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SUMMARY
(9 &8 oFF)

Bacillus anthracis, a gram-positive, endospore-forming, aerobic rod-shaped
bacterium, interacts with macrophages at various stages of the disease. Spore
germination and the outgrowth of vegetative bacilli are crucial steps enabling
the bacteria to proliferate actively and to synthesize the virulence factors
leading to a massive septicemia.

In this study, we performed a proteomic analysis and MALDI-TOF-MS were
carried out to identify proteins using the infected human macrophages with the
spores of Bacillus anthracis live-Sterne or inactivated-Sterne. We identified 21
proteins which are related to the infection of Bacillus anthracis spores on
human macrophages at the early stage events. These proteins function in
processes such as cytoskeleton regulation, apoptosis, cell division and protein
degradation. Proteins such as PAK 2 revealed a relationship to apoptosis in
human macrophages. These proteins play an important role in the macrophages
survival and death on human macrophages with infected Bacillus anthracis
spores.

The anthrax lethal factor (LF) is a Zn(2+)-endopeptidase specific for
mitogen-activated protein kinase kinases (MAPKKSs), which are cleaved within
their N-terminal region. Much line of effort was carried out to elucidate the
catalytic activity of LF for designing the inhibitor and to understand the cellular
mechanism of its cytotoxicity. Current assay methods to analyze the LF
activity have been based on a synthetic peptide, consisting of 15-20 residues
around being cleaved. However, there are accumulating reports that the region
distal to cleavage site is required for the LF-mediated proteolysis of substrate.
In this study, we demonstrate the catalytic properties of LF, using the
full-length native substrate, MEK. We described the catalytic properties of LF
focused on the effects of the pH alteration, which was encountered during the
endocytosis of lethal toxin, and of the requirement for metal ions. We present
the first evidence that additional metal ions are required for the LF catalyzed

hydrolysis of native substrate, and that the pH alteration causes a significant



change of catalytic properties of LF.

To provide insight into mechanisms of the cellular interaction of murine
macrophage with lethal toxin. We have used cDNA microarray to explore the
responses of RAW 264.7 cells to defend against a death level of lethal toxin
(LeTx). It was found that host gene responses which protein bio-synthesis,
inter—cellular signaling cascade, transport, proteolysis, cell growth were
differently expressed. We found that gene expressions that inhibit making
macromolecules were suppressed, whereas, genes that regulate cell growth and
proteolysis were induced. We already know about that LeTx provoke cell death
activating the programmed cell death and acquire new information from our
gene expression profiles which LeTx inhibited cell survival. And we need to
further study about genes that have specific functions to be utilize a
bio-marker. Proteomics, cDNA microarray chip and enzyme assay techniques
offer materials of inhibitors and vaccine candidates for LeTx and spores of B.

anthracis.
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1. 714 =4

7} €A (anthrax) = 1% %A 12 &4 (Bacillus anthracis)©l ¢t 2 713
oA A Al AE sl Q¢ FF e FEd.
L B4 = A AAA oz o] g4l
o

thsta 9low, ww Y 9 1

Ao At A 07 WhEEtaL 9l
o el A= 1994 4, 19954 844, 2 2000 rdell A dadekgl o, HALe-o]

482 HATOEA AFAE Wyl
Fahd Aol TR A} HARaS

]_
q

j=) h=4 -'irl_
A Al AW 9 S ol e 9EsE, BAd dg PAle) 2

3
At o] EV\U] <l pXOlﬂ}

> 2% =
oA Eam BANE B4 P UWLe wolds

pXO02°| tsstE el 3l
(protective antigen; PA), %24 (edema factor; EF), XAF2 A (lethal factor;
LF)olH, o]& ZA7te 545 YehlA kshd, woldheds} FFahrt Agste] F
TS24 (edema toxin, EATx)E Wolddyt xAt8art Ajkste] A5 (lethal
toxin; LeTx)E FAE. 2 XA527F o DA tiA Ml (macrophage) & AFE s}
A sheAd B 71dE obz WA Bl vk /e
a}, 5?14101]*1*5 A 7F b o w ‘”01‘/}7] il B 7SS ddo® dqF HE5S
sk AL H 75'}1]%40]?—’3 A th Ao F2 o A +
Fol FhrAde] =2 ThEoluy Abgell Al ARE-EH) 7}

I e e o R =

1T y ]
o} GFAIEE) hgol nhe A /A5 BAE FAA
I EAS BAEE BAo] I
oF. SFlslol ol 71 e elsfdsl sde] el e AR BEE e
= ]

o o= A



Aoz g #d wWalsde & ol adew Agata 9li
A ArRE2e] 71dE et RS WA RS §7] fsiAE 2 7)so] Sl
MM RS %ﬂé}% /‘Hi% %ﬁ—'& ol ?% olb A Ay ZAEY}
=&

% ol | HFJ%L I 9,1% 7]€i EH*WIEOH olF wFY HAE FYI T A
o2 UM doju= A {2 HESFe] Wl (DNA microarray chip
1 71$)E AFESte] AAEA B4

[e]
X749 vl A kAol W3l (proteomics 4 7]
o)
o

2. A - A 51

7} kA4 9] WhAlo] DNA microarray chip #4 7143} proteomics 4] 7]& ¢ Al-&&
A 7o) AaEAe] 71 Aol =gk Zlo] ofye}, o FE/AbgY] AjEe W
kot okF Jide] S8E 4 e AV

. @A7EA] el Al JiekE DNA microarray chip %4 7] °|4 proteomics 4
71ER dofxl FAd gl e tigk AL @A ¥ AR A ZRAE
el Aol BA & wWe el s, ARG Tl A= FEAAE
Hojur] 35 Aoz Hel 53], dAle U Ve w3 A5 f42 249
FAsE FAE A FAA Aoy w2l o] st o] @A B $ro
AT vy AAE S AR AAA Ao oA d AR AR

>

th ol & FE3] el e, A/ G ddst FAel dibjsior & "a o] o
9. 1= TIGRIIA = %ﬂﬂfﬂ Zepan =2l pXO13 pXO29l tieh 4714 d AA
oogAT @A did dVIAE AdS Fuidlen,  Compugene]
LabOnWeb.com& Genome Theapeutics’ PathoGenome databaseZ £3to] <F
3041F9 B vAE 97189 3 Ao glg. 53], TIGRE o ofe]

& iy er st s
g} ol2ldk ol o) FAlol TEH R tAsty] flate], mlf ©AT AAF 24 B

A fodel BAE SAA/BNAL et A do] B9,
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3. A8 - 284 2w

. gl=re] A, @A E vheleH Tl 7 Wol AR A
+ =5 7
Ed

o A w7 AAEe 93 A%l Al o] gt %At A4 $91% Fab
2 webd] 4% ALE sk w9l FAlol SEH O YA st

Aol A9, A Haol MUy fuel BAH A2 715 FAA/EUAL 7
% pAeta, ol olgdel YAt AT Bayol BT,
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M2 & 2 7aiy o
1A, 29 -9 Bdsed 239 A

1. =9 7179 DNA chip¥} proteomics A1-%3F

7} DNA chip 7] 253 A htoldA 7P F5us AJZE 7ol & 7]
=& 21 A7) A estakd Ak s 9 7]E AR ANkl A Sis 7k Qe
SES)

w90 7R e etE A7 EdA Tl digk EAAESAR)] HES giiE v
At 1 FAA7E BEEs mRNAS B2 ds FA0R o] Fo7l whd
Lol FAAY g A FAez o]2ul FAXAES (hollistic biology)2l 714

o8 vt e FAY.

o} < sk o)) ske] Elkahloun (1999, 2000)S Abghe] fr¢d Al el A laser
capture microdissection 7143 cDNA array chip 714< 5H3te] 3 Al2he] 3t
bl A 4449 %2 invasivedt %% metastatic breast cell population 5= A}
£3}9],  in vivo gene expression profiles W35S

2. Z2gd e Reed 97" (2000)2 cDNA subtractive hybridization@}
microarray techniqueS AFg38te] o]d Hi Fx & 9 29 N2 FH42 g
213k

v}, Jungblut & (1999)9 23] < )]
dtdo] S71E = 13/66 S A S A3 a, o] A o] Calgranuhn B (calprotectin)¥
< Rk ol

v}, Proteomics ¥4 7]1&S AF&35te], H o= Adel 2 219 mycobacterium

o

9] 2D map EXH} ol #FE4 W3 proteome AT-& dBase’l FEHUS
(Mollenkopf &, 1999). ¢|¥g AEAd dFES WA U T2 FE38te] 7}
79l proteome A5 AAIS Ay 7000152 B dulAE] EA7F S5,

o5 ¥ ¥ TB (Z3)9 A3} Ao Fa3 A7t & Aoz 7jgig.

A} Edvardsson & (1999)2 obese mice 59 PPAR (peroxisome proliferation
activator regulator) AAFIAEY] isoformo| W3k proteome 4S5 v FE
(e, WY14,643) 7o AFE ol Arlate], Hae 1670 spote] Tald dho] e
Z7F 28 223l S. o] F 1470 spotsE©| peroxisomal fatty acid tjAtel] e
3]__‘: iz els golstk H]— o]g‘u:] o]g o]gH o] 3} a]u};q]g] 31}%.7]%10]

peroxisomed| Al AWAF A3l (f-oxidation)E 73S 1AL
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2. = 7]¥#2] DNA chip, proteomics 75 3F
7} o %= DNA chipoll th3h 42 3] ssof drgte] o] &4 HALE
a2l A Bkt ARl AAA BHAE myGened] 19 BHAF Fol
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L}, o]e] WHa| proteomics w41 7] tdt 4 =E DNA chipell vlstH 18] Erha
2 FFL oy ARt TR EobAl ] FhE ] AL Aol W] upAL o] 5}

ool olgF wRA}, o] Hojd HAb AETe] Al AL Fddiel s

HPAL, FALS] o E] MpAL So] ek 5o ARIEtel g HAHoR Aeta 9l F

Al 53], A Aol @=ro] AosuAM ARt 9 ofF B2 AdyATT}
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M 3 & A7 =l s 2 Z21f

14 ©Aze] A Aolol] 3 proteomics &4

1. A5 W
7F Az wie

AA QAMEE = AEZFE 23 (KCLB, Seoul, Korea)dlA #wS RAW

2647 (ATCC TIB-71)Z 10 % FBS¢ 1 % Penicillin/Streptomycin®] 3%
DMEM Hj=|e| Al 37 C, 5% CO2 w7 Al AEE wjdsto] ARttt Abgd tj 4]
ME=S Ao 2 HE @3 (monocyte)E Histopaque (Slgma co)E ol &3sle &g
3k thS SlakgkEol (PBS buffer, pH 7.2)2 33] X & & DMEM w0 &g 3 37
T, 5% COo vj%7]o] wjok3l t}e ZHo|Eof| A3t AlXuHS ufoksle] A& A&
A=

L BEA A of o] g

EbA o] o} 9] ¥ 2= Dragon¥ Rennie?] W (2001)S Wysle] =& 2 AA s}
o AREEFATE B o] J YA EZE brain heart infusion (BHI) #j#]o] &3 § 24
AZE ERb wigfste] o= A FEUZE FAE S tA MEE Tarr's LAMA
(200D)°l HFsto] 149 &<k 37 CollA wjdate] o5 FAAAT o2 J4 &2l
& IAEAE o] &3t FRlstar, A wiA| el FAH ofEE I|gste] FaR=
il el s ol&ste] ofxFHE 3IFaidth dolxl ok FeA 001 %
Triton X-100& o] &ste] FaARZ=E AAT ths 65 CollA 30 &1+ g § Wo}
g 2As7] $13te] PBS buffer (pH 7.2)0] 9ol -20 Coll et

5!
i

ot A A Zol] B A (2E, DEfAH) o} F ] 7Y

AF A AE (RAW264.7)0 A2 ol X5 A 7]:= A2 Dixon (2001)%5©]
ARG S o] gElglth &, P2 O A ERAW264DE 1.34 x 10° AZ7} =
2 6 well plate (Corning co.)oll YL, 37 C, 5 % CO, T2 2 47t wjkslsd
ol5 wjkd AN o] BATF (Sternedt ASterne TF) oFEZ 1.36 x 107 oFE 5
o ol2xE A F 37 T 30 it HAAFHT AEE grAEE
antibiotics—free DMEM HJ A & o]&3}o] 3 3] Al sto] PR &2 oEE A A
¥ gentamycin (25 pg/me)®] L= A & djAAxe] DMEM wiA& H7}bsta
wjokslk o8 0 hr, 05 hr, 1 hr, 2 hrs, 3hrs, = 5 hrs 59 Azt gt x40z
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A A E ] whE-& EA 6 L, 7 §-o kA total RNA (DNA chip &)¢F @4 +
Z (2-DE )9l o] &35t A gAMEE A gAAEE Sy olEd 1.34 x 10
AFEZ wjkstar of 7)o Al Sterne (Dead)¥} 2ol9lE Sterne (Live)olEE 1.36
x 10° v AP S & kS 30 7 #ES AA 29 A EE antibiotics-free
DMEM H{#A| & o]-&ate] 3 3] AlFste] HEHA &2 ol & A7 § gentamycin
(25 pg/me)e] FEZ A F A A xe] DMEM A& H7shar et ohg o
2 AFE 3ol o] &3k

2. AX 520 A7

B3t | ARS 2 E Papov (2002)5 9] Wl oste] sE AYst AE e
o, A7 WAL RAW 2647 AES ZFolEd 6 x 10° /) HEs BF8 5 37 C,

5% COz ¥F7101A 2 AIZE F2k widstdeh wjeko]l Eubd AE7t %—EHOIE Hjtto]
2 2olEA g¢lsta PBS (pH 7.2) ¢80 2 2 3] A3 & Wl 100 ng/ml, A
AFS2: 16 ng/mbs H7Eskdth Bl 37 C, 5 % COz Wid71olA 1 oﬂ 1 40 ¥ Fot
Wl & Zeo]EE PBS (pH 7.2) ¢Fdo 2 2 3] At a9 & og 34 &
T8k

eA ol whet AF M A Bdo] FEE 9 A S proteomics V1EZE E

ol (Aol whah wEEhs wwd S 2-DE WHoeg ~3:24)s] f8iA dAAE
o ol%Z AHelsle] 37 C,5 % CO, F=& wjFatdA 1 hr, 3 hr, 2 5 hr <t 1
FE Azl AEE 2500 rpm, 4Tl A4l #elste] 3l S8 A 2 %
SDS7F ¥ske 40 mM Tris-HCl (pH 8.0)2 ¥ t©}3, proteinase inhibitor
cocktail (Roche Co.)¥ DNase (Roche Co.)E &3 & 1 ml syringes ©]|-&35}¢]
AxEsE & dol gt & ARolA & AR st WA F dAs FEEY =9
S A4 14,000 rpm, 30min YA FEste] A5 AE st 3qd o

NAS 80 Coll Hush & /\}30} Atk Al AR A EE AR QIAEEE Y (PBS
buffer, pH 7.2)< ©]&3}e] Al23k & 7 M Urea, 2 M Thio-urea, 4 % CHAPS, 1
% DTT, 2 % pharmalyte’} 3t 8988 71831 homogenizer (Powergen 125,
Fisher Scientific)& o]-&3}o] &3] AlAATE 271 v} 15000 x golA 1A17Hs<F 94
wEet As ds It 2 AW AU|EEs MER o)Lk WA AR
Bradford assay°ll ©|sto] A=Fste] AR&-al3i)
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v}, 2-dimensional electrophoresis @ MALDI-TOF A& 3t

AMZMEE FEE w4 10 ulS rehydration buffer (8 M urea, 2 % CHAPS,
2 mM DTT, carrier ampholyte (pH 3-10), 0.001 % bromophenol blue) 180 0%}
2 &3kt & PG strip (Biofrad pH 3-10)e] &9 o 50 v, 14 A3+ Fot
rehydrationS 3353t 21d % 250 v (15 min), 250-4,000 v (2 hrs), 2 4,000 v
(5 hrs) ¢t TAA A7|95S T3Stk 2-dimensional SDS-PAGEE F83}7]
Aol IPG gele equilibration buffer I (50 mM Tris-HCI, pH 85, 6 M urea, 2%
w/v SDS, 30 % w/v glycerol, 1 % w/v DTT)olA 10 & 7+ A& o2,
equilibration buffer II(50 mM Tris-HCI, pH 8.5, 6 M urea, 2 % w/v SDS, 30 %
w/v glycerol 5 % w/v iodoacetamide)ol A 10 & 7+ AlF 3L} o] IPG strip=
slab gel 9ol &9 t}& SDS-PAGE electro buffers 3713 0.5 % agaroses &
A IPG stripS ZAA#HTE Second-dimensional SDS-PAGEE Mini-protean 1T
system (Bio-rad Co.)& ©]&3&te] F8&on 12 % acrylamide gelg ©]-&3al 10
mA (1 hr), 15 mA (3 hr), 20 mA (30 min)ol] 23t FeElsgth. ®2d B2
Coommassie brilliant G-250% o]-&3te] M-S & ths scanners ©]-83t4] o|n]#]
2 Az onx] EXe] o]&adrtt. SDS-PAGE gel image® spote #41L
PDQuest Ver 6.0 (Bio-rad Co.)& °]&3l 413599t} Spote] imageiA ol 2]s}o]
up-regulation == down-regulation ¥+ spot WS 25t A spotS EH
Ao 2 in-gel digestion #&5t] MALDI-TOF A|2E& AF&3lth AL thal Al E 9
749+ 7 M Urea, 2 M thio-urea, 4 % CHAPS, 1 % DTT, 2 % pharmalyte’} %
she]o] ol ol @A 200 pugs FYSL THA X47]°j%8 %71 150914 3,500
V7HA £&t1S 3500 Vol A 3 Al7HEe 23kt 18l & equillibration #4< 7
4 SDS-PAGEE s@3le] wuldg welsisich

AL SELDI-TOFE o83 @A AApmae] whgshe whijd 74

Protein—chip array2%-E] Al XAM= o] ¥h-8-stE ghwld S Zolg7] 98}
RF A A 2 A A5 E A2l ek $o 2 % ampholyte (Bio-Rad Co

), 7 M urea, 2
% CHAPS, 40 mM Tris-HCl (pH 8.0)& AHg ths, Axs $4:ds] &g &
proteinase inhibitor cocktail (Roche Co.)¥ DNase (Roche Co.)E A&gt % 1ml
syringeE 01*@’3}04 AEE As] gt F ALoA & ARE Sk A & gAd S
FE3A. FEE dES 204 14,000 rpm, 30 min 94 #&3te] A5 A
sl=sln) 34 wAS -80 Coll Hakst 5 2183199t} Protein—chip array©
reverse—phase chip®l 100 0] XAFSA7F AR X2 H lysateE <9 3 od
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S 3 FWol| &%ty 2¥ % binding buffers 718k %9 vigoroussti &£ @
U5 binding buffer® tA] ¢ A& At EAMS #7bsls ohs, Ax=A71
t}& protein—chipS 3+ spot®d H¥HA ¢lojA A¥Z Felaqdr).

2. A7 A3

7h A AR A 28 5 dEaE opx o] el

1) Ao A 28 2 dEelr~'y oo 7+

Dixon 9] WH(2001)o] Jste] €4 Sterne 2 ASterne oFXE 717 RAW
264.7 Aol Agshd Fig. 1-13} o] 7 ofxE & & & Slolvh =gk °F 10
T AL et g A Eet F5es ke ol s HEE 4 itk % Aol 4
W 7ol ¢F | olxE A ° 2l t
)< Hgste] AAE & ot = :

of =W, RAW 264.7 Aol 7helo] | Fo] A& &+ AN
A F o 2 Azte] A HHA AAMEY FErt o ®istelr] Al Abeke s g4

st

2) BF tAAEel FAE SAT ofxe] 2244 AV|FE B Aa" Bt

ATt ofze] P zT]ol oA Az ee] ojul AFZAEo] sk A Ele}
7] Siste] 27k d7l°§%71 =& olgsto] Alstalrt. A tiA Aol &4 Sterne
¢ S 2-DEE ©] &3

7} ASterne °FEE AR F AAx719 U4 HEE F
o] BRI SterneJJr ASterne oF¥9] W< Fd

¥ gds e (Fig. 1-2). ‘?}ZﬂL dEt 28 28 o2 5 FHEAT
T AF A A Ee] gl S vl

g 200 + 20 spote] TEE ST SHA T

s FastodA B2 9 spot g

o
= =
of zo]E Hol= A& #H9l & Uk =
1=
B

[ o,

ot
“DE 4] $of dojxl ed S 54
g4t 2] Sterne? A Sterne
ol¥ = } 2 A AZ] ZAS AR Sl Aol osto] Apol7h v w55
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3) MALDI-TOF/MS 4]

ojmx]  #Ae] Y AMELS MALDI-TOFd 9stel  #48  Fdsioirh
Chromatogram< %413+ o] MALDI-TOF (http://www.matrixscience.com/) Tl
olgfHlo] 2ol eJate] it Bkl om o] FRlE @S Table 1-1¢ Wepi At
ASterne®} Sterne?] o}E7H 2-DE AgA 28 ol E 71|71 AF thA A 20
A ol 30 24T Fof AFHATHE 90-120 & AlelolA FtEE AS #E H
Atk T oA BhA T ofx el AF thA AR 27| A Agol] Bofste] S3hE =
PEAQ Tl de ITBG-2, HSPA5, GNA-13, syndapin 1, ¥ CDC-46 &°] &<l
%At} (Table 1-1).

I~

4) Western blot

ek R ﬂog A= Fed BHE wol Aot 8 e 29 Aol

602 120914 B2 T Fel Aols AT 5 UATHFig. 1-3).

K 2 02 552 Aeste] AT FA
e B2 Zua MTT assayE FH38H 0 MTT assay Z2HEH fold A2y
AAF8 2 F57F 8 ng/mee] HAAMWA 90 & Vo R AFAMES doldS #Est
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2 AR oA Ee] BA g ohxe)

ol

Aol st e 24

D) Ab diAAlEe] 2-DER#A]

Ab A A o)l AT ol E S AlA 2-DEE o]&ate] Wstee ddS
Z st AEL BAF Aokl Sterned} F& Sterne oFEE o]&313th 2-DER
A8 9ste] AA @A 200 pgS pH 4-109] 718715 7M1 AL 9l stripoll FR3E F
FAsAY. AL alkaline silver stammge o] g35fo] 43 o} no HE 1600 +

T S T S
on] B oA b wud WA Aolsh Bol Lh 9039 o]UAF HoIFL,

Ao A= 2-DE EAGA 9081 120%0] 71 Be AolE Ve (Fig.
1-12).

2) MALDI-TOF 413} duid &4

2-DE®A Fo o]n#] #42 PdQuest 7.0 o83t £45 AAsiod, I3
= oM 155 7iE A v 21 e s SAskslY (Table 1-3).  Fig.
1-132 549 dudse] I FdS BolFa vk Fig. 1-14= PAK2E 544
@l o] chromatograme HojFil 9low, o= 0.1 kDaZkAl  SAT 4 &=
MALDI-TOFE o] &3&to] EAatglon Fig. 1-14¢F #o] £& 472 A8 = A
ot doj7 @A 5L ProFound(http://129.85.19.192/profound_bin/WebProFound.exe)

dlolE o] =& o]&ate] sAstATE apAI% 2 /o] wulde A4 Fatgit

3) Abgt tiA Ao BhAE o2 Zdel ofgk T i

Al tiA A o] GATE o 25 7 Aol 7P tiEA 02 Ee] A7t v A

A F 90wl o] AENA JHF uHom FEHE duds EAHEE ERE
st &, Aladg (PAK2, RhoGAP, RabGDl-beta), Chaperones (HSPAS,
TLP-19), Actin binding (CoroninlB), Translation (RRP41), Hypothetical protein
(LOC145710), PAPLOA, CFLI1, Proteasome (26S), Ubiquitin—conjugating E2N,
Thimet oligopeptidase & °]$lom o]& 542 Table 1-39 #AA3] %7181t
Fig. 1-1591A4 & & & AATY 90&NA ZolE KT} Proteasome 2 45+
AAA oz dolgle ofxoll A TL Bol B Hon, 7 F 90Tl %= 3uf o]
el Aol & Btk PAK2: Folde ofxolA 2ol Wol Hlom Holgle= ofx
oM Hedo] Wol HA= stk A F 90 A HelA = dople ol HTHE 3uf
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A2 A (apoptosis) et #HE 9 PAK2E ¥ dFolA 52 o}l ¥ E A
oS Al ol HdES & ate] =Helskitt (Fig. 1-16). whzkrt
A2 oF 90w} 1202004 o] s #AT & AUtk PAK2E AlXE AP Al
T @A o7 YFolA =1, regulatory domain (28 kDa)¥} catalytic domain (34
kDa)o.Z Yot} o5 F AX APEI AH #AA 7 Q)& catalytic domain®] #&
< @ (nuclear)°l 1 ﬂ?l skt (Fig. 1-17). ] 5 F2 ol E A Al oA
RS Aol 90NN 7MY B
& de EZLOJ %‘ ? AN (Fig. 1-17). o1c EHH oFE7F Absh Bl Al 2 H
bt A Apdel] #rofabes shhe] 8910w FSET

Ed

0 i3 Flf

;oﬁo
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Fig. 1-1. Detection of Bacillus anthracis vegetative forms after germination in
murine macrophage RAW264.7 using B. anthracis BA antibody (Arrow head
indicates Bacillus anthracis vegetative cell). A, no infection; B, no infection
using immunoflorescence with BA antibody; C, infection; D, infection using

immunoflorescence with BA antibody
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Fig. 1-2. Two-dimensional gels of murine macrophage RAW264.7 cells after
infection by Bacillus anthracis 4Sterne (A) and by Bacillus anthracis Sterne (B)

strain for 1 hour incubation.
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Time (min) 30 60 120 180 Control

Fig. 1-3. Western blot analysis of ITBG-2 expression. Arrow head indicates
ITBG-2 molecular weight

Delta-Steme
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Fig. 1-4. Protein expression patterns of murine macrophage cells(tRAW?264.7)
with treated-lethal toxin ( A, ;control (only PA), B, ;10, C, ;20, D, ;30, E, ;40

mim).
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Fig. 1-5. Zoomed-in regions of 2-DE gel images for HSP 60 gel regions (at 0
and 30 min). Depicted gel areas correspond to circles. Arrowheads point to

protein spot of interests. Spot: Heat shock protein 60.
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(b)

Fig. 1-6. Comparison of the protein expression patterns of hypoxia up-regulated

1. (a) Protein expression pattern; (b) coverage map and error map
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(a)

Fig. 1-7. Comparison of the protein expression patterns of PP2A.

(a) Protein expression pattern; (b) coverage map and error map.
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(a)

Fig. 1-8. Comparison of the protein expression patterns of HSP 60.

(a) Protein expression pattern; (b) coverage map and error map.
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Fig. 1-9. Protein expression profiling of lysates from murine macrophage cells
(RAW 264.7) with the treated LeTx (MW 20kDa™35kDa)
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Fig. 1-10. Protein expression profiling of lysates from murine macrophage cells
(RAW 264.7) with the treated LeTx (MW 15kDa~20kDa)
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Fig. 1-11. Protein expression profiling of lysates from murine macrophage cells
(RAW 264.7) with the treated LeTx (MW 10kDa~15kDa)
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Fig. 1-12. Partial two-dimensional images containing PAK2, RabGDI-beta,
Proteasome (26S) at 90 min. These spots were identified by MALDI-TOF
MS/MS. Several protein descriptions with Mw and pl coordinates are shown
Table 1-1. These regions represent sections of the time—point that have been

enlarged in Fig. 1-3. ( A, inactivated-Sterne spore; B, live-Sterne spore).
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Fig. 1-13. Comparison of the protein expression pattern of infected Bacillus

anthracis spores on human macrophage cells from 0 to 3hrs. Inactivated—Sterne

(upper) and live-Sterne spore (lower). The figure displays sectors of interest of
pH 4-10, 2-DE. A, proteasome (26S) B, PAK2 C, RabGDI-beta.
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Fig. 1-14. Peptide mass fingerprinting of protein spot 3,614 in 2-DE map
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Spot quantity

Inactivated-Sterne  Live-Sterne

Spot quantity
E S 3
(=3 L=] (=]

2]
=1

o H |
Inactivated-Sterne  Live-Sterne

400

Spot quantity

200

Inactivated-Sterne  Live-Sterne

Fig. 1-15. Quantities of proteins by Inactivated-Sterne and live-Sterne spore at
90 min. The protein spots that appeared in 2-DE gels were quantitatively
analyzed with PdQuest analysis program. (A), Proteasome; (B), PAK 2 (C),
RabGDI-beta. Three independent experiments of 2-DE analysis of each time

points gave the SD value depicted as an error bar.
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Time (min) 30 60 90 120 180

I — 2 (02100

Fig. 1-16. Expression of full-length PAK?2 in human macrophage cells. Arrow
indicate full-length PAK2 expression pattern. Inactivated-Sterne (upper) and

live-Sterne spore (lower).
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s

Fig. 1-17. Expression of PAK2-p34 in human macrophage cells. Arrow indicate

molecular weight. Inactivated-Sterne (upper) and live-Sterne spore (lower).
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Table 1-1. Peptide mass fingerprinting using MALDI-TOF

Gene names Descriptions Acession no. Mr* | p[*  Origin

Intergrin beta-2
ITBG-2 FP11835 95000684 Mus musculus

{zuanine nucleotide
GNA-13  binding protein alpha-13 = P27601 44027841 Mus muscufus

subunit

Glucose-regulated protein
HEPAS P20029 72319509 Mus musculus
precursor(GRP-78)

PEC and cazein kinaze

substrate in neuron QIZOWSH  504185.15Mus musculus

Syndapin 1

(or Pacein 1)
protein 1

DNA replication
CDC-46 licensing factor PA9718 622908, 70Mus musculus
MCMA

a) Theoretical Mr and pl value are listed

Protein analvais method was peptide mass fingerprinting using MALDI-TOF analyais,
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Table 1-2. Peptide mass fingerprinting using LC-MS/MS analysis

Maolecular
Spot No, | Protein information HCEBI fal
Weight (kDa)

-2 Hypoxia up-regulated 1 WP _087370 B 1 111,45
C-26 Aconitase 2 WP _542364 84 06,37
C-37 Lamin & 021267 B3 74,23
C-43 Similar to plastin 2 A4HZ22943 hZ 70.91
C-53 Serine/threonine phosphatase 24 | PRAG12 5 5.4
-89 Pyruvate kinase M2 PE24E0 e 5787
C-63 Meurexin 2 WP _446293 57 187.9
C-67 HSP 60 protein CAAITERS 53 B3.12
C-69 Nucleohindin | {CALNUC) Q02819 h F3.39
C-1 Pyruyate kinase 4 MP_035229 72 579
C-77 Yirmentin WP _003371 51 B3.67

ddenylyl cyclase-associated CAP
C-82 MP_031624 72 R1.95

protein
C-112 similar to laminin receptar | #P_053454 5.4 19,77
C-135 dpolipoprotein & &4B858429 h5 29,4

Regulating synapiic  membrane
C-203 WP _444501 95 173.98

exocytosis 2
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Table 1-3. List of identified proteins on 2-D gels, pH 4-10

MW (EDa)

Description

Accession Mo,

Spot
Proteins

LTS

Elactron

19.3§

NP 056007
transporter

ERF 19

Protein
43.19

degradaiion

2017

Broteasorne
XP 043220

mBRMA
polvadenylation

(255)

NP 116021.2

PAP
Actip-inding

protein
Serinsthrecnine
kinaszs
Chaperone

3512 NM 020441

ELIE PAK 2

HSF 73
Excnucleaze
activity, BBA
inding
Kinaze

4110 FEE 41

2508 Pymuvate kinase
Phagosome-
AAD3I4ESS lysosomme

BabGDI-bata
inhikitor

Similar to

. Protein

thimiet )
degradation

olizopeptidase

AAHIASTS

4718
Covalent

Uliquitin
Cconjugating NAL 003348
nbiquitin

EIN

502

Protein
NAL 002709

5302
phosphatase 1
5304 Transaldolase 1 NP 006746
5718 RIKEN cDNA XP 133217
G003 Cofilin 1 NP 0054081

_41_

artachment of

Cell division

Transport and

metzbolism

Unknown
Actin

25.65

58.49

41.42

7972

6.1

mizdulating
activity



24 B4 ANEL 7)F B

7L @A 2" st A RE dojdda} Aarase] LA

SA 2" #FE RM mediadl Al X et 5 A4 EEsto] wigd s st
Attt olE filterste] cell-free filtrates ¥ H hydroxyapatite (Fast flow,
Calbiochem.)&  ©o]&sto] filtrate We Wojdkda AALeAE  FAAZAC
Hydroxyapatites AF&3le] 22 5 o]= 10 mM Tris-HCI buffer, pH 7.5% 23] A
25}al 1 M photassium phosphate buffer, pH 7.0 & ©]-&3}4 elutiondle] £+
t} o] eluentE 10 mM Tris-HCl, pH 80 &HolA dialysis® 333t
HydroxyapatiteZ €2} A4 FojA @A Z4E jon exchange column (Mono-Q,
FPLC system)& ©]-83t] 2 2} A5t

uh ol gl i AAbe o] iR AA 5

=4 (Folgddn AAtaA)E U= Bdsr] flste] PA 9 LF fA2E dh
glo} #& W E (expression vector)?l pET22b, pGEX-KGel 2+ subcloning 8} th-.
HA oA pXOl plasmide A7) 938t A4 DNAE #2 AAse dojd
DNACIA PAS LF F4AE 47] Y&te] o]&<] th3l specific oligonucleotideZ
2bslal PCRE E3}9] target gene isolation/amplificationd}ith. %9 PCR A&
< agarose gel 17195 Edto] Z42be] A lete] Frsiith. R f4
ZA}E bacterial expression vector (PET-22b &2 pGex-KG)ol Astach
Recombinant protein< 2] 4#1& &ol3A 3] 9l3te] B purification tagS 7F
7 fusion protein®] FE|2 W& X AL #|2F5SITE Subcloning o] W dkYd
FAAHPET-22b/PA) 3} AA2 4 (pGEX-KG/LF) F+47= A2y DNA
A7 E AR ow e Al 24lskel

o Wolddst AAre 2] A AxTEe ol & A 2 ReAA 2y

s AAE =87 ¢ske] PA, LFE 9te|go} @& WE(expression
vector)2]l pET22b, pGEX-KG ol Z+Z} subcloning 3tAT} oS 9ate] WA FF9
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A pXO1 plasmidZE 47] ¢3}e] Total DNAS 2 AA|sAch Aol DNAA
PA ¢ LF FHAE A7) f15k ol&e| digh specific oligonucleotides #2331
PCR& %3} target gene< isolation/amplification 3}t ©]& agarose gel 7]
P ot 44 FHAE gRlste] ol gttt gEE FHAE bacterial
expression vector (pET-22b, pGEX-KG)dll 443ttt Recombinant proteine &
gAAE golstA s}7] $ste] BT purification tagS 7FA fusion protein®] & EjZ
B s A AR AAetAt. Subcloning #0131 Woj @<l (pET-22b/PA)3} A|AF&. 4
(pGEX-KG/LF)*+ restriction enzyme mapping# DNA sequencing g Z3}e] Aol
2 5ol A=A e BE AR dde Beads &olstA syl S
purificational tags A48T X Ab8.A49 A9 ofn|e W A9 GSTE A4 st
o] GSH-SepharoseZ ©]-&3} on

wojgkl ol 9= 7HEA] @idol| histidine tagS 443kl one-step metal affinity
purification methodE ©]-&3te] W& A7l 2 AALE 7] dids A5 4 9

At

e-step affinity purification methodE &Ha}% o

g}, XAFR 4 9] in vitro assay system ## % protease EAE4

Arka o] 71-AI &A Abolo] Fx9) 7wk Ak e #4S fske] 71E9
synthetic peptideE ©]-83 assay W] obd native structure FEje] full-length
MEKI1S F32 Azeke] Was o] &ate] Aatatsirh. gk AApa il ofste] ddk
= 5-917F MEK1 Pro8 # Ile9 Atelqls Aehsto] Ak 75 A S d =+ Qe
Bh 72 AxzgE @ o MEK1 opv]x Tdte] GSTE A=A &2 ofv|x
ok 5§91 Aol e A Btz sk 714S #0§ 5 standard condition
o2 25 mM phosphate buffer, pH 7.4, 20 mM NaCl, 1 mM DTT, 0.1 mM ZnCly,
0.ImM CaCls, 10mM MgCls, and 10 % glycerol 9] #% buffero] Al A4 0.5-1
uM 3 712 05 pME ¥of 37TelA 1ARbeet Wk ARt Be=S 10%
SDS/PAGEE Edte] 7149 Ad 55 et 5 Axd 714 MEKI1(44
kDa)®} GST (28 kDa)2] fusion formo]™ Agt o]Fo= MEK19] & opr]=eh
(1-8 amino acid)9} HE9 GST moeity7} oA Yo 2x Exjake] W3tz 437
A& 4 vt T3k high-throughput inhibitor screeningS 3% immobilized
assay S 9389 GSH-Sepharose®} resin bound forme] GST-LFZE 96 well-plate
o] settle down AlZl | 919 TUG BHE S HS HolFo] SHYFA AAFE A3t

R El
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vl 2ALR A0 A2 substrate 74

Z|AFR. A9 in vitro substrate screeningS 93¢] immobilized assayol A AF-&3t
resin bound form® GST-LF¢} XAbsAae] gidME=z d#d RAW264.7 cell?]
total cell extractE FH|3}o] o] £ standard buffer 2738} WH-3-A]Z ) Hkg- &
AT E Foto] ArELE AASIL S AS acetone precipitations €3] F

A7 5 e 9] el AS 2-DE gel electrophoresisE E35to] #3l7} dojut chu
A

A HEP|=F o] &3 EA S
2 HiE ol& o] &3 Who] AR A =2 7| BolAS sty Buf FEA &
25 HoFQn) w3k 7]d el MAPKKY 7184 ¢t (C-terminus)©] AL A9 o
Wz JleRe] g4 2 7]d EolAl (substrate specificity)ol S 835ths A7 A=
ol sl Aolgt & 4 9l Aot} ofd & AYALe A el =} old 7]
84 7

hud

=<
o
>~
—_
lo
2
—_>‘I—19
il

[e]

183 &4 AAWNE o] &sto] Artase] @49 54& st
2 3kt o] flste] 7141 MEK S Hei-97F o) dedel] X]-9-4 (Pro8-Ile9
of MEK1) & #RI&}7|7}F of e el 2hetate] ofw]w whak H.9jof 28 kDa2] =7]
£ 7} GST (glutathione-S—transferase)& A7l JHZ dd=S F24 A
£3 sto] 714S EHlElth 2484 HAe SHIS 718 GST-MEK?] ddAd=s
SDS/PAGE “dolA ZAs 4t £45 F%¢]2 Chelator ¢ 1,10-phenanthroline
(10 mM)& Y247 282 &2 El2 37TCaA 20 &3t 9hg-A1715 &89 (25
mM phsophate buffer, pH7.4, 20 mM NaCl, 1 mM DTT, 0.1 mM ZnCI2, 0.1 mM
CaCl2, 10 mM MgCl2, 10 % glycerol, and 1 uM substrate)S ¥o]53L 60%3F ¢
WS AT (o3-S Rexdos AAs ). ¥ = 5X SDS/loading bufferg 2
o5 95 TolA 517t 89 ¥h&S TZHA7|L 10 % SDS/PAGEE °©]&3t4 7|4

ST
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2. A 7%
7 28 FRAALE wolg s Aapake] B
1) AApese] A

SAT 28 fFRAE golddd AAEAE BeAA 8] ke 2" dF
= 3 L9 complex liquid medium (modified RM)oll A X &k 3t o] = filterste]
cell-free filtrateS 9-& % o]E hydroxyapatiteE o]-&3to] &gl AA 3 23 90
% %9 homogeneityE ##3}th FHAW &4 H4E 1 M potassium
phosphate, pH 7.0& ©]&3alo] #2]38l%<S W linear gradient elutionol A 2F 0.7 M
o] FEoA &A mhthio] FEjEojE #HES & Ak (Fig. 2-1, 2-2). 19
U BHA 545 FAse 3704 dalE ol (PA), AALALF), FE 24 (EF)9
2] peak7l w9 2HsH 12 AAEE ol5S EEla|7t Mg AHws g2 & 7
ARt webq B A3 Le 12507 o5 HA ©@HAHEALZS stepwise gradient W
(linear gradient® ©]&3}A] %3l resin washing ¥ final concentration®l] &4 38}+=
elution bufferg 275 FolFe BA)S ol&ste] ©A=A pools doldl ¥ ol&
Mono-Q (anion exchange column chromatography)Z o|-&3}o] Z}zte] gl S
st st 1Ak2 28k Wolg Yy AAEAE FPLC system (Amersham
bioscience co.)2] Mono-Q column (strong anion exchange chromatography)?l
loading 3t ©]Z 2M NaCl linear gradientZ o]-&3}e] Al 7149 major peakE &
g5l o]5 SDS/PAGEE E3lo] oF 85-90 kDa2] Wil & bandE &<l3titt (Fig.
2-2, 2-3).

2) Wolgrdd Aatare] fFdd A4 5

27T A Total DNAE FE3 5 ol wWolddd AAtgAd sfdstes
specific oligonucleotide® A|2ste] PCRS %3t9 9 F4xE F3kitt (Fig.
12.). AF83F Wo3ke AR = forward primer, PA-F (BamH 1) : 5-aag gat cca
gaa gtt aaa cag gag aac cgg®]il, reverse primer, PA-R (Not I) : 5-aagcggccge
tee tat cte ata gee ttto]ATh XALR A AWHAE forward primer, LF-F (Xba I) :
5-aat cta gac gcg ggc ggt cat ggt gat gta®} reverse primer, LF-R (Sal I) :
5-aagtcgac tta tga gtt aat aat gaa cttE A&t SZFHW FHAE 742t
bacterial overexpression vector (pET-22b- PA, pGEX-KG-LF)d &3t A4
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ol cloned screening 3 F ©]& Restrcition enzyme mapping ¥ DNA
sequencing < &3] &35t clones FHE3IG T 13 clones expression host
strain (DH50)¢) transformation 3 % @8 o] B2 o3ttt (Fig. 2-4)

3) AAbEae) At 2, AAl

AAE A9 HEdds 93te] vhH g0} overexpression system ¢ pGEX-KG
vector® ARESIATE 2EF IR AAEAE obvk W] GST(Glutathione
S-Tranferase)”} fusion ¥o1# E&AAGA A glutathione resing ©]-&3F single
step purifications &3l A #&81& 5 k. Eg BA 3 fusion protein®] 7%
U Px HAo o] 7] 93te] purification tag¥ target protein (lethal factor)
Arololl 5 glycine linkerg& A Y3tAtt (Fig. 2-6). J#F2dAS 959 IPTG induction
system AFE3 o™ 05-1 mM IPTG x4 Fdo] 714 Agkalgit. &3t
ImM IPTG induction®| Al A|Zbed eheld o] @bl oS #2324 ¥ induction § 2
AIZF F5-E recombinant LF¢] @& o] A[ZHQlow 5-647tell A T ko] Hj7}

R 5 q9ler o= o 16 LA AEE 0. whebA 2

=1 o+ A A7 A AkL
2o RS 9jate] 1 mM IPTG, 5417 induction 2715 ©]-&at3ich Bgh 3
LA TS e o o] S Thpda el o3 e Atk
flsto] e heite] &4 &Ado] vl w2 wtEElo} B 5, BL21(DE3), & %
A w52 ol&sitt e Al RS flete]l WA AZE foM AT 20S ol F
gto] AAEaE A 2d A7 § AR E Fete] ARE stk EeEolx
AR FE AAE LS EElshy] AF WS SHeelr] flsto] Table 2-19] W<

ko] Belatsl

1. One-step purification method® ZAZA3st7] $ste] WA classical column
chromatography & ©|&3}e] X|Al=547F A3l resin (GSH-Sepharose)d o= &
ST 99l glutathioned| A elution HJA=A5 AA3}A T} Linear gradient elution
oA AAEA= ¢F 7-85 mM glutathioneol A elution HojdS Qlstgiom o] ¥
9] fractione HAAE (RAW264.7 cell line)ol PA9} g7 YolFAS u cytolytic

activityZ 7F4S gel3titt

& (cell extracts)S 2% GSH-sepharose resin®} 410]5 %] 4ol 4 30%
% (batch mode) 10 mM glutathions ©]-&3} step gradientS ©]-83}]
elution 3t} o] 23 Fig. 2-2. lane 3914 ##st 5= Qe A3 Zo] GST-LF (W
FAM HojW LE)9 F 60-70 kDa2] A71E 7HAE @] o] EAge gls)

o] olF #e3t/] A% he B ARG

2. AE =
2 WA

AuA
[ex]
AR

_46_



3. F whilAe] Bxpgke] A7) zpolo] 9ste] (GST-LF : ~ 120 kDa, unexpected
protein : 60-70 kDa) Size-exclusive columng ©]-&3te] ®e|& AlLLdlo]Hgkon}
7 e o] ek FApge] Aoldk Bshal 2| E 7 ISl o= 7 iAol
complex®] FEHE EA|stL &S AlAMeh=HE o] & st} shit. whE g ofel A
Sdaids dg Idd As #Egdd o dEEel Wie molecular
chaperone®] ¥t} A ¥} Al A0l complexE ol F+ A97F d5oE 2 AF
28 o]g|3 vl A AS 9tk 7F5A k] molecular chaperonedl Al E#]d 4= Q1=
buffer 7 (2 mM ATP, 10 mM MgSO4)ol A €9 @Alol A 223 fractionS
SAZ H olE Al A WA AFE3IH Y GSH-Sepharose resin ¥ 23A171 5 2
708 #EAIZl § SDS/PAGEE Aldatdls W ofdel ##d 4 AUAd 60-7
kDa®] @¥dE AAHNETS &akiet (Fig. 2-7. lane 5)

Mo = r

()

4. i e AAEAE BEAARE S &olatAl at7]slste] ofn| e Eeky
o GST fusion FE| &2 SHEAXAF A& = o] we} o]& A|As 7] f1g ¢
2 fusion site®] thrombine cleavage sequence’} AJw o4 ) o] o] g3}o]
thrombineS ©]83}] purification tagS A|A3 5 thrombines #|A3sH7] 935}
serine protease specific binding resin®.%Z ¥# % benzamidine-Speharose column
< T¥AHTY Thrombineo = GST7F AadE o]zl X|Ab5249t GST fusion ¥ ES]
A0 S vueE A 7 TP 2 Aol gles #EE 5 Ay

(cytolytic activity &% 2 Fig. 2-8A. X%).

Ho

o
o

5. Purification fold= #2]HoZ #£8S o] &3to] 22 o PAS WAl H o]
oA el X Elste] 4417 T Mo AEES ¢t
o 24 5 ol Ay oez Yehdt.

e

rypan blue cell counting= ©]&

6. 99| purification testE HlI® S =2 3}o] one-step purification methodE T3 2
o] ZAAsPYy. AEZE modified PBST buffer (resuspension buffer with
dissociation buffer, 150 mM NaCl, 16 mM NasHPO4, 4 mM NaH.PO,4, pH 7.4, 2
mM EDTA, 1 % Triton X-100, 0.1 % BME, 2 mM ATP and 10 mM MgSQO,)el
A FEAIA ng] AAs A9 Agete] complexE FAEHE @A (60-70 kDa)S Al
AAXNZ FH o]& GSH-Sepharose resin} 214 WH&-(batch type purification) A7 7]
Z29] column chromatography #HAolA Q3 F39o AL wjAgozH A7+
B @A § Qo washing #AEolA Hup bddt £/ washing buffer
(PBST buffer containing 5 mM glutathione)Z ©]-&3 02K & AL A=

AF Qo 4 Utk 1L WFE Bate] of 3-4 mge] AAEFAE ol 5 YAtk
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3) AALL. 49 assay system &

AAk2 4 (lethal factor)e T4 2 %Zi 9w B3 §24  (Zn® -dependent
protease) o] €&l 4 Jot. 2} & 1

E 549 gy 7dE dud S o] &3k E4S SA oEEol A

ojty, AAta o] AEW 7ARE Axe] A 249, AEE Axd Asdge] &
“@%¥ MAPK (mitogen—activated protein kinase) pathway 2l MAPK kinase family
dol B 2 :rLE soto] gluojom XALa Aol o Mo} opw e e
o $1xgo] &2l stoA] At} (MEKI Pro8-Ile9). A57k42] A|AL A9 48 =4
3= W2 MAPK kinase (MKK) family 9] XA} 40 ©]3le] ks o= 4o
conserved amino acid 10-15 7} AEZ in vitroolA A3 ¥ o] S AR A9} ukS
A7 synthetic peptide®] A& o] 22 HPLCE o] &3}o] gelals= Hbgo] ALgE o)A
gt} ¥ synthetic peptide 9] At H-9 & o2 X2 t}2 fluoresenced ©]&
3 FRET (Fluoresence resonance energy transfer) method®| 7|g& E35}o] w=
AlZFERE B o AAtE A 24 HAo] Zhedl Atk ole AALAE AT 5 9
= YA (inhibitor)2] 7Hgtel] 1o} o] 55 screening & T A FHS A Fs= A

o

12} & 4= 917tk (High-throughput inhibitor screening). L2t} synthetic peptide
gato] AAta 4] 5A4S AAske AL tha v dso] Abdelth AAR A
Abp 2 4o Qs Zn® jon o]9dl] Ca®, Mg” 59 thZ 2-& divalent cation
Ae Aol dE Hg Aol o FrhHo o] Bar HojA] glow o
HA4 A= MKK family©] HAe-7-9121 opw| e ek o]9fof] 7HEA] Heto] X
Abg el A3S skt Fa%h FiEgle]l AAHA e 4t o] & AT
native substrate JE|ZH 7] 4& FAAA X|AFL A9 714 MEK]L (MKK family)
structure-function relationshipS Bt} md3] #&d 4+ A= systemS HsluA}
Stttk gk 1€l MEK1S] Ak 5917} opn| e & o Ao A &
ol& shlahr|7k 44 edrhs A& MEKIL 9] ofulie Te H9lo] GSTE 49 she]
AtQ el ofs daEol s w 7149 Aol SDS/PAGE “gellAl 4
AE=5 SFolth (Fig. 2-8A). Fig. 2-8AclA #&d 5 Sl ol Aite ol AAS
i native structure e 7|2 MEK1S dAdgs 39l g 4= glon o] g3}
Zn” ion S|EH YL Feld F glrk £ 7|2 MEK1S] obr)nw ek H¢jo] GST
7F AR E o] el ekl optd gl gl X|AL A7} aminopeptidase”} ©F
£ 7 % dsl= endopeptidase S &5k Aol &t
At ek do AFFH nRe} o] GST-LF$} purification tag ¢l GSTE A7 3
LF Atolell &A4e] ztol7} gle Ao glefojfirt & Axlo] ks $lsto]

rﬂ

4z

Hr
X,
[ﬁ
29
QL

ﬁ

b A
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LF gene$ cloning®t¥ purification tag¥ target protein (LF) A}o]2] 5 glycine
linker7} A3 Ao] & wldel =gAQl foldingd HHZ o] 75S sl Eag
T 459 flexible arm®] 4&S & Aoz FAHE I 7|4 B voprt AALL
29| inhibitor screening © Xt} Al14:3k assay system< A|F38H7] 915ke] in vitro
. inhibitor screening & W2 A|7F o] &
9] candidateg screening sH= o] E4AQul Aty o2 96 well-plates ©]&
sled ELISA reader 9 72 multi-detectorE AR&-3gith webr] 2 AHALE 96
well-plate Wl AALRAE TAHAZ H 229 welldl assay conditions
Fol 7142 AFE3 GST-MEKZ} tube Aol A o] 7171 Fig. 8A. ¢ 22 A#4E
=R S Hustgl o] 98te] GST-LFE GSH-sepharose 23A1A 1A4A7
F ol& well-plate ¥lgol 7}etetAl & H 98-S FPAHY (Fig. 2-8B). LA
B vkel Z-o] immobilized assay ol A= tubeoll A Al 33 assay b 2Fol7) gleS &

4 I~
e Al

immobilized assayS A %=&to] H. Sk

4) AL A N EL substrate A M

AA AT OPAESY F5E TR AR dElA Aok A7 AEY A
Ate ol 71424 MKK family7} B 1 gl+=d MKK familys= MAPK pathway
ol A p42/44 MAPK/EKR, p38 MAPK, JNK& X3t Alxd 474, #3 59 ook
o AgS 2dste o® dA QUvh AAR8A7E MAPK/ERKS] 749 ©hiZRl
MEK1& Adslo] o]59 A_AE2E A8 o 24 anti-apoptotic signalS x}g+a}e]
cell death7} F&Eojxohs Razh glow 2 p38 MAPK ¢ 247148 ojAgo
2ZM NF-kB9| Z-go 9ate] tAAFE2] apoptosis?t ke o] Ho] B ¥ vf gt}
et obA AAb Aol ok thAIE Y] APE] ek e FEo] AT it o E W
of lom AF7HA ezl 7|dH R tgd duldoe] o5& @ Aol Tt
o] AAF AL Qi) o B AP AL AV AEAPE S et G 7
immune like cell lineS Wj¥e 5 o] AlZW Aa] ¢lds Fasle] foA doizl
AR AE o]&3}e] in vitro proteolytic assayE A3 § 2-DE gel analysisE %
ato] Aafa o] ofate] A o7 Wstels dAS Fol frE 7|dS B staat
stk Fig. 2-9914 B A3 o] AA_AE AHEe 3 284 32 & Has)
of B u Fgleh oA spote] MeE #ET £ 9dden ol tidt amino acid
sequencingS A 43 Foll Atk PAAIEFTQA RAW 264.7 cell lineS DMEM
supplemented 10 % fetal bovine serumolA] w43 ¥ o599 ANZEE PBST

[e]
containing 1 % Triton X-100% o]&3}o] Ax] ©laAS At} Total cell extracts

(
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(6 mg)3 AAFE4 (resin bound form of GST-LF, 1.83 uM)& 25 mM MES, pH
7.0, 37TCoAA W& A7 5 YAREE Bt AAEAE AAT 45 9L acetone s

|83t HHAIZ & 2-DE gel analysisE st} sHie F group?] Sl #is)
7 vebd el A S A3 Aolt)h Geld Coommassie blue R-2502 4549t}

A aE 7’ 9Ed FE4 7R EL (metalloprotease) 9] QE] B &
RIS X] AFQ A 686-690 A9 # %Eﬂﬁ Zn? A% Ao (HEXXH) 7 AEA
S Hol o] A9 W3} (mutation) A Wl G4 FAJo] &3 A Ho]He] H
3 oHATh EE AARe A9 315-416 ofbv|ie do Awpw 579 =47
EF-hand Ca® A% A ojo] d&sold 98¢ #28 & k. tSo] Ca¥ ol A4S A
A= (LeTol 98 AEEA d7hiZe) ofe vl wejghe] ma slojint gich
*E‘zﬂg zg—xé %E}O]E—% o]%;} A AKS %3}04 o]c =3 7};(] o].&o .ﬂoal—o] %Ug

A AL S =T 0]
Holgn & A¥s E3t HAl 718 MEKIS AHEste] o]#st 54S A H gkt
WA AAfaae] g&ol2 oFEA HAES sty flste] A rE Tl &
3] AA" AE (Apo-enzyme)® =Wt olE ¢35l  EDTAS
1,10-phenanthroline®] %3 buffero] Al 2] ¥ dialysis A1ATE &40 28 443
AAT defeld EagdS ds yehbA] fkon g&ol2s tawel et 54
2ol vepds #EE 5 Sl Flg 2-11014 Hi=npel o] Zn*' & T B4
HEA] Fadh o] &9lS WA F o] g FEolee A9 zn’ g o] )
A= 7§—°r ix 24E MRS € %)\Oi]jr SHEAE o]de HisE g
Zn”, Ca” o]9] T 27} F4 ol (Mg™)S o H7lste] FS W) &4 o] F
= ‘JrE}”*O‘ HEE F QU o= A7 F&olRo] B e A F9E K
S AN o= in vivo AolA G492 71A EolAd 9 binding/catalysis ol ##H o]

= 5qow F4uodr

2t pHol ik &4 249 &k

AAHE A (LeTx)7F Al 5448 YeRY] 13814 PA pore complexE §3ke] Al
IUYZR FYdEE HAHol HFHol, o)t HAFO PA-LF complext acidic
compartment® ©|53H ¥ acid pHAlA pore7t E2lHA 735%} A LF7} Al
IUE FY=EE 34E ARl €A dnk (endocytosis). olH st SHE 13| &
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uf pHO| W3t7b Arta o] G4 DA mAe= S A A Wy TaT o
olgbil &< 9l Flojth pH W7l AAL8 A S nA= S A 2] 98t
of WA AAkeA &4 pH (pHA.0-8.0) oEAS A ®okth Fig. 2-3AdA &
T AEAR o] Fa9 Hol @S F4 pH F2olA UERen pH 6.0-80 Abol
gol vzt FAHARNE #ES F U 224 endocytosis 4
9] acidic compartment”} 7F L 47 pH4.0o A= 4840 A9 yehtxr &
gk}, o]# & A+ differential scanning calorimeter (DSC)E ©]-&3F 1}kl pHO
A 82847 thermal denaturation AFele] Ao} AX|sh= wHlo|t}, Optimum pH
(pH 7404 Azt w& 7]de] Walars #Adsle] 2 A3 time-kinetic curves
hyperbolic patterng 25 2™ half-maximum< ¢ 8% o]qit}l. o]g|dt A3e
05 uM LF¢} 3.24 uM GST-MEKE AH83}%it} o] & ulg o & endocytosis ZH4 2
pH W37t Arta s @46 mx= 93-S Aete] Bokrh ko] Aol acid pH
HA A &a g0l A9 YA Feils 7Aeke u| pH ¥st & AALa Ao 24
= ZAEE AL v SR8t @5 s Zlojtt o] & skl AAta A 2l
buffer changeZ %3} in vitro pH H3tS AAsHA 35 49 A o
Bokth AAL2AE WA pH 4.0 bufferol Al 2087+ ¥H-&-A171 5 pH 742 ]3] W3}
AAFA pH WeE AATAS o 54 242 100% FFHJoH SHFAE 7
Ao| th3t time-kinetic pattern®©] A WEE-S F2S 4 AR Fig. 2-13914 B
© A o] dAd pH W3t (pH 74 - pH 74 - pH 74) %9 AAL849
time-kinetics pattern< Fig. 2-12¢] A3}9} A X551 24 endocytosisoll Al #+ pH
W3l (pH 74 - pH 4.0 - pH 7.4) & AR 4 9] time-kinetics® ©| 8= 27 &S
TAS F SUSdTh oY AMEE pH Wste] gk XALa o] 22 o7t 2o 9
& 22 Woleh= gl 7 A S sk Aol pH Wk & AAe Ao G x
+ pH W3}t o]d 9 aAIE vha Aol7} USS orlsts Aolgt & + UE Aol
B A ZALe Ak 718 Abel o] AW kg lolA AR HEAE Fosts

Aoleh & 4 A

>.

1:01' mﬁ‘l

o
X
H
fols
B
gk

>

o

ﬂ!ﬂl

v

= &%
|

R
=

m (3
d

ol
ol
o

l‘

5) aAeld AAase EARY A A%

T8t 7)AA ol o] wrE-S 714 (substrate, S)¥ &4 (enzyme, E)7} Agste] A
A== E4A (ES complex)oll Al 81814 ghg-o] dojif vhg- AxEo] A7) AAH o
25 g Atk 5 249 71EAe] 9 deF
TR = g4 S FuEg] F kA =
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840 SQAARAELE G} 714 Afelo] FHufabge] e E ozl 71 FEA 3
Helol=E o] gslo gy ksl 7| del AAAE screening s=Hl A= FAS
ZhRcka g 4= Qi) whEba B AP ojgje g9} v|FAlole] kA S B
F #AFs Qe A s 4 AAWES HTSOl DAE /Adstazt i3k, o2 9
slo] ol o3t AR A VHE e gl Ao g4 ofsle] Auukgo] o
ofub= F9 (opmmdeh) o= W] F97h XAt8aet 7|FAAbole] Afe Fastth
v A5 adste] d WHe Adaientow Aozl g4 FEfol =t ofd V)t
W HAE in vitro over—expression 3t] o] HTS ¢ SA4& Ad 24 A4

7h 132 % (High-throughput) 2 &2 A FAE
. multiwell plate format
W g g Ao £48 27

D Hkgo) AR EE 714AS 1A XA A (solid support)ol] TAAA WSS Ao
B AAFR el o3k dubgo] APE F ukggo g4 ddwolzl 7] RS
A AR AN HHE o]gsleo] LoletA AAL 4 AYt (Immobilization of

substrate onto solid support)

Hu

=

C71AE A AA A A Z W) EA % Wk (a defined orientation) &2 LA A
o2 Wi mE AIE B FEAZC olE fste] Aed 14 git=
(capture ligand)7} #g]¥]o}zl A 22| Aol Fo]4 A3S st 854 (acceptor)
S 7143 §EAAY B3 FEEA 71F g xolo] FHA BEE Tl a4

o H 0 wgol Gl Uold + YA F 82 Aol linkerE AT,

718 AAE o] &F Ar8 A SPHFE XA A ofgh 7] H o] ARt ofn e
2ok (MEK1 Ile8-Pro9)ell A3 9lo] ik &
upeba] ol gk ofn| - Witel] X]9-31 7]F o] Mok
o7 &AZ o]-&3 western blotting & HPL
et olgfg WMHE tdEr AlRE AR 9lo] W& ARl ¢LQ°V]VE] ‘?%

il
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& o gaet 71AE A EARES JhTh Egk ghgel digk A 24

Heo® G4 el gk vhg WSS 245 o] SAIES THIT whEkA] o]
2 gk opn| e weke] X3 Aok o5 GolstA W] flste] WA 71H <l MEK1
of o Wt Ao UAGe A5 AW 54 dHAS §HA FEH 2 LHE A
H o] A o RE A W F 9lS Aolrh e FPAIE 54 ddS
uAEF G A4S A% 7149 g3t RA o] F 5 e B4 = #E &
MAZ Aele A =W F=uHAR 718E EAE uFAS 7HE dEE multiwell

format plateo] 1178 A2 = = S 7HAA 2 Aol & A olgg 54
S WEAT7] YEte] glutathion (GSH)®F Eojx ez Aglsl:= glutathione-S
~transferase (GST)Z 714 < MEK19] ol @eto] §3Eo dejz ==
WA 2EE MBE F2Y gto] FHEHH

(b 1 A AL BYAPE AL 2 2FH Fe)

1 =

2 gystem® 7|Eo] HE well W9 capture ligand®] coating 2 7]Z9]
GST-MEK®| 1743} 345 gRlsta o7]A dojA= signale]l 714 So]#9lS &
o15l7] $Jske] MEK1 2] C-terminal regione 5o]d o2 2124&}= &A| (primary
antibody) 2} #AYE A (negative control)E 27 Yol & FH 7]F£¢ ELISA
method ¢} 5Y3}A o]x}38+4| (secondary antibody conjugated to HRP)9] M7Zuks-
(color development with TMB solution)S £3le 32135ttt (Fig. 2-15 ). &3k
FH|Ho)d 71A (GST-MEK)Z capture ligand (glutathione)©] precoating = o] %
multiwell plated] ZH7} EEW=z dolZ FH o5 %A o2 AHAH —E‘“
(quntitative analysis)7} 7FeetA & &lst Ay} T A B g 5 9l%o]
EHRA linear increaseE #H# & 4 AJY (Fig. 2-16)). wehA] o] & %3}04 A
ALQ Aol ofste] Aol dojuAl HWH Hh T4 F ke8NS AASTA el
w2l well W] AgEods 7189 C-terminal portion?] ®H3}-F-F5 ELISA
based methodE &3l9 A #Hdo] 7ts & Aoz dAddso ) Fig. 2-15.
microplate ol capture ligand # 2, blocking, X|At&42] 714 (GST-MEK) 1A%}
A ol W B gystem 9 7]& specific detection 52 AATATH AL A SAAAA
< fste] FulekeE AAS #1187 H18te] assay systemoll A2 detection methodE
o] &3fo] Ztzto]l G AE AASIUTE o] detection system®] specificityS AN
SAlel ZF gAZE AYH oz o]Fofg ERl gt AMEE = plate= YREHRQL

E T
polystyrene AEAZ FAHZ AHozw gwAmn A4A A3 (hydrophobic

mz
OH
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interaction)& &3 ¢ A2FHE 7HA L vk whebA o] E gk plate O] o
HEE 3FA] %+=t}H detection system ¢l A (antibody)E Yol %S W &
plated] Z¥alA Ho] =& signalS HolF7 At plate A GAZ 2 capture
ligand 9blocking agent (1 % BSA)E X#lsledE Wl free HHE =& H o
plate 3EHo] astA oz 714 504 A& Yol FAS u signale] 7435
e oS & 5 vk olx & 2dolA ®enket 2ol plate Wl Z4zte] #pgeo]
o wet A signal® &<l @ 4= 912 capture ligand coating plate (53}
non-specific binding< A517] Yste] 2= wellS 1% BSAZE blocking 3912) 9
714 (GST-MEK1)S ¥olEt) ol flolA]l gt viep o] GST9F well plate 3%
Holl X2 5% capture ligand (GSH) ¢}9] Sold AFFo 2 sl EGao wj
=07l (a defined orientation) 714 1748 ol& & Utk 7|E & ol H 714 &
o]4 A F AHE-SF detection TP“ A signal®] 543 S7HE #F T o 7]
2 v Sold FAE AHE a3 W olYd signal S7F A9 o] FAAA &S

#2 & 5 9k Fig. 2-16 712S EA wjgoz A3 A2 4 J=2 puxzyE 3
O :

4

¢

AA-=T7 AL U

E 5

e}
plated] A2 T} sE9 7|d& Yol A& uf £ system < signal o] o]l v]#|4
o2 A & & JeAE HAste] Bt o) W F Holle 7149 &S o=

2
Adsta At Wb A & ¢ J=AE YEdle AREA AP A A

el
o 4 glol oF 2 nMellA 200 nM o] 9ol A AHEE signal T7He B & 5 9l
e & Atk ® A3E Feke] W SANAE e ¢ 7 A
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Scheme

Culture
Bacillus anthracis delta sterne

Modified RM medium
Centrifugation

Filter

Cell fre

e filtrate

\

y PEG 8,000

Hydroxyapatite

(Batch scale)

\

Elution (IM p

/

otassium phosphate)

Anion exchange

column
(Mono-Q)

Linear gradient with 2M NaCl

SDS/PAGE

Fig. 2-1. Purification of native toxin

from Bacillus anthracis Sterne.
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Fig. 2-2. Anion exchange(Mono-Q) FPLC

chromatography of crude anthrax toxin.
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55

Fig. 2-3. SDS-PAGE profile of purified anthrax toxin PA and LF.
Arrow indicate LF and PA.
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4000

3000
2500

2000

Fig. 2-4. PCR products from total DNA of
Bacillus anthracis sterne strain. (1. PA (60T
annealing), 2.2 kb 2. LF (563C annealing), 2.3
kb)
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116
98
84

Fig. 2-5. Overexpression of lethal factor from Escherichia
coli. 1. Cell extracts before IPTG induction, Cell extracts
after IPTG induction, Recombinant LF purified by

glutathione resin
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|Il 'IIIII i '1'.—
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K] bp

|
| | szl PGl N RG |

fe=n OTG GTTCCG COT GGEA TOC COG GRAATT TCC QET QOT GETOOT GOA
- L ¥ P R G § PF G I 5 E LA ¥ (=R ¥
Si3ly Encer
Kl 1
ATTCTA GAT OC0 GOU OGT CAT —%—= Fal [
I L D DBlanre chais of Legkal Gactor (G I3kh

Fig. 2-6. Schematic diagram of constructed plasmid for over—expresion of LF
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116 — <+ GST-LF

974 = <+ LF

Fig. 2-7. Expression and purification of rLF. Cells were induced to overexpress
the rLF with 1 mM IPTG at 30C for 5 hours and rLF was purified as
described in Materials and Methods. Samples were prepared at the indicated
purification step and analyzed on 10% SDS/PAGE. 1) uninduced cell extracts;
2) induced cell extracts expressing rLF; 3) glutathione-Sepharose 6B column
purified rLF; 4) Superdex-G75 size—exclusion column purified rLF; 5)
glutathione-Sepharose 6B column purified rLF after incubation with dissociation

buffer; and 6) thrombin-treated rLF purified by benzamidine-Sepharose.
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CONTROL

v
A. 1 2 3 4 5
GST-LF » P e ey
LF » o —
il - # = | ~GST-MEK
_am | e <+ MEK (Ile9-end)
FOLD : 1 5 0.9 5.8 1.1

Reaction time : 0 60 60 60 60 (min)

Fig. 2-8A. In vitro proteolytic assay of rLF. Prior to reaction, purified rLF was
preincubated with (lanes 3, 5) or without (lanes 1, 2, 4) 1 mM o-phenanthroline
for 30 min at 37C. Reaction was initiated by adding of the preincubated
enzyme to the reaction mixture containing 25 mM phosphate buffer, pH 7.4, 20
mM NaCl, 1 mM DTT, 0.1 mM ZnCly, 0.1 mM CaClz, 10 mM MgCls, and 10 %
glycerol and terminated by adding 5XSDS loading buffer, followed by boiling.
Peptidase activity of rLF on GST-MEK was determined by the decrease of
substrate band intensity, and fold activity was calculated from the intensity
ratio between reference (lane 1, zero time point) and indicated samples (lanes
2-5), using a densitometer (Bio—Rad). Lanes 1 - 3 are non-thrombin treated
rLF (GST-LF), and lanes 4 - 5 are purified rLF after thrombin treatment (LF).
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Fig. 2-8B. An immobilized LF assay. To test an immobilized enzymatic assay,
rLF coupled to GSH-Sepharose resin was placed in 96-well plate, and the
reaction was initiated by adding the reaction mixture to each well. After a
60-min reaction, supernatants without resin bound rLF were obtained (lane 3,
zero time point; lane 4, 60 min reaction). Also, total reaction mixture containing
GST-LF was recovered from the well-plate reaction by adding 5X SDS loading
buffer (lane 1, zero time point, lane 2, 60 min reaction). Lane 5 was a standard
reaction at 37°C for 60 min from the non-well plate based assay method using
the soluble GST-LF as described in A section.
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Fig. 2-9. In vitro substrate screening of lethal factor.
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Fig. 2-10. The proteolytic activity assay using full-length GST-fusion
substrate, GST-MEK. Activity of LF was determined as described in Materials
and Method. 0.5 mM of rLF was preincubated with (3) or without (1, 2) 10 mM
of 1, 10 phenanthroline, and the reaction was initiated by adding the reaction
mixture containing full-length substrate (35 mM, GST-MEK). MEKx*
represents one of the cleaved products, MEK1 (Ile9-end). Lanel, zero time point

as a reference; lane 2 and 3, reaction was carried out at 37C for 60 min.
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Fig. 2-11. Metal dependence on LF catalyzed substrate hydrolysis. A.
apo—-enzymes were prepared by dialysis againstbuffer containing metal chelaing
agents, 10 mM EDTA and 1 mM 1, 10-phenanthroline. Proteolytic activity of
LF was directly assessed in the reaction mixture containing the various
combinations of indicated metal ions (0.1 mM ZnCly, 0.1 mM CaCls, or 10 mM
MgCly). Representative data was one of three independent experiments and
showed similar results. B. Enzyme activity was calculated from the decrease of
substrate band intensity, using densitometry (Bio-Rad). Relative activity was
calculated using a reaction with three metal ions as a standard (100 %). The
symbol (*) represents the reaction using the enzyme preincubated in 10 mM 1,
10-phenanthroline at 37C for 20 min.
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Fig. 2-12. The determination of catalytic properties of LF. A. Optimum pH of
LF. To determine the optimum pH of LF activity, the proteolytic activity of LF
was measured in the pH ranged from 4.0 to 80 (pH 4.0 5.0, 25 mM acetate
buffer, pH 5.0 7.0, 25 mM MES buffer, pH 7.0 7.4, 25 mM phosphate buffer,
and pH 74 80, 25 mM HEPES buffer). B. Time-kinetics on substrate. LF
catalyzed substrate hydrolysis was monitored in a time-dependent manner. The
proteolytic assay was performed in standard conditions containing all three
metal ions, 0.1 mM Zn”, 0.1 mM Ca”, and 10 mM Mg”". At the indicated time
point, aliquots were withdrawn and the reaction was terminated by adding 5X
SDS/PAGE loading buffer, followed by boiling. The symbol (*) represents the
reaction using the enzyme preincubated in 10 mM 1, 10-phenanthroline at 37C

for 20 min.
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Fig. 2-13. The effect of pH alteration on LF activity.

A. To resolve the effect of pH change on LF activity, enzymes were incubated
in the serial buffer system (pH 7.4 4.0 7.4, lower panel), which was changed
to the indicated pH by the method described in Materials and Method. Enzyme
assays were carried out according to the above procedures. Reactions were also
performed in a constant pH buffer system (pH 7.4- 74 7.4, upper panel) as an
internal control. B. Relative activity was estimated from the decrease of
substrate band intensity, using densitometry (Bio-Rad) and each activity was
compared to the reaction performed in constant pH for 60 min as a reference
(100 %). The symbol (*) representsthe reaction using the enzyme preincubated
in 10 mM 1, 10-phenanthroline at 37 Cfor 20 min. Represented data was from at

least three independent experiments.
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Fig. 2-14. Schematic diagram of High-throughput assay system for lethal

factor activity
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Table 2-1. Purification Table

Volume Arr.lount of Purifica;:ion
Protein (mg/ml) Fold
Purification Test'
1. Total cell extracts 40 2.37 1
2. First-affinity column (GSH*Sepharose)z 5 1.45 1806
3. Size-exclusion column (Superdex-G75)° 6 1.13 N/D
4. Second-affinity column (GSH-Sepharose) 5 0.98 3037
One-step purification (Batch mode)®

1. Total cell extracts 40 248 1
2. Affinity resin (glutathione-Sepharose) 5 1.02 3042
[In the case of thrombin treatment]
3. Thrombin treatment
4. Benzamidine-Sepharose 4 1.13 3123
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7h GATE BF Sl M AAREL (Tol @ Aara )] QA

A5 w5l B4k AT AF #FE RM A0 A8 we 9 94 Besiel

LI = R L

gl S s]atiet. g wiggel EAsts S4 A3 hydroxyapatite® 524

3 |
Zt. F2H hydroxyapatiteZ buchner funnelS ©|-&3lo] £8j3ta, Had 54 A
= A hydroxyapatiteol &2HAIZ T ©]& Mono-QE AH&-3ste] BA|sto] Hoj3d)
A ArLe S e AR, AAE Arbma (T AAte i) E A oA

AE RAW264.7 Aol A ejsto] AE7F S= AS sl

R R S Y S R e e

A7 PANEE NEF 28 9l RAW264.7S F2 ALk, 2718 913}
71 918k JTT4AL 5 BFA AE A AEE o] AHEEIATE AAEE 20
9% FCS % 10 % human serume] ¥3-¢ DMEM | A& ARg-ato] 2 x 107/10 mlo]
HEE 5 o Fe 37 C, 5 % CO200A e, A4 55 AEshr] dole=
1% human serum®] ¥3t¥ 5 m¢{ DMEMol A #]%3 & AAME54 58 At & 2
& A0 Mgk AAFEAY] A oy} AAEA HE 5o 7]F9)
HE FEE Agste] AlEe AAREE MTT assay HH oz B9 o A7 9
| AAMEAE AHPstar YA 108, 20%, 30% 52 Azt #HEsksih

>~

t}. cRNA <4])¢} array hybridization

A d gAAEE Foll ATt whet 3|grEo] SREGon SRE XA
TriZol 3|Ake] &-del 3119 H]&=E Yol -80TC el Hol Hytsle] F3Uth7} DNA chip
AYE 95te] cRNAE 3Ake] AU =2 AAstAnh 242 dojxl A RNAC 2"
& Cy3, A8 (AAEA A olE CybE 2h¥3le] hybridization dF32.H, do
A3} Axon scannerZ 533 th

=
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2}. Western blotting assay

A ol AAteAE gRlety] 918t Bollag(1996)¢] W o2 Western
blotting assay 2 F83t9tl =, SDS-PAGE A& 10 %& A %8t &S g0 9
A A P 0 VellA 7] g&atieh A= A Eupert
2l Wy7hd A79% S WEFn A4S 283 5 nitrocellulose 2ol transfer A1ZIth
Transferv= 60 VoA 3A17F ettt A@S 7 of do] Aoz 24
A 338ttt Transfer’t €% F nitrocellulose 95 24 A7 A A2 Fe 5ol
nitrocellulose & Atk goboll Tt F 2ol A 1A17F &k A gk $of wykr]
fellA TBS ¢5doz 102 &<t AHsh= 34S 33 wagdo. TBS 45
nitrocellulose S Y131 monoclonal mouse anti-PA, monoclonal mouse
anti-LF(RDIAHE 1:10008] 3]Aate] H7hek $ wnbzjel A o= 1A17F 303 A
sttt ol auby] oA TBS gdoz 108 5 AlH ks #4S 33 ahEgn
Peroxidase labelled anti-mouse antibodyS 1:50008] 2 3|45l TBS %<3} st
Al nitrocellulose 2ol H7Fitt, ECL kit Al9kS 1112 4 o] & $ nitrocellulose 9l

FO]FAAL 17 &S WA F oA filmo = Ao E 7Hskith

J

o
>,
ol
il
4z
ol
ol
Qo
2
(o))

=}

wolakel i} xAe A Zhzte] A S Lowry 5(1951)¢] Wi om Attt
BCA & AoFS mig 3Aste] n)slsin) ZH2te] AJ82 ZHzh 1:40, 1:100, 1:2002

l A
= Mt Z47te] HE Aok AR E 96-9 SHolE 25 pH F-etetgith A
doll= B4 es 25 b Foterleh. AlR7E FobeE Zzbe] o wkgA kS 200 wl A
: E &

QF WA Ele] AJefS AolFRt) SHOlE B4S ©
I 37 ColA 30% A= WA} Fo] Aoz 2133 wavelength 562 nmol A

= -
ELISA reader® A3t} 5 I4S 28 @iz A4S AASEA

Hh Al u g

AF gAAE RAW 2647 MEE 10 % fetal bovine serum™® 1 %
penicillin/streptomycin®] £3%¥ DMEM HiA| = AL&3}e] 37 C, 5 % CO2 vjd7]9]
A st tHPopov 5, 2002). E =04 AE 3k cell passage™ 19-25 Aol & A}
231
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AL MTT assay

MTT assay+ "EZEZoF] dehydrogenoase®t WHg-ste]l X AEES SA3)
© Wolth(Park &, 2000). Bfatal e Woldd, Artaie] sty 442 &
Qlet7] #1ste] Park 5(2000)9] WHHE MTT assays F3sksith A5 haAx
RAW 264.7 AIZE 96-9 Fdlo| o]l 212} 6x10'7) #F3e] 37 C, 5 % COz W]

oA sk W ettt Wold e sx= 100 ng/ml® LGS, AALAE FE
H2(2, 4, 8 16, 32, 64 2 100 ng/ml) Z#o|E] Helsatt AIZHE(0, 10, 20, 30,
60, 90, 120, 180 ¥ 2402 ZHOJEE CO, HlF7]o1A Aol PBS(pH 7.2) &5
o2 53 AFsdth. DMEM #i#(10 % FBS, 1X PS) 100 & #7bsta 25 ul
MTT(5 mg/mé in PBS)E 748k - 37 C, 5 % CO2 wlY7]olA] 3A17F wjgFatsicy. vl
o] Ek Zgo|Eo] A &M(20 % SDS, 50 % dimethyl formamide, pH 4.7) 100

= Frbetar A2olA HHE] wwkegdth 3A7F & wavelength 570 nmell A
ELISA reader® =43l g2 #A359th

v}, Total RNA %32

RNA %2+ GibcoBRLAMF AlgdtsE oz 433t DMEM ®# (10 %
FBS, 1x PS)E AFE] AF A A E RAW 264.7 A|XE ZgolEo] 6x1007) =&

5 538 £ 37 T, 5 % COy wjF7]oll A 2A13F B¢t viekatsint. ko] 2ud Al
7} %—eﬂo]g Hebe] & 292 3e1stal PBS (pH 7.2) %%‘Qi 23] A= 3 o
3 100 ng/ml, AL A 16 ng/mlS AH7beksdct oA 37 C, 5 % CO» HHOW] of| A

308 FeH ulY T ZHYo]EE PBS(pH 7.2) 5oz §] /‘ﬂﬂ sHTh ME o=
Trizol A% 2 mE A7}kl pipeting 50-70 3)&to] MEE &ty AlX a7}
B AEE FHO 1 md &5 F 200 pb chloroform$ #7bstdich 71 548 2

I 15% A% %E(Vortexmg)o}.ﬂ AL 157 A% WA H. T 12,000 x g, 15

B 4 ColA QAR st o] F tip o ZA2HA AFAS A% T J2e
FH &7|a T o«] isopropyl alcohols o0 Aol 1A17HEet WAekth &
o 12,000 g, 154, 4 ColA A4lite] stk A 22 SHA 45 delstar 43 o
< AAsA Ethanol 75 %(DEPC A& S#) 1 meE A7k F wwkakal 12,000
g, 163, 4 TolA dAlie gt 45 AS AAs AT vl 12,000 x g, 52, 4 Tell
A QAR sto] HoldE e A4S BT AASA SHAE SEelA 107 st

A1
2o 7xsta DEPC AZH 33 F/HF 30 wE 7iste] 9ok 333937



(Spectrophotometer)o] ] wavelength 260 mm®} 280 m=z A|5E =435}
A260/A2809] Ftol 1.7 o]’ A] &Ittt A7]d 52 RNAZF & 2 HAEAE
gt

v}, ¢cDNA microarray 23
1) Probe preparation

Labeling kitE MacrogenAte] A& F+43ke] MacrogenAtoll A Aladts WHo =
359tk PCR FH 2+ total RNAS} A8 total RNAZ Z+7F annealing
- Z3E(total RNA 18 ul, control mRNA(I ng) 1 if, oligo dT A4 3 ul)S

P70 CollA 5% A8t SA] FEE I50%2 &3th Al 02 ml PCR 2
2 A3y gzt ko r R & xx £35(5x AMV RT buffer 8 u, low
dT dNTP 4 @, 1 mM Cy3, Cy5-dUTP 3 uf, RNase inhibitor(40 u/ul) 1 w4,
AMV RT 2 x0(50 units))& FHI5F4ITh Annealing 9H8 E3E& 34 E3& 2
7k 7¥skal PCR 7171914 42 C, 1413 &< A8kt o] 05 M EDTA 5 &
A7bete] WS FAAZTE ZF FHel 1 N NaOH 10 pbE 37Fste] 37 CellA 10+
F RSkl 3o FHo] 1 M Tris—Hcl (pH 7.5) 959 25 w =S #H7leksich
Chromaspin column(Macrogen*h< 2 ml HFHol| ¥& £ 1300 x g, 3%, ALdA
A4 8ol column o] S A AT hF o] AAE spin columns Al
FEo ¥a, FRlE dxad Add v ARE 27 columnd Tl B2 F
1,300 x g, 5%, Ao LEE Ak 42ke] Az 100 % ethanol 300 ul<} 3
M NaOAc 10 @& #H7}skal -70 Toll 30% < W59 S 12,000 x g, 20%,
Ao A AR E F83te] ethanolS AASATE 1 Fo 70 % ethanol 1 mlE
7kslar 12,000 x g, 5%, A-2oA AR st ethanole AASAT SHAE Ue
abgete] F7] FollA Axstanh Az SHAE 247 45 w el 33k FRTell Fol
12,000 x g, 237F A4l sttt Cy3(dzah) ¢}k Cys(A @) EFEolA 27+ 5
S FH3 T 1/20 3A ko] &333 334 (Spectrophotometer) £ OD 3+ =438kt =

MY

H g

AE e 7o ® 779 cDNA & Alktete] A3data tixat9] cDNA7F &3]
HHA FI7F 80 wFHEE she] shube] FHo| Hrbskch $oll 5x A3 § 20
wE A7vstel A 3] 100 w7t HE% stk 1 ol 95 TolA 15633 W] stk
de-o7 27| AFg7HEAZ7(Speed-Vac) 2 29 cDNA Z8ES Axse] &
HAE BT
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2) Microarray pre-hybridization

c¢DNA microarray pre*hybridization " 2 Digital GenomicsAtoll A A &ae W
Mo g 33t} Pre-hybridization &4EN(25 % formamide, 5X SSC, 0.1 %
SDS, 10 mg/mé BSA)S w|g] 42 T= 7]— 3tit}. SlideZ pre-hybridization &<

of X 50 me FE Far 42 TolA 4583t WAttt Fof| slideE 7ol 32k
SHTE 53 AE A 60 g, 5%, A2olA AR 3Fo] microarray 919 &
= AASAH

3) Microarray hybridization

Probe preparation #AoA = Al SHAE 15 ul hybridization 91rz"“(25 %
formamide, 5 x SSC, 0.1 % SDS)el| ¥o]al 95 CollA 583k 7FEstith o1 & 28
<t 7Ptﬂ74] AAEE 83tk SlideE chamberol 7|31 FHE A& slide 3
Fotek & A SgaE Qo T o] F 42 TellA 16-20A1%F &<k X85

4) Microarray washing

A 4Ed 1(2 x SSC, 0.1 % SDS)E 42 TE 7143 & slideE ¥Wal 59|59
7w Feias AZASL AH 459 12 x SSC, 01 % SDS)| S| =8 ¥t 42
Tol A 587F A3k A A8 9= 11(0.1 x SSC, 0.1 x SDS)9] slideE ¥al 4
o A 13AF A8kl o] A5 43] wHEstIth o] ¥ 60 x g, 5 &, ALolA dalie
3lo] microarray S W ZA| AT

5) Microarray scanning

Axon GenePix scan array 4000(Axon 4000, USA) =& 3”% A& A slides
hybridization® H-3&o] ofgl&2 7}A o] o] Xo] Wo] YWlth Scan parameter,
slide, wavelength 532 nm(Cy5), ¥ 635 mm(Cy3) 59 g 71g43kac) 2719 &3
olmA|(Cy3, Cyb)E ZtzZt wavelength 532 mm, 635 m= 273tz zHzt
background Zto] E}7HA] il signalel HAUE Hd & A= dlolA Hx(laser
intensity) 9t PMT Z=2 AAEAh Cy39 Cy52 normalization &t 441
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e AHE 3 scanning3stth oW AE AAstL e s o g A dH 2 spot 9

2¢] &% signal =9} background FEE FHate] 94 sdz Agslch

6) Normalization of cDNA microarray data

Cy39} Cy59| signal =& Hlus] B Cy37} CybRt W3 (incorporation) ¥ =
AE7t A7) Wi o] & v A 248 - normalizations dFAC o] H§- o
2l WMol deds Sote] HlolHE Hlal, #4138kl normalization SF3ith oW A olA
= T 21 StollA 43] AFS WESIITE 1 Fof] xRt FHAe] Cy3ek Cybh9
Fuzk 12 B a3 vlas)s Cy3<k Cybel @gH|7E 29 ool frxat od

of Asl¥l= A= il 05 olsteld FHz wdo] frie¥s AR Hek

7) Reverse transcription-polymerase chain reaction (RT-PCR)

Reverse trascription-polymerase chain reaction< InvitrogenA}7} #-&st= W
o= stk ol F%= 100 ng/ml, AALA F% 16 ng/ml = 307+ A 23
= AF WAAHE RAW 2647 AIE9 total RNAS #2318 th PCR FHo| total
RNA 2 w0, oligo dT AZA 1 w0, 10 mM dANTP 1 @, DEPC A2¥® 33 S/ 9
WE F7Fsta PCR 717194 65 T, 5&3F WAt o 5x first-strand ¢4
4, 0.1 M DTT 2 w0, recombinant ribonuclease inhibitor 1 ¢S 7}skal 42 Cell
A 287 AT 1 3 SuperScript II RNase H-reverse transcriptase 1 ulS
A7kskar 42 CellA 5083 WA3ke] cDNAE FA gk ol 70 C, 1581t 7tds}o]
i G AES ESAS AHT FE 3AF SR 30 plE Fol the AHEE w7

-20Cel B¥asich

8) Polymerase chain reaction(PCR)

Aelst fAzbe] Al E 319ksle] Sambrook#H Russell(2001)9] ¥# o2 PCRS
St AF dAHAE RAW 2647 AlEel] Folded 100 ng/m¥} At 16
ng/mlE A&t 302 A¥a AEA total RNAS E&atth Total RNAZ A
g ¢cDNA 2 i, 10x PCR €59 5 u, 50 mM MgCly 1.5 uf, 2 A 1w, F A
94 1 xl, Tag DNA polymerase(5 U/ul, Biotoolrh) 1 wl, 32+ 7 375 wlE 0.2
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ml PCR FEol| H7lete] AA §-3)7F 50 pl ¥ =5 skivk 1 F 94 CTeollA 527t A
AWk, 94 TellA 1:3F ®A, Zhzbe] ApdAe she §3) 2kolA 1&3F
annealing, 72 ColA 183 A% 348 3057 38830tk 2 $o 72 TollA 10%
FANFAT I ARE 2 % TAE op7t2 s Aol & :6}93‘:} T2 2 ARk Al
WA A Folt,

NEK6: 5'-TTCTGAAGGGGTGACAG-3', 5'-CTGTCTTCCAGATGGCT-3". RPL10A:
5'-GCTCATCATCGGTCATC-3",5"-AAGTTGGTCAAGAAGCT-3".
JAKIL:5'-GCGAGACACAGGTTTGACG-3",5'"-CGGACAGTGGCGTAAACAG-3".
ATPIBI: 5 -GGAAAAGCCAAGGAGGAAGG-3' 5 -TTGGATGGTCCCGATGAAG-3'".
BACE: 5'-GAATAGGGGAAAAAGCCAG-3', 5'-ATTTGCCTCTGCCTGGATT-3’

9) Real-time PCR

Microarray w4143 594 A 28-S el = F325 838t SYBR greens
e F real-time PCRS F33t3th PCR 92 % 25 uldl 1x SYBR Green
PCR Master Mix (Applied Biosystems)®t 10 nM forward®} 10 nM reverse
primers, 100 ng of cDNAE &7 &33te] A3ttt PCR 7|1Al= ABI PRISM
7700 sequence detection system (Applied Biosystems)S ©o]-&38}9t}t. PCR Z71&
50°Ceol A 2 min®7F WAl 712, 95°Col Al 10 min WA & 95°CollA] 15%, 60°C
oA 156% 1g]ar 72°Coll A 15%9] 27olA 503] wHEa|A wkg-A| AT

A E4 # A AFdle s wFE AFEEGT ol At s o
A58 olFfslr] gk 2ol BhAlw AElo] zh= oFEAS AMESIGS Agole
AAARJ] A Hd FE 2] ofgr] wiolth webs Am dFd d=Aak gA A
AF dFOA AAEA (Folakdat AALa ) E AAE ST s 7ol Al AF
55 RM viAlell A 218 wfjFst 5 4] Eelate] widd s 3lstitt 3lad v
o] ZA45l= 54 AES hydroxyapatite® S2AIATE &% hydroxyapatiteS
buchner funnel& o]&3le] Eletal, Bald 54 AES A2} hydroxyapatited] &

ZXN A ©]Z BioScale Q (BioRad) Z-¢l& ARg-3sle] AAsA (Fig. 3-1, 3-2).
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A A EE l:{ 280 gl RAW264.7S F2 AMEal3la, 208 gl
ke JT74AL T A AlEet AT AEES ol ARSI AAEAS AP
Hhol kel XWE/\J HE 5ilo] 7|0l B wEE At Alxe] Artelis
MTT assay WHO=E FA8t9oM, AlZE GA] A stal YAl 1042, 204, 302 59

ARl S

. cRNA <4])¢} array hybridization

Ay dAANEE Folxl AlRtuit 3gEo] fEEon FGEE giAEE
TriZolgAbe] &l 3:19] H|&Z Yo] -80 Tl Wo] B¥sle] F3th7k DNA chip
AdE 918te] cRNAE 3Abe] A= AABIAh 22 4ozl [A RNAY] djz
2 Cy3, A8 (AASEA A olE CybE 2h¥ste] hybridization d+loH, Lo
A3 Axon scanner® 53kt Ao ¥ FEE house keeping FHAE
AH 7 GADPH 5< 7|52 Z47+e] Agnit); 222 % %7l 5 A normalization
F, 20 ol FIH/FAE s Adste] dEsksit (Fig. 3-3; Table 3-1). A
A A E} AAEL Ao T2 BAEE §AAF oA T2 Al EIIIN} AR
Fhelell sld3l= GCSF, 116, ILS, TNFA, MIPIA, MIP1B, MIP2B 59 327}
2 g frElon 1 Qe CD44, ICAMI, LAMB3, FNFAIP6 52| A%
284 A=, CCR6, CCR7, CCRL2, IL7 59 40157}01 ojt} AR 719 ?ﬁ
A, CNK, DUSPI, DUSP2, EBI2, GBP1, TRAFI 52| A&Ad9 34 #HH &
M2l ELF4, JUNB 59 AA-E, COX2, PTX3 59 ﬂoﬂ% , BTGI, BTG3 %
°of Nx FEH#d F59 At #d fFEEJT (Table 3-1). o9 HH‘HE
GCHFR, CAT 59 anti-inflamatory°l ##® F44%5, RARA, ENG 52 &
AE, SF3A3, EGF2 59 AAF #d §742 5o] Tt} (Table 3-1).

jﬁm"rﬁr

4

t}. Western blotting assayell 9|3 A=A B4

AAE WojgYdy A8 aE #8171 $15k monoclonal mouse anti-PA,
monoclonal mouse anti-LF(RDIAHE AF&-3}o] Western blotting assayS G333}
H(Fig. 3-3). Wojade] EAgke 83 kDaolal A4 EA#e 90 kDaold}.
BCA kitE A}&3 protein A3 A3 Wojdhdy} xahe] s2s 247F 426 pg/ml
°F 991 pg/mlSd
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2 AAEL AT B

AF AAE RAW 264.7 Aol Wolgtedl 555 100 ng/mlE 1A3kaL, X|ARS
2 FEE 1,2, 4,8 16, 32, 64 2 100 ng/mb 2 7FeF 3 A1ZERE(0, 10, 20, 30, 60,
90, 120, 180 % 240)Z MTT assayE T3t th MTT assay 22HFig. 3-4) %
o139l 100 ng/m ¥t 7FEAY AALL A FE 1, 2 2 4 ng/mlE 713wl A3 ApPEo]
dolupA] F&S skt Ar_ A F57F 8 ng/mlE HAAHA 025 7Fo R
A2 Apde] dojylth AAt8 A F& 8 ng/mlE 7o R 1 o] X wAF RS

2 gasgn

v}, ¢DNA microarray 2%

MTT assay 235 #lgo & #oladd F% 100 ng/ml, XALL4 F% 16 ng/ml ol
300 Ay 2A& ARsgth 47 AL RAW 264.7 AE 6x10°7]0l woid
9 F% 100 ng/meok AL A 16 ng/mE 7h8kal 30 Fo total RNAE #&] itk
(Fig. 3-5). cDNA microarray®l] A8 slo]Bgl= & Zo] 2714 Fch(Fig. 3-6).
Fig. 3-72 scatter plotez 2 Ago] APHoz FIPHASTS & F Urh
Microarray 232 43] 335le] datas A 3te] Ao o112 £d + Y=
o} Data® W& 49 #hS 12 HokS wf vlaLste] ratio7} 28] o]4do]H W o]
AeE= He AR, 058 olstold Hdo] FEH« FHAR AASAh Data
A A 226709 A B ®stE Gl 1 5 3270 Ak wdo] A

Hl. Down-regulated genes

24 Az g AB3A(protein  biosynthesis)ol #o3}= RPL10A, ARBP,
RPL30, RPS3, RPL3, RPS16 @ MPRS17 Ak} AL AL B 7jAS 2dsts=
NEK6 f#zte] wtdo] Asjx= Aoz A dtH(Table 3-1).

A}, Up-regulated genes

wao] FLEE 44 F = signaling®l] #oJdl= STATY, STATSHA, JAKL 2
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CNIH 74}, proliferating®l] #ost= BTGL #3A} tissue remodeling/cloting ©ll
Frojsh= SERPINB2 ## 4} proteolysisdl #ojst= CTSW1, BACE ¥ MCPT5
AR cell cycle arrestdl:E GAS1 &%}, apoptosise] #od= BIRCIES}t
CAPSAP2 34}, electron transporte] ¥#ojsli= GLRX1, CYP7B1, AOX1 %
CYP4A10 A A}, transportdl] #HoJsl= AQP3, FXC1, ATP1A1, SLC16A1, APOM
2 KCNE4 734}, immune response © #ojst= SCYB9Z PSMB9 347} Attt
(Table 3-2).

ok. RT-PCR A%

218 A3}Z biological process® EF3190S wW(Table 3-3) A|E Ao Holal=
NEK6 #A}, chald Astao] #ofsli= RPL1I0A A}, AlX W signalingol #Hoist
= JAK1 4Ak transporto] #olsts= ATP1A1 44}, proteolysisol] o]t
BACE fr3#ke] AlEAlE 438t RT-PCRE 53318 tHFigure 3-8).

2h AZF g3 M2 o] giA A st AAEA Al &4 g9
I7F dAMAE 2 WA E (Human monocyte—derived macrophage cells)®l] HHoj
39 TEE 100 ng/mlE AT & AL A Fee FEHE (5, 25, 50, 100, 500

ng/ml) = Aelatar AP, 2, 4, 8, 12, 16, 20 2 36A17HE MTT assayE 4338}
itk Fig. 3-9914 ®B50] MTT assay 23 A2 3 16A7ko] Hol A A|E Al4d
o] o galsoitt

2}, ¢cDNA microarray 2%

MTT assay 2¥%Z nlg oz woldky H% 100 ng/ml, AL A % 100 ng/ml

of A7) ¥ 2/\17Ur 12Ake e A3 2ds A4l A9 27 A wheE 1Y)
el A 5 220 AEY = 3}‘213_’ Al AbE o] dojupr] A A HA 124]

7F Tl ASHS s} e A 5-7x<10°709] <1zF SR Y A A E
(human monocyte-derived macrophage cells)ell ¥o]d9 H%= 100 ng/ml 2} X AL
2~ 100 ng/mdE 78k 2417k 12417 3o total RNAS #2]3lth. Microarray chip
Aol oA Aol FFE F= oY T 24AF F 7P T84T Zlo] RNARA,
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o] RNAXAEHIE g9lslr] Yall AgilentAt?] Bioanalyzer21005 AF&-3te] rRNA ratio
(285/18S ribosomal RNA)E #2135t} (Fig. 3-10). rRNA ratio’} 2.09 wW RNA
7} 7V £& dEolH cell line?] A% ©] B &o] 1.6 o]ddu array A&l HHE34
t}. Fig. 3-10¢14 ®%0] 285 rRNA%} 18S rRNAE ¢l 3}o] microarray A& o]
7Fed 9131, rRNA ratio7} Hl& ooz yad ZIskit. Fig. 3-112 Signal
intensity 9} R/G2] X5 HOF+= scatter plote.® 71252 A, AEZEFL MiS
e, A9t M g2 vt 28 Ao ® ARt

M=log2(R/G)
A={log2(RX&)}/2

R = Cyb signal background
G = Cy3 signal background

MA plot< scaled block normalization®] A¥}2Z4, 34 Aoz M=0 (R=G) A
o] FAJEo] glow FgA M LOWESS A34dS yelf it Microarray A3

43] W5 st dolHE BAlete] A oA Y F JEF ok Fig. 3-11

= 12A17F B & Z o7 W3lsle fAAte] WE S
Tl SRRt e Ao i 7Aasks SRt = Aoz Be AL o 4
AT} Microarray HloJElE

ke wao] Ael Har, 80748 frAdAt W] FE .

A AR TAPY 2

Microarray tlo|E] 4] A3 f32 G s= A 75 wat 24 57 =

2EH 2ol tigk v Al A, AlE
. 3-12001 4= 5709 FHel e 5 AEAVE/AIE =5
I WU/~ Eg A g kg #EH FAAES clustering? visaulization
(TreeView)  program= °o]-&-3} R Ay Zzogde
http://rana.lbl.gov/EisenSoftware.htm (Michael Eisen's lab at the University of

California at Berkeley)ZS AF8-3}41

I ot

Gl
o
=
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caspase ¥# 129 BCL2 F-AAS 9 wdo] =

12717t 3= TNF (tumar necrosis factor) ## f4xpe] w&lo] F7}g Sl
F oAt gl AEAMESREE Weehe AR delxl BAG-
(BCL2-associated athanogene 4) A&} #& o] 7H4g-S &9l &

BAD (BCL2-antagonist of cell death) fF+d#F¢] &
o] Z71ES Felslglal real-time PCRE E&f wdS geldl 23 microarrayS
Azpol 7+ Wy ES Wtk 3 NF-kBI (nuclear factor of kappa light
polypeptide gene enhancer in B-cells 1 (p105)) 4] Z$- 79 12417 & M=
ANA AAadhs Aoz Yeiksd ol Alxe AEd Fod 988 s o &

A ek oleld fAdtel WAL B AT ATAEE AP vk 4E5T 5
o] i

o = g
N
oo e

I

)
rlo
ol
al®

p—

[\]

>
o
ot

n)«

il
=2
>
e ot

91 Aol Welwke gl £ WA A, S %ol AT

A gtz gasts Bd Aue woln AE Woldl oA %S sk FH4]
BHE il AL BT+ QAT AEAY DA S BE HHe) Ag
79 122007 2402k Hla) A A

o
(MAX dimerization protein 1) fxx}2] 7
g graehs dMES Holw SR uEth E3h, SVIL (supervillin), COROZB
(coronin, actin binding protein, 2B) §72F2] 7% actin-binding proteine &3}
st FRAAEA AEZAES Yeidle AEe e Yehe EAS 7HA A )tk A
AFEAE AP T 12A17 ] o] frdAte] wEo] SUbskE A0 R Hof fiAAE
7F AZEAPE S EA4E Bt 58 5 QoI Ay #A gl AR oA
= DDAH? (dimethylarginine dimethylaminohydrolase 2)f-d#}¢] @é&o] 7+ 2
Azbell A & asttzh 29 12203 Foll= Z7kshs 9eS Btk DDAHZ f73%
= NOS (nitric oxide synthase)?] &dS A= Aoz dHA ) = 7Y 12
AZE Foll= 95 S AT Wolatr] flsf vie B4 NO Aike] Fols Zlo%
od|Z=Ht}. PPARA(peroxisome proliferative activated receptor, alpha) f-22F¢] 7
$- INOS(inducible nitric oxide synthase)?] &S A s= Aoz daA Utk
Microarray #4243 o] fAxE 749 1247 Fo= WHglo] Z7ksl= o7 Hol
A Awe DDAHZ 3¢ &0 NO Atks =9 ©j
2 oS,

tjo

o
=]

=
b

frmshs Re

¥
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7}. Real Time-PCR A3}

Fig. 3-13°ll41&= NF-kB1 f3#}ol|] gt real-time PCR 33t #A 4 ?_Ef} A
02 A-C8 G-I+ 243 B¢k HEd AMES 802 319 real-time PCRS
gk Zlo]al, D-F¢ J-L& 1243 &2t Agd AE& FF o= 3 Aot lﬂﬂ
¢t D= Wojakd (PARKS Aeldh AES, BY Ex AAEA (LeTx)E A3 AES
FYo2 3ty NF-kBl F77ke] A 2ko]E real-time PCRE g13 Azolt) G
o} J&= Wojdred (PA)TES A3 AES, He K AASLAE A AES FI2
2 Wz 42 GAPDH 442 $%53 Jdolvh a2la C= A9 BE, Fi= D9

:t>08‘=

EE, I G HE 183 L Jo K9 188 37 RoE 1delr) Fig. 3-139 7
zhe 3] w9 S el gtk Table 3-5% PCR whs- By 5 7hzhe] dof A
U2 ACtHS Btk & frdxtel il 3ol uke 23S A ACtFke] fARe
e 2 Ao Hol A9 vloJEl7} frolde] vk 2 & 4 Stk Fig. 149 4
o

real-time PCRS 3% ®¥EE3}lo] A2 3tS vlg o2 ANOVA analysisE 53l 5
AA Fo8s 7= e 9 2 =2 vkl otk NF-kB1 424 4% =
2 2A M= dizael vlE) 15~28 A% Z71E & B 543 1243
AAME izl Hld] 15~2u AHAZ 74 S Bk $olA AFst WHew
microarray 2% §94 QA W FHA | i8] real-time PCRE A A8
Table 5914 20| real-time PCR WHg-¢] ¢ & U2 #ES 2-(MCHWH S o] &
ato] Zbzhe] A Ate] HAAREE vl A48t} Real-time PCRE £ W3
gelgt §:x+= BAD, STK17A, BAG-4, DAP, MEK2 1831 DAPKI1elt} &
W sle] Aol HAAINE microarray Blo|E oF AR B sjES BTk (Fig. 15).
o]+ microarray HlolE¢} F9A U= AF}E B EF Fig. 3-169014+= IL-6,
IFNG, TNF, IL-18 18]l NF-kb A} tis|A real-time PCR 3 Z3}olt}.
NF-kb fFA7te] 3¢ A AZAPE S quﬂo}btﬂ Ta% a4 I ded A
ARRAE AEeE A AEAPEO] ¢ 01‘/}7] AlZF QL 1

il

¢
'
T o o

mlm

o

27170 RG] F2Fe
ST, Tel3 IFNG 5049 35 29 2412 Folt ade] S v, 7
3 1240 FoE BEYol 3A9] G

microarray A4 M S thA] I HSFoEH

5
e v B Fledla, ols e ©A e WA Hﬂﬂ‘%z Ff“%ﬂ T8
A& & Aolrh IFNG Aol 4%, vtelelol HdAlol sl 27F | wke W
TR AdE b= Ao gl S BA AMELE A FHAE 7 AR
of Agjstde w the o2 Afe|=kelel Hls 54 #AaE YEhle Ae SUTe
2R A AAE Lol i vhole vile] FR FHAE E = glEe Fleih
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Fig. 3-1. Anion exchange (BioScale-Q2) FPLC chromatography of pooled from

second hydroxyapaptite column chromatography from Bacillus anthracis BAK
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Fig. 3-2. SDS-PAGE of purified
lethal toxin  from  Bacillus
anthracis BAK. 1, Molecular
standards, 2, LF, 3. PA.
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Fig. 3-3. The results of Western blotting assay using monoclonal mouse anti-
PA, monoclonal mouse anti—- LF, respectively. PA’s molecular weight is 83 kDa.

LF'’s molecular weight is 90 kDa.
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Fig. 3-4. MTT assay of RAW 264.7 cell treated with PA 100 ng/m¢, LF 16 ng/
ml. Cell cytolysis started after 90 mins. But only PA(100 ng/m¢), LF 1, 2 and 4
ng/ml did not show cell death.
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2855

L 1=

Fig. 3-5. Isolation of total RNA from RAW 264.7 cell treated with PA 100 ng/
m¢, LF 16 ng/ml. Lane 1; treated PA 100 ng/m{, ratio of A260/A280 is 1.72. Lane
2; treated PA 100 ng/m¢, LF 16 ng/m{, ratio of A260/A280 is 1.83.
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Fig. 3-6. cDNA microarray image of RAW 264.7 cell treated with PA 100 ng/
m!, LF 16 ng/ml.
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Fig. 3-7. The scatter plot of cDNA microarray using RAW 264.7 cell

treated with PA 100 ng/m¢, LF 16 ng/ml.

X axis is Cy3 value(F635 value-B635 value). Y axis is Cyb value(F532
value-B532 value).
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Fig. 3-8. The agarose gel electrophoresis of RT-PCR.

(aINEK6, (b)RPL10A, (c)JAK1, (d)ATPIBI, (e)BACE. PA means sample
treated only PA 100 ng/ml. LeTx means sample treated PA 100 ng/m¢, LF 16
ng/ml.
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PAHF(0Ng/)
R | —k—PreFcOnD) 0% ——PAHH(100ng/n)
—O— PAHF(500ng/)
0%

- s s s s s s s
h 20 40 & 120 16h 2h I

Time
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Fig. 3-9. MTT assay of Human monocyte-derived macrophage cells treated

with PA 100 ng/m¢, LF 100 ng/ml. (a) Cells were treated with anthrax lethal

toxin (LeTx) with different concentration and time. Cell cytolysis started atfer

16h. However, PA (100 ng/m¢), LF (100 ng/m¢) did not show cell death until 36h

infections. Cell cytolysis started after 16h. But only PA(100 ng/m¢), LF 5 ng/ml

did not show cell death until 36h treatment.

_94_



-— 2285
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BNA sample QC
cample rErA ratio
P [285/185]
1 FA 2h 1.67
i LeT= Zh 1.68

Fig. 3-10. Isolation of total RNA from Human monocyte-derived macrohage
cells treated with PA 100 ng/m¢, LF 100 ng/ml. Lane 1; treated PA 100 ng/m{,
ratio of A260/A280 is 1.67. Lane 2; treated PA 100 ng/m¢, LF 100 ng/ml, ratio of
A260/A280 is 1.68.
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Fig. 3-11. The MA plot of cDNA microarray using human monocyte-derived
macrophage cells treated with PA 100 ng/m¢, LF 100 ng/ml. A-D are MA plots
of 2h infection with lethal toxin, E-F are MA plots of 12h infection with lethal

toxin.
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Fig. 3-12. The clustering of cDNA microarray using human monocyte-derived
macrophage cells treated with PA 100 ng/m¢, LF 100 ng/ml. (A) the category of
apoptosis/cell death (B) the category of immune response/response to stress,
green color indicate suppressed gene expression and red color indicate induced

gene expression.
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Fig. 3-13. The results of NF-kB1 gene after real-time PCR using SYBR green.
Gene expression in HMDMs from only PA infection (A, D) and LeTx (100
ng/ml) infection (B, E) and 2h (A-C) and 12h (D-F) time point. RT-PCR data
were analyzed by using the 2-(44Ct)method, with GAPDH gene expression
(G-L) serving as a control for calculation of ACt values for gene and the mean
control value for each stimulation serving as the calibrator for final calculation

of mean relative expression values (ddCt)
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Fig. 3-14. Gene expression in HMDMs from control group (only PA infection)
and LeTx (100 ng/ml) infection and different time point (2h and 12h). RT-PCR
data were analyzed by using the 2-(4iCt)method, with GAPDH gene

expression serving as a control for calculation of ACt values for NF-kB1 gene.
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Fig. 3-15. Gene expression in HMDMs from control group (only PA infection)
and LeTx (100 ng/ml) infection and different time point (2h and 12h). RT-PCR
data were analyzed by using the 2-(AACt)method, with GAPDH gene
expression serving as a control for calculation of ACt values for each gene
((A)BAD, (B) STKI17A, (C)BAG-4, (D) DAP, (E) MEK2, (F) DAPK1) and the
mean control value for each stimulation serving as the calibrator for final
calculation of mean relative expression values (ddCt). Data for the genes
exhibiting differential expression in the different time point (2h and 12h) are

shown.
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Fig. 3-16. Gene expression in HMDMSs from control group (only PA infection)
and LeTx (100 ng/ml) infection and different time point (2h and 12h). RT-PCR
data were analyzed by using the 2-(4iCt)method, with GAPDH gene
expression serving as a control for calculation of ACt values for each gene ((A)
IL-6, (B) NF-kB, (C) IFNG, (D) IL-18, (E) TNF) and the mean control value
for each stimulation serving as the calibrator for final calculation of mean
relative expression values (ddCt). Data for the genes exhibiting differential

expression in the different time point (2h and 12h) are shown.
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Table 3-1. Down-regulated genes of RAW 264.7 cell treated with LeTx.

Greae Tifle Fidogical process Liteasiy
RFL10A Rihosomd protein L104 Protein hosyothesis il
HOC Neighbor of Coxd 5
FET1 Sortilin 1 a4
ERFNIL Sering{or cystein) proteinase inhihtor 4
ARFP Aridic ribozomal phoaphoprotein P Protein Hosynthesis 453
MFRER1T Mitochondrisl ribozomal protien 1 Protein Hosynthesis a7
RFL30 Hihosomd protein L30 Protein hosyothesis 370
FPE3 Hihosomd protein 53 Protein Hosynthesis 395
TPM3 Tropomyodin 3 gemms, Muale development 392
(HEM cAMP responsive element modnlstor regilgion of trenacription 309
TLH Talin 297
[Thei Ubiquitin- conpugsting enzome E2 [hiquitin dependent protein catsholian 485
MEHE Muts hamdlog f £ cod) DA repdr 467
FTDE: Phosphatidlsrine grthasze 2 246
“ELENEF1 Selenivm Hoding profein 1 241
FFL3 Hihosomd protein L3 Protein Hosynthesis 440
(A1Bd-REL (manine nndeotide binding protein, beta 2 relsted sequence 1 436
ROBOL Roundahout homolog 1 2436
HEEE NIMd-relstaed expresssd kinase 6 433
RFR1G Hihosomd protein 516 Protein hosyothesis 430
HEIETZ Histone profein 4 223
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Table 3-2. Up-regulated genes of RAW 264.7 cell treated with LeTx.

Grur Tk Enlogicsl gocess Tatrasity

J&AE] Jamis kirmse 1 Intracellular signaling cascade 0.48
STAT 4 Signal transdacer and activator of transcription 4 Intracellular sighaling cascade 0.48
ET x1 E-cell translocation gene 1, anb-proliferatve Proliferating 0.48
SERFINBz Eﬁc‘f‘fgg&?ﬁ}gﬁgﬁ?&f?temse nhibitor, Clade B Tissue remodeling/doting 0.47
STATHA Signal transducer and activator of rarscripton 54 Intracellular signaling cascade 0.47
T &1 Cathepsin W Froteolrsis 0.46
Gl Growth arrest specific 1 Zell grcle arrest 0.45
CHNIH Cornichon homelog { Drosopinids) Intracellular signaling cascade 0.45
GLEHX1 Ghitaredoxin 1{thioltransferase) Electron transport 0.45
AGP3 Aduaporitn 2 T ratsport 0.45
FXC1 Frachured callus expressed anscript 1 T ransport 0,45
¥ PTBEL Cartochrome P450, 7l Electron fransport 0.45
ATPLAL AT Pase, Na' /A5 tansporting beta 1 poelypeptds MNat A trarsport 0.45
201 Aldehyde oxidase 1 Electron transport 0,45
CYP4A10 crtochrome P450, 4al0 Electron fransport 0.45
EIRC1E Baaulcowiral IAP repeat-corfaining le Apoptosis 0,44
HLC16A1 Iolute carrier familr 16 (monocarboswlic acid transporters) T rassport 0.44
BACE Beta—site APFP cleaving erEvme Froteolrsis 0.40
CAME4 Calciam scalmodulin- dependent protein Hnase IV Protein amine acid phosphorylation 0.4z
A POk Apolipcprotein M T ransport 0.4z
MCPT S lia=t o=ll protesse & Froteolrsis 0.27
SCYE9 Small indhcible cytokine B subfamily(Cyrs-H-Cys), member Immune response 0.36
ECHE4 ggrtfesiMm voltage- gated charmmel, lsk-related subfamily, lot transport 0.24
FP3kEBY Protecsome subunit, beta wrpe 9 Immue respoise 0.20
CAZPRAPZ Caspase 8 associated protein 2 Apoptogis 0,26
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Table 3-3. The list of gene expression pattern

Gene

Induced

Repressed

Protein biosynthesis

RPL10A

MPRS17

RPL30

RPS3

RPL3

RPL16

ARBP

Intracellular signaling cascade

JAK1
STAT4
STATHA
CNIH
Cell growth
NEK6
GAS1
Tissue remodeling/cloting
SERPINB2
Proteolysis
CTSW1
BACE
MCPT5
Transport
AQP3
FXC1
SLC16A1
APOM
KCNE4
ATPIAl
Electron transport
CYP7B1
GLRX1
AOX1
CYP4A10

CNeNe) o OO0

cloNcNoRoNe)

OO0

QOO0 O0OO0
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Table 3-4. The gene lists that show differentially expressed patterns and

classify into gene functions.

2h infection

12h infection

Gene Functions Ratio Gene Functions Ratio
Apotosis/cell death Apotosis/cell death
caspase 4, apoptosis-related cysteine protease 0.41 + protein kinase C, alpha 058 +
BCL2-like 1 036 + BCL2-like 11 (apoptosis facilitator) 038 +
. . tumor necrosis factor receptor superfamily,
tumor necrosis factor receptor superfamily, member 5 0.33 + 0.38 +
member 6
arachidonate 15-lipoxygenase, second type -1.04 -—- caspase 3, apoptosis-related cysteine protease 0.38  +
collagen, type IV, alpha 3 (Goodpasture antigen) -094 - BCL2-antagonist of cell death 033 +
death-associated protein 032 +
serine/threonine kinase 17a
o . 031 +
(apoptosis-inducing)
BCL2-associated athanogene 4 =279 ——-
caspase D, apoptosis-related cysteine protease -2.39 ---
serum/glucocorticoid regulated kinase -1.09 -
Immune response/response to stress Immune response/response to stress
microtubule-associated protein, RP/EB family, 123 +++ | chemokine (C-X-C motif) ligand 10 083 ++
member 2
endé)thehal differentiation, G-protein-coupled receptor 078 ++ interleukin 11 055 +
chemokine (C-C motif) receptor 1 0.54 + interferon, alpha-inducible protein 27 0.51 +
CD226 antigen 156 CDI1D antigen, d polypeptide -2.85 ——-
interleukin 2 receptor, beta 193 - carcinoembryonic antigen-related cell adhesion 939 -
molecule 8
defensin, alpha 5, Paneth cell-specific -1.09 - C-reactive protein, pentraxin-related -2.05 -—-
serum amyloid A4, constitutive -1.54 —-
Cell growth Cell growth
high-mobility group protein 2-like 1 153  +++ | supervillin 097  ++
carnitine palmitoyltransferase II 1.07 +++ | coronin, actin binding protein, 2B 0.75  ++
aquaporin 1 (channel-forming integral protein, 084 4+ MAX dimerization protein 1 398 ——-
28kDa)
mortality factor 4 like 2 -145 -—- spectrin SH3 domain binding protein 1 =225 ———
keratin 7 -095 - dynamin 1 -1.74 ——
P . - B ATPase, H+ transporting, lysosomal 70kDa, B -
ollagen, type IV, alpha 3 (Goodpasture antigen) 0.94 V1 subunit A 1.62
gap junction protein, alpha 4, 37kDa (connexin
-1.55 ——-
37)
ATPase, H+ transporting, lysosomal 31kDa, 190 -
V1 subunit E isoform 1 ’
serum/glucocorticoid regulated kinase -1.09 -
RAS p21 protein activator (GTPase activating 102 —-
protein) 1 )
Signal Transduction Signal Transduction
ADP-ribosylation factor-like 3 1.13 +++ | dimethylarginine dimethylaminohydrolase 2 076  ++
endothelial differentiation, G—protein—coupled receptor . p .
6 0.78  ++ dishevelled, dsh homolog 3 (Drosophila) 066 +
dimethylarginine dimethylaminohydrolase 2 -1.20 - guanylate cyclase 1, soluble, alpha 2 -258 ———
mitogen-activated protein kinase kinase kinase 4 -115 —- SH3-domain GRB2-like 3 247 ———
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phosphodiesterase 1C, calmodulin—dependent 70kDa -1.04 - spectrin SH3 domain binding protein 1 -225 ———
collagen, type IV, alpha 3 (Goodpasture antigen) -094 - protein kinase C, epsilon -1.46 -
importin 7 -135 -
integrin, beta 3 (platelet glycoprotein Illa, 102 -
antigen CD61) )
Transcription Transcription
o . homolog of Yeast RRP4 (ribosomal RNA
general transcription factor IIIC, polypeptide 4, 90kDa 0.74  ++ . X 090 ++
processing 4), 3'-5’-exoribonuclease
Cbp/p300-interacting transactivator, with peroxisome proliferative activated receptor,
. . . 059  ++ 070 ++
Glu/Asp-rich carboxy-terminal domain, 1 alpha
inhibitor of DNA binding 1, dominant negative X L
K . ] -1.25 -- Kruppel-like factor 7 (ubiquitous) 065 +
helix-loop-helix protein
. . Lo ; aryl-hydrocarbon receptor nuclear translocator
interleukin enhancer binding factor 3, 90kDa -090 - 9 055 +
UBX domain containing 2 -1.52 ——-
E2F transcription factor 6 -1.15 -—-
cyclin H -097 -
03~0.7 +; 07~1.0: ++ ; 1.0~15 +++ ; -05~-1.0: - ; -1.0~-15—; -1.

5>~
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Table 3-5. The 4Ct values of NF-kB1 and GAPDH gene

Sample Name Detector Name Ct Detector Name Ct
2h-PA NF-kB1 24.26255 GAPDH 17.34959
2h-PA NF-kB1 24.48643 GAPDH 17.43594
2h-PA NF-kB1 24.27945 GAPDH 17.40751

2h-LeTx NF-kB1 23.87165 GAPDH 17.05794
2h-LeTx NF-kB1 24.00778 GAPDH 17.06862
2h-LeTx NF-kB1 24.16906 GAPDH 17.04793
12h-PA NF-kB1 22.65936 GAPDH 16.67673
12h-PA NF-kB1 22.52463 GAPDH 16.77535
12h-PA NF-kB1 23.47535 GAPDH 16.8478
12h-LeTx NF-kB1 24.5775 GAPDH 17.81178
12h-LeTx NF-kB1 24.97232 GAPDH 17.96163
12h-LeTx NF-kB1 24.46268 GAPDH 18.08765
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Table 3-6. The list of genes that are related to apoptosis/cell death category

Apotosis/cell death Gene. Symbol Cluster ID Ratio E‘;ﬁi
adenosine Al receptor ADORA1 Hs. 77867 0.45 2h
caspase 2, apoptosis-related cysteine protease (neural precursor

cell expressed, developmentally down-regulated 2) CASP2 Hs.433103 044 2
programmed cell death 1 PDCD1 Hs.158297 0.41 2h
caspase 4, apoptosis-related cysteine protease CASP4 Hs.74122 0.41 2h
BCL2-like 1 BCL2L1 Hs.305890 0.36 2h
mitogen—activated protein kinase 8 interacting protein 2 MAPKSIP2 Hs.356523 0.35 2h
BCL2/adenovirus E1B 19kDa interacting protein 2 BNIP2 Hs.204539 0.35 2h
tumor necrosis factor receptor superfamily, member 5 TNFRSF5 Hs.504816 0.33 2h
FAST kinase FASTK Hs.75087 -0.70 2h
caspase 7, apoptosis-related cysteine protease CASP7 Hs.9216 -0.83 2h
zinc finger protein 443 ZNF443 Hs.142150 -0.93 2h
collagen, type IV, alpha 3 (Goodpasture antigen) COL4A3 Hs.407817 -0.94 2h
programmed cell death 2 PDCD2 Hs.367900 -0.97 2h
arachidonate 15-lipoxygenase, second type ALOX15B Hs. 111256 -1.04 2h
G protein—coupled receptor 65 GPR65 Hs.131924 0.68 12h
protein kinase C, alpha PRKCA Hs.349611 0.58 12h
angiotensin II receptor, type 2 AGTR2 Hs.405348 0.46 12h
PRKC, apoptosis, WTI, regulator PAWR Hs.406074 0.41 12h
BCL2-like 11 (apoptosis facilitator) BCL2L11 Hs.84063 0.38 12h
tumor necrosis factor receptor superfamily, member 6 TNFRSF6 Hs.82359 0.38 12h
tumor necrosis factor receptor superfamily, member 12A TNFRSF12A Hs.355899 0.38 12h
caspase 3, apoptosis-related cysteine protease CASP3 Hs.141125 0.38 12h
synuclein, alpha (non A4 component of amyloid precursor) SNCA Hs. 76930 0.37 12h
tumor protein p53 binding protein, 2 TP53BP2 Hs.44585 0.35 12h
BCL2-antagonist of cell death BAD Hs. 76366 0.33 12h
catenin (cadherin-associated protein), alpha-like 1 CTNNALLIL Hs.58488 0.32 12h
death-associated protein DAP Hs.75189 0.32 12h
serine/threonine kinase 17a (apoptosis-inducing) STKI7A Hs.9075 0.31 12h
nuclear factor of kappa light polypeptide
gene enhancer in Bf):ells gl (;O:)p ’ NFKBL Hs.160557 07 12
TNF receptor—associated factor 3 TRAF3 Hs.297660 -0.80 12h
serum/glucocorticoid regulated kinase SGK Hs.296323 -1.09 12h
tumor necrosis factor receptor superfamily, member 9 TNFRSF9 Hs.193418 -1.19 12h
tumor protein p73-like TP73L Hs.137569 -1.29 12h
protein kinase C, epsilon PRKCE Hs.155281 -1.46 12h
caspase D, apoptosis-related cysteine protease CASP5 Hs.213327 -2.39 12h
BCL2-associated athanogene 4 BAG4 Hs.194726 -2.79 12h
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Table 3-7. The list of genes that are related to immune response/response to stress

category

Immune reponse/response to stress S(;:ll;)l Cluster ID Ratio ;l);;f
leu};(())fslfgisn;r)ljn:lljlenn(;gbleorbgllnfllke receptor, subfamily B (with TM and ITIM LILRB3 He511766 133 o

microtubule-associated protein, RP/EB family, member 2 MAPRE2 Hs.446375 1.23 2h

endothelial differentiation, G-protein-coupled receptor 6 EDG6 Hs.159543 0.78 2h

lipocalin 1 (tear prealbumin) LCN1 Hs.2099 0.77 2h

CDIA antigen, a polypeptide CDI1A Hs.1309 0.64 2h

chemokine (C-C motif) receptor 1 CCR1 Hs.301921 054 2h

CD79B antigen (immunoglobulin-associated beta) CD79B Hs.89575 0.50 2h

chemokine (C-X-C motif) ligand 9 CXCL9 Hs.77367 -0.87 2h

defensin, alpha 5, Paneth cell-specific DEFA5 Hs. 72887 -1.09 2h

interleukin 2 receptor, beta IL2RB Hs.75596 -1.23 2h

CD226 antigen CD226 Hs.369661 -1.56 2h

chemokine (C-X-C motif) ligand 10 CXCL10 Hs.413924 0.83 12h
guanylate binding protein 1, interferon-inducible, 67kDa GBP1 Hs.62661 0.68 12h
chemokine (C-X-C motif) ligand 5 CXCL5 Hs.89714 0.66 12h
leuzzg;?n;Trﬁsgizbjlin*like receptor, subfamily B (with TM and ITIM LILRBA He 67846 057 198
interleukin 11 IL11 Hs.1721 0.55 12h
adenosine deaminase, RNA-specific ADAR Hs. 7957 0.51 12h
interferon, alpha-inducible protein 27 IFI127 Hs.278613 0.51 12h
indoleamine—pyrrole 2,3 dioxygenase INDO Hs.840 0.50 12h
inhicboiru‘.r(;;l ;f,l;izg; aliigtpgzizgeptide gene enhancer in B-cells, kinase IKBKAP Hs.31323 083 1%h
inti\%[%r;;ﬁsi( 1(;i)bronectin receptor, beta polypeptide, antigen CD29 includes ITGBL Hs.287797 086 1%h
chemokine (C motif) ligand 1 XCL1 Hs. 174228 -0.90 12h
complement component 6 C6 Hs.1282 -1.00 12h
chemokine (C-C motif) receptor 3 CCR3 Hs.506190 -1.14 12h
Fc fragment of IgG, low affinity Ila, receptor for (CD32) FCGR2A Hs.352642 -1.37 12h
serum amyloid A4, constitutive SAA4 Hs.512677 -1.54 12h
alpha—fetoprotein AFP Hs.155421 -1.55 12h
CDI1B antigen, b polypeptide CD1B Hs.1310 -1.60 12h
linker for activation of T cells LAT Hs.498997 -1.73 12h
CDI160 antigen CD160 Hs.81743 -2.04 12h
C-reactive protein, pentraxin-related CRP Hs.76452 -2.05 12h
platelet factor 4 variant 1 PF4V1 Hs.72933 -2.39 12h
carcinoembryonic antigen-related cell adhesion molecule 8 CEACAMS Hs.41 -2.39 12h
CDI1D antigen, d polypeptide CD1D Hs.1799 -2.85 12h
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Table 3-8. The list of genes that are related to cell growth category

Cell growth Cluster ID Ratio E‘il::
high-mobility group protein 2-like 1 HMG2L1 Hs.92260 1.53 2h
KIAA0528 gene product KIAA0528 Hs.30656 1.51 2h
microtubule-associated protein, RP/EB family, member 2 MAPRE2 Hs.446375 1.23 2h
carnitine palmitoyltransferase II CPT2 Hs.274336 1.07 2h
aquaporin 1 (channel-forming integral protein, 28kDa) AQP1 Hs.76152 0.84 2h
interleukin enhancer binding factor 3, 90kDa ILF3 Hs.256583 -0.90 2h
collagen, type IV, alpha 3 (Goodpasture antigen) COL4A3 Hs.407817 -0.94 2h
folate receptor 1 (adult) FOLR1 Hs.73769 -0.95 2h
keratin 7 KRT7 Hs.23881 -0.95 2h
PMSI postmeiotic segregation increased 1 (S. cerevisiae) PMS1 Hs.111749 -0.99 2h
Enah/Vasp-like EVL Hs.241471 -1.19 2h
mortality factor 4 like 2 MORF4L2 Hs.411358 -1.45 2h
supervillin SVIL Hs.163111 0.97 12h
:}315)2(,)17(5( O(ﬁbz’r(lej;teiIZPél (ribosomal RNA processing 4), RRP4 Hes511949 0.90 1%h
coronin, actin binding protein, 2B CORO2B Hs.24907 0.75 12h
solute carrier organic anion transporter family, member 3A1 SLCO3A1 Hs.113657 0.74 12h
gamma-aminobutyric acid (GABA) A receptor, pi GABRP Hs.439141 0.72 12h
discs, large homolog 3 (neuroendocrine-dlg, Drosophila) DLG3 Hs.11101 -1.00 12h
RAS p2l protein activator (GTPase activating protein) 1 RASAI1 Hs.758 -1.02 12h
T-cell acute lymphocytic leukemia 1 TALI1 Hs.73828 -1.04 12h
oligodendrocyte lineage transcription factor 2 OLIG2 Hs.176977 -1.04 12h
serum/glucocorticoid regulated kinase SGK Hs.296323 -1.09 12h
Cohora nomelog, Drosophila: sandoceted o, 3 MLLTS - HsAOL L1012
epiregulin EREG Hs.115263 -1.10 12h
E2F transcription factor 6 E2F6 Hs.135465 -1.15 12h
papillary renal cell carcinoma (translocation—associated) PRCC Hs.9629 -1.18 12h
epidermal growth factor receptor pathway substrate 8 EPS8 Hs.2132 -1.18 12h
tumor necrosis factor receptor superfamily, member 9 TNFRSF9 Hs.193418 -1.19 12h
ATPase, H+ transporting, lysosomal 31kDa, V1 subunit E ATP6VIEL Hs. 77805 -1.20 12h
ferritin, heavy polypeptide 1 FTHI1 Hs.448738 -1.24 12h
ecotropic viral integration site 2A EVI2A Hs.70499 -1.26 12h
DEAD (Asp-Glu-Ala-Asp) box polypeptide 6 DDX6 Hs.271541 -1.31 12h
HIV-1 Rev binding protein HRB Hs.352962 -1.35 12h
hypothetical protein FLJ25410 FL]25410 Hs.126780 -1.46 12h
alpha—fetoprotein AFP Hs.155421 -1.55 12h
gap junction protein, alpha 4, 37kDa (connexin 37) GJA4 Hs.296310 -1.55 12h
ATPase, H+ transporting, lysosomal 70kDa, V1 subunit A ATP6VIA Hs.409131 -1.62 12h
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MREI1 meiotic recombination 11 homolog A (S. cerevisiae)
dynamin 1

chromosome 20 open reading frame 150

CD160 antigen

nucleolar protein 1, 120kDa

spectrin SH3 domain binding protein 1

ataxia telangiectasia mutated (includes complementation groups A, C
and D)

MAX dimerization protein 1

MRE11A
DNM1
C200rf150
CD160
NOL1
SSH3BP1

ATM

MAD

Hs.20555
Hs.436132
Hs.301040

Hs.81743

Hs.15243

Hs.42710

Hs.526394

Hs.379930

-1.65
-1.74
-1.82
-2.04
-2.10
-2.25

-2.31

-3.28

12h
12h
12h
12h
12h
12h

12h

12h
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Table 3-9. The list of genes that are related to signal transduction category

Signal Transduction Gene. Symbol Cluster ID Ratio I(Trllf
ADP-ribosylation factor-like 3 ARL3 Hs.182215 1.13 2h
;ﬁalrleg?g EISH ;;g;ulgizr;i IEO;;l;;)ubstrate 2 (rho family, RAC2 Hs.301175 086 o
endothelial differentiation, G—protein—-coupled receptor 6 EDG6 Hs.159543 0.78 2h
glutamate receptor, metabotropic 4 GRM4 Hs.429018 0.75 2h
metastasis suppressor 1 MTSS1 Hs.77694 -0.84 2h
Rho-associated, coiled-coil containing protein kinase 2 ROCK2 Hs.58617 -0.85 2h
adenylate cyclase 9 ADCY9 Hs.20196 -0.90 2h
collagen, type IV, alpha 3 (Goodpasture antigen) COL4A3 Hs.407817 -0.94 2h
phosphodiesterase 1C, calmodulin-dependent 70kDa PDEIC Hs.422923 -1.04 2h
hypothetical protein LOC118987 LOC118987 Hs.131834 -1.07 2h
mitogen-activated protein kinase kinase kinase 4 MAP3K4 Hs.390428 -1.15 2h
Enah/Vasp-like EVL Hs.241471 -1.19 2h
dimethylarginine dimethylaminohydrolase 2 DDAH2 Hs.247362 -1.20 2h
dimethylarginine dimethylaminohydrolase 2 DDAH2 Hs.247362 0.76 12h
G protein—coupled receptor 65 GPR65 Hs.131924 0.68 12h
Lfgg(l;)];?ger(zg;gl?lastic leukemia viral oncogene ERBB3 Hs.306251 068 1%h
chemokine (C-X-C motif) ligand 5 CXCL5 Hs.89714 0.66 12h
peptide YY PYY Hs.169249 0.66 12h
dishevelled, dsh homolog 3 (Drosophila) DVL3 Hs.381928 0.66 12h
mitogen-activated protein kinase kinase 1 MAP2ZK1 Hs.132311 0.58 12h
adenylate cyclase 9 ADCY9 Hs.20196 0.57 12h
RAS p2l protein activator (GTPase activating protein) 1 RASAI1 Hs.758 -1.02 12h
integrin, beta 3 (platelet glycoprotein Illa, antigen CD61) ITGB3 Hs.87149 -1.02 12h
protein tyrosine phosphatase, non-receptor type 1 PTPN1 Hs.418004 -1.06 12h
epiregulin EREG Hs.115263 -1.10 12h
faciogenital dysplasia (Aarskog—-Scott syndrome) FGD1 Hs.104349 -1.12 12h
chemokine (C-C motif) receptor 3 CCR3 Hs.506190 -1.14 12h
epidermal growth factor receptor pathway substrate 8 EPS8 Hs.2132 -1.18 12h
insulin-degrading enzyme IDE Hs.290659 -1.18 12h
?S:rfng?}f::iizeifngg;em receptor, type Il BMPR2 Hs 53250 -132  12h
importin 7 1PO7 Hs.434408 -1.35 12h
activin A receptor, type I ACVRI1 Hs.150402 -1.36 12h
Kkiller cell lectin-like receptor subfamily B, member 1 KLRB1 Hs.169824 -1.36 12h
protein kinase C, epsilon PRKCE Hs. 155281 -1.46 12h
protein kinase, cGMP-dependent, type I PRKG1 Hs.2689 -1.55 12h
linker for activation of T cells LAT Hs.498997 -1.73 12h
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Ras-related GTP binding A
CD160 antigen

a disintegrin and metalloproteinase domain 9 (meltrin gamma)

hypothetical protein LOC118987
Src-like-adaptor

spectrin SH3 domain binding protein 1

ataxia telangiectasia mutated (includes complementation groups A,

C and D)
SH3-domain GRB2-like 3

guanylate cyclase 1, soluble, alpha 2

RRAGA
CD160
ADAM9
LOC118987
SLA
SSH3BP1

ATM

SH3GL3
GUCY1A2

Hs.432330
Hs.81743
Hs.2442
Hs.131834
Hs.75367
Hs.42710

Hs.526394

Hs.270055
Hs.178295

-201
204
-2.06
-2.06
-2.19
-2.25
-231

-2.47
-2.58

12h
12h
12h
12h
12h
12h

12h

12h
12h
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Table 3-10. The list of genes that are related to transcription category

Transcription Gene. Cluster ID Ratio Ti@e
Symbol point
high-mobility group protein 2-like 1 HMG2L1 Hs.92260 1.53 2h
KIAA1404 protein KIAA1404 Hs.371794 1.01 2h
general transcription factor IIIC, polypeptide 4, 90kDa GTF3C4 Hs.22302 0.74 2h
cartilage paired-class homeoprotein 1 CART1 Hs.41683 0.65 2h
paired box gene 8 PAXS Hs.308061 0.65 2h
Cbp/p300-interacting transactivator, with Glu/Asp-rich
carboxy-terminal domain, 1 CITEDL Hs.40408 059 2h
v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian) MAFB Hs.169487 0.56 2h
zinc finger protein 8 (clone HF.18) ZNF8 Hs.2077 0.54 2h
activated RNA polymerase II transcription cofactor 4 PC4 Hs.229641 -0.75 2h
nuclear antigen Spl100 SP100 Hs.371696 -0.76 2h
T-cell acute lymphocytic leukemia 1 TAL1 Hs. 73828 -0.77 2h
dachshund homolog (Drosophila) DACH Hs.63931 -0.82 2h
zinc finger protein 551 ZNF551 Hs.184846 -0.84 2h
developmentally regulated GTP binding protein 1 DRG1 Hs.115242 -0.87 2h
interleukin enhancer binding factor 3, 90kDa ILF3 Hs.256583 -0.90 2h
PHD finger protein 15 PHF15 Hs.397990 -0.92 2h
zinc finger protein 443 ZNF443 Hs.142150 -0.93 2h
PMSI1 postmeiotic segregation increased 1 (S. cerevisiae) PMS1 Hs.111749 -0.99 2h
inhibitor of DNA binding 1, dominant negative helix-loop-helix protein ID1 Hs.410900 -1.25 2h
homolog of Yeast RRP4 (ribosomal RNA processing 4),
3'_5'_exoribonuclease RRP4 Hs.511949 0.90 12h
zinc finger protein 358 ZNF358 Hs.133475 0.84 12h
peroxisome proliferative activated receptor, alpha PPARA Hs.271640 0.70 12h
collagen, type IV, alpha 3 (Goodpasture antigen) COL4A3 Hs.407817 0.68 12h
Kruppel-like factor 7 (ubiquitous) KLF7 Hs.436708 0.65 12h
hypothetical protein BC005868 L0OC90233 Hs.184846 0.63 12h
chemokine-like factor super family 4 CKLFSF4 Hs.325825 0.57 12h
lysyl oxidase-like 1 LOXL1 Hs.65436 0.55 12h
aryl-hydrocarbon receptor nuclear translocator 2 ARNT?2 Hs.6111 0.55 12h
cofactor of BRCA1 COBRA1 Hs.410095 0.54 12h
disabled homolog 2, mitogen-responsive phosphoprotein (Drosophila) DAB2 Hs.81988 0.51 12h
brain abundant, membrane attached signal protein 1 BASP1 Hs.511745 0.51 12h
dyskeratosis congenita 1, dyskerin DKC1 Hs.4747 -0.94 12h
cyclin H CCNH Hs.514 -0.97 12h
T-cell acute lymphocytic leukemia 1 TAL1 Hs. 73828 -1.04 12h
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oligodendrocyte lineage transcription factor 2

myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila); translocated to, 3

E2F transcription factor 6

UBX domain containing 2

SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal
sex-reversal)

nucleolar protein 1, 120kDa

HMG2 like

MAX dimerization protein 1

OLIG2

MLLT3

E2F6

UBXD2

SOX9

NOL1
LOC127540
MAD

Hs.176977

Hs.404

Hs.135465
Hs.350806

Hs.2316

Hs.15243
Hs.236810
Hs.379930

-1.04

-1.10

-1.15
-1.52

-1.65

-2.10
-2.23
-3.28

12h

12h

12h

12h

12h

12h
12h
12h
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A A A st 'hA G o} L o] 83 X2 H% B4 (“Targeting of Bacillus
anthracis interaction factors for human macrophages using two—dimensional gel
electrophoresis”, Biochem. Biophys. Res. Comm. (2004) 322, 854-859)°l Al 4|3}
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(“Production and proteolysis assay of lethal factor from Bacillus anthracis”
Protein Expression and Purification, (2003) 30, 2930300)¢] AlA|stH o o]9} HE
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(“Implication of pH in the catalytic properties of anthrax lethal factor”, Biochem.
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e to] ek AT Ao AAeel F ahel XA A(lethal factor)ol 2%
S grojA] o] HATE 2001 9.11 Abe o] AEW] dske] W7t 7734 o]
aglon, ofd we} $HE Helo] AFEEHAY Ames 5] AA Aw A7IAE AT

7} Read'5(2001) 9l 93t Fafx|o] &Aw WU A9 7|25 AFs8 181

A7 Gl A A 9d AAFQ A (lethal factor)oll theh P27 B84 AALS. 4o
gk A3 Al sl o] &= t} (Pannifiers, 2001).

u|=9] Leppla 159 Moayeris= XAMEAZ o] g&3dto] AFH N TNF-ao| o|&&
A = A AAFBZE (hypoxia)7} EA ST 20030 o] B3kt Salles5(2003)&
B A E BhE TR AAELAE 6AIFHEE Bl AEste] A3 e LE
T AAEAE AHYsAS Al AFgS Zhetta Bassith

Papovs (2004)& =98 oF3lA 71 #9) Sterne® 9Ad Z8S 2t AmestF
& Aol FARSE ARl EFRQIS] EH| S Felstlet] 7]Eed AAfE A 95t
A% Hanna(1993)%©] TNF-a%o] #nr]gttal 438130tk Amestt+2 FAMS A5

ol A IL-1f<= Balb/coll A 10¥17 = S7ksk= wbdell C57BL/6OIA = w7} 54| &=
gz sk A/JAME IL-19 IL-67F Sterned} AmesolA] 25 0|7} == WA
of TNF-a= #38]7F ¥4 e=rhal Baskqith

Chitlaru5-(2004) & B4+ v =759 =73 (Vollum)e ¥ @l dS 2-DES
o]-g3to] A& ko] 14719 Afolg Kol WA SlstAtt

Karin 152 200439 Toll-like receptor 47} 843} &t 3ol tiA A3 2] AFE
(apoptosis)”7} A8k w] protein kinase PKRo] Zo3sitiy HuE 31

Pickering5(2004)& ¥4+ Sternev 5 o}X 9} o] ol A] ﬂ*]’o*‘j}‘) A A
OFEE o]&3ste] Alo]E7IR] HH|E &2l doith o] AF A AIES] JTT4A1A E
FE o]&ste] Astdle 71 AA Aol ¢fate] TNF-07} 4] ¥tk Hanna L&
3 AZS o] 3kth =, TNF-at IL-127F BFH A A ol Sterne o}EE 7Y A
Ze Aol #Eh7F frks Aol

Mins (2004)2 AAk84 AsjAlE A4kl fste] A=HEA7] (mass
spectroscopy) & AF&-3le] AdAE BASG T o5 1.1 mmold A MEKE A &35}
v SEds AEssin.

Kacprzaks (2004)2> PA7F Axixwdel 48 (receptor)et Adtalr] Hsixe
furin—like protease (endopeptidase)oll ¢J&}e] 20 kDao] Awtxe] Yrtar v =] 63
kDa°] heptamerZ #A3dl=d o)< furin-like proteaseE # &ld+= polyarginine

o] 23tel HEfo|=g o] §sto] BAT AUt AXWE So7be AS Adfstes A+
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£ 48 3tk D-polyarginineol A 1.3 nM7Fd A= aHA Asls dh= 2S 25

=

LacyZ1&(2004)& CMG22] VWA A (von Willebrand factor A)e] 7%= 4l
H B CMG29F PAREE] sk s dAstgitt o5 200 pMell A CMG29 PAZE]
detatgol 7 & dojykom o] mgk ghAlwt 549 XA AL tiE AFE T3
St

Santellis (2004)°¢] Anthrax toxin receptor(ATR)S] TEMS8¥ CMG2E T+x4|
2 719 Ak o]5S SFAEWRE LE9 EF7F £017F7] $lste] WA PA7E A3
o] TEMBY CMG2d ZAE< 6‘}"’ LF9} EFE AXUz Eo7H weth o
PASF CMG29] ZgHd st o T3 2™ anthrax anti-toxin®l w3
o] Ay Al A5 %% = T OJ\E TRTS ATk

AAN7A A ] o B A ALR Ao T B =] e Ae] Apdolth
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