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Zhradl B4 B I a3 o] 4d 55 ¢|&E8 35F 2% AGOM Cat 2 5 mM
Mg). In vio 22 YE F3o AgrA] 21E Ho| gle A9 A¥gE =AU 2,6-Dimercapto-3,5-
diphenyl-thiopyran-4-one(FBS00831) 3} &2 2] ICw7} 100 uM ¢] AT}, I vive Aol A B A 317] $J5l<] FBS00831
#iE 4 B4 RAW 264.7 A EZE o] &5le] AR AR F5(125%) B DMSOE%) 25 AASIEY. In
vivo Al Al FBS00831-& tZF o & ARe-®l gzl 7l Be) 4 A2 <e3) GI\-IGOOI(SO"/ E-20yo]| w)
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ZHO: A9, X AR A 2 6-Dimercapto-3,5-diphenyl-thiopyran-4-one, in vitro and in vive 28]

ABSTRACT. A chemical library was screened for inhibition of lethal factor (LF), one of anthrax toxin, by in vino
and in vivo analysis. Lethal factor has proteolytic activity to cleave MEK] protein. This proteolytic activity was used
for in vitro screening of chemicals by using GST-MEKI] as a substrate of lethal factor. The optimum metal ion con-
centrations for high proteolvtic activity of LF were 50 M Ca™and 5 mM Mg™. 2,6-Dimercapto-3,5-diphenyl-thiopyran-
4-one (FBSOD831) was a strong inhibitor of LF and showed ICs, = 100 M by in vito anmalysis. RAW 264.7 cell line and
DMSO concentrations were established to 12.5% and 4% respectively. After ieatment with protective antigen, lethal factor
was endocytosed into RAW 264.7 cells, which were teated by FBS00831 for in vivo assay. 1.2 mM FBS00831 recovered
67% cell viability as compare to 80% recovery by GM6001 (known metalloprotease uhibitor) at 0.4 mM concenuation.
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Invivo 32 A 5k 96 well platecl] RAW
2647 AZFE 147k ook 3 7 B EES 1.2 mM
4 FEZ 1ARFEE Hestdeh 12413 & LeTxE

=% 37319 2 HUES LF T4 A5 29 2
Asteieh, o2t B3 A2l o Ale) DVSO
& 598 2R02 H2stel wjefeiny

AW DY

In vitro LF THYE Tl S5l & HH

LF, PA, 3 GST-MEK1& 77} 6HIS tag B GST
tags fusion A|A 22|, AH| ko] vkl 1 LG 7
7+ 5 mg, 3 mg, P 2.7 mg dYrhdata not shown).
1A M2 LR 24 23S St Az 9
A IdFIHE GST-MEKIE 7| AR 3o izl
k23 S AAsAcL Fig 1914 = vlet
Zo] 0.25 pgd LF= ARE-3te 1 ugd GST-MEK9
AxHS SDS-PAGE A7|9E & £33t &elstgick
SDS-PAGE 317] 94 %°] B & size makerd A3

<«— LF, ~90kDs

4— GST-MEX1, ~72kDa

Fragmented GST-MEK1, ~44kDa

Fig. 1. SDS-PAGE analysis of m vitro proteolytic activity assay of recombinant LF and GST-MEKI. The reaction was per-
formed in the buffer contaiming 25 mM Hepes pH 7.4, 1| mM DTT, 10% glycerol, 50 pM CaCle, and 5 mM MgCl at 37 °C
for ndicated time. The reaction was terminated by adding 5 pl of 5x SDS/loading buffer and boiling for 5 min. Lane 1, size
marker: 2, LF reaction with GST-MEK] for 0 min: 3, LF reaction with GST-MEK for 30 min; 4, LF reaction with GST-MEK1

for 30 mm with GM 6001,
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lanell= £ 37}A|8] A bandE HE ¥ 4
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bande LFe]x F HAIE 4|5k bande A%t
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(Fig. 1) Fig. 12] lane 2-4°4] 2] ZA¥+= LF8}
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d#H A glok™ ulely 27] kel FEE] Ca,
Mg™, % ZnteE 5 T E£3te vhgof A7)
sto] LF & 84& 483tseh(Fig. 2, 3). Fig. 2

GST-MEK1S 02 53 ¥k A7l Zde]x, 34, 4 A B wpe} o] Fo) 250 gl A A v

HE 30 F<H N5 A7l ZFelrt Lane 3904 o2 EAtle 27 dtellAe LFY #4e] e
GST-MEK 1] band = LF | 23 23 foj#]x A ZASE lAvk 2% 2] of 2% 2l9dr) Lane 5,6
Tk %] MEKI band€ &3l ¥ 4= 2ol 3413 lane HEe Mgto] H2Hl 2ALF A GM6001¢] &3}
492 GST-MEK|#] Ak ghg-o] A% LF 234 © 2% 297 ¢4 274 FEd LFY &
dojuis Zg #1l317] Hste] dzFos AR AE Bont aMeooldl 43t LFY A7t =3

7)) B1® LF 84 AAHE 422 GM6e001] g S A2+ Ak Lane 7,89 % 109
¥k8 249 LFe] 4] A=) GST-MEKI & 77t Cat B Zn) XB)H 2 AL A Catte] A
band”} ZWE el 2le AL Y ¢ U} o] $= GM6001¢) &3 LFE] B4 S 4% 317
&} 2 A AW LFE GST-MEK] T £33, Zn*e ZA$ele LF wlde] 84 A

LF, ~S0kDa
GST-MEK1, ~72kDa

Fig. 2. SDS-PAGE analysis of metal jon eftect on #7 vino LF activity. The reaction was performed mn the buffer contaiming 23
mM Hepes pH 7.4, | mM DTT, 10% glycerol, and the indicated metal jons at 37 °C for 0 or 30 min (Concentration of metal
jons: Zn™", 30 M of ZnCly; Ca™, 50 M of CaCl:: Mg, 5 mM of MgCls). The reaction was terminated by adding 5 pl of 5x
SDS/loading buffer, followed by boiling for 3 min. Twenty 1 of sample was resolved on 12% SDS/PAGE. Lane 1, size marker;
2, LF reaction with GST-MEK for 0 mun; Reaction in the absence of metal ion: 3, with GM 6001 and 4, without GM 6001:
Reaction in the presence of MgCl-: 5, with GM 6001 and 6, without GM 6001 7 and 8, CaCl. with or without GM 6001; 9
and 10, ZnCl with or without GM 6001.

LF, ~90k0a
GSTMEK1, ~72kDa

Fig. 3. SDS-PAGE analysis of mixed metal jons effect on in vitro LF activity. Three conditions of mixed metal ions group. ZnCl/
MgCh, CaCliMzCl, and ZnClCaCl;, were tested with or without GM 6001. The reaction was performed in the buffer con-
taining 25 mM Hepes, pH 7.4, 1 mM DTT, 10% glycerol and the indicated metal jons at 37 “C for 0 or 30 min (Concentration
of metal ions: Zn° , 50 pM of ZnCl: Ca™, 50 uM of CaCl: Mg™', 5 mM of MgzCh). The reaction was terminated by adding
5 pl of 5x SDS/loading buffer, followed by a boiling for 5 min. Twenty ul of sample was resolved on 12% SDS/PAGE.
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MEK1 At 235 &3t 23t £ 48708 AtE
5 20E4 3H3HE=] LF 84 A3l €] 713 =7
viebgict, Fig. 42 BHA T laned] W2 TR A3l
GM6001 2] Z23he} 8] 2 3P-E- o], SDS-PAGE ll4| GST-
MEK14 band intensitys FokARE o] = A% GST-
MEK1¥ band7} &3 3= o2 Hol LFY thy
A FheEl #A4e] Azl sglvke S o £+ drk
H]% 20E4 3HHES] LF 24 dAe] B =7} WAk
ol APe| AE5 20E4 EES ¥l B
& 3] puriy S35 B3 EAE Y2
2By o HFEET B2 E P 9 o= A=
LF &4 Al &4o] grtn Azts]o|z|n] 2} F 3}
o] F 24 5 I3t LF 24 Al 2l
AN EEFR 4] ° o Slejx A=t 3gHE
LA 3 RS I 557 3] =9
slojA == 33 AelE 3bd 2g2 3
o= k= A 22 F-3]2] DMSOE 371314 DMSO
& Gz Zho] Eldtofof et Fig. 5ol d¥
% 20E4 FFES LFo T=H2 A A4F 27
£ Yehigiet o] 2 §i3te oA dF R DMSO
€ 72 FHEE A3t DMSOd| Wit d¥F=
F Aol APt

Fig. 54 20E4 BHEE £5HE HeEsle 4
25 A A A0 H$EY R wWE

20E4  19F6 19012 19B12 17D10 19F12 20B10 20E3

24E11  44H12  28B6  24F8

LF, ~30kDa
GST-MEK1, ~72kDa

21B4 36B12 306G

LF, ~30kDa
GST-MEK1, ~72kDa

Fig. 4. SDS-PAGE analysis of chemical screening for inhibition of LF activity. Total 48 chemicals were analyzed n vitro, Each
lanes represent the chemical mumber and 0/30 represent the incubation time. The reaction was perfonned as described in mate-
rials and methods. The arrow represents the chemical which shows inhubition of LF activity.
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GET.MEA1, ~7X0a

Fig. 5. SDS-PAGI: analysis of concemration dependent inhibition of LIF activity by 2014 and the effect of DMSO concentration
on LI" activity.
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£ LF g7 e] pand?| AelAlE S BR € e RS 9 Lr 24 g AdS Alss]sld]
2, °l-‘- DMSQ uff iof] whlal A xlo] nkAd (data not shown). ©|%& FBS00831(Fig. 9) 3}3HEo]
sloiv), &3k 2084 sfghE 2] w7 7] shaA] LF LI 24 oA o] 9lE-5 oF = ] whefA
2] #Ado l oS ZhAadhe & & 9= A3y o= o] S wRHR FE 3o o] gle &
LF=] $HAde] 2004 ol o5 Aol <Al 712} 714 band Er 100% 5. 3l °F ICs 3 73]
cpAl g EElE ZAate|ut o] AE R 6 Sehrig 6} FYES] 1C 32 #AYE v F

o 2004 3)5Ee A Sval) 52 FEELe-E 7} 81wl A 712 Al el GSI-MLEK T 2] band intensity

2)F|5)e] H3 ol & 4714 2] F3hE FLAE in 2 2A5)e] 2F 100 M2 1Cq 22 781k o 10,
vitrool| A 4181-& Zsia]o] 17}2]2] &} (FBS0083 1) e glaaaal GMO0012] 45 pM 1Cs, #kell Blsl <

8 9 10 11 12 13

] . LF, ~30kDa

| «— GST-MEK1, ~72kDa

Fig. 6. SDS-PAGE analysis of coneentration dependent inhibition of LE activity by FRSDOUS31. Tane 1. LF reaction with GS'I-
MEKT1 for ¢ min; lane 2, LF reaction with GST-MEK 1 tor 30 min; lane 3~13, LF rcaction with GET-MEK for 30 min, with
FBSOOR3T in the range of 830 uM-~0.4 pM.
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bated for 24 hours and treated with MTT for cell viability at indicated concentration of cell (A). Cytoloxicity of DMSO 1o cells
were measured at various DMSO concentrations (B).
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Fig. 9. Chemical structure of 2.6-Dimercapte-3.3-diphenyl-
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