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YeasAHO|A MEK1 &8} CHYE 28 3 Lethal Factor &M HZE
3 = . 52 ophdal - Bl TEA . UEAD . gRY

HALE A7

FSe oI DIME VISH,

Anthrax lethal toxin BH# ¥ 2] XA Qlo] =& F40]w, Lethal toxine ¥ £/ @2 PA (Protective
antigen)-?—]- LF (lethal factor) 2 74 5 o] At} PAE Al E E9 9] 44 o} A 3sle] LFS A EA k22 0] F A

= 98-S 3 LFE 35 o] 2@Zn*) 9 &4 ‘4“-1173 7}e83] £4 24 MKKs [MAPK (mitogen-activated
protem kinase) kinases] % & ¥ 73-»] olu|x Wit BB Addle] YA AN EE HLO02 FE3= Aoz &
A ik £ dFo| A& LFe b3 54 B4 2 A A] 7)ol #3F d7Z $]3) cell-based high-throughtput
screens 7l ¢e]] A3 F o] of 3}= 7| 2 AR E UP% sted 2 F4 o] 1tk o] & 3t LFS] At e Ao] 5= 7]
A ol MEK1E yeast ol A FA] HHA|A LFS A& A F3lg ok WA E2 (Saccharomyces cerevisine) S 55
2 3} LFS] 7]d 9] MEK1 3 vectorS 7531913 755 W system< 7| 222 LF S-S A% 3px
yeaste ?'%Zr_]aﬂ_%ﬁ']-cr] plasmid®] M A d MEK1 & 21¢] 24& d LFe|| ¢]3k MEK1 of#| =hehe] At 49
Z Felslgch £ :IL—- M EY A F system £ 2] 7124 A8 E A T8G9 21, yeast] ] MEK1'ZH3 -2 HA]
‘ﬂ-'] AsfA AE A, 3 A AFS AA NN 2EEH o], kA o2 & dE 7HeA S vEhl .
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LFE 2% X5 Bacillus anthracis T30 &8l #4110 A1A, MKK-MAPK7} Z338HA] AF=HES $Hh(19-22). LFY A
A= 37FA 54 99 A (protective antigen, PA 83 kDa; lethal e AAZEA] A W 4, 23} AbE T thdsE Als g
factor, LF 90 kDa; edema factor, EF 89 kDa) 7}%-t] sPU=ZA ZAsk= MKKs A g dE59] o Tt B9E At
B 549 7Y F8% 842 dEA Th(1s, 16, 18). LeTx sted 9] T MAPKS] EA331E AAITHo =M Tt A2

T A%S 3l UA &2 LF & PA F 719 factorZ T+ S freshs slo® F49n) olE opv|e Uk §.9j0] 4
AHc) pA7} ME EHe] 483 =, “anthrax toxin receptor @2 319 24 Aol A4S At AN AE AEA
(ATR)”9} Z3314 furin AlGe] ©A 7l aiof o3| wgo] Al APEH FEE o2 IR ATk, 10). B
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ol =k 20 kDa (PA20)°] ATHE 63 kDa (PA63)S heptamer U3 -3 WPHol e 21438 7] Adke)| w2 X84 Foi9} 7+
& oFA @ F LE/t Ag3tA Brh4, 6, 13, 14, 17). o|ZA & 9 Al g AR 8 Fol AREE 5 o |
ZTE 54 TPANELS AXWE E7HA 1 FA o) gk g4 A} F9l9] A AEI7} 2~604 = Ho] 27
endosome FE|ZH LFE AM|EZE 2o 2 o]F /\]7] ez & Zcto] v o1, SA7F YERES wie olv] A5 Jgo] §l

#A Tt LF= a5012(Zn™) o|&2 thid 7leis)] 842
A mitogen-activated protein kinase kinases (MKKs) F&e] &
o] 7142 d#A Ark2, 7, 9, 10, 15, 21). MKKs:= 21413}
=0l MAPKsE 5ol o2 843 Al7]=t MKKse ¥4

o] =& AAES 7}{15}(11). wahd, B A= LR 71AR
Z 427 MEKI1S &5 oA LFe} SAEE Ajzlo=xn
wE TR 40 AlE ) 24 HA system 7] Y&
225 vlEsgon, B A3 Z9E B9 &5 oA wdE

A B wkg3l AE dAde] 24 93s g Aoz I —’F Ne 7127 7R 84 7] AFol fa wEA 3
&4 Ark16). MEK1Z} MEK2E ERK1Z} ERK2 MAPKs®) T ks 7FsAS AlA] dhara) gk

¥&olH, MKK39} MKK6E p38 MAP kinases®] 3E2Zjo]il

MKK4$9} MKK72 MAP kinases®] 3}$]¢]1 INK (c-Jun N- M= ol g

terminal kinase)2] & o] H} LFol| 93k A H-9]= MKK
Sz 150 53 WEe) MAPKS 45 A850] B

AMEEF H HiX|
)= D-site (MAPK-docking site) SHYJo] 813 #] ). o] 5]

Wre &3 8 X(Saccharomyces cerevisiae)= AH109 (MATa,
112, wra3-52, his3-200, galdA, gal80A, LYS2,

2=

T

=
=

docking sites= MKK Z7F ©@41¢1 MAPKE] Q12k38lE &3
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trp1-901, leu2-3,
GALIl,,-GALl,,,-His3, MELI  GAL2,,-GAL2,,,,-ADE2,
URA3 MELI,,-MELL,,  -lacZ)E AF&-3}3 3, axo] b uj
A2+ YPDA (Difco peptone, yeast extract, dextrose, 0.2%
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adenine hemisulfate. Clontech Co., USA)HjX], A& wjx] 2=
SD (yeast nitrogen base without amino acids)S AFE-3}t}h &
£ 30°CA] 200rpm 22 ODy,= 0.7-0.87hA] v Fgom,
plasmid DNAQ] ZZo&= )3t #5<¢) DH5aZ ©]-&3F9itt
DH509] €7 WX 2+ Luria-Bertani (Bacto-tryptone, Bacto-
yeast extract, NaChEA|E AFE-33 Z& v 7] (Hanback
Scientific Co., Korea)*lA] 37°CllA] 180 rpm & OD,,= 0.7-
0.87kA] ui st aAct.

2 93 vector® % (pGADT7-MEK1)

AW YoM gld wS 9)31e] yeast two-hybridol] A&
£ MATCHMAKER vector (Clontech Co., USA)S! pGADT7
(8.0 kb) vectors- ©]-&-3oH, MEK1 F%2} (1.2 kbys &
7] 93k pGEX-2Tol| oJu] MEKIFHAAIE S22 F vectors
o] &3t F2dS 8o|3HA Al primer 5-UE Z}ztol A|Sh
B A2 AR Ndel} Sane] B71MES F-F5190) ol &
$38} primer (UP-MEKI) 5-AA C ATA TGA TGC CCA
AGA AGA AGC CGA CG -3' 3} primer (DN-MEKI) 5- AA
G TCG ACG ACG CCA GCA GCA TGG GIT GG -3' & &
238+93t}. 5% DMSO (Dimethyl Sulfoxide)’} g8 w3 -89
oA pre-denaturation 95°C 2%, denatration 95°C 45%, annealing
55°C 1%, extension 68°C 3%-< 3 @O 23lo] 2838702
PCR3}9I}. MEK1 PCR A ES FAIT & FZY vector?]
pGEM-T vector (Promega Co. USA)E ©o]&3le] =24 3
MEK19] 542 AHE v2] Ndeldt BamHl AEALE AE
S A = pGADT7 vector®} 1:3 moral ratioZ 432 3 A
3le] DH5a E. colidll 243 3199tk 218 2171 DH50E
S2AIA plasmidE =33 Hindlll, Ncol, Ndel/Sall A|FE A
A T Uehhs 32 d9 B 2 f3A 97 NEs 5

3l gkt

ol

Yeast Ui FHHX| 2! &M E

& vA= Burke et al. (5)°1A Al Fsh= WHE o]-831HL
™, yeast §& FH3H2 lithium acetate Wyl wel P33T
(12).

MEK1 CHYE 28 B LF 2dAE

SD/-Leu, SD/-Trp-Leu HiX|ol A 718 &2 A%E X pellet
S 70°col A FHF B9t HHE 5 37°COl A cracking buffer (8
M Urea, 5% SDS, 40 mM Tris-HCI; pH 6.8, 5 mM BME, 1
mM EDTA, 0.1 mM PMSF)ll o] &ajA171th. o} 7]9) glass
bead 80 ul Bl vortexE 24-7F T ¥ AAIZHE 70°ColA] 107
T YRE F 1,000 x goll A A4 FEE 1583 AR § S
BE 1.5ml tubedl] 2371t} 5% SDS sample bufferd] 2L 100
ColA 5EFE A & I FEE IS BEsk] 12%
SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, Mini-Protein 11 electrophoresis, gel thickness 1.5 mm,
Bio-Rad, USA) 140 V& 7|95 393, A7]g%50] B gel
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9] GAS NC (nitrocellulose) membrane2.Z blotting (Mini
Trans-Blot Transfer Cell, Bio-Rad, USA)S 30 VZ 124|171 o]F
3Tk 2% BSAZ 1A]7F 59 blocking Fom, R WA
MEKI (anti-MEK1 antibody) 3412 1A13F B¢t Ao 9
3, F WA FAQ anti-rabbit IgG (HRP conjugate)s 1A &
St WHSAIAHTE. NC membraneo]] F-2+E MEK1 @23} LFd|
o3 Z¥ MEK1Y Ae-§-8 ®7] 93] ECL-plus reagent
(Amersham Bioscience, USA)Z %3, X-ray film (Agfa,
Belgium)oll 2037+ =&3l] #Es1ic).

Zn 9 &

Yeast L cell-based assay system2| TRIE I8t MEK1 2

& vector?| 7% (pGADT7-MEK]1)

20} 8 W (Saccharomyces cerevisiaeys 2 S. 2 protein-protein
interaction®]] 3k oJ& A7} yeast two-hybrid system®] =
o= AlgElo] @31 o A VR a0 AAIA A
dhof] Q3 cell-based assay systeme] £ Qo= Be &
o AgY A7} Hof UA| &2 dHlolt). e AAA A
< SEiME 71E9 it FEe $E EAES wiAsiAe
telm, X 5A W] 1 aE AS HEiAE the] FR
EAES Adetet oA HA3 H system®] E{o] AlEE
Aot} 2 AFoMe e AAF 5421 LR 71A= 2
&A= MEKIS yeastol]l THEA]A cell based assay system
9] =& &o|dHAl dtaAF pGADT7 vectors ©]-8-3}%Th
pGADT7 vector in vivo protein interaction AZoA F=2 A}
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Fig. 1. Schematic diagram for MEK1 expression vector (pGADT7-
MEKT1). 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
u ori. Trpl), respectively. The constructed plasmid produces MEK 1
as a N-terminal HA-tag fusion protein, of which expected molecular
weight is about 80 kDa.
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2%+ yeast two-hybrid system®] &5 S vectorZ4 &2 T
wdo] olmi Wk R0 GAL4 DNA activation domain
(GAL4 AD)?] &3 ez A2FETH(1). MEKI F+32K1.2 kb)
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Fig. 2. Confirmation of stable yeast cell line expressing MEK1 &
cleavage by LF. The plasmid encoding (pGADT7-MEK1) 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-
MEK1) was stably maintained in the transformed yeast cell line. The
purified plasmid (Lane 1, the cloning vector pPGADT7 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 (P GADT7-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-MEKI1) of MEK1 were determined by immunoblotting
using anti-MEK1 (C-terminus, 200 ng/ml) antibody.

Expression of fusion MEK1 and verification of LF activity in yeast 197

= pGEX-2T vectorol| 4] ©]v] BHE DNAE F=3} PCRES
Eote] SR F Ndel 2 Sall Aol AFAEFATHPGADT7-
MEKI, Fig. 1). 34} 9471442 DNA 9714 4 53}
of gRlglom, o= F3A AW A71E Hindlll, Neol,
Ndel/Sall®] A|g-A A AE]E B3l &1L DNA G7IAE 4]
< &3l AERI sk Th(data not shown).

Yeast (Saccharomyces cerevisiae, AH109) L MEK12| &
% LFo| 2|8t &4 HS

ClontechA}2] standard protocolol] W2 &A% Hlw
o 89 ¥ pGADT7-MEKI vectorS yeast (AH109)]
A% A 5 FE A H yeastS F135)7] Y3l A9 wix|
SD/-Leu Aol A yeast T-A 52 E5F o1, LFo] o3+ At
WS- 3el5}y] el o|n] pGBKT7DBD-LF vector®2 &2 A
2k 9 yeast (1)9] THA] pGADT7-MEK]1 vectorS B2A% 11,
SD/-Trp-Leu HiA|GA 5 H Ao A= MEK1S] && &<l
3} L] o5 2435 HF3l7] flsl] FE xS yeasts w3t
PCR % western blotg 53l AT} Yeaste] F-HAS F=3}
o F24d AFE-E MEK1Y] primerE ©]-&3] PCR3 A}
MEK19] 322 18I thFig. 2A). =3 LF @do] &%
WellAl MEK13} So]# o2 248 714 MEK19] opw|= 2tk
S Adsl=A] gRIshy] Y3l 2HAF H yeaste] HA| A
S B H, FeE 9ids dr|9sska LA ke
o]-8-3F western blot WHE ©]&3] &<l 3+ ZAI} activation
domain?} &8 MEK1 @280 kDa)e] o}v|i= @eto] LFoj
o] At @ AMES WA Hye] F7)(62 kDa)yE T3l El
g UATKFig. 2B).

LFE A3l 4 &= X8A Mol 4] =Hojof g &
A1-ollA] LF X]8A high-throughtput screens 7132 =U3}ed,
TR BS9S] 3xE]F cell-based assay system A HZHPH
ol M= A2 XEA AS 2L 84 FxyE et
719 o] Ao A= LR &4 AF ol a5 oA 7k
2 Utk 7Fe S AAseE®, ax A AsiAl A
Z s e e VR ARE AT st waE o]
=

-

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

Major Substrate of LeTx
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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,
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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.



