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YeastHOIM MEK1 28t S W8 2 Lethal Factor 24 ZHE
HaE - LW - AEAY - G - BE - HaQ! - TEA . UEA . pRY
Bitsin shetn), =M SEr oIl DIME V(SH, TARE 7

Anthrax lethal toxing €tA¥ o] Al4lele] H = EAoln, Lethal toxin® ¥ F72] 943 PA (Protective
antigen)3} LF (lethal factor) 2. F-A H o] Ao} PAL A X 0] $4-4] 9} A3} LFE M XA 22 o] FA

A FE 4L T LFE 35

o] &(Zn*) 9| &4 il A 7}4R#) A2 A MKKs [MAPK (mitogen-activated

protein kinase) kinases] & ©Hi] A 9] oju] i Wt R-H L A }slo] Y HEE FF22 fEHE= AR Y
A Qo £ dFo A LFo] A& E4 24 gl A4 Aol #al 475 $13] cell-based high-throughtput
screens 7 'ito]] A 8] 5 o] of 3} 7|2 A2 B vl sl=d] 1 E-3 o] glc}. o] & 98l LFS] At o o] H=7)
A ol MEK1%E yeast] o] A F-A] S8 A1 A LFS] A4 2 AFstelvh WA B (Saccharomyces cerevisineyg 55
2 3o LF9] 7] ¢l MEK1 28 vectorE 53152 754 4 system 7| €22 LF ¥4 & 35 34
yeastel] 824 §31e] plasmid®] A R MEK1 f-H#}1€] i3 gl LFe] €] MEK1 o}n| =gehe] Ak 3¢
£ a3y}l £ d 7= A EY A Fsystem £Y 9] 7|24 AR E A F819] 21, yeast] ] MEKI'E -2 ghA
ol A AE g, 4 2 AFL AANA THEH o], etAA o2 & § e 7154 S Ve g
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LF= 12 kAT Bacillus anthracis 750 €3] #n)%] o]
A= 37MA F4 Sl A (protective antigen, PA 83 kDa; lethal
factor, LF 90 kDa; edema factor, EF 89 kDa) 7}t sht=4
B4 520 7P 83 o408 deA Jrhis, 16, 18). LeTx
1 A% skl A 22 LF 9 PA F /Y] factor2 T
AEh pA7E AR ¥ 9] =8A &, “anthrax toxin receptor
(ATR)"$} AFS1IA furin A DA sl Bl &3]
olmlz et 20 kDa (PA20)°] HHE 63 kDa (PA63) heptarmer
g oA @ H L} A% "ohd, 6, 13, 14, 17). ©|%A
Z%d Z4 FHAEL AZUE Eo/M Ha 1 A
endosome FEZH LFE M X4 PO olF A7|e A= &
#A Stk LFE S0l &(Zn™) 923 A 71523 a4
M mitogen-activated protein kinase kinases (MKKs) &9 &
o] 71d=2 ¥HA AUth?, 7, 9, 10, 15, 21). MKKsE Q4]
#AEo] MAPKsE 5o]3 o 843 A)7]=H MKKs=
4 B ¥hgEte A3 Aol 2l q9¥S ke JeE &
43 A Uth(16). MEK1¥ MEK2%E ERK1¥ ERK2 MAPKs®]
EZAoln, MKK39} MKK6< p38 MAP kinases®] A o)1,
MKK49} MKK7-& MAP kinases®] 3}9]91 INK (c-Jun N-
terminal kinase)®] o] B}l LRl 3 AT F9= MKK
il Ayl 5] 5% Al MAPKS) s AEEo &
= D-site (MAPK-docking site) Y] 834 Urh. ©]
docking sitest== MKK =7+ ©@4]9] MAPK®] I4telE &3
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AA, MKK-MAPK7} 331A 2= 52 34(19-22). LFe] A
G2 AR 7A AE Ul AR, 28} AFE T Tk 415 HE
£ 2Y3He MKKs Heh T dse) ofn)e o Rojg A
3o 319 ©hlm MAPKY] 435 dAge =M i AlxY
58 sk Aos FAHET o)E ofulx Tek 9o A
@ 39 23 A 43E AT EA s YA Y
wFo] AIFE APE3} AEE= Ao I ATH3E, 10). §A
i3k O Wl 243 27) gl o2 X84 Foo
A g8t FAkol thek AbAels 29 Fo] AR ¢ Yot H
ol 93 &A I FYHY B¢ FEI} 26082 Hof 27]
Zgko] w9 Py, TAVE YERES vl o]n] A8 &) §
o] ¥& AARES 7. ek, B d7E LRy 712
Z 4 A MEKIS 55 WollA] LR SAIELE AlFogxn o
A e B4 AE W 84 A4 system R V1%
AL AlEAsIg e, B AY A3E 53 &5 oA wdE
Qe 712 R 54 ke AFo] A whEA )

2 5 Qloke 7hs/de AA st g
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AL22F H Hix|

s &3 8 % (Saccharomyces cerevisiae)T AHI09 (MATa,
trp1-901, leu2-3, 112, ura3-52, his3-200, galdA, gal80A, LYS2,
GALl;,GALl,,-His3, MEL1  GAL2,GAL2,-ADE2,
URA3 MELI,-MELL,, -lacZ)5 A3} T, S22 b o]
A2+ YPDA (Difco peptone, yeast extract, dextrose, 0.2%
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adenine hemisulfate. Clontech Co., USA)H|X], A€ HjAZ&
SD (yeast nitrogen base without amino acids)S ARSI TH &
E= 30°Col Al 200rpm 22 ODgy = 0.7-0.87H%] Hl g o,
plasmid DNA2] ZZd= th3F 759 DH50E o|-&-3ksich.
DHS02] 97 Wi &= Luria-Bertani (Bacto-tryptone, Bacto-
yeast extract, NaC)HIX|S ARS-3n & ul 97| (Hanback
Scientific Co., Korea)?ll4] 37°Cel4] 180 pm 2 E OD,,= 0.7-
0.87HA] g3ttt

g8 &8 vector? & (pGADT7-MEKI)

HR oA vhia IHS 95l yeast two-hybridol] AR5
€ MATCHMAKER vector (Clontech Co., USA)%I pGADT7
(8.0 kb) vectorE ©]-&32m, MEKI A} HH(12 kbys &
7] 9181 pGEX-2Tel ©o]u] MEKI-FZHAE F2Y H vectorS
olg3td F2YS §ol5tA A} primer 5-HT Zhzhol] A)g
B Q1A AR Ndel# Salle] G714498& B3 ©&
$18te] primer (UP-MEK1) 5-AA C ATA TGA TGC CCA
AGA AGA AGC CGA CG -3' 3} primer (DN-MEK1) 5- AA
G TCG ACG ACG CCA GCA GCA TGG GIT GG -3' & &
4819tk 5% DMSO (Dimethyl Sulfoxide)”} 3HrE ¥hE- &
oA pre-denaturation 95°C 2%, denatration 95°C 453, annealing
55°C 18, extension 68°C 3#-% 3t 3| H O 23}la] 283|402
PCR3}4ITE. MEKI PCR AGES AR F 24 vectord]
pGEM-T vector (Promega Co., USA)S ©]&3&le F2Y 3
MEK19] 522} AHE v)g] Ndelst BamHI A|FEAE A2
T A = pGADT7 vector®} 1:3 moral ratio® 432 & 3
3lo] DH50 E. colidl 82343 514tt. 827438 A7) DHSaS
Z2AA plasmidE FF3}3L Hindlll, Neol, Ndel/Sall A|3+EZL
A F e A 29 24 E fA 4 NES B
3 Flaksdrt.

Yeast H{ Fuli K| 3 & =&t

ZE ¥R Burke et al. (5)°14 ATshe Y-S o] gL
o, yeast ¥ AL lithium acetate Hol wha} 438t H T
(12).

MEKI1 tHEE U3 3 LF #4343

SD/-Leu, SD/-Trp-Leu BiA|oll4] 71:& &4 2&d HX pellet
& -70°CANA BHE F< HE § 37°COl A cracking buffer (8
M Urea, 5% SDS, 40 mM Tris-HCl; pH 6.8, 5 mM BME, 1
mM EDTA, 0.1 mM PMSF)oll o] &3jA1zith. o}7]e] glass
bead 80l WAL vortexZ 28-7F F 3 AAgTE 70°CAlA] 10%
b ¥RE F 1,000x M €4 2EE 1583 AAE § 4
AS 1.5ml be] &3t} 5% SDS sample bufferoll ¥ 100
colA 53t Al & dAd 228 TS L83 12%
SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, Mini-Protein II electrophoresis, gel thickness 1.5 mm,
Bio-Rad, USA) 140 V& H7|9%5 8181, #7950 B gel
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9] @ AS NC (nitrocellulose) membrane .2 blotting (Mini
Trans-Blot Transfer Cell, Bio-Rad, USAYS 30 V& 1273t ©)&
3ttt 2% BSAE 1AIZF 59t blocking o™, A WA
MEK! (anti-MEK1 antibody) 335 14]17F < Lo B9
I, & HA A Q) anti-rabbit [gG (HRP conjugateys 177t 5
Qb ¥hE-AIZTE NC membranedl] 28 MEK1 T2} LFd|
ofsf =Y MEKIY Ehe-& B7] 3] ECL-plus reagent
(Amersham Bioscience, USA)Z Whg-, X-ay film (Agfa,
Belgium)°l] 2027t =23 #A3 AT}

23 % 7@
Yeast L cell-based assay system®| TRIE 2|8t MEK1 &
8 vector2] 7= (pGADT7-MEK1)

Z0VE 5 (Saccharomyces cerevisiaeys %419 2 protein-protein
interaction®l] 3+ B AT} yeast two-hybrid system®] =]
o2 AlgEo] @1 glou} vl yhpRa] aiko] AAA A
dholl 23t cell-based assay system2] EUoll sloiMs B £
o] A8 A7t o] A R Adefolct. 'Y AAA A
< fEiME 718y EE FES R EAES WARNAME
QtEH, A 8A e 1EET RIS AsiME thEke) TR
BAES Awsked oM #HAsg @ system®] E940] Al
Agoltt, & AFolXE SRR XAF 5421 LR 71EE &
dHA UE MEKIE yeasto] THAIA cell based assay system
9] =YL oA 3zl pGADTT vector: ©] 83153 th
pGADT7 vectore in vivo protein interaction Aol A FZ A}

2 Or P ADH1

GAL4 AD

Nde /
HA-Tag

pGADT7-MEK1/BD

9.6kb
Bamiti |

PUC oy

LEUZ ’

Fig. 1. Schematic diagram for MEK1 expression vector (pGADT7-
MEK]T). Rat full-length MEK1 cDNA was inserted into pGADT7-
MEKI1 at Ndel and BamHI site. This plasmid has two replication
origins, and selection markers for E. coli (pUC ori. Kan') and yeast (2
W ori. Trpl), respectively. The constructed plasmid produces MEK1
as a N-terminal HA-tag fusion protein, of which expected molecular
weight is about 80 kDa.
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£5+= yeast two-hybrid system®] &2 vectorZH =3 th
WA olmi Wik X0 GAL4A DNA activation domain
(GALA4 AD)®] &3 FEj= AJ2kEvh(1). MEK] 482H(1.2 kb)

MEK1
1.2kb

" e B0kDa

- +

Fig. 2. Confirmation of stable yeast cell line expressing MEK1 &
cleavage by LE The plasmid encoding (pGADT7-MEKI1) was
transformed into both yeast cell (AH109) and the cells pre-
transformed with pGBKT7ABD-LF (AH109 expressing LF), as
described in Materials and Methods. Cells were grown in the
selection media, SD/-Leu and SD/-Trp-Leu (Synthetic Dropout
medium supplemented with essential amino acids in the absence of
leucine and tryptophan) at 30°C for 2 days. (A) The plasmid was
purified from the cells to confirm whether the plasmid (pGADT7-
MEK]1) was stably maintained in the transformed yeast cell line. The
purified plasmid (Lane 1, the cloning vector pGADT7 without MEK 1
gene as a negative control; Lane 2, the plasmid (pGADT7-MEK1)
containing MEK1 gene as a positive control, Lane 3-4, purified
plasmids isolated from two independent yeast clones transformed
with (pGADT7-MEK1) were used as a template for PCR using a
MEKI1 specific primer set. PCR products were resolved on 1%
agarose gel-electrophoresis and stained with Et-Br. (B) Each cells
were lyzed in the cracking buffer containing 8 M urea and 5% SDS.
Cell extracts were resolved on 12% SDS/PAGE and transferred into
NC (Nitrocellulose) membrane. Expression(+, cell extracts from
AH109 transformed with pGADT7-MEK1) and cleavage (+, cell
extracts from AH109 transformed with both pGBKT7ABD-LF and
pGADT7-MEK1) of MEKI1 were determined by immunoblotting
using anti-MEK1 (C-terminus, 200 ng/ml) antibody.
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£ pGEX-2T vectoroll A ©jr] FH ¥ DNAE &3l PCRE
3] F13 H Ndel 2 Sall Aol 43 THpGADT-
MEK]1, Fig. 1). 42} €4714E82 DNA E71ME 848 53}
o gRIgon, dyse {1 AR AV)E Hindll, Neol,
Ndel/Sall®] A|FFEA A& T8 FIFPI DNA H7iME 4
£ 53 A& 3} Hdata not shown).

Yeast (Saccharomyces cerevisine, AH109) Lf MEK12| &8
% LFoll o8t &M HE

Clontech*l¥] standard protocolel] W& @A whiS =3}
o F2Y ¥ pGADT7-MEKI vectorZ yeast (AH109)°] 32
A Al F, P A8 H yeastE #1317 Yl Ad wjx|
SD/-Leu A4 yeast THES FS5F o, LR 93 At
RS- 5] 8] ©]u] pGBKTIDBD-LF vector® &2 A
3 © yeast (1)9] THA] pGADT7-MEK! vectorZ 32238 §)11,
SD/-Trp-Leu HIX|ell 4 B & Aol MEK1Y) 23 <)
7 LPl| &3 845 7153 A8l F2AE yeastE vl 431
PCR % western blotg 53} 2} Yeastd] F-AAS F&3}
of 224 AE-E MEKIS primers ©]-83] PCRS A3}
MEK19] -34Z &2 thFig. 24). B3 LF Tido] &%
Well X MEK1# Bo]3 o2 84S 714 MEK1S] opv|= oot
& AdskeA] 18] A3l HRAAE F yeastd] WA T
& 23 F, EeE wnEe AV |9ssln YEA es
0] 83t western blot BFHE o]8-3] 3ol 3 AR} activation
domain?} 8- MEK1 ¥ (80 kDa)2] o}v|= Ttho] LFd)
o) ddk | AHE Dld dHe =62 kDayE B3 F<
T UATH(Fig. 2B).

LFE AT 4 Ue ANEA 7fgo] £4A] Hojop &= &
Al Al LF X EA| high-throughtput screens 78S U8 ],
Zu BAEe] 148 cell-based assay system B4 ZASH
o] MEHN AL N8A HE 2 Y FEot gad
7]e] o] HAgollAE LFS] 84 #AF whio] 85 Wollx A
2 & dvke 7heAde AAEEeng, 2R oA AsiAl A
Z WS ML = e VIR AEE AT stk s o]
2}

ZAtel gt
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ABSTRACT : Expression of MEK1 Fusion Protein in Yeast for Developing Cell Based Assay System, a

Major Substrate of LeTx

Hyehyun Hwang', Joungmok Kim!, Kyoung-Jae Choi!, Haechul Park!, Hoeil Chung’,
Sung-Hwan Han', Bon-sung Koo? Joon-Shik Park’, and Moon-Young Yoon"* (‘Department
of Chemistry, College of Natural Sciences, Hanyang University, Seoul 133-791, Korea,
*Microbial Function Team, National Institute of Agricultural Biotechnology, RDA, Suwon 441-
707, Korea, °NANO Mechatronics Research Center, Korea Electronics Technology Institute,

Gyeonggi-do, 463-816, Korea)

Lethal toxin is a critical virulence factor of anthrax. It is composed two protein: protective antigen (PA) and
lethal factor (LF). PA binds to specific cell surface receptors and, forms a membrane channel that mediates entry
of LF into the cell. LF is a zinc-dependent metalloprotease, which cleaves MKKs [MAPK (mitogen-activated
protein kinase) kinases] at peptide bonds very close to their N-termini. In this study, we suggest application of
cell-based assays in the early phase of drug discovery, with a particular focus on the use of yeast cells. We con-
structed MEK1 expression system in yeast to determine LF activity and approached cell-based assay system to
screen inhibitors, in which the results covering the construction of LF-substrate in yeast expression vector,
expression, and LF-mediated proteolysis of substrate were described. These results could provided the basic steps
in design of cell-based assay system with the high efficiency, rapidly and easy way to screening of inhibitors.



