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A A5 42E AF 4 E (RAW 264.7)9] A2 T8 o] -2 312 29 8. o] & WIS s A
AHEAe] QL ofx] FASH WA A Yot B dFoME, (A4 A2l AF A4 X i
X238 o] x4 A 7| Fo8 £4 35192, MALDI-TOF A FE4 7] & AL4-3to] &} chil o] AL 24
3o} A elo] = A 5F ¥4 o o] €] &= ProFound H) o] Bl vl o| A& o] §-8}of F4 slgit}. 31 3} = o] ¥l g
7] F-o)| 4] A5 mitogen-activated protein kinase kinase (Mek1)$} glucose-6-phosphate dehydrogenase (G6PD)7}
A AFA A2 8 A A o)A 2 o1 T AASAE A2 S A F, Mekle] @2 A zAGAH S
883, 37148 G6PDE AAE SAALZRE A XE W33 QTS 3= 702 Naldh ohiad ¥4
712 AAEE Ao ¢ AF GAAE] A xAbd B AL FAHET ELE Fol, ANFL2Y F

A 7132 E Fed 88 Aol
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&HA (anthrax)= 1 943 7409 SR Bacillus anthracis)®l
o] WskE A4 FE Aot} (13). BAFe Hi4t A
AN Elgetol=g FAFAE, 1 A woldgry
(protective antigen), % 8 A~(edema factor), ZL8]1l XALR A
(lethal factor)©|T} (21). B4 XAHEA(lethal toxin; LeTx)e %
olg e XAate AR TR, AFAY 7|U" S| 4FEFE
FUNAE A5 NEAA 235 FE3}20).

AF7HA gEHF @A H5a0] rHegE Woldelo] Al
EAlkE A WA diggoz A At AE g
A3 Wolahde Felol o8 NI R9)9] 20 kDa FHHoJ
Aetslo] 63 kDa Fto] Holddut @A #t} o)E 63 kDa
Wold g So] T heptamerZ A 31 (12), BA%F heptamer
o FFah I8 AA AT FAA R A HH -84
uj7l endocytosisoll 23} ME 2 E0]7} endosomes A
S}, Al ZN 2] endosomeS proton motive forceol] 213] &)
pH7} SolA|IL =4 O 2 heptamer®] 727} W33k, BF
49} AALR A+ endosomedll A MEEE o) E3)A HTH2, 10).

AArkeAE ofdd A3 RE|HR] HEXXHE 2 ol ol&A4
ol Jp s Eao|oh(1l). AESRe XAkeAe] AXE W V)
A& mitogen-activated protein kinase kinases(Meks)E Mek 55
ALlgt o] Meks (Mek 1-Mek 7)9] N-ZTt B918 st
T4, 24). 2Ev AR AE A F2 S 2 Qe

A7 9] AAE 2] Meks9] N-TG 7918 7|1<=53]317]
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WE-of Mekse] Aeto] Aol AAF 2Rl ZFHQ) €L o}
Y Ao Belck23).

A2 5ol e Al it A7 S AE W A
AYEE olEsly] 3] DA B4 7lso] mYEo] AREE
a2 Ut} Molestina 5(14)& o|xHd A7|9% B9 & 2183}
& Chlamydia preumoniaedl 7XEE Hep-2 A|Eof|A WA 7+
Aol wie} Walsle wudEe] wd Pdg stk
Pizarro-Cerda S(16)= THH&A] B4 7)&8 AM8-810] Listeria
monocytosgenes7t ZAE AL 3] MEF Lovo AHFoA
phagosome W] GHAE] Wy kg8 Bt Seo T
(17, 18y |2 #71%¥E3 MALDI-TOF A4 Wy £&
SELDI-TOF A7t vh-g AMgale] ghxlg ofzel] Ha4 At
& UldA ] ThlEH o] 1E] WstE FAlete] Rk ®
g, Chandra 5(4)°] ¢|xHd 771957 MALDI-TOF 2#E-4
WAE ARESte] AAMEAE FAF FELE AR AR A
FJ774A.19) DA PFe BT

B Aol A5 Aol 28 AR HAMEAA Dol
v whlAA ] BE e oA #7195 MALDITOF
AR Hg o] 838l B33k

=
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HECfY

Dulbecco's Modified Eagle's Media (DMEM), fetal bovine serum
(FBS), penicillin-streptomycine  Gibco™9| 4],  ProteoExtract®
Subcellular Proteome Extraction 7]E+= Calbiochemol 4} Fuji3}
of ARE-SHAT

Urea, 1-(4,5-dimethylthiazol-2-y1)-3,5-diphenylformazolium bromide
(MTT), thiourea, 3-[(3-cholamidopropy) dimethyammonio]-1-pro-
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panesulfonate (CHAPS), dithiolthreitol (DTT), benzamidine, Bradford

solution, acrylamide, iodoacetamide, bis-acrylamide, sodium
dodecyl sulfate (SDS), acetonitrile, trifluoroacetic acid, o-cyano-
4-hydroxycinnamic acid, modified porcine trypsin (sequencing
grade)2 Sigma-Aldrich (ACS reagents, Ultrapure)d|3%-2 A1-8-3}
9t} Pharmalyte (pH 3.5-10)2 Amersham Biosciencesoll A -
w3t 1, immobilized pH gradient (IPG) DryStrips (pH 4-10
NL, 24 cm)S Alx=v}el AE-S ALE3IATE And-Mek 1 (C-18)
A9} anti-Mek 2 (N-20) ¥4+ Santa Cruz Biotechnology®ll A1
Tl 5192 ™, horseradish peroxidase-conjugated anti-rabbit IgG
= Piercedl A FoiEle] AMS-319 T Enhanced chemiluminescent
(ECL) advance Western blotting detection 7| =% Amersham

Biosciences A& A1 TH

M= di et BEX R|A= A X2

AR PAHERAW 264.75= 10% FBS, 100 IU/ml penicillin
3} 10 pg/ml streptomycin®] Z3HE DMEM BiA|oll A 37°C2} 5
% o)Ak FE A wjdsiith. MEE 6x 10° A3/
100-mm Z#0|EQ] Wrr} Heg FE|agl wiF Halo] 2
FBAAL, 1243 FRF A4S & A2 wiAE wgs] FEA
A2 100 ng/ml FolEHA} 100 ng/ml AA 24T H2]EH3
a2, ETE 100 ng/ml Lol LTRSS A skt

MEZMES 24

AE AEE B nEF=gole] dehydrogenases} ¥HS-3}ad
AE AEES S5k MTT 24 o= $83)19T) =, A
F o] AMZRAW 264.7yE 96-2 Z#o]Ee) 22} 6x 10%)
2 B339 37°C, 100IU/ml penicillind} 100 pg/ml streptomycin
| 33 DMEMOIA 37°Cet 5% o]2bsleha % 7oA
foFeldnt. ol E%2 100 ng/mle T, AR AS
FEM, 8, 16, 32, 2 100 ngm)EE Zjz+e) Aol Azt
AlZE (10, 20, 30, 60, 90, 120, 180 = 240 25 ule]
MTT(5 mg/ml in phosphate buffered saline)s 713F %, 37°C,
5% ©]2FsteRA w7 ]ollA] 4A1E ket Hlj ko] et &)
o|Eo|] HA|&NH (20% SDS, 50% dimethyl formamide, pH 4.7)
< 100 ul 7F8harL 2dRof A W8] 30% Bt wWHgE & 570 nm
AN FHREE SA3ATH
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AT x2ate] thaHEE 7 AR EGE0R, 60, 90,
2 180®)E HiXE AAsta, AEE PBSE 28 AHFAT
A" MZoll ProteoExtract® Subcellular Proteome Extraction
71E2] FEA5N I(protease inhibitor cocktail 7S Wil 2
oA 4°cellX 1023t AR =4 tbe BEE AAE)
sl AR F Lol FF AL Bradford EAPHGYS o8
sto] AR ths oAk 2171957} Western blottingoll AH8-3}
AT},

AL ofgk thAMEe] thilldA] Wl 263

O|xlel HM7|HS

IPG ~EH-& 2% CHAPS, 1% DTT, 1% pharmalyte”} =%}
H 7 M urea, 2 M thiouread]] Ztzhe] ThA 200 pgs 4 F
16A17F %9t rehydration3} S Th  Isoelectric focusing (IEF)
Multiphor I A71%8% 7]E<2l EPS 3500 XL A 373
(Amersham Biosciences)E ©]-8-31 20°CollA] o3} 2ol 53]
stk A WA DAIE H9EE 150 Vel 3,500 VE 33X 5
ok 77 gl Eo] A U= Soj7bA s, 7 WA
AZ AYE 3500 VE FA8hH, 96 kvhrh 2 wj7hA] e
5.9 9kA3] focusingdFAT. o)A A719E-E 3] FHell, 2B
He 1% DIT7F 39 equilibration buffer (S0 mM Tris-HCI,
pH 6.8, 6 M urea, 2% SDS, 30% glycerohol|A] 10%3F ¥H3-A]
Z11L, 2.5% iodoacetamide”} 3E$FH equilibration bufferel 41 10
B7b w8-AJ 2T} Equilibration®) €% 22EHE SDS-PAGE 4
(20-24 cm, 10-16%)2] S50l 3L Hoefer DALT ©]2H 17|
%% A|2~El(Amersham Biosciences)g 0835t} A7|¥FS 4
st o)z #H7ldEs AL 1A (fixation)? sensitization
A A3 & I (silver staining) WS ©]&5t] s}
ArH15). o)A A719 %2 7t AT ASE 4 WhEsle
gatart. Lol on|AE AFH oz F4317] 218 PDQuest
L EGOMA 70, BioRadys AHE3tel ZF 23t A7)
(intensity Y2 73 #apslom, Apds} A H Aute] Thias 5
43}7] 918te] MALDI-TOFS =333t}

CHME jn-gel digestionZ} MALDI-TOF
Al Thal A 23kS Shevchenko 5 (19)2] Wl wt
Mg A2k in-gel digestion® G EHTE Aol A %
S, & 2 Aaoks A A7) 98] 50% acetonitrileZ 4
2, f718uE AAs] A8l A i A 27}
=2 AL (8-10 ng/ul)S 7F5ke] hydration Al7]aL 37°ColA] 8-10
Al7F Zob WA 7T, RS- wrifluoroacetic acid (0.5%)E 5l
A7)t W39 om, 50% aqueous acetonitrile® 18] W FE
sled Ef4l0) o8] 27 HEle|=F % (aqueous layen) 2=
&7} o] HEle]|=E C18ZipTips Millipore) ©)-&3te] &
A A T acetonitile 1-5WE FEF3G . 23 glo) o
o-cyano-4-hydroxycinnamic acid& H7}g ¥ | WE target plate
o &% 31, Ettan MALDI-TOF (Amersham Biosciences)= ©]
£31e ke SAsIT
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431} 223 F immunoblottingS 33T ¥l A 20 pgs
SDS-PAGE A1 &8 (50mM Tris-HCl, pH 6.8, 100 mM DTT,
2% SDS, 0.1% bromophenol blue, 10% glycerol)?ll ¥ 583t
#2 %, 12% polyacrylamide-geloll 2R3l A714%E-2 S35}
Aok 2 F A Yo @A 20% WS SN 80 VE
0% E<t polyvinylidene fluoride (PVDF) Zro. 2 o]&AlZ T
WFo] o]¢%E PVDF %2 5% nonfat-dry milk’} E3H#
TBS-T ¢5H20mM Tris-HCl, pH 7.6, 500 mM NaCl, 0.1%
Tween-20)l 23 WHE7]o|A] 1A17F 41 w331 blocking3l3
o}, Blocking®] £ PVDF 2H2 anti-Mek1 (C-18) @419} anti-
Mek2 (N-20) (200 ug/mhBAE  1:50008] 3]43te] Hr|sh
TBS-T $hZelA] 117t &<t WhSAIAT ¥H-g©] E PVDF
& TBS-TZ 1583t 33] A& F HRP-conjugated anti-rabbit
IgG (1:1000 dilution)S ¥l 1AIZF WHS-AIZT) THA] PVDF B
£ TBS-T ¢Fdoz 1557k 33] A& ¥, ECL advanced 7|1E
£ o] &3t WhEA7I L BE) AB3A
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28 « OF

AF AAE (RAW 264.7)°0) 100 ng/ml 59 HWoldlel
4, 8, 16, 32, & 100 ng/ml =] XALRAE XT3 & A
(10, 20, 30, 60, 90, 120, 180 = 240%)2 MTIT 48 4=
3l AEAYEEES ZABIGT MTT 24 233 whojghul A
AU, AAkeA 1, 2, B 4 ngmlE AIAE We M2
Abde] dojubA] g8-& FRAIATE XAk se] FE7) 8 ng/ml
ojdo] HH 90E-& 71F 0 2 M APZo] dojyithEg, 1).

E dFolMe @A AARSA(PA=100 ng/ml, LF=100 ng/ml)
£ 607 90% Bt A AF e AN E AEA ddjd W
312 olak AXGF(pH 3.5-1002 o83l ZARIET ME
A el 200 ugd pH 3.5-102] IPG 2E A Eejg F o]
A A9 S TEFEe 2). €28 & g4 (alkaline silver
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Fig. 1. Cell viability for murine macrophages (RAW 264.7) treated
with anthrax lethal toxin (LeTx : 100 ng/ml of PA and various
concentration of LF).

stainingy 3kod A 2 oF 18001200 TS A0 W, o= Seo
T (A7°) GAT oFZE A gl A ZFAA ol A7)
G5 FAT A A 7 1600£2009] 23S AL A9 F
AFsteh. oAb 719 e A oW A= PDQuest 7.0 ©H]A] &
ZEJo|2 BN, JAELE 608 908 Fet At A
F dAHAZRAW 264.7) AEZNA F7hAshe SE 19
29 A3l Fig. 20l AE AEE Q8 g Aol 602 90
Follae] 2 s vehiioh

BA XARsA AHgel ot B Ao} v vhide
5387 8t ddgE 238 EYA ingel digestiond ¥
MALDI-TOFZ ©|-&3}e] A& AUt} Lol 272 ProFound
dlolejnlolzo A o221 At vin X3l @A S &
stk 4E siglo] o} 2 thill A 1922 ras-GTPase-activating
protein  SH 3-domain binding protein, protein phosphatase 1,
leukotriene A4 hydrolase, 6-phosphogluconate dehydrogenase,

(8)

4 4.9 68 72 'Y

Fig. 2. Two-dimensional polyacrylamide gel electrophoresis images of cytosolic proteins from the murine macrophages treated with protective
antigen (A) and LeTx (B) for 60 min. The figure displays sectors of interest of pH 3.5-10 and molecular weights. Differentially expressed proteins

were identified using MALDI-TOF/MS.
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Table 1. The list of differentially expressed proteins that were found to be altered at 60 min and 90 min in LeTx-intoxicated macrophages.

Spot number Proteins 60 min 90 min
4505 Ras-GTPase-activating protein SH3-domain binding protein Up Down
5324 Adenosine kinase short isoform Up Up
6221 Protein phosphatase 1, catalytic subunit, alpha Down Down
6522 Leukotriene A4 hydrolase Up No change
7101 Translin-associated factor X Up No change
7221 Tissue specific transplantation antigen P35B Up Up
7320 Unnamed protein product Down Down
7522 Unnamed protein product No UP
8127 RIKEN cDNA 2310005E10 Up Up
8407 Unnamed protein product Down UP
8409 Unnamed protein product Down UP
8601 Msn protein Down UP
8618 Vesicle-fusing ATPase Down Not detected
9302 6-Phosphogluconate dehydrogenase, decarboxylating Up Up
6302 Mitogen activated protein kinase kinase 1 Up Up
6315 Unnamed protein product Up Up
7011 Dbscdc42(Y889f) Up Up
7313 Mitogen activated protein kinase kinase 1 Down Down
7410 Glucose-6-phosphate dehydrogenase X-linked Up Up

mitogen activated protein kinase kinase 1 % glucose-6-phosphate
dehydrogenase “5-°]CHTable 1).

Chandra 5(5)2 A% tAME 1774A.19) FA} $E (lethal
dose; PA=1 pg/ml, LF=1 ug/ml)0 2 AAELE H]3lar 4o
T GHAS GO R dto] Dol WHsl} e 4l @A
& Ao, o] FolA phosphoglycerate kinase I, enolase I,
ATP synthase (B subunit)?} 22 AN} Ado] e oy
A3} wbulin B-2, yactind 2 FF vl g3 Hsp 70,
14-3-3 zeta protein, ERP29, GRP78 53} &2 »EY 2 #d
Gl 5o BHo] Mglshs Fos Bt B ATelAl
4% 9MA F Chandra 5(5)°] Hast Tildy) JX|she
e QIRITh ol Chandra 558 APelAME A=A
WA FEoE Auste] 90% o) Fe] METF FH= 10580 F
TS A3 PG 2EF pH 4-790A4 2|8l o2 #1719
s Ao B ATddAMe ARELE Alste ATt £V
AlRFsle 6087 90iellA P& AlEEE v EZEEel, 3 5
A 2718 A MEF dildE ARgate] PG 2EH
pH 3.5-10°0A4 2]3le o]3Hd A7|YE aH7) WEoRE 4
A}

Seo (1N A@lMe &4 o}FE ZAAIA o]ak A7
5% 23 protesome 26S, P2l-activated protein kinase 2
(PAK2) “1¥]31 RAB GDP-dissociation inhibitor beta (RabGDI-
beta) 59 DA ¥} S-S HusGith €A ARELE
APF & AiMe YT dde] wsks B3 4 g
o} olE ©A ok A AelE AAREA folE eAjtelA] W
#Axe gedoly e WA AAEe] Az Abde o
TS T AR FAHED

olxtd AT BHolA B2 23 6302 BAT 47.44

I

f

kDa, pl 6.02] b "ol A3t 73132 A 48.19 kDa, pl
7169 whAES Folglynt. o]5 Wil d-S MALDI-TOF &
gRAy| 2 BA% A7 A3 63028 2% 73138 FU3 Mek
122 I o] F whide] AR vlE2 Fg. 39
LERRATE 223t 63022 60%-F 902l F7bele W, A%t
73138 6053} 90%ol 7FAdhe HEE B thFg 249} B).
olg ARNE F¥o= E uf A% 63029 Mek 1 TE N-Z
o 5oyt Xaka ol o) AehE Zlo] A% 73138 AoE 2
Ak, £ Aipe XAke47) 712811 Meks®] N-HH 2915
Aoksithdrs AR o3k #7194 AdollA] gRlstsitt.
Guidi-Rontani 5(7)°) XAFEAE Al A2latsds 45 A
ALR 7L 155 Wlol] Alsdol A o] il 60iolle Al Aol
A Ak sl ok 42 Meko] NZHH H-9)
Cot BE-S 747} Qlashe GUFEA FAHE AME-SF western
blotting A3}l A FA}SH AE AUk 5, Meke] C- 2 H-9
2 723 mes #Elt glont, Meke] N-EH 2995 223
W= 30RRE 744y, 1808 dMe HEe] Erlssiatt
(Fig. 4). °)= A¥4d & Eojt Arl8se 308 A= N-
oo 2912 Auksly] AlFEkaL, 180kl IR MekS] NI
o 297} AaE ) wheb Nw 2947} A AE Meke Al
I As Hdol] Fa3 AE-S ke MAP kinase pathwayE
BG4 3AAH downstream component (p38, ERK, INK)&] 214k
312 AR o1& AENY Ao Al A EE AbdEt
£ 7|AdlE AA g Bolale AeE Bol ARt g5
°2 AFAPEe| Tdet IS PIAE AL E HATtK). ,
223k 74102 6050l HAFYT Mg A ERT A
AF Aed AFolA a3 FrEeka, ooeddle 24 ol Ut
BIHTHFg. 20). 2% 9302% Lol HA Yrirt 6087} 90
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Fig. 3. Two-dimensional polyacrylamide gel electrophoresis images of the cytosolic protein spots from murine macrophages treated with
protective antigen (left panels) and LeTx (right panels) for 60 min (upper panels) and 90 min (lower panels), respectively. (A) mitogen-activated
protein kinase kinase (Mek) 1 (spot 6302), (B) cleaved Mek1 (spot 7313), (C) glucose-6-phosphate dehydrogenase (G6PD) (spot 9302), (D) 6-
phosphogluconate dehydrogenase (6PGDH) (spot 7410)

(B) 7313
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Fig, 4. MALDI-TOF/MS spectra of trypsin-treated proteins. The spot 6302 (A) and spot 7313 (B) were identified by Mek1 and cleaved Mek1.

o] W&Ho] Z7)35}tHFig. 2D). MALDLI-TOF &R o] Az} g Aol A3k 9302 6-phosphogluconate  dehydrogenase
oA 23 74102 glucose-6-phosphate dehydrogenase (G6PD) (6PGDH) ©¥d & F2IF Tl G6PDT pentose phosphate
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Fig. 5. Western blotting images of Meks in murine macrophages treated with PA and LeTx, respectively. (A) Immunoblot result of anti-Mek1 (C-
18) antibody against the cytosolic protein of LeTx treated-macrophages for 0, 30, 60, 90, and 180 min. (B) anti-Mek1 (C-18) antibody from
protective antigen treated-macrophages for 30, 60, 90 and 180. (C) anti-Mek2 (N-20) antibody from LeTx treated-macrophages for 0, 30, 60, 90,
and 180. (D) anti-Mek2 (N-20) antibody from PA treated-macrophages for 30, 60, 90, and 180. Mek1 was decreased but N-terminal cleaved Mek2

was increased in the LeTx treated macrophages but the PA treated macrophage.

pathway (PPP)9] &% 27 & (rate limiting enzyme)E PPP
BA4E AX I=W UANE 233 NADPHS) 48 xd3it)
AT AEE ANEE 849505 A4S o)d we)
G6PD7} =713HA ©t}h G6PDY] 7= redox-stressOll 28] &
ZEE AxAE @4 RE IS BEde 93-S 3k A
©2 B]Ithe, 22).

Hanna 158, 952 HAF $ 59 ArELE AEshke 49,
AZE &3 WiAEES BAPEAL, g ZE Sole B4 4kh
7 o g AEE E4S Bsths). Az F3r
A Y AAEAE 7‘*3]3}‘:5, 1 AAEA AT A
HI, o]Z2RE tiiAEE B3l YslA GePDS 1 down
stream®l] ZA|3= 6PGDH7]- Z7MEle Ao g Bl

AArfE el RS A2 ZARELol] AEHde] Qe ME
FANME Meks®] N-Z¢+ TH A 4ol HuH ub glo]
(23), AAFEA0l] 93 Meke} N-HTh H-9)9) Zto] A Al °ﬂ
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T 71AE dodle AoE Btk A, AAEA HEZANE
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Ffje] el el g 2| e T BA] )&k ol A
e T 2713 F, vIE2S ol AT Fof vl wWs)
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ABSTRACT : Proteome Profiling of Murine Macrophages Treated with the Anthrax Lethal Toxin
Kyoung-Hwa Jung, Giw-Moon Seo, Sung-Joo Kim, Ji-Chon Kim, Seon-Mi Oh, Kwang-
Geun Oh', and Young-Gyu Chai* (Dept. of Biochemistry, Hanyang University, Ansan, Gyeo-
nggi-do 426-791, Korea, 'Dept. of Bioprocess Technol., Biopolytech College, Nonsan, Chun-

gnam 320-9051, Korea)

Intoxication of murine macrophages (RAW 264.7) with the anthrax lethal toxin (LeTx 100 ng/ml) results in pro-
found alterations in the host cell gene expression. The role of LeTx in mediating these effects is unknown,
largely due to the difficulty in identifying and assigning function to individual proteins. In this study, we have
used two-dimensional polyacrylamide gel electrophoresis to analyze the protein profile of murine macrophages
treated with the LeTx, and have coupled this to protein identification using MALDI-TOF mass spectrometry.
Interpretation of the peptide mass fingerprint data has relied primarily on the ProFound database. Among the
differentially expressed spots, cleaved mitogen-activated protein kinase kinase (Mek1) and glucose-6-phosphate
dehydrogenase were increased in the LeTx treated macrophages. Mek1 acts as a negative element in the signal
transduction pathway, and G6PD plays the role for the protection of the cells from the hyper-production of
active oxygen. Our results suggest that this proteomic approach is a useful tool to study protein expression in
intoxicated macrophages and will contribute to the identification of a putative substrate for LeTx.



