7 /L C GSH & &4 X w7 B16-F1 O#isf 13T

L. GSH & RkHESTH 5 L-buthionine (S,R)-sulphoximine T GSH & &4 (L F &7
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B16-F10 O ITD LTz, B4 FERIC, L DIZZ V2 F A LA 7 X —BDOHEICL 5T
EERA MR, MllEE s L ONRER MR S5 2 L EPISNC L TR Y, 8 @{ERo
TNEF AL GSH 2885 2 &1 L0 sk, diEE, R S5 aTRetE &
RO, BT, 77 F U0 EE MR BER R A R LIER L, [ 7
NEFFH o vHE T Z—EOREICRBE XOEEOMENI IV E F A= E2 DT 7 F
YDOVETY TICEVEI TS ST T s, 8 —7J5 Dalle-Donne 5137
IFDYRATA REN - AT LT E RELO ko TEfishs Z &%
O LTS, (7]

%1 ®IZFBWVT, CSE 1T X 2 RHHI X ONEE oMmisifEH T3l E oms BB 72 - 72 2
EBLUOAREOMBE DD L, BB L OEEOIS %3 % CSE Ol 1EH
121 GSH OB LTnb EEx bid, £, CSEIZ X5 B16-BL6 Az iRiMEs
K ONEAEMGIERICIL, EIMEICEE R T 7 F Lo REDX R EOEMBELS LTS

ATREME AR S L

3-3-3 GSH & MVK B X' GSH & CA OISR o E
MVK IZEALTC. GSH OF:EEZ N L Cma—a a0 7R h—Y A2 5HET 5 2 LR

WiE SN TWS, B 1z T, GSH I3 MVK & & L CARTEME 22 GSH-MVK Nk %
%, T L7es-> T, Mifld T MVK B8 XU CA IZWTiu s GSH & IR Z BT 2% wl
BEPEIZ 02 B 2 L5, B16-BL6 MIfICx % CSE ALEIC & » T4 % GSH- LR
=ASIAZ AET 572012 GSH & CSE & ZEHKIG S5 2 8 2l R,

CSE L& L 7= Hifid Tt 4172 m/z 878 DA A% CA B LTV MVK oW GSH
MIMBRIZHKT 25O THL0EH LT 572912, 1 mM GSH %124 10 uM @
CABLUMVK & 37CT 30 mhUs S ¥z, £DOfR, CA L MVKIZHIET 5 m/z 378

DOE—=71FIFNFHtR 17.1 min & 16.1 min IZ /R 5172, (Fig. 3-7a,b) GSH % 1%CSE
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& 37°CT 30min fUG SE/2 8 &12iE, m/z378 DE— 271X tR 16.1 min IZ K51 7=, (Fig.
3-7d) ZNHOEEIE miz 378 D E— 27 A GSH-MVK HIMAICHRT 2 Z & 2R LT
%o E 512, LC-MS/MS AT BT, CSE AL L= Ml TR L7 m/z378 D7 e ¥
KA A 27 hUix GSH-CA kX © & GSH-MVK O A~27 hLz k< —&H LT
7z. (Fig. 3-8a,b, and ¢) L7z3->T, Zh b OfERIT CSE M L= Mifalzs TRt L
7= m/z378 D71 b AL FIT KIS GSH-MVK sk Th 5 Z L & EiEL T 5, CSE
D MVK 2HIFERIZIWT, CA SR LT, LW ESCHIC GSH SR L, Ehiz L -
TEIC GSH-MVK k% Ak &%, Yarbrough & Schultz 3§ o8- EaF1 A /LR
AR AT VREMIMZ L 5T GSH LET 52 ERMGINMET 2417 4 Th
% MVK 72 E1X, FIREO R THNEICAE T 24 L7 4 ThaH CARE LY & FUGED &
<. BERENWZ EERELTEY, 1 KEOFRFRLE L KT 5,

AETIE, GSH-CA B XU GSH-ACR I3 & L/e o 72y, £ DB OBEHTI LY . CA
BIWACR A L2k, Brua=lt-7ra—L e LTHRIHLE-Z &0, 116 CSE %
SR L 7= B16-BL6 MIfIZEHWT, CABLWNACR & GSH & 5675 Z &R I LT,

L7243- T, CSE (2 X % B16-BL6 #fii> GSH O BT, h72< & b —# MVK,

CA BLUACR 23BH L TV D AlREMEA RIR S Tz,
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Fig. 3-7 Total ion current (TIC) chromatogram and extracted ion chromatograms of m/z
308 and m/z 378 obtained from reaction products of GSH with (a) CA, (b) MVK, (c) PBS
(=) and (d) 1% CSE at 37°C for 30 min. Extracted ion chromatograms of m/z 378 of (b)
and (d) have the same retention time. This indicates that GSH is modified by MVK in

CSE. The chromatograms of (c), GSH with PBS (-), are shown as controls.
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Fig. 3-8 Comparison with product ion spectra of the ion at m/z 378 obtained from (a) the
B16-BL16 cells exposed to 1% CSE (Fig. 3-3a) and those of the reaction products of GSH
with (b) CA and (c) MVK. The product ion spectra of (a) and (c) have very similar

fragmentation.

3-3-4 GSH-MVK D&M

GSH XU GSH-MVK ko7 v &7 v A A Z~7 V% Fig. 3-9 1T LT,

Collision energy & HHID 7' 0 X7 A A ATk L Ticaiifb L7c, 70X 7 N A 258D
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oL, yl DT F T A MMAv BT E T MAF AT MLE LTRIEL S 55104 &
LT, 10eVIZHE LT, 777 A b A TimE, bl A4 BXO Iyl) £ 42D
Eoicmad 5, BN N KGR ICHRFEESNLTWDEHE, A4 viTa, bERIFc & LT
SHEIND, BN CRMIARESNTWEIGEE A A F 47 dx y £7213z Th D,

WZAFNE, 777 A VROEREOEZRT, m/z179 DERMA 413 GSH @ y1 Bz
IZH3k L, MVK-GSH ¥ m/z 249 TOERYA 4 1% m/z 179 T 70 AL O AR
A A ORI L > THEM L7z, BID miz 233 DAERDA 41X, GSH © b2 BHZIZ sk
L7z, MVK-GSH 1% m/z 303 TO/ERMA A4 1%, GSH © m/z 233 T 70 H{ZD4E
A A DFINT X - THEIN L 7=, MVK-GSH £1i#1%. MVK & GSH @ SH (& D 1,4

~ A TS AR T - 7= (Fig. 3-9),
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Fig. 3-9 Product ion spectra of (a) the authentic GSH ([M+HI]+ m/z 308) and (b) the

reaction product of GSH with MVK (IM+H]+ m/z 378). The collision energy for this

analysis was 10 eV.
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AR g

AETIE, CSE (2 X% B16-BL6 Mild OHFEAM A NAC IC L VLS g Z L 2B 65
2L, CSE 4Li& L 7= B16-BL6 MIAROHIIAN GSH 2 EIC MVK IC L > TIEfiSh 5 Z & %
LC/MS B L LC-MS/MS H#Hr CHISO THEAE L7z, ERAERWIT~A 7 AAmEn Lz
GSH-MVK &< Y, GSH-CA Ik Cidzino7z, fFHET, Ml GSH L~uid
CSE AL |2 X 0 B 2D Lz, % otic L 0 . CSE ALiE L 7= B16-BL6 HElIZ 3T,
GSH (2xf9 % CA BLWWACR OffA b Z o TV Z & BB S 7z,

IHOmEIZE Y, CSE 2k % B16-BL6 flldEisks, =M, Wk oMl iiam
GSH O 235 L T2 AIREMER RIE Shv7z, 2@ CSE 12 X % B16-BL6 AlAEOHMIAL N

GSH DA IziE, 272 < &b —H MVK, CA, ACR 2355 L TW D A[gEMEDRIR STz,
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[53>3
St
i)

26T 5 b OIEEHIT) L ShhI1EE, BRRCEO TREEBE 2 hr—L
THZLIFEERRETH D EEZ LN TV D, BB OMEROPLLE 13 B F O TR0
URERESUWESEDLZ EBMFIND,

MR TR B MAFEE, R EORBOEHERY RS Ty 7 X —THDHZ ENHDL
MZENTND, FRZ, BORIESCERIZK LT, =aF v, =aF VFgRey — VR E
BRERNZRICTLEZLNTND, BIEREHERZLITEIETHRVA, £2O—F T,
LR ADEREO NI D OFBITK L THRRM B EENTND Z LML)
IZINTWD, FRZ, N flRED OHRIZIL, BB ZIHIT 2 anEEnTns 2 &
BHALNZESN TS, LNLRBRL, AFETHLILEINTND=aF R F — /L E RN
T AR DWW TUIR ST RU,

ABFFETIE, Z 82O ZARRE AN B E NS ENTO L REMEICIER L, =
aF e X NVOEBELE R T K ZRE L2 oz U o EeigE A R R KITE
AL TR L7z CSE MWERIER I RITTRELZ G L, 2 OIER Offt 72 b NTIEMER S D
BB EAT o7,

51 =TI, B OBEEBIEO~ T 2 AT ) —< Hilkk TdH %5 B16-BL6 MKk
L. MfaBgsc 8 %2 RIX S eV B C© CSE ZAiLE L%, [AfEo C57BL ~ 7 A (T
FEARZ S U CHERE L 7=, 2 Of5%, B16-BL6 fifidiZxid" % CSE Rl H3 iss st fidi s
B D Z ERHLICRo 2, KT, CSE RIALEIC X 2 ATV O P T % i
L. CSE R B16-BL6 Mila0RiMiedl L OEER AR TS &5 2 & 2B LML,
REOIMBNKT LT, WEEOMEINEETH -7, Lz~ T, CSE FiZix, B16-BL6 i
R DR L ONEETEEZIHIT 5 2 L2k 0 AT 2 363 2 o & £ T

WhHZ LRI E T,
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5 2 T TIE, CSE T R I L ONEEMSIEM 2 A3 DIEPER D A 2 R T 5 72912
FF. RISHEOEVWIKIEEZ DT X VB TH D Tyr & ORICHEL TR & LT, LC-MS <
LC-MS/MS THIGA M % FEICHE Y #ATE, ZOfEFE, Mr 181 @ Tyr (2 Mr 42 OW'E
DM U 7255 18 223 @ Tyr 538K (Tyr+42) % 2 Fi¥E, Mr 70 O#E 30 L 7= Mr 251
O Tyr #HEA (Tyr+70) % 1 ML L7z, £HZ£i. N-acetyl-Tyr, O-acetyl-Tyr 35 X
O N-(8-oxobutyD)-Tyr Td % & [FlE L7z, 2L HIEZEh Tyr BNEOKEREE © L <1X MVK
ERIET D2 ik TARENS Z L2 LM LT, KIZ, GC-MS ZHWT Tyr (25
& L7z CSE M iEMRsy & FE « B L7z, £ ORR, HKEERE LU MVK 7 5 DN
Rl OMBEER AT 25 Z ENBESNTWD X REDORS TH D o b-AEfn T LT
ERBIOZ FrThHD CA, ACRBCSEIZEENTWAZ EEHLMNILEE, ZRHD
i SRl d Tyr 28 CSE P OTEMR D E B ICFIGT 22 & 2m LTERY | KBTI Z a0l
PR DEFREIT H LD TH D, S5IC, CSE OREMEIVER 248 5 iG-Sy 2 8 5 >
29572912, B16-BL6 Mfalicxtd % CSE H7 /07 b REBIOVY b i MImsilfERIC
DVWTHFEF L7z, ACR & CA IZHOWTRRMEIHNE A 7~ L, MVK (DWW TR 4 41
Hl BMEEAFED Bz, 512, MVK, CA 5L ACR Ix CSE #H THAMIC B16-BL6
MR IR 2 IMHI L 5 2IE TEHEENTND ZERF LML 2T,

% 3 BT, CSE DMty 24 2 —tin & LT, CSE Dzl L OMfil{EH %
HOT7NT e BT bR HIaN CEBEAER S E2MELZH 6NICT 57292, CSE H1o
RS X DRI DRy OiERGZ LC-MS 38 LN LC-MS/MS THief L7z, M T, kA
IZ. B16-BL6 M4~ 7 A9 % CSE #5044 ety 5B:12, CSE 23 @ Aa o
REOH2MEIT 200, b LATHEFEHN AT 200 EM 5N L TELERH D
Z L2 b . CSE DOfikfsery 72 4LiE 7S B16-BL6 MDA AF I RT3 5285 L Ol GSH @
B 52 #F L7-, CSE B8 LU MVK, CA |2 X % EEFRN 72 B16-BL6 MlADAEFRIE T

SO b, 20 CSE LU MVKIZ X 5l EAF RO TIETF A —AEOHRR LA TH
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5 NAC IZ L - THit a7z, F72. CSE B X OYEMRSy (Z 24 Mr 70) 1%, HEfEsE%
GlEEZ SRWRET, GSH (Mr 308) & AR[HHYIZ UG LT Mr 378 @ GSH {14 %
TRk L, MM GSH LUL 2% LR F &7, BEA~Y LT —# 1%, CSE A& L=
M B W TIER SV Te AN, ~ A ANz L GSH-MVK I CH v |
GSH-CA fHICidZa 2 L 2R Lz, 2 b OfERIL, CSEICH £ 5 MVK Al
® GSH &MU LT GSH-MVK I 2T T 5 2 L AR Lic, S B BRIFIEIC XD |
CA 5L ACR % B16-BL6 N T GSH LRIET 5 2 LB blc SNz, Lizhi-
T. CSE |2 X % B16-BL6 #ffl O#sss, RiH, & 0P GSH Ol 2335 L
TWDAREMERRIZ S 7=, 2@ CSE 2L % B16-BL6 AN GSH DO i2ix
MVK, CA, ACR %A L 95 CSE O 7 /AT b R b UG LT 5 alREME A R
ST,

PUbkzglHsd e, (1) B16-BL6 MW T, CSE RiALE X L ONEE oI 2
L. AT 2 Bdl 35 2 &L (2) Invitro IZBW T, Tyr 28 CSE sy & 37C
KN TESIRIGT 22 &, (3) CSE oiilmbifER 4, 472 < &b —#. MVK, ACR
BELOCA MY A[REMENSH H Z &, (4) CSE, CA B L UMVK % B16-BL6 Ml n 417
REETF S, CSE BLMVK OERIX NAC I2 k> THEpLEN S Z &, (5)In vitro (2
BT, CABLIOMVKIZIGSH &8T5 28, (6) MVKIZMlaN GSH &f635 2
&, (1) CSE IFAEMFRITHEL 5 A RWIREICEWT GSH O a5l s 28, 2
AL T2, & BIC, BEZEICE Y, CABLACR & B16-BL6 flllaN T GSH &
FISd 2 Z LW BN SN, TRHDMER) G, CSE RIALEIZ &L %5 B16-BL6 #ifd DR
M3 L OWEE oI 24 2 AT I EN 2. 27 &b —#, CSE FICEENT
% ACR, CA BLU'MVK 2o TH Y | Ml GSH DX F 233592 rTREME DS R S
iz, ARSI, # 8 o I AR RSB MBI ER 26 2 iy ndE T

L2 LEMOTHLNILIELDT, SBROERPHFHTE L EZLONT,
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