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AL AR Y V5ol Al ek 39 E8 02 Bacillus
anthracis o 918 ZA=+= WHolth Bacillus anthracise 18 9k
Ao SRR ¥AE 4T 5 e Yol oltas,
16, 18). 72 AAE FEL AAE HAY kRl =%
HAAY, 32 @ATe] TAE §US W s Ao @
Ao AE @FA e v Ae AFgHE sERE Qo]
20013 mlollx] Ay E Hielo] AESHA Fr124 A8-F 3T
(8). A EA ] A= 4 vl ol A o s]o] gt 2
Zte] Fdto] Ba|=HA] WolslA] F=d) o)e} FAlo] Hxu
of =ealA =i, IR o 2N ehATe] HAvl Hio g XA
Hrha).

BATS F 279 Z plasmidE 7HAEE pX019} pXO20]
). pXO2& phagocytosisell A 3+E 4= A& “poly-D-glutamic
acid capsule”® FAE F e FHAAE EAstar om(g,
14), pX0O1& 9)E49] protective antigen (PA; 83kDa), lethal
factor (LF; 87kDa), edema factor (EF; 90kDa)S A2FSHCK3, 9,
15, 19). °|& WAe] Hie SHHo=E HAdds vehd F
Aok 12iut pAS LEZF 23S “lethal toxin (LTx)" .8 2}
83151 PA9} EF7} Z2E31H “edema toxin (ETx)" 25 2§31}
. PAZ} A e] 9284 =, “anthrax toxin receptor (ATR)” <}
AEhd furin AL protease | 2]3] N-terminal®] 20kDa
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(PA20)°] A Sl PAS] 63kDa (PA63YS heptamerE: 07|
sjo} LF 32 EF/} AAde=s A rk, 10, 11, 17). o)¥
A 2FH 2FAES AZUE Bo7Al Hi L FA4
endosome HE7} Bk 54 STHAEL endosome oA PA
heptamer $+8) w2 pH YAl WE}F LF &= BF7} endosome®]
oS B8 AxA to g o)FdiA drk AXAd QFe g Soitt
EFt calcium-calmodulin 2|24 adenylate cyclase524 A2
Ulell M) cAMP B EE S7HAA F5E doT)A ks, 12).
LFE a4 (Zo*) o84 il Zheis] a4sM #A7HA] A
T A, B3k APE To] ohkdt AleAdgs 2Hse MAP
kinase kinase (MAPKKYS Addsl= Ao 2 By Fof Hr} o]
A M A E9] Neterminal F-915 Ahste] abe] Tzl MAP
kinase (MAPK)¢] 879815 Ao an tidHlxLe] 558
T3hs Ao FgEnt. ol ofnl T Kejo] AL 5t
§l 24 Aol EAsE Ao s As ddAe] wEkel
AFArE giEle Aos 2eA )Ithe, 21). PA, LE EF
A A B4 R ol 27, @9, 71E A AETA AR
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ol Padito] BEHOE FFolol s AO2 elA o
™, o7)e] L} BFE ©1% A48 A% B9t 3% 8
PSR Gork®), ofF Bao] Agel uet $g Fio] o
4ol we} ol AYS AsIak] AT P EDHO) PolH
o AZ7]Y, LF 52 EFF 85 290 e ofnl=t 4]
AGE olgske] LF 52 EFE HE RS 3AH0E AN
U PA7H BE ATR 584 FEIHE o]-g3k] pATH AZ
BE R PSSk oy PEse] a7Ea gdeken, 2o
PA%} BB B4l ot A2A i) BAE ATE A
Moz LFe] AT FYTE Pehshes g Pue Bk, &
Aol ZGHD RV} 27, Fo] FFIWARE L} A
el B92 77 744 oIS B gkl 2a¥h T
27000 WPAHIS WA RAKA o] oyl &
H7} whs Aol dEALE Al ol2A s ARH
LFe] A4 A8l BE F30] RFolAo} & Rojrk. et
W] { A Al Bt R Aol 2R
B 0 ekl 28A ot Jebgo] o}z A
97 B3 gie Agolth. TuE Sk B4 AN, A
sl BPSel EFoE LA o} hgele] UE
#%0) oba7kA] olelg Agele.

W AFe LRl A B A2 AL Aste] BA
1A ERAA LR B8 A2Ee TEstaA stk ol
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A5t yeast® HFEF LEH vectorE ©]831] LFE 4%

5
F3 vector® 1530 S A yeastdolA] LR LA
! AL 3-E FelEtdrt,

5 1z do

A
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ALEZ S % HiX|

WHESTZ & B (Saccharomyces cerevisiaey= AH109 (MATa,
tpl-901, leu2-3, 112, ura3-52, his3-200, gal4A, gal80A, LYS2,
GAL1,,-GALl,,,-His3, MEL1 GAL2;,,GAL2,.,-ADE2,
URA3 MELI1,-MELL,,,-lacZ)E AME-3191a1, ERe] ehxle) ]
< YPDA (Difco peptone, Yeast extract, dextrose 0.2%
adenine hemisulfate. Clontech Co., USA)HIX], A& x|2= SD
(Yeast nitrogen base without amino acids)E ©]-23lHth EE=
30°ColA] 200 rpm. &2 ODg= 0.7~0.871A ®lFPom,
plasmid DNA 9] SZoll& g 352 DH5aE ©-23l%th
DH50.] €388 A] Luria-Bertani (Bacto-tryptone, Bacto-yeast
extract, NaCDHRAI & ©]-8-3t 1, & s Fr]ellA 37°Cl| A
180rpm S & OD,y= 0.7 ~ 0.87}17] H| &3}

22 U# vector?| 7% (pGBKT7ABD)

AR ol wd e )3t Yeast Tow-hybridol] AM&-
%= MATCHMAKER vector (CLONTECH Co., USA)?]
pGBKT7 (7.3 kb)2] vectorE HH3HIT vectort) A3l
genetic element [GAL4 DNA-binding domain (762-1202, 440
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IS AASAE ©1E 93t PCRS ©]-83F Quik-change
mutagenic PCR kit (Stratagene Co,. USA)S] *PH-& AME3I3L
w, 71&2] BD A9 Bgl I AlRkEs 14 AElE d9= ¥
ool AANGEA 14402 FASAT. o1& At primer
(UP-BD): 5- AA AGA TCT CTT TCA GGA GGC TTG-3,
(DN-BD) 5- AA AGA TCT CCG GAA TTT GTA ATG CGA-
38 FAedth 5% DMSOZF iE whE-EolA pre-
denaturation 95°C 23, denatration 95°C 453, annealing 55°C 1
B, extension 68°C 328 3 3lHoZ &l 2554 PCR ¥h&
% Dpn 1 E4AHE £3589 template DNA (pGBKT7)= 1A
3 5 DH50 E. coli o] 2% st4ch LBEiA soowE 3
7¥ated 37°Col Al 200rpm 45% FH3L 50 pg®] kanamycin ©]
H7bE wiRol| =erste] QA AZ Y B2 AE 271 DHSa
= ZAAA plasmidE FE8}9], Bgl 11 Agkah A2 & 2+
A 3 H FH1x AriEE B3 sk

Lethal factor 22 3 & X E (pGBKT7ABD/LF)

LES] fAAHe 471 $5te] LFY] precursor 25 A 2fgh
LF2} 9714498 Bacillus anthracis sterne 7572] genomic DNA
g F3¥o=2 3} primer (UP-LF): 5-AA GAG CTC GGG
ATC CGT GCG GGC GGI CAT GGT -3, (DN-LF): 5- AAG
GIC GAC TTA TGA GIT AAT AAT GAA CTT AAT CTG-3'
£ ol g3l FE3Y. §29S 8olatl d1alA primerd
2zt AEL AAAEE 5-(BamHI): reverse 3-(Sal D] &
71:8-& 2319t DNA £Z7|5 o831 pre-denatura-tion
95°C 2%-, denatration 95°C 453, annealing 55°C 132, extension
68°C 32-& 3 F712 814 253] FFAZ F BamHIF Sall A
SaAae A § oln] BamHI 3 Sall ASGEAR AUs| ¥
£ pGBKTIABD vectordll F2 31T} (pGBKT7ABD/LEF).

Yeast L0 A 2] & &E

HAAZ 42 CLONTECHIA #)33= YEASTMAKER
yeast transformation protocol& ©|-83}9 T} WA yeastE YPDA
H] 2] 50 mloli Al 200 pm, 30°Col A OD,,=04 ~ 0.67hA] vl
F 1,000x g2 52 B2 94 B8 cell & B2 H S
2 v SFHFE A HoE o T cells B3I oY)
o 1X TE (10mM Tris-HCl, 1mM EDTA, pH 7.5V/1X LiAc
(100 mM lithium acetate) 1.5ml F7}3+] competent cell& &
=Pt} DNA 100ng¥} herring testes carrier DNA 100 ugS 4]
o & Zn|3 100u12] yeast competent cell 4 ATt PEG/
LiAc (40% PEG4000, 1X TE buffer, 1X LiAcy39-& 0.6 mig
a1 30°Col A 3027F 200rpm HE H|FSE H 70 we] DMSOE
Y Aok 42°Col A 1587 € FHE T3, deoll 128 2
o}tk YARTYZR celld & FH AFHL WYL IX TE
0.5 m FA7sle] 402 o2 SD/-Trp platedl =230t A&
B2 A £RE 53] SDATp HAAA] 30°CAA
0Dy, = 0.7 ~ 0.87+4] 200rpm ©.2 R Wi S3I3ict.
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Lethal factor & 9| =& 9! Western-blot analysis

CLONTECH Co.,%|4 &3~ YEASTMAKER Yeast protein
extract protocol -8 o] 8-8}53th. SD/ATip Wi R|el|A] 7L 3
FARE yeast®] pelletd FFHE -70°Col A AT HE9ch.
37°ColAl =591 & Cracking buffer (8M Urea, 5% SDS, 40 mM
Tris-HCI, pH6.8, SmM BME, 1mM EDTA, 0.1 mM PMSF)ol|
2ol yeastE -E3NAZT} Glass bead 80 ul ¥ vortexS 287+
F ¥ AABIRTE 70°CAlA 1087 HE 5 1,000 X gl A 9
AETE 1583 AAF F AFAE 15 ml wbeoll &) 5X
SDS sample buffer® 3 100°CelA] 5% ¥E ¥ F2AgH
yeast®] TilAd FHE AL EIdo] 10% SDS-PAGE
(Sodium dodecy! sulfate-polyacrylamide gel electrophoresis, Mini-
Protein I electrophoresis, gel thickness 1.5 mm, Bio-Rad, USA)
140VE H719%E SR, A719%50] B gelo] @l dS NC
membrane (nitrocellulose)ol| ] Blotting (Mini Trans-Blot Transfer
Cell, Bio-Rad, USAYS 30VE 12413k ©5319aL, 2% BSAE 1
AlZFELE blocking F1.0™, A WA c-myc antibodyE 241752
F&oA B3, FHA A9 anti-Rabbit IgG (HRP conjugate)
E AR < ¥ESAIATE NC membranes] H2Hg vhill 2 5-9)
AYSE H7) 98] ECL-plus reagent (Amersham Co., USA)
2 ¥kE, X-ray Filmol =&3}e] #2319},

Lethal factor THHZ J|==35l MY

FAHEE yeastES SD/-Trp HIX| A HEmok & A ETE &5
33t 5 lysis buffer (20 mM Tiis, pH7.4, 150 mM NaCl, 0.2%
Triton X-100, 1 mM EDTA, 1 mM DTT)ol #EA|713L 28x
7114 1033 9HSAI AT ukS-2-90) glass beadE ol 5
E2F vortex¥5] 14,000 pmoll A A3} AFFelS At
A 2% 05mgd 2pg c-mye antibody, 20 ul proteinA-
Sepharose (50% slurry)& " olEH 4°CollA] 241759t whe-3t
5 lysis buffer & ©]83}d 53] AFsle] LEE AA8kHc) vt
& 71AE 423 MEK1 (Mitogen-activated protein kinase kinasel)
€ ohule dtte] GST/F §FE HelE Erisidy. dhla 7}
T3 84 dAHE Y5k Immunoprecipitaions -3k A3k
LFE 1 mM 1, 10-phenanthroline (3-& 22 %] DMSO)E 2
o]FEo] 37°CollA] 1583 AHkg- 5 7)1de ksl gl vk
€ (25mM phosphate buffer, pH 7.4, 20mM NaCl, 1 mM
DTT, 0.1 mM ZnCl,, 0.1 mM CaCl,, 10 mM MgCl,, 10% glycerol,
1pg GST-MEK)3PI A 37°Coll A 308-7F vS-A)A T 5X SDS/
PAGE sample bufferS ¥o] ¥Fg-S FA35la2 95°Cel A 583k
#% 5 12% SDS/PAGES 53l A719% ¥ NC membrane
2 $A anti-MEKI antibodyE ©]8-3l%] western blot< A8}

Ak
2 3

Yeast L LF 28 vector®| 7% (pGBKT7ABD-LF)
2 HANAE pGBKT7 vectors -85t} pGBKT7 vector
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¥ in vivo protein interaction HFNA FE AMEET yeast
two-hybrid systemoll Al AH8-5= SRS vectorZ X B-&thid
2] o}m|i kR el GALA DNA binding domain (GAL4 BD)
o] §3H FeE A webA LF 2dS $j3te] WA
vector 7} ZHE GAL4 BD £ A A3H7] 918 mutagenesis PCR
HHH (Quik change, Stratagen)S ©]-&-3Fom 7|E9] GAL4
BDY-%o] Bell Alstss AE g9z AlEact
(pGBKT7ABD, Fig. 1A). LEF-ZA} (2.4 kbye Bacillus anthracis
sterne T52] genomic DNAS F&3} PCRS F3t] Rt
5 BamH I 2 Sal I AFg]ol 443k38tt (pGBKT7ABD/LF).
A} 471X 482 DNA @748 45 Talo] &1t on o
FEE FRA AN A28 ok AlSEAAEE e &
153t} (Fig. 1B).

Yeast (Saccharomyces cerevisine, AH109)LH| LF2| L&

Clontech*}2] standard protocololl w2 HAZg Wi e =35
o] pGBKT7ABD/LFE yeast (AH109)0] &2 A7) & &=
AEE yeastE Z218t7] 43 AeufA Q] SD/Trp Y= ol A

o
o

yeastw A B8 E3I9r; H5E FAA LR} TES F1
3171 8] FAAE yeastS vl U3t PCR 2 Western blotS-
E3lo] #1814t yeastoll M F-ARE &3t F2d| A
B LFY) primers ©18-3t4 PCRE A} LFe] f-3x5 2918}

At (Fig. 2A). =3 LF ©doe] 55 Ujo|x] gz iy

EAZ 01517] 95te] X yeaste] HA| ThAS B
g3k 5, Bajg oS sy, 1o, 15p BEEE A7) o
Fole] FelE vhlEoel & A Wk3-S o]8-3 Western blot
HPH-S o] &3le] BHeldt A LY v (90 kDayS E%13}

WS El LFe| #AMAHH

yeastol| A 2EE LE2] E4774-& 9189 immunoprecipitation
& o]83led LFE A stk 719 7)) GST-MEK1E ©|
Sete] el e S48 245 Lol 98k v
7VEE] Hke T uke-gohS 129 SDS/PAGEXIA A% &
NC membrane®] %7 MEKI 5°] A5 o83} MEKS] &
wojie gelslath. GST-MEK! 7|22 LF9) 71231 MEK1]
A7} ol dhehol] X193 =3 (Pro8-le9ys 719atA
ol =2tde] 26 kDa®) GST (glutathione-S-transferase)S -3+3]
o Aeikgo] dos W Z7|WEE 9A @EsaA; F0ld)
Frt. Fig 3004 Reule} 2o LFE o838k 304 whg-oA
GST-MEK®] & 2lskglom LFl| o3 whe--& &]lslar
A} Zn*oleo]| e AgE-S 2= 1, 10-phenanthroline FHS-&
Aol H7FebaL w) Aehikg-o] AAPS B2sIATh

k
[l

AESHZ Elelol] gATo] o] &= 1 el thel tie-A
rhEe A AAIQ AR BAo] F2HAL ltkd, 16). Ad #
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4 E< AT oSt @alo] Boler], gl e
A% Fe Aol WAl W Fol ATk VAo B3 i
e A% 27w ge e, 2e dskzAlel 9@ A}
Aeay] Sol A 4 glov} Blelo] @ v TAFY
o) %9 ABIV} 26082 Qo] 27 %] % ojH 3, 2A
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Fig. 1. Schematic diagram for LF expression vector ((GBKT7ABD/
LF). (A) To remove the gene coding to GAL4 DNA-binding domain
(GALA4-BD, 762-1202 region of original pGBKT vector), Quik change
PCR (Stratagen) was performed using mutagenic primers containing
Bgl I site instead of the GALA4-BD segeuence. A mature form of LF, of
which gene corresponding to signal peptide was removed, was inserted
into pGBKT7ABD at BamHI and Sall site. This plasmid has two
replication origins, and selection markers for E.coli PUC ori., Kan") and
yeast (2 ori., Trpl), respectively. The constructed plasmid produces LF
as a N-terminal c-myc tag fusion protein, of which expected molecular
weight is about 90 kDa. (B) Physical mapping of the LF expressing
plasmid (pGBKT7ABD/LF). The constructed plasmid was treated with
several restriction enzymes and the products were resolved onto 1%
agarose gel electrophoresis. Expected DNA fragments are as follows.
Lines 1. Xhol, 9.2kb; 2. BamHI & Sall, 6.8/2.3kb; 3. BgllI, 0.6/8.5kb;
4.Psil, 1.4/7.6kb; 5. EcoRl, 0.6/0.8/7.7; 6. Ndel, 1.2/8.0kb and 7.
EcoRY, 3.8/5.3kb.
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7h UeRkE wls oln] AgEYo] glo] e AALS AT
®). A AAH = wA WAL speta ALgsla 9 ke
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s ole gl Ags) Add A7t FHHT glom,
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Fig. 2. Confirmation of stable yeast cell line expressing anthrax LF.
The plasmid coding to anthrax LF (pGBKT7ABD-LF) was
transformed into yeast cell, AH109, as described in Materials and
Methods. Cells weregrown in the selection media, SD/-trp (Synthetic
Dropout medium supplemented with essential amino acids except
tryptophan) at 30°C for 2 days. (A) Cells were lyszed in the buffer
containing 10 mM Tris-HCI, 1 mM EDTA, pH 7.5, and 50U lyticase
at room temperature for 60 min, followed by adding 20% SDS. Cell
lysates were treated by phenol:chloroform extraction and the DNA was
precipitated with a same volume of isopropanol. To confirm that the
plasmid expressing LF was correctly inserted and properly propagated
within yeast, PCR was carried out using the cloning primer set.
Template DNAs were pGBKT7ABD (lane 1), pPGBKT7ABD/LF (lane
2), and pGBKT7ABD, which was purified from the yeast (lane 3).
Expected size of PCR product is around 2.4 kb. (B) Cells were lyzed
in the cracking buffer containing 8M urea and 5% SDS. Cell extracts
were resolved on 8% SDS/PAGE and transferred into NC membrane.
Expression of LF was determined by immunoblotting using anti c-
myc antibody.
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o c-myc e T — c-myc LF
W i 14— GST-MEK
a: MEK1
e EK
FOLD: 1 6 1.2

Fig. 3. In vitro proteolytic assay of purified LF. Prior to proteolytic
reaction, immuno precipitated LF complex was pre-incubated with
(lanes 3) or without (lanes 1, 2) 1 mM 1, 10-phenanthroline for 15
min at 37°C. 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 ZnCl,, 0.1 mM CaCl,, 10
mM MgCl,, 10% glycerol, and 1 ug of GST-MEK1. Reaction was
carried out at 37°C for 30 min. Reaction was terminated by addition
of 5X SDS/PAGE sample buffer, followed by boiling. Peptidase
activity of LF 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 samples
(lanes 2, 3), using a densitometer (Bio-Rad). (upper) immunoblot for
precipitated LF, (bottom) immunoblot for MEK cleavage.

ofe) @73Eo] WAL Qont YA AFo] shasle] 9
FE RS gl ek okd gt 1 o1 olrs: w2 4

gy A AeA] R L, LFE A 4= = X84 A
who] 9-4A] Fojof &b, 12]7] $JsiAE LF 4 G9A
5ol MAEo] NEg NEAAS Z 94 FRot Zaslel
o] HFroA] lethal factor®] BAAFESHHE] A LIHOH/H il
2 F dve 7FeAS AASTh e T A4l LFE
E721g skt o]H A7Vt g AEHE vl =3 »E AT
M= 712 &% vectorZ} 7H 7|12 545 3R] GAL4
DNA binding domainS $33] AAAZLZ yeast| A LFTH
& FEAATE B derie Eola Rl Y LF o WdHd F
g Fi A7k L7t 20185 YA gt ARe
LF 99| ofz] Z471 in vito oA nAE GARF B
of g}, AslA HF AMEe| oA 44 FHe ERE in vivo
AlXe] Ago] 41 wEA olfold # ke VFsEs B
'l‘?i‘:} olZA] A I FX Yol A A HAEHEE A
@ F e L ARSI ET L AaEe] Ao
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ABSTRACT : Expression of Anthrax Lethal Factor, a Major Virulence Factor of Anthrax, in
Saccharomyces cerevisiae
Hyehyun Hwang, Joungmok Kim, Kyoung-Jae Choi, Hoeil Chung, Sung-Hwan Han,
Bon-Sung Koo', and Moon-Young Yoon™ (Department of Chemistry, College of Natural Sci-
ence, Hanyang University, Seoul 133-791, Korea, 'Microbial Function Team, National Institute
of Agricultural Biotechnology, RDA, Suwon 441-707, Korea)

Anthrax is an infectious disease caused by the gram-positive bacterium, Bacillus anthracis. Anthrax toxin is a
tripartite toxin comprising of protective antigen (PA), lethal factor (LF) and edema factor (EF). PA is the recep-
tor-binding component, which facilitates the entry of LF or EF onto the cytosol. LF is a zinc-dependent met-
alloprotease, which is a critical virulence factor in cytotoxicity of infected animals. Therefore, it is of interest to
develop its potent inhibitors for the neutralization of anthrax toxin. The first step to identify the inhibitors is the
development of a rapid, sensitive, and simple assay method with a high-throughput ability. Much efforts have
been concentrated on the preparation of powerful assays and on the screening of inhibitors using these system.
In the present study, we have tried to construct anthrax lethal factor in yeast expression system to prepare cell-
based high-throughput assay system. Here, we have shown the results covering the construction of a new vector
system, subcloning of LF gene, and the expression of target gene. Our results are first trial to express LF gene in
eukaryote and provide the basic steps in design of cell-based assay system.



