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10 Background of the Invention

In general, the invention features compounds and methods for the
treatment of bacterial infections, such as anthrax infection.
The etiologic agent of anthrax (Bacillus anthracis) is a potential
threat as an agent of biowarfare or bioterrorism because exposure to
15 aerosolized B. anthracis spores can be lethal to mammals, such as humans.
The major virulence factors produced by this organism are the poly-D-glutamic
acid capsule and anthrax toxin (ATx). Both the capsule and the toxin assist in
colonization and immune evasion by fhe bacterium. ATx alone can cause
death of the host. Vaccination against the toxin protects the host against
20  infection.
Anthrax toxin is a member of the class of bacterial toxins termed
A-B toxins. A-B toxins are composed of two moieties; the A moiety is the
enzymic portion of the toxin that catalyzes the toxic effect upon a cytoplasmic
target within a target cell. The B moiety binds to a cellular receptor and
25 facilitates the translocation of the A moiety across the cell membrane into the

cytoplasm of the cell.



t hese channels m ght act as the conduit for the nenbrane translocation of
the A noiety. The A and B noieities of anthrax toxin are secreted fromthe
5 bact erived ovgd7B8 as di stinct pol ypeptides. The A and B subOnuUsel/m@B720t her
A-B toxins are produced as single chain polypeptides or as separate chains
that are assenbled into oligoneric toxins before release fromthe
bacteria. There are two alternative A subunits of anthrax toxin called

edema factor (EF)TROB heldirk of B @kitdfrom MRV EIhukL MpIRKESa Of EF or
LF and the B subunit, 10 protective antigen (PA), are called edema toxin
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formation by PA. pa is secreted as an 83 kDa monomeric polypeptide. Monomeric
PA binds to a mammalian cell surface receptor and is proteolytically cleaved.
The C-terminal 63 kDa fragment (PA63) remains bound to the cell and the
15  N-terminal 20 kDa (PA20) dissociates from PA63. This proteolytic cleavage
and subsequent dissociation of PA20 confer two new properties on PA63: (1)
the ability to oligomerize into a ring-shaped heptameric SDS-dissociable
structure termed prepore and (2) the ability to bind EF and LF. Oligomers
containing PA63-EF, PA63-LF, or a combination of PA63-EF and PA63-LF
20 are endocytosed and trafficked to an acidic compartment, where the PA63
prepore inserts into the membrane and forms a pore. During or after pore
formation, EF and LF are translocated across the endosomal membrane into
the cytoplasm. EF is a calmodulin-dependent adenylate cyclase which may
protect the bacteria from destruction by phagocytes. LF is a metalloprotease
25  that can kill macrophages or, at lower concentrations, induce macrophages to

overproduce cytokines, possibly resulting in death of the host.



Low pH serves as the trigger for conversion of the PA63 prepore to the
pore. This conversion is acconpanied by a transformation of the oligoner
froman vBDBH8H78&%0ci able to an SDS-resi stant state and forawuUS@r4sf2 a
transmenbrane 5 14-strand a-barrel. These steps are believed to be
necessary for translocation of EF and LF across the endosomal nenbrane
and, thus, toxin action. Summary of the Invention In a first aspect, the

i nvention provi deg caudal@es iy 136 ioRRatoh Yafiwdy islsbrBifdahitidh BytRxi n. The B
noi ety has a nutation that results in inhibition of its pore-tormng
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20 K397D + D425K + D426K quadruple mutation, K397D +D425K + F427A triple
mut ati on, F427A + oD2L2 doubl e nutation, K397D + F427A +oD2L2 triple
mut ati on, K397D + D425K + F430MnmefRbbthguadengpdre nut ati on, F427D, or
F427K. I n another desirable enbodi nent, the PA nutant has a sequence
i dentical to any Iafa SmQaspeatidbe inventiongpievidss 1eB (mraigteofl 3 pord-herming
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inhibition of the pore-forming ability of the protein in vivo. In another

desirable embodiment, the mutant B moiety lacks pore-forming ability in vitro
and/or in vivo. In yet another desirable embodiment, the B moiety is anthrax
15 protective antigen (PA). In yet another desirable embodiment, the PA mutant
has an amino acid sequence that is at least 80%, 90%, 95% or 98% identical to
a naturally-occurring PA protein (such as SEQ ID No.: 21; Fig. 13) and that
has one of the following alterations: K397A, K397D, K397C, K397Q, D425A,
D425N, D425E, D425K, F427A, K397 + D425K double mutation, K395D +
20 K397D + D425K + D426K quadruple mutation, K397D +D425K + F427A
triple mutation, F427A + AD2L.2 double mutation, K397D + F427A +aD2L.2
triple mutation, K397D + D425K + F427A +aD2L2 quadruple mutation,
F427D, or F427K. In another desirable embodiment, the PA mutant has a
sequence identical to any of SEQ ID Nos.: 1-11 and 13-18 (Table 1). Other
25  desirable PA mutants include PA mutants in which residue 397 is any amino
acid except lysine (SEQ ID No.: 19), PA mutants in which residue 425 is any
amino acid except aspartic acid (SEQ ID No.: 20), PA mutants in which



residue 427 is any am no acid except phenylalanine (SEQ ID No.: 23), and PA
mutants that have a nmutation in domain 2 (residues 259-487). Still other
desi r abl avoni/sat88 B noi eties i nclude dostridiumdifficil epPCOUS@eEBT2 ngens,
C. spiroforrne, C. botulinum Bacillus cereus, or B. thuringiensis toxins
that have 5 one or nore of the alterations listed in Table 6 or that have
a nutation in the region that corresponds to domain 2 of PA Fragnents of

t he abovergdidued278is B AhimeSacid Bx¥dpitPhehhRldniag (SRQ MAN: 23)duae PA
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In a desi r the vaccine can De i1nactivated by chem cal or

physi cal fRadses, imwhlélhtﬁe@rﬁgrﬁ@@tthastdh%duaé@pbtdbfbrhﬁﬁg ubfityaomgidted of
preventing or 20 treati ng bacterial infection in a mamal, such as a

human. Thicsa metunaldy-ocowdringeB mdietnof therdampspbedingdoking avd alshénclededd as pect
to the mammal . In one _desirable enbodi nent, the vaccine is adm_nistered
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PA.
In a second aspect, the invention features a vaccine composition
15 having a mutant B moiety of the first aspect or AD2L2 PA (a PA mutant in
which residues 302-325 are deleted), or a fragment thereof, in a
pharmaceutically acceptable carrier. In a desirable embodiment, the vaccine
can be inactivated by chemical or physical means.
In a third aspect, the invention features a method of preventing or
20 treating bacterial infection in a mammal, such as a human. This method
includes administering the vaccine of the second aspect to the mammal. In one
desirable embodiment, the vaccine is administered with a pharmaceutically
suitable carrier or an adjuvant. The vaccine can be administered orally,
intramuscularly, intravenously, subcutaneously, by inhalation, or by any other
25 route sufficient to provide a dose adequate to prevent or treat a bacterial
infection. In another desirable embodiment, a vaccine that includes a mutant

anthrax protective antigen is administered for the prevention or treatment of



-4 WD 01/82788 PCT/ US01/ 14372 anthrax infection. In a fourth aspect, the

I nvention provides a nutant B noiety of a pore-formng binary A-B toxin.
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lethal factor or edema factor A moieties. The mutant B moiety may compete

with a naturally-occurring B moiety for binding to a receptor on the surface of
a mammalian cell. The mutant B moiety may also bind a naturally-occurring B

15 moiety of the corresponding toxin. Such a mutant may oligomerize with a
naturally-occurring B moiety to form a complex that has reduced ability to
form a pore. In one desirable embodiment, the complex lacks the ability to
form a pore and to translocate an A moiety (e.g., EF or LF) across the
membrane into the host cell cytoplasm.

20 In one desirable embodiment of the fourth aspect, the mutant PA has
an amiﬁo acid sequence that is at least 80%, 90%, 95%, or 98% identical to a
naturally-occurring PA protein (such as SEQ ID No. 21; Fig. 13) and that has
one of the following alterations: K397D + D425K double mutation, AD2L2 (in
which residues 302-325 of PA are deleted), K395D + K397D + D425K +

25 D426K quadruple mutation, D425K, F427A, K397D +D425K + F427A triple
mutation, F427A + aAD2L.2 double mutation, K397D + F427A +aD2L2 triple
mutation, K397D + D425K + F427A +2aD2L.2 quadruple mutation, F427D, or



nmut ati on, F427A + oD2L2 doubl e nutation, K397D + F427A +oD2L2 triple

mut ati on, K397D + D425K + F427A +oD2L2 quadruple nmutation, F427D, or -5 WD
01/ 82788 WRC01/81384./ 14372 F427K I n anot her desirabl e enbodPaeus)y/be PA

mut ant has a sequence identical to any of SEQID Nos.: 8-18 (Table 1). In
anot her enbodi nent, amno acid 395, 397, 425, 426, or a conbination
thereof, in naturally- occurring PAis nmutated. In yet another enbodi nent,
a resi duer427Komiafothedebirftfie ietntiodimest] thd PAamdtdiftthad@asieadhee enbodi ment,
the mutant has a deletion of at least 5, at |east 10, or at |least 20 am no
aci ds of ideaticalstocingsofi SEQH® Nok2 8-18 §patde 1PAInanother kmbodimestpondi ng
region of a B nop of anot her pore- formng binary A-B toxin. The nutant
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pore- formng ability of a naturally-occurring B noiety, are included in

the i nvefdrimng binmiyoh-Btaxiei nEhcamitant canhaveatdebetoar ef gll or partfafaherent of a
mutant B noi ety coval ently bound to another polypeptide or protein are
i ncl uded. DR2h.2doppfang adeleden of peing geids ithat are M-upeS-tgrminal 4o ths logpevent i ng
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of the fopylits ASPRGYe Bhe r more of the alterations listed in Table 6 or that have a

mutation in the region that corresponds to domain 2 of PA. Fragments of the
above mutant B moieties, in which the fragment has a reduced pore-forming

15  ability compared to a naturally-occurring B moiety and inhibits the pore-
forming ability of a naturally-occurring B moiety, are included in the
invention. Fusion proteins having a mutant B moiety or a fragment of a mutant
B moiety covalently bound to another polypeptide or protein are included.

In a fifth aspect, the invention features a method of preventing or

20 treating bacterial infection in a mammal, such as a human. This method
includes administering a mutant B moiety of the fourth aspect, or a fragment
thereof, that inhibits the pore-forming ability of a naturally-occurring B moiety
to the mammal. In one embodiment, a PA mutant of the fourth aspect or a
fragment thereof is administered to prevent or treat anthrax infection in

25 mammals that have been exposed to B. anthracis spores. In another
embodiment, the protein is administered prophylactically. In one desirable

embodiment, the mutant B moiety is administered with a pharmaceutically



fragnent thereof is adm nistered to prevent or treat anthrax infection in
25 mammal s that have been exposed to B. anthracis spores. In another

enbodi newoQ ot/gegsprotein i s adm ni stered prophyl actical | y. PCTVUSOIEI48ESI 1 abl e
enbodi ment, the nutant B noiety is admnistered with a pharmaceutically -6
WO 01/82788 PCT/ US01/ 14372 suitable carrier. The nutant may be

adm ni stered orally, intranuscularly, intravenously, subcutaneously, by
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protein | psbedithént, the diiRlybinda AR EIPAEC RN PANSuEY tROG¥mb S to the
D2L2 | oop, K397, D425, D426, or F427 of a PA protein. The antibody may be a

nonocl onahegitived@A ¥ghtanal antibody. In a related aspect, the invention
features a purified antibody that specifically binds a naturally-occurring
B noi ety of a porlae-a fisthraspgchithamyentiBn tfeatiresvd hinclgiceamtiéd eneddingiat y t han it
binds a B noiety of the 20 present inyention fromthe correspondi ng toxin.

I n ank} hemutantdd spialypees.; a Phemutani af thenfirss of fowdh aspaets.-fi ed anti body t hat

specifically bi nd[%l aase%egﬁl ggp%cg fthé Pnevention features a vector having the
nucleic acid of the sixth aspect.
In an eighth aspect, the invention features a purified antibody that
specifically binds a naturally-occurring PA or a PA mutant protein listed in
15 Table 1. In one embodiment, the antibody binds to the D212 loop, K397,
D425, D426, or F427 of a PA protein. The antibody may be a monoclonal or
polyclonal antibody. In a related aspect, the invention features a purified
antibody that specifically binds a naturally-occurring B moiety of a pore-
forming binary A-B toxin with greater affinity than it binds a B moiety of the
20 present invention from the corresponding toxin. In another related aspect, the
invention features a purified antibody that specifically binds a B moiety of the
present invention with greater affinity than it binds a naturally-occurring B
moiety of the corresponding toxin.
In one embodiment of the first or fourth aspects, specifically
25 excluded are those PA molecules having as their sole alteration, a mutation to
cysteine of a residue located in the hydrophilic face of a transmembrane pore.

In another embodiment of these aspects, PA molecules having as their sole



present invention with greater affinity than it binds a naturally-occurring
B noiety of the corresponding toxin. In one enbodinent of the first or
fourth aspeot/s278specifically 25 excluded are those PA nol PCYUSE/B3%2 ng as
their sole alteration, a nmutation to cysteine of a residue |ocated in the
hydrophilic face of a transnenbrane pore. |n another enbodi nent of these
aspects, PA nol ecules having as their sole -7 WO 01/82788 PCT/ US01/ 14372
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speci f i cahfyingxs|theiedoler dtaratien afmutation casetation iaran aminer acigdhas- f or ni ng
binary A-B toxins that have a nutation, that corresponds.to a specifically
excl ubbd tha transmempbraae petesaemeailirahy cxsfudede s stilbapether ¢ he nut ant

I}

B e B R AR IR SRR P B e R "
specifically excluded from one of these aspects are PA molecules having the
C-terminal 63 kDA tryptic fragment (PA63) and having as their sole alteration
a mutation in an amino acid that forms the transmembrane pore. In various

15 other embodiments, specifically excluded from one of these aspects are other
pore-forming binary A-B toxins that have a mutation that corresponds to a
specifically excluded PA mutation. In various embodiments of these aspects,
the mutant B moiety binds a naturally-occurring B moiety from the same A-B
toxin with a higher equilibrium constant (i.e., with greater affinity) than the

20  naturally-occurring B-moiety binds other naturally-occurring molecules from
the same A-B toxin. In desirable embodiments, the mutant PA protein binds
naturally-occurring PA with at least 2, 5, 10, or 20 fold greater affinity than
naturally-occurring PA binds other naturally-occurring PA molecules.

It should be understood that other pore-forming toxins, in addition to

25 anthrax toxin, may be used in the compounds and methods of the invention.
For example, pore-forming toxins, such as other A-B toxins, having mutations

(e.g., point mutations or deletion mutations) that inhibit the pore-forming



20 naturally-occurring B-noiety binds other naturally-occurring nol ecul es
from the sanme A-B toxin. In desirable enbodi nents, the nutant PA protein
bi nds navapagi7gs occurring PA with at |least 2, 5, 10, or POTAUSOIdI4gT2eat er
affinity than naturally-occurring PA binds other naturally-occurring PA
nmol ecul es. It should be understood that other pore-formng toxins, in
addition to 25 anthrax toxin, nay be used in the conpounds and net hods of

the invenhibifify of GRS toR¥RBP Rt iMEbR-the pBtd1forhdnk l%bil_it?ldfhh@ﬁaﬁtrﬁﬂ - A-B toxins,

havi ng nutations (e.g., point nmutations or deletion nutations) that

i nhi bit t becuyreing-tbrimarsdneldd¥did tHeBiav8AL BCTTHSPbtd 4@ tRingabkinstwitlof t he
toxin or that inhibit the pore-formng ability of the naturally- occurring
t oxi n ar ethiese inutentsicanttesnsedviaibé yaccim eompositions or maethods abthgi t h  t-hese
mutants can be used in the vaccinhe, coppasiti qons, or rret? ds of the

i nvent i onlIVENHPBR@ Rresnt Of fgat Ifeetiqn ﬂEFyetﬂ(ﬁQg@t %168 gheaté’é?‘ﬁ' of the

in.5 i . I m he .| i j . A-B
bi nar 5P ¢ oSV RS nOiHae RIS o i MlendihHF A b A ol BRI o1
bi nary> t X/ " . il CH 88 i
ai pht her i SRS oReoBRFEBRIISIART fry Siun SIS LRIGH M) Lol

a- henol ySpalyfpe?ﬁaémshﬁokﬁgggﬁmas R4S boRginAhy, TrdipliheriAesaaraae
hydrophila, "a-toxin from C ostridium 10 septicum and cytotoxin from
PseudononasedeOugrnosias tHateanrbeadeddnciude al-kemolysirefrant Staphalocootiner
pore-form ng toxin such as chol esterol dependent, cytolysins, hexaneric

t oxi ns, onutasst aerekysin fiown Aeromgaaphydophilaes-demwin fgo strédiusheri ¢ t oxi ns

include toxins that, are related_to the Staphyl pcocc a- toxin., Ln one
errbomeenfejP%"ﬂbla@@i%’ﬁOtﬁﬁirhﬁPan 5¢ "Wf%ﬁgwoﬁﬂ-oﬁhfsn%t}%ﬁ §®r pyl ori

3 SPoc R A5 b o S B SRR RIS B, e e o
aci d sequepeey RS HikaleBRtoxins, or heptameric toxins. Examples of hexameric
and heptameric toxins include toxins that are related to the Staphylococcal a-
toxin. In one embodiment, a deletion mutant of the VacA toxin from
15  Helicobacter pylori is specifically excluded. .

“Mutation” means an alteration in the nucleic acid sequence such
that the amino acid sequence encoded by the nucleic acid sequence has at Jeast
one amino acid alteration from a naturally-occurring sequence. The mutation
may, without limitation, be an insertion, deletion, frameshift mutation, or

20 missense mutation.

“Pore-forming toxin” means a toxin which forms a transmembrane
aqueous pore.

“Pore-forming A-B toxin” means a pore-forming toxin with two
functional moieties; one moiety (B) which forms a pore in a host cell barrier

25 membrane, and the other (A) traverses the membrane barrier and enzymatically

modifies specific intracellular substrates of a host cell.



one amno acid alteration froma naturally-occurring sequence. The nutation
may, wthout limtation, be an insertion, deletion, frameshift nutation, or
20 m ssene@omnsa7sg i on. "Pore-formng toxin" neans a toxin MIT/WRTE@BTEE a
transmenbrane aqueous pore. "Pore-formng A-B toxin" neans a pore-formng
toxin with two functional noieties; one noiety (B) which forns a pore in a
host cell barrier 25 nenbrane, and the other (A) traverses the nenbrane

barrier and enzy | : hiy Pfh & 1 S tes of a
nost cel 1. -0 b 0T e e TR 18 s pae Mo AR i e

means a pif ehicl thiend afdB hvietied of thbipohe-foenihgaddinBiniabitseparatd t he
pore-form ng toxin inhabit separate proteins, and interact during the

i nt oxi cat proteins, ud interact during thexotpticatodn af hostreally. tAoxexampleanftar ax t oxi n.
5 "B noiety" neans .the_ conponent of a pore-formng A-B toxin which binds a
specific hinary éein is gnthaee @*dBeptor, interacts with the A nbiety of the

toxin,_and aids i internalizatjon of the noiety into the cell. Many B
moi etivs, such as SPROIEYs INEHISTNE CORDOBRRY p?)@r-%)gmm ﬁ)‘%et@?(il]%/e anti gen

PA) " .3 ol i i | o 7 % or 90% of at
(PR ey AOgRss R SO PR R ogE B8P s B et o
descri bedbﬂ};e{o?d 1-andNBdPRI MPERL1I A1 STRYE R &'ﬁ%&l@@ﬁin tﬁeh@elf.)ANlﬁlz@, that was
reported by Vodkin et al. (Cell 34:693-697, 1983). The polypéptide can be

i dent i cal nicieti¢d, dudly pePRA alsoafoaet terisatdnbndlpbkey et al .  (Biochemistry
38(32):10432-10441, 1999) (SEQ ID No.: 21) or any naturally 15 occurring PA
pol ypepti de from‘®Pretectiva aofigBaPA) Umeans hpatypeptidhdarmg pdegsd®%de nmay be
oo AN 0% R0%, or 0%, of At lesst oo bt the bioloical sctivities of the anthrax PA
polypeptide described herein. The polypeptide may be encoded by the PA
gene that was reported by Vodkin et al. (Cell 34:693-697, 1983). The
polypeptide can be identical to wild-type PA characterized by Miller et al.
(Biochemistry 38(32):10432-10441, 1999) (SEQ ID No.: 21) or any naturally-
15  occurring PA polypeptide from a strain of Bacillus anthracis. The PA
polypeptide may be cloned and expressed in a heterologous host, such as
Escherichia coli or Bacillus subtilis. It is understood that homologs and
analogs have the characteristics of the anthrax PA déscribed herein and may be
used in the methods of the invention.
20 "PA63" means the carboxy-terminal portion that results from
proteolytic cleavage of a 20 kDa N-terminal segment from the PA polypeptide.
PAG63 forms a heptameric prepore and binds the two alternative A moieties,
edema factor (EF) and lethal factor (LF). The entire complex is trafficked to

the endosome, where PA63 inserts into the membrane, forms a transmembrane

25 pore, and translocates EF and LF into the host cell cytoplasm.
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Escherichia coli or Bacillus subtilis. It is understood that honol ogs and
anal ogs have the characteristics of the anthrax PA described herein and may
be used wObvhig78%®t hods of the invention. 20 "PA63" neans POBUS01/14372
carboxy-term nal portion that results from proteolytic cleavage of a 20
kDa N-term nal segnent fromthe PA polypeptide. PA63 forns a heptaneric
prepore and binds the two alternative A noieties, edema factor (EF) and

lethal factor (LFprdlige 'Bﬂﬂee%‘éﬁ%@iﬁfsiastréﬂsﬁéﬂlﬁlﬁﬁg dqfeotid ShARELSONE,
e menbr

where PA63 inserts into t ane, fornms a transnernbrane 25 pore, and

t r ansl ocakgsefimpled thdtrirleinbaarieqsire ¢ah lbecyB-dat@s thannel oMk OBy 82788
PCT/ US01/ 14372 Transnenbrane pore" neans a transnmenbrane aqueous channel .

For exanphlernating hydnsphahib aaddydoophobin rdsediesafRA62 suchthatdhe f or ned by
alternating hydrophilic and hydrophobic residues of PA63 such that the
hydr ophobhzdiopbpbicassidsesform apexiqrin membranceceiguoyssutfasepf thee of the 5

barrel, apd the drophilic.residues. face an aqueous |lunen of a pore that
spans 2 acP#LEl @H§¥%§§d@lﬁlﬁﬁ¥b¥%§?°® @Bfﬁﬂ%‘?ﬂﬂ%ﬂ}l@ 3 B‘Preefiifi? %Iﬁélﬁenbr ane
ore" nmea ' ' f PA that face the aqueous |unen of a pore
Itohat spanggrgéggée?ﬂsﬁgeﬁg‘éﬁggﬁe'_ nmenbrane. 10 "An gm no acid that folroms t he
transmenbrane porqlydrpAficifhce aNPudfidhtanE ot el HRCARE dclis

13-barrel channel a transne ane pore. | oop” neans t

anmphi pat ho PAogat fdveahe ggﬂ@@fst g ¢halporethalspund adfGk3 thé hB& ¢l ypept i de
and PA63 pol ypeptide as described herein. 15 "Inhibits the pore-formng

ability" meamzraneduces the anount of pores formed in nenbranes or reduces
the rate or amount of an A noiety (e.g.,

10 “An amino acid that %/orms tﬁe transmembrane pore” means an
amino acid of PA that is located in a B-barrel channel of a transmembrane
pore.

“D2L2 loop” means the amphipathic loop which connects strands
22 and 23 of PA polypeptide and PA63 polypeptide as described herein.

15 “Inhibits the pore-forming ability” means reduces the amount of
pores formed in membranes or reduces the rate or amount of an A moiety (e.g.,
EF or LF) that is translocated into the host cell cytoplasm. This decrease in
pore formation or toxin translocation is positively correlated with, and could be
predicted by, a decrease in activity in the cell surface translocation, LFnDTA

20 toxicity, or rubidium release assays described herein. This decreased activity
can be correlated with a decrease in the amount of a radiolabeled ligand that is
translocated into cells in the cell surface translocation assay, a decrease in the
inhibition of protein synthesis due to the translocation of a ligand into cells in
the LFnDTA toxicity assay, or a decrease in the release of radiolabeled ions

25  from cells in the rubidium release assay. Additionally, this decreased activity

can be correlated with a decrease in toxicity due to the translocation of a toxic

ligand into cells. In one desirable embodiment, the decrease in pore formation
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EF or LF) that is translocated into the host cell cytoplasm This decrease
in pore formation or toxin translocation is positively correlated wth,
and coul avéde1/8y8%di cted by, a decrease in activity in thePCBURSOIZMBT2ace
transl ocation, LFnDTA 20 toxicity, or rubidiumrel ease assays descri bed
herein. This decreased activity can be correlated with a decrease in the
anount of a radiolabeled [igand that is translocated into cells in the

cel | Surfaf&aﬁglaéﬁL&faf5&§ﬁﬁ%& is 8t RAG RS S eHEﬁraﬂlnyéarsi 9090 protein

synthesis due to the translocatfon of a ligand into cefls in the LFnDTA

toxicity asbambost Qesitatlgar kases0% dchaiveabessauadlly-ectatiabd atittyrnsf 25 from
cells in the rubidiumrel ease assay. Additionally, this decreased activity

can be cotheaioatesgonding taxite chearsghémdasabls ¢mbaodiendrd, theedecreassfimcati on of a
toxic ligand into cells. In one desirable enbodi nent, the decrease in pore

f or mat i onpore formation @1/ teppkwatioroisdienkE by a BA mutan ivablead2Qh, an A
noiety is at l.east 20% nore desirably at |east 409 and.nost desirably at
| east BOYANOEE JesiRPlY &tk%ééﬁ%a Ang st idesirak]yt %s&é@)%;e’iaﬁqﬁe‘et% or respo ndiy ng
toxin. I n_anagther ir enbodi ment, the decrease in ore formation or
transl oca{lgtgﬁalgf%ﬁ%?%lng@% a PA mutant is at |east 20% Io5 nore desirably
at | east 40% andqpgk pARAESANNY Blity® Hard s GoRFN? alshmificant

natural | y-occurring s“poreformng a Ity" means does not forma

signifi Caélﬁ‘xouﬁﬂ@ﬂ?ére@fin RR¥1ABrands BE ABEANGISr AlsFEl0L §ighlicdnt ansfuek of EF
significant amount of EF or LF into the host cell cytoplasm This |ack of

si gni fi caot Lpdnt fherhostgelbcyidblasmi This ok lodsignifigamtqidre+foyming @osi ti vel y
correlated with, and could be predicted by, a lack of significant activity
i n t hi) cetdxis trahslosatingastivicnis positivelyoparelatest Wﬁth,ﬂndmomg bt predicted ease
assays described herein. In ope desi rabie nbodi nent ,, t&eﬁﬁ nt of pores
formed or by+ielasksigrificantaciivityimdthe cgll syrfage franglocation.d-ky g‘ t he anount

detect ed {o&i&tﬁooqtrhgidiﬁr%sﬁ ease tarsléja%/ts dgééri‘t')veb(f ferein. In one desirable

embodiment, the amount of pores formed or the amount of toxin translocated
is less than 5 times the amount detected in a control assay without PA. More

15 desirably, the amount is less than 2 times the amount in a control assay without
PA.

“Fragment” means polypeptide having a region of consecutive
amino acids that is identical to the corresponding region in a PA mutant. The
fragment has either a reduced ability to form pores or translocate toxins

20 compared to naturally-occurring PA. The fragment may also inhibit the pore-
forming ability of naturally-occurring PA. This decrease in pore formation or
toxin translocation is positively correlated with, and could be predicted by, a
decrease in activity in the cell surface translocation, LFnDTA toxicity, or
rubidium release assays described herein. This decreased activity can be

25  correlated with a decrease in the amount of a radiolabeled ligand that is
translocated into cells in the cell surface translocation assay, a decrease in the

inhibition of protein synthesis due to the translocation of a ligand into cells in

-12 -



15 desirably, the anount is less than 2 tines the anbunt in a control assay
w thout PA. "Fragnent" neans pol ypeptide having a region of consecutive
am no aciv@ot/seass i s i dentical to the correspondi ng regi onPCTYUSO1IPA3TRUL ant .
The fragnment has either a reduced ability to formpores or translocate
toxins 20 conpared to naturally-occurring PA. The fragnent may al so inhibit
the pore- formng ability of naturally-occurring PA. This decrease in pore
f or mat i ongar AN t i L [t and coul d
be predi cttHé)idL %@ETQ tc%%%r%é%%% %ng%e;érglﬁﬁi‘nl ﬂ#}ét% %%’a%ée)f)f Fisf%él? gecpeéﬂtllrggsnsl ocat i on,
LFNDTA t ofbfi &alls i@ the rubiditimfeleabe assay 236 ame déeiablelepbdiinRing.thdhi s
decreased activity can be 25 correlated with a decrease in the anmount of a
r adi ol abededehseganmbre fatmatson or dresishocatien of BFOorcEFlis at leash2Z0%eatlativer f ace
transl ocati on assay, a decrease_in the inhibition of protein synthesis due
to the trineatsedly-eecwring RAGhnMaradssisablystherdecragsewpadleag4(¥k, and

T A L WD A o
er o L IEME BB sl SIS ERd PARR sl B bl i heney " °
desi rabl ycoﬁlg%eqﬁ‘é RASEDY Sa Bbcrb&@SHh %g(@XQH%n%g?ﬁﬁaﬁgﬁieﬁ?ﬁo% fu"sﬁfg decrease

is at |east 80% Tﬁe |nm]blt|on of t re- Iity o

nat ur al | ya®egquinidlag nftAturs o aaidraNelo¢ce@ingeP Atad aPANra@hent cabipstelie

predi cted by, a decrease in activity in an assay described above using an
equi nol ar tomisihg metuwbllpatcenaing/PAcalane.i hyoRAdesithtde BAabodagertyttheonpared to
usi ng naturally-occurri n8 PA al one. In one desirable enbodi nent, the 10
decr edse decraase isédeasd 20440, &b 80g0r 98% cympasiatkeiactivithusiagdnly ty usi ng
only natural

l.y-occurri PA_. Desirably, the fragnment is,i nqgeni ¢ and
“nduces  BHETHPERGRTRE A PP Ve HeBRuis SHogstic and adces
natural | yfh%cﬁ:r%a{léffgn gf‘prét@ctive antibodies against naturally-occurring PA. In

another desirable embodiment, the administration of the fragment to a
mammal, as described in Example 9, prevents or diminishes an anthrax
15 infection for a period of at least 1 month, more desirably 3 months, or most
desirably 6 months. Examples of possible fragments include the C-terminal 63
kDA tryptic fragment of a PA mutant or a PA mutant having a deletion of
amino acids that form the transmembrane pore.
By “purified antibody” is meant an antibody which is at least 60%,
20 by weight, free from proteins and naturally-occurring organic molecules with
which it is naturally associated. Desirably, the preparation is at least 75%,
more desirably 90%, and most desirably at least 99%, by weight, antibody. A
purified antibody may be obtained, for example, by affinity chromatography
using recombinantly-produced protein or conserved motif peptides and

25  standard techniques.
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anot her desirable enbodinent, the admnistration of the fragnment to a
mammal , as described in Exanple 9, prevents or dimnishes an anthrax 15

i nfecti owdorsasperi od of at |east 1 nonth, nore desirabl pCBRURIMB®R, oOr
nost desirably 6 nonths. Exanples of possible fragnments include the
Cterminal 63 kDA tryptic fragnent of a PA nmutant or a PA mutant having a
deletion of amno acids that formthe transnenbrane pore. By "purified

anti body" is neagj%gﬁiﬁgjﬁ%ggﬁmnw bk sntdn érﬁﬁﬁ}qy%%? rec %D%S\éﬁgght , free

from proteins an y-“occurring organi c nolecul es ichit is

nat ural | ybagisae) ﬁ)‘r%ﬂan@@ivvﬂ@t%ﬁ)e PAcord PAahatan®but oéd nbeadktanbidily nore
desirably 90% and nost desirably at |east 99% by weight, antibody. A

purifi ed seoghizyanddyindeo obherimoadP Afmoleenbesph @, sabyplef é.gniathiokigicalat ogr aphy
usi ng reconbi nantly-produced protein or conserved notif pe_gti des and 25

standard $a5eple; guéaaturally wlodesprogeinpeydesitable astibod pypecipeally binls| y

wi -ty pesRObineP e 1oLy B or G et anybOnicsBpd Saling i na
nat ur ar |y DRI GEE B S 7, P BE PP B B Bt O N FRBFTOBY Bl o any
Cype PA wRR O LA RS BB 10 0T great er affinity than they bind

one or nore of tdwuBAcEitlenfity id @pi@ﬂ'y%éasu&ﬂuﬁﬂ%%egd@ﬂﬁd dnalysis t ypi cal |y
measur ed usi ng sequence analysis software with the default paraneters

speci fi edsafiwars withehg defsdpaametotn apgaified thdreiBofe giaBeqirack Ayealpsist he
Genetics Conputer G oup, University of Wsconsin_Biotechnol ogy Center, 1710
Uni velGi t Software Backagsi afghe Gmetigy Gomputes Srous W nyeesifyr ofgWasaomsinc hes
stmlar Sﬁ?&gc Cr?oﬁoggfl C%%%ér?%?@ IJdn(?gerr%ﬁ}sf A)\];enue, Madison, WI 53705). This

software program matches similar sequences by assigning degrees of

homology to various substitutions, deletions, and other modifications.

Conservative substitutions typically include substitutions within the following

15 groups: glycine, alanine, valine, isoleucine, leucine; aspartic acid, glutamic
acid, asparagine, glutamine; serine, threonine; lysine, arginine; and
phenylalanine, tyrosine.

Other features and advantages of the invention will be apparent from

the following detailed description.

20 Brief Description of the Drawings

Fig. 1 is a schematic illustration of the intoxication pathway for ATx
toxin. The PA component of ATx binds to a receptor on the surface of
mammalian cells and delivers the enzymic A moieties of the toxin, edema

factor (EF) and lethal factor (LF), to the cytosol, as described above.,
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honol ogy to various substitutions, deletions, and other nodifications.
Conservative substitutions typically include substitutions within the

fol | owi ngvaB1/8p7881ps: gl yci ne, al ani ne, valine, isoleuci nepCT/@8Cl/1RE]2
aspartic acid, glutamc acid, asparagine, glutam ne; serine, threonine;

| ysine, arginine; and phenylal anine, tyrosine. Oher features and

advant ages of the invention will be apparent from the follow ng detailed

description. 20 Bgie ‘LR t | ' ' ematic
illustration of t lg' ?lf‘l‘tqg%cﬁclgﬁr%%?p%ﬁﬁé%%@sﬁ%fhﬁjf O@gagﬁ\%?orrponent
of ATX bi ftkell @R nAaRPHDciAR ahd ehe FirhRg@NASf SIDBIEEistaMR otiebherabyl del i vers
the enzymc A noieties of the toxin, edema factor (EF) and |ethal factor
(LF), to whkl-tyepK307(andedd2liDBA. aBigvEB iskpit@rd bf @2vdiReRel/ US01/ 14372
Fig. 2Ais a picture of SDS-PAGE gels showing the formation of nicked PA
nut ant pr shewing thadormation pharepercsoby SD-tyas, K3XTA, sinddos2P4 Bfy.  wi | d- t ype,

K397Q,_and oD2L2 PA. Fig.. 2B is i cture of a natjve gel owi ng the
for matd on of pre;}ggeéﬁéﬁm%rﬂPQEE;BWK@ﬁIR,a%Wt[&fEéb CaseORIgM 3 j s a bar

Pneubat i onRit 115 RATE JhePinelbiflob §BERELLRR kSRR L A R o P

control . ' showi ng the simlar |evel of 35S LFn
(N-term ng?ﬁgﬁﬁﬂoi%er@agéggﬁﬁﬂl'bi ndi ng domai n of LF) binding by cells that

10 have been i ncuial 8d iid bardr @Eﬂmmg‘tﬁ%@fnﬁl@f 1d2af\*BAFig. 4B is a
r

graph showi ng the reduction in ansl ocation of 35S-LFn into cells that is
medi at ed Qyi-ters@fal 16250 BAdRAbandidg tdomdih &f Ty eidingfygcells that a gr aph
show 1n(§] t Eeewep ger:é:neir;fcug;te?lmilfﬁ l\JNiilc{]-t}Ephe? KB»%%A, or D425A PA. Fig. 4B is a graph
showing the reduction in translocation of **S-LFn into cells that is mediated by
K397A or D425A PA compared to wild-type PA.
Fig. 5 is a graph showing the percent of *H-Leu in the TCA
insoluble fraction (protein fraction) after incubation of cells with wild-type,
15 KB397A, or D425A PA in the LEnDTA toxicity assay. Translocation of
LFnDTA, which contains LFn fused to the A-chain of diptheria toxin, into the
cell leads to ribosylation of EF-2, resulting in the inhibition of protein
synthesis and a decrease in the amount of *H-Leu in the protein fraction.
Fig. 6A is a bar graph showing the similar binding of **S-LFn to
20  cells incubated with wild-type, aAD2L2, the double mutant K397D + D425K,
or a mixture of wild-type and AD2L.2 or K397D + D425K PA. Fig. 6B is a bar
graph showing the reduction of wild-type PA-mediated translocation of **S-
LFn by aD2L.2 or K397D + D425K PA.
Fig. 7 is a graph showing the higher percent of *H-Leu in the TCA
25 insoluble fraction after incubation of AD2L.2 or K397D + D425K PA and wild-
type PA compared to wild-type PA alone. This result corresponds to a

decrease in wild-type PA-mediated inhibition of protein synthesis in the
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i nsoluble fraction (protein fraction) after incubation of cells with
wld-type, 15 K397A, or D425A PA in the LFnDTA toxicity assay.

Transl ocav®@ onsg8 LFNDTA, whi ch contains LFn fused to the PeTN&IIM46T2

di ptheria toxin, into the cell leads to ribosylation of EF-2, resulting in
the inhibition of protein synthesis and a decrease in the anmount of 3H- Leu
in the protein fraction. Fig. 6A is a bar graph showi ng the simlar binding

of 35S-LF : incubated with wild-type, oD2L2, the doubl e mutant
K397D + DQEEP,T&Q?%S{%%Q%A&% of wild-type and oD2L2 or K397D + D425K PA.

Fig. 6B is a bar Fi r@ms%f%*abnghmirmgﬂféttwckém@ﬁ wild- R-édiaed at ed
transl ocati on of 35S LFn by AD2L2 or K397D + D425K . Fig. 7 is a graph

showi ng t hehibitighef greteiasynibiesis Ha itee/LEnDXTe taxisity 28saynsknlcraalsmgf r act i on
after incubation of oD2L2 or_K397D + D425K PA and wi |l d- type PA conpared to
wi | d- t ypeconceatiations i inutarisBitprotinembiena she wikl-typed?Aanedipiedui | d- t ype

ESTb ) bR B R R R i ol B e e
B R Y
(el ove LB Ml dehBSRACHIER & DALl BB SOPERKprat o e

anount s ofompaedRor the ahoimtd feqifited-foy B MAtards HstedaHiFigd3AO relieve the
w | d-type PA-nedi ated inhibition of 3H Leu uptake conpared to the anounts

requi red for the Figt Qns a graph sibwimghhg de8ikasd-irgwild-fype P Apmagdiatedowi ng t he
decrease in w|d- tfype PA-mediated 10 _inhibition of protein zynt hesis in
t he LkhDTimhibitiosi afypratyiapyaihesisdnithe LEpPds texicHy assayr destoneconcent rati ons
of a dom B?egtengeegﬁ {r{c\rlgasfrfg ggr&c%%fatilﬁs? of a dominant negative PA mutant. The
effect of the dominant negative mutants K397D + D425K (1), AD2L2 (W),
F427A (0), D425K (A), and K397D (¢) and the control mutant SSSR (#) are
shown in this figure.
15 Fig. 10 is a graph showing the decrease in wild-type PA-mediated
inhibition of protein synthesis in the LFnDTA toxicity assay due to the
presence of increasing concentrations of one of the following dominant
negative PA mutants: K397D + D425K (H), F427A + AD2L.2 (),
K397D + D425K + F427A (0), and K397D + FA27A + aD2L2 (A).
20 Fig. 11 is a bar graph showing the inhibition of protein synthesis by a
hetero-heptamer formed by mixing wild-type PA with a mutant PA (K397D +
D425K, aD21.2, F427A, or D425K) and then cleaving the PA molecules with
trypsin. Inhibition of protein synthesis by an equivalent amount of a 1:1

mixture of the corresponding mutant and wild-type homo-heptamers was also

25 measured.
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effect of the dom nant negative nutants K397D + D425K (0), zD2L2 (), F427A
(0), D425K (A), and K397D (0) and the control nutant SSSR (+) are shown in
this figwen/dsssig. 10 is a graph showi ng the decrease | PCWURE/ 4y
PA-nmedi ated inhibition of protein synthesis in the LFnDTA toxicity assay
due to the presence of increasing concentrations of one of the follow ng
dom nant negative PA nutants: K397D + D425K (”), F427A + oD2L2 (0), K397D

+ DA25K + F427P‘ﬁc§ £)) is%ﬂ&’ar!é%&ﬁlpsﬁo&ﬂ@tﬁe’effé@?bﬁt}{epaobmyﬁ{a&nF%g ativk 1S a bar

graph showi ng tHe inhibition of protein synthesis er o- hept aner

formed bymiitaits K397DI-HPHZSKRADRIA, B4DTA amitd PA26K38 theHowHEDBK, 0oD2L2,
F427A, or D425K) and then cleaving the PA nolecules with trypsin.

| nhi bi ti otrigdergd ohaslocatjon hESSILIAY aarossdhé pidsent mambwane.oTherasuitsni xt ure of
t he correspondi ng nmutant and w | d-type hono-heptanmers was al so 25

measur ed. Presgntad age tlypmegn pEthugsexpeugents £i56M12 is a bar graph show ng

th f t of th m t . t t ..K397D D425K, 2,, FA27A,
e St o, b R BT RSSS STSUE P B

| t t § : 3 [ t
DLESTE AR (S RoRSaL o s, WiE TR B SRR T

t he assang%eqlﬁﬁ&rfb&%q Jieth§d @,ﬂﬁ&?%lg Wgce. 21) . The PA mutant proteins

descri bed ereln are based on 1 1 d-type sequence. Fig. 14 is the

pol ynucl eot i deFggdu4eizake §o bl@tﬁbaeguéﬁbetemedmg therwil@itypeBAd for the
assays described herein ?S QID No.: 22). 10 Fig. 15 is an alignnent of the
am no aci groteipaseddonthePassays deseribed hedindSEQIBN@x2Rs t hat have ADP
ri bosyltransferase activity. The am no_acid .
Fig. 15 is an alignment of the amino acid sequence of PA with other
binary A-B toxins that have ADP ribosyltransferase activity. The amino acid
sequences of toxins from Clostridium difficile (“cdADPRT”), C. perfringens
(“cpiota”), C. spiroforme (“csiota’), and C. botulinum (“cbc2") are listed. The
C. perfringens and C. spiroforme toxins are frequently referred to as iota toxins
15  while the botulinum toxin is referred to as C2. Additionally, the alignment
includes the sequence of the toxin produced by Bacillus cereus (“VIP1"),
which is frequently referred to as VIP for vegetative insecticidal protein.
Fig. 16 is an alignment of the amino acid sequence of PA with the
amino acid sequences of toxins from Clostridium difficile (“cdADPRT”), C.
20  perfringens (“cpiota”), C. spiroforme (“csiota’), and C. botulinum (“cbc2").

This alignment shows the complete sequences of the toxins.

Detailed Description

We have found a means by which infection by A-B toxin producing
25 Dbacteria can be halted. Thus, the invention provides a composition for use as
an antidote to particular bacterial infections, including anthrax and gangrene.

Because the composition is safe and immunogenic, it may also be used as a
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sequences of toxins fromdostridiumdifficile ("cdADPRT"), C. perfringens
("cpiota"), C spirofornme ("csiota'), and C. botulinum ("cbc2") are listed.
The C. peodr/satgens and C. spirofornme toxins are frequent PgT/USIIEMBRD t O as
iota toxins 15 while the botulinumtoxin is referred to as C2.

Addi tionally, the alignment includes the sequence of the toxin produced by
Bacillus cereus ("VIP 1 "), which is frequently referred to as VIP for
veget ativeggdidigecticidal protein. Fig. 16 is an alignnent of the am no acid
sequence of PAwith the amno acid sequences of toxins from C ostridium

di fficile ("cdARPRILiplEmutdils Eahthrag PASwerEkt@icied, @Xﬁﬁf@ké@f or me
("csiota'), and C. botulinum ("cbc2"). This alignment shows the conplete

sequencespufifietheartdoassayed edetetmheDebethepthieyrhane rhdvweed aotivitya neans by

whi ch infection by A-B toxin producin 25 bacteria can be halted. Thus,
t he i nvenEPBRanddoiwidd-type Biv ol partigulas, thgsemugants wezg epsiyed foothsar ti cul ar

compodt ¢ 1 BRI A andS ABH aRF P OR (PR RoR: SRSTTERSAR |17 wo

/ 82788 P / 12 . ' el t f PA
const  uct RUROTELSy abdphfes: YA b s bt el B Al Brtesc Harkiar  ney”
have r edugpd 26§ Livhéire GPPRS HRAuehesl heliduReurB rediBreab rsjtkRintohiese

mut ants were assaye Ity to bind PA |1 gands and receptors; to

f or m pr ephiresn ofSe-PASIrep&Rt PAh@an®( 6x frapthepdy thsicoiNWithGetligstsdocat e
| i gands across nenbranes. Based on the x-ray structure of PA the nutated

resi dues no detactalile tbility o o potesi introembeanes wanbeafsetas vescipesfar e. PA

mutants, or fragnents thereof, with reduced or no detectable ability to
f or m Hbr ethe indretion ghprotectiveantibadiesto pgventrashragrinfestione Inpddetionn” of

r I ve anti hodi es. revent..ant hrax infecti .In additiqgn,
protect theSC mutants nngth? b more effective than wi d—typecpA in treating anthrax

infection because of their reduced ability to translocate EF and LF secreted by
Bacillus anthracis in the infected mammal.
These point mutants and the previously reported deletion mutant lacking

15  residues 302-325 of putative membrane spanning loop 2 of domain 2 (aAD2L2)
(Miller et al., Biochemistry 38:10432-10441, 1999) were further characterized
to determine whether they could act as dominant negative inhibitors by
reducing the pore formation of wild-type PA. This inhibition could result from
the binding of ligands or receptors by the mutants so that fewer molecules were

20  available for wild-type PA to bind. The mutants could also form oligomers
with wild-type PA that have reduced or no detectable ability to form pores and
translocate ligands. Dominant negative PA mutants, and fragments thereof,
could be used as vaccines to elicit protective antibodies for the prevention or
treatment of anthrax infection, as described above. Additionally, mutants or

25 fragments with dominant negative activity could be used as therapeutics to
treat anthrax infection by inhibiting the activity of PA secreted by Bacillus

anthracis in the infected mammal. Because dominant negative mutants can
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these nutants m ght be nore effective than wild-type PA in treating anthrax
i nfection because of their reduced ability to translocate EF and LF
secretedwyo/8a8$ | | us anthracis in the infected mammal . The€BP®ES@OI4RT2 mut ant s
and the previously reported deletion nutant |acking 15 residues 302-325 of
put ati ve nenbrane spanning |oop 2 of domain 2 (oD2L2) (Mller et al.,

Bi ochem stry 38:10432-10441, 1999) were further characterized to determ ne

whet her t hgiiceqHé fréfilctidn &Eﬁj’fbf&ﬁfve RAABHANS anBRhRIIOhS ARKvitf&FfPAg the pore
formation of wild-type PA. This inhibition could result from the binding

of |'i gandgratuceddgptherisfdoying bactauiagthey com bdased @vecombiretiones were 20
avail able for wild-type PA to bind. The nutants could also formoligoners
wi th wi | dvaggne/derapentihhabis patticalarkyreffestivetindreabing indiviidualst o f or m pores
and translgcate _ligands. ] nant negative PA nutants, .and fragnents

t hereof, S®& amagﬁr@%&tgss%w 1% Yt infrcsione tBesddemibemisad é for the

A 1 bnarPipeaie o 8% 95 o RATL B Pt NFEH OISR IRESRERLES Ve i 1y cou d
b d : ; : . b b tang th
activity SiPRREREYRbIAvEBeeh ERBpsoleRed REAH, Pt R THE o

Because doatdiaaion RAXsEY(al T8 ctial$ agaRst deldy s R4 68 FaThidRby 14372

i nduce the production of protective antibodies and inhibit the activity of
PA  pr odugemmibptibhefispbastthagedrarenetin dn thelbydy for grelaped meiods¢arbi nat i on

vacci ne/therapeutic that is particularly effective in treating individuals
suf f eri ngldasbaqmagthht ri sk of devel oping, anthrax infection. Besides the

need 5 abrogate toxjn action as quickly as, possihble, it is also
irrpori(gnt to vERENRANY, seesrel @H@ﬂ%sﬁ)lﬁ%h‘é(%ﬁ ’@@aﬁf@aﬁh@éaclf beahiBsol i zed B.

o0 o RO e oo USRSl B BRRR, O =
body for proLiR0ofe REPtAERLHOA or treatment of anthrax infection (Table 1).
Mutants # 1-12 were able to be proteolytically activated, to form the
SDS-dissociable PA63 prepore state, and to bind a cellular receptor, EF, and
15 LF. Some of the mutations prevented the conversion of the prepore to an
SDS-resistant state (Table 1). These mutants (K397A, K397C, K397D,
D425A, D425N, D425K D425E, D425K, K397D + D425K, and K395D +
K397D + D425K + D426K) are also defective in pore formation and
membrane translocation. The other class of mutants (aD2L2 PA, K397Q, and
20  F427A) forms SDS-resistant oligomers but does not undergo membrane

insertion and pore formation. These results were unexpected.
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| east a no
t hat
and,

anthrax infection (Table 1).
proteolytically activated,

nt h) .

10 I'n this study,
| ack the ability
t husyo ar/g27gt ent i al

sever al

vacci nes for the prevention or perasemens720f

to for

m t he

Mutants # 1-12 were able to be
SDS- di ssoci abl e PA63 prepore state,

and to bi ndlaRlece| Agiivily of RielepiverAntigen Myggats15 |LE. Sone of the nutations

prevented the conversion of the prepore to an

mutants of PA were identified
to formpores in nenbranes and transl ocate |igands

SDS-resi stant state (Table

1)_ These mutants_ (K397A_  K397C_K397D D425A,  DA25N, 25K D425E, 25K,
K397D + D42Mtany ) SEQIBD| Mutrtigyh FomapSRS+ Da26Kpas e al |so DoEHBEt vE in
pore forndti ok and Neermbrane trans| eesistign. [Thechrmimels? cl gss nefativet ant s
(oD2L2 PA,| K397Q| and 20| F427A) floroehigosid®?resi stant ol i gognmers but dops not
undergo nenbrane| i ngertiog3enmd pore Ny natijon. Thase resjul ts Ngre
unexpect ed -39 WO 037382 -2 i) }Jb})_J./ N‘bﬁ“ 'EBLE ACT Vi Ty N’é I-’flo ective
,rAg;: gfgn'ltvuc..ai..ne. 52 2 egaH ‘{[QWC’;,L d:giomd’;u'l”z El’gg?n :JQI?@L!\Q “leé KSG;(II))' No
No No 3 3 kz47Cine fho NJP K397QK3070 V&5 No o 509 Da25A No WO NG b 6
D425N No No Not det efni nedD4254 D425EN® No No  No No
6 6 D425N No No Not
determined
7 7 D425E No No No
8 8 D425K No No Yes
9 9 F427A Yes No Yes
10 10 K397D + No No Yes
D425K
11 11 K395D + No No Yes
K397D +
D425K +
D426K
12 12 AD21.2 Yes No Yes
13 13 K397D + Not Not determined Yes
D425K + | determined
F427A
14 14 F427A + Not Not determined Yes
AD21.2 determined
15 15 K397D + Not Not determined Yes
F427A + determined
AD21.2
16 16 K397D + Not Not determined Yes
D425K + | determined
F427A +
AD2L.2
17 17 F427D Not Not determined Yes
determined
18 18 F427K Not Not determined Yes
determined

These PA mutants were constructed as described in Example 1.
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8 8 425K No No Yes 9 9 F427A Yes No Yes 10 10 K397D + No No Yes [D425K
11 11 K395D + No No Yes K397D + D425K + D426K 12 12 AD2L2 Yes No Yes 13
13 K397DWODNo827B®Ht determ ned Yes D425K + determ ned F42P&T/Useh/14372F427A +
Not Not determ ned Yes AD2L2 determ ned 15 15 K397D + Not Not determ ned
Yes F427A + determ ned AD2L2 16 16 K397D + Not Not determ ned Yes D425K
+ determ ned F427A + AD2L2 17 17 F427D Not Not determ ned Yes determ ned

1310 FEETE Nl i g LAy et e
K395D+ K397D + D425K + D426K quadruple mutant, D425K, F427A,
K397D +D425K + F427A triple mutant, F427A + aD2L.2 double mutant,
K397D + F427A +aD2L2 triple mutant, K397D + D425K + F427A +aD21.2

5 quadruple mutant, F427D, and F427K) inhibit the wild-type PA-mediated
translocation of ligands across membranes. The AD2L.2 and K397D + D425K
PA mutants were shown to form oligomers with wild-type PA that are unable
to translocate ligands. These results were unexpected. The presence of a
single molecule of these mutants within a heptameric prepore may be sufficient

10  to block conversion to the pore. This ability to block the pore formation by
wild-type PA, coupled with the ability to compete with wild-type PA for the
binding of cellular receptors and to remove EF and LF from circulation, makes
these mutants particularly attractive for use in the treatment and prevention of
anthrax infection.

15 Mutation of other residues in PA could also inhibit pore formation or
produce dominant negative activity. For example, residues that
electrostatically interact with the charged side-chains of Lys397 or Asp425
may also be required for pore formation by PA, and the mutation of one or a
combination of these residues may inhibit pore formation and result in

20 dominant negative activity. Additionally, the deletion of smaller portions of
the 302-325 D2L.2 loop or the deletion of amino acids flanking the loop and
part or all of the 302-325 region could produce these results.

The ability to obtain mutants of PA with no detectable ability to form
pores or translocate ligands and mutants that serve as dominant negative

25 inhibitors of wild-type PA suggests that similar mutants could be obtained in
other toxins, such as a-hemolysin from Staphylococcus aureus, aerolysin from

Aeromonas hydrophila, a-toxin from Clostridium septicum, cytotoxin from
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WO 01/ 82788 PCT/ US01/ 14372 Several of the nutants (oD2L2, K397D + D425K
doubl e mutant, K395D+ K397D + D425K + D426K quadrupl e nutant, D425K,
FA27A, RBOGDB2aBYI25K + F427A triple mutant, F427A + oD2L2rdDubbielr4aiet ant ,
K397D + F427A +oD2L2 triple nutant, K397D + D425K + F427A +oD2L2 5
gquadrupl e nutant, F427D, and F427K) inhibit the wild-type PA-nedi ated
transl ocati on of |igands across nenbranes. The oD2L2 and K397D + D425K PA
mut ant's Wek&y &iedilist Gerli@inPsa) h&erRbRgdbiicWokids (ABS BAikd)aér A thetabl e  to
transl ocate |1 gands. These results were unexpected. The presence of a
si ngl e nohmwieties off téthess bonilanims, ov diphthegialtopimare Aidditivreply; ¢hezay be
sufficient 10 to bl ock conversion to the pore. This ability to bl ock the
por e f or ntasubis ubdersaptadtheygossibiljtycafudentafyimg dommeariinegatiye fornzoapet e wit h
wild-type PA for the binding of cellular receptors and to repnove EF and LF
from ci r cBnbepal ofek edigomeaiceviplencs kst fapging frpnhioxingtq adhesH)s. use in
the treatnment and prevent.ion.of, anthrax.infection. .1 tation.of other
oot dube i PALLSBIPEC FOUn AR St SHautoti Dt S pich i AXCRBN nan
negative Y L 1 | i nt eract
with the aclre éée cy%lllrggﬁ gﬁé@%k@?} tEg%%@%%l}&l%{gﬂ]i@’%%%gg{’@%& %gh‘%%qui red for
pore for Nafytit sbuftfts cameh Pﬂﬁcfﬁl'é B Eﬁbrﬁéra@é&?irﬁé tite fiRQNRHthied Paibingt hese
residues nmay inhibit pore Tormation and result in 20 dom nant negati ve
activity. thadsbssibdlint that stdiesuteingtsiconldbe asad therapeuticalins Syktentibe 302- 325
D2L2 | oop or the deletion of amno acids flanking the loop and part or all
of the 302ntheax,adifiovgh cag ap pnafural elisdase.ds rfmdtas.anﬁg@nabF bidlggical obt ai n
mutants of PA with no detectahle ability to_form_pores of trans|ocate
|i ganks aM@rkaie and terrorasmsand, dominans pegative RAgwevldesesm 1he BiwRHthY of

t hat sim,l ar nut could obt ai ned in t.her

ot s PepniddedeR b tneabutd. Al GRL RSl adRi Bl Fehdys Bhe

intermixes freely with wild-type PA produced in the body by B. anthracis, the

proteins should co-assemble on cells to form inactive, dead-end complexes,
thereby blocking the actions of both LF and EF. Besides preventing overt

15 symptoms, dominant negative mutants may also protect professional
phagocytes from destruction, thereby aiding the host in eradicating the
infection. No significant side effects have been observed following injection
of wild-type PA into humans, and thus a mutant inactive form of the protein
should pose no hazard.

20 Dominant negative PA may also be useful as a basis for a new vaccine
against anthrax. As its name connotes, PA induces protective antibodies
against anthrax, and indeed is the major immunogen of the vaccine currently
licensed in the United States. The aD2L.2, K397D + D425K, and F427A
mutants described herein exhibit little or no diminution in immunogenicity

25 relative to wild-type PA in Fisher rats. We have also found mutants that are
unexpectedly dominant negative, such that administration of a 0.25:1 ratio of

mutant to wild-type PA did not result in any detectable symptoms of anthrax
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Aer omonas hydrophila, a-toxin fromdostridiumsepticum cytotoxin from-21
WO 01/ 82788 PCT/ US01/ 14372 Pseudonzonas aerugi nosa, hetero-oligoneric
toxins (AB30L/8XBHNS), or in the B npieties of tetanus, borOl/URUM43TYY

di phtheria toxins. Additionally, these results underscore the possibility
of identifying dom nant negative fornms of a nunber of other oligoneric
virul ence factors, ranging fromtoxins to adhesins. 5 In anthrax toxin and

other ol i Hﬁ@@t’i&r?}rf%?%tf‘rﬁrénd{:lﬂ Pﬁﬁfi@dtsmd-mgi unBEPESRIIAARHA As g cont act

with the extrace I eu, exogeno mut ant subunits can in

princi pl erdpademsaitifor tecchiréritty ibenstd Ratcisk aed fredomiait Aggativieform
possibility that such subunits could be used therapeutically. Systemc

ant hr ax, af PAopmives affecaasows thatapeatically atmeght fmlfikdhisdoksasawedgent of

bi ol ogi cal 10 warfare and terrorism and dom nant negative PA would seemto
be a wort Bymigaing eneedde developr apealmast igeidical phampgeeutigalsni st er ed

body B3 B ant APadplowig SkEpbEsare Eoithofialecipeiatemtit Thefar ast Shi or ?nhed
bady by B. ant fiPadt | . . or

er- Bosi aBean BT RRon uf I SR, DAES MehyReAlE e fypdft s 1y ™

al so prot ﬁiétdKBWAeeﬁﬁi 025 A PAGIRGHESS répRRiHERTE BE e eta?ti}?{eiﬁ&lff i ding the

, 1é ?
host in eradicating the 1infection. No significant si cts have been

observed Pl mawimgnunjbeetl- thlistet inTathid ype PA into humans, and thus a

mut ant inactive formof the protein should pose no hazard. 20 Dom nant
negati ve PA nmay al so be useful as a basis for a new vacci ne against
anthrax. As its nane connotes, PA induces protective antibodies against
ant hrax, Exampleds Genenal methiods i munogen of the vaccine currently
Iicenf(ﬁd |Cn thei United, Sta . .The oD2L2, K397D + D425K, and F427A nutants
described HTeRES% NG $4ETECEES no di minution in i nunogenicity

Chinese hamster ovary-K1 (CHO-K1) cells were obtained from
American type culture collection. The cells were grown in HAM's F-12
supplemented with 10% calf serum, 500 units/mL penicillin G, 2 mM L-
glutamine and 500 units]mL streptomycin sulfate and maintained at 5% CO, in
15 ahumidified atmosphere. Cells were seeded into 24~ or 96-well microtiter
plates ( Costar, Cambridge, MA) 16 - 18 hours prior to the experiment. All
media for cell culture was obtained from Gibco BRL unless noted otherwise.

All chemicals were obtained from Sigma Chemical Co. unless specified.

Construction and purification of PA proteins

20 The aD2L.2 PA mutant, which does not contain amino acids 302-325 of
PA, was expressed and purified as described previously (Miller et al.,
Biochemistry 38:10432-10441, 1999). The point mutations # 1-11 from Table
1 were constructed using the QuickChange method of site directed
mutagenesis, following the manufacturer’s protocol (Stratagene, La Jolla, CA).

25  The plasmid of Miller et al. (supra) encoding wild-type PA was used as the
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25 relative to wld-type PAin Fisher rats. W have al so found nutants that
are unexpectedly dom nant negative, such that admnistration of a 0.25:1
rati o of womt/sa188t o wi |l d-type PA did not result in any depetwabla3rynpt ons
of anthrax -22 WD 01/82788 PCT/US01/ 14372 infection in a rat nodel.
Purified wild-type PA is under consideration as a replacenent for the
currently licensed vaccine, and if a dom nant negative form of PA proves

effi caci otkmbags APRUPLAR hitanis! weeWtndd il hpETUBLI0) NREpeH) |

elimnating the need"to devel op two al npst ntical ‘pharnmaceuticals. 5 The

f ol I owi ngegpessibAseatdd dnd thddssinie @ité Bmmmt) (Movaddiy f@r gmlomeant to
limt the invention in any way. Unless otherwi se noted, the data for the

K397A andTbépeintRAutantsawese e@mmdeasldrpmﬁaxbampretvmwjadesmrﬂxedl(Mldilef,or PA
nmut ants nunber 1-12 listed in Table 1. Exa 1:. Ceneral nethods 10 Cell

cul ture, #B9?Ph Breflzhewiwss yeoh e i hise 70049@@606@% 1) cells were
bt ai ned Ane t t | | ect The cel

PAM s B 1 BXDssiacridRe e vt ik e e o8 by e pidigh dloni ol 1 in G 2
™ L- glug qﬁhgﬁg@ﬂgltﬁg)%awlté%ﬁ%osﬁ& ?HNP' ﬁol?é%gfjﬁdﬁ?&o@hgtcéhged at 5%

CO2 in 157a ere S Were 'see 6-wel |

m crotitegerd F%\ﬁﬁ fér Q?ﬁ&@i"tlongfiﬂbh{%gﬁ 300 ahfl Irarvd&iPBY %eﬂt"rifﬁ%at ¢h the

experi ment. media for cell culture was obtalned from G bco BRL unl ess
not ed ot hégvi Gminutdk lat 80@0xcal s were obtained from Si gna Chenical Co.

unl ess specified. Construction and purification of PA proteins 20 The
oD2L2 PA nut anfThewroteindwerss redtased fitcan theapenipl asimi jsoB00tiG 8boak. TRA, was

expressed and purified as described preV|oust ler et al.
Bi ochthi seels wereimsyspersledin 20god] TrsHdChqkh (?11(?{0% ighicosg apd11mMom Tabl e

EDTA and incubated at room temperature for 10 minutes with continuous
stirring. The cells were harvested again by centrifugation, resuspended in 5
mM MgSO, containing 20 mM Benzamidine, and incubated at 4 °C for 10
minutes with constant stirring. After the cells were again pelleted by

15 centrifugation at 8000 x g, the perplasmic extract was decanted. Tris-HCL pH
8.0 was added to a final concentration of 20 mM, and the entire sample was
loaded onto a Q-sepharose HP column. The unbound protein was washed off
the column with buffer A (20 mM Tris, pH 8.0). The bound protein was eluted
With a 0% - 25% buffer B linear gradient (20 mM Tris, pH 8.0, 1 M NaCl).

20 The PA containing fractions were concentrated, and the buffer was exchanged
using a pd-10 column (Amersham-Pharmacia) containing buffer A. The PA-
containing eluate was loaded onto a Mono-Q column and eluted with a O -
25% buffer B gradient. PA containing fractions were analyzed by SDS-PAGE
and stored at -80 °C. Proteins concentrations were determined using the

25 Bio-Rad protein assay kit based on the manufacturer’s protocol. All liquid
chromatography was performed using an AKTA-purifier liquid

chromatography system (Amersham-Pharmacia).
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1 were constructed using the Qui ckChange nethod of site directed

nmut agenesi s, follow ng the nmanufacturer's protocol (Stratagene, La Jolla,
CA). 25 Weopsassrid of MIler et al. (supra) encodi ng w | BeTyYp&/B2was used
as the -23 WD 01/82788 PCT/USO01/ 14372 tenplate. The point nutants were
cloned into a pET22-b(+) (Novagen) expression vector and transforned into
BL21( DE3) (Novagen) for expression. The point nmutants were expressed and

purified as pr?gé%@?%&ﬂ%ﬁ%hﬁe@ 1M$@mTa%ﬁe9?)weﬁr'&Is@ﬁctédﬂ tures were

grown in LB at o an A600 of 1-0 Expression of the reéonbi nant

prot ei n Wegpresdds afd pyrified sagdatlyon of  (3- D-i sopropyl t hi ogal act opyr anosi de
to 1 mMM Follow ng induction, the cells were grown for an additional 3

hours at 30 C and harvested by centrifugation for 10 m nutes at 8000 x g.
The proteins were re| eased fromthe periplasm by osnotic shock. The 10
cel | s wer Breteglyéisercdivation oS &AM Tris-HC, pH 8.0, 30% gl ucose and 1 nM

Stirring. The LB ikastl i SEreantars Shrveames iugekpa b AALpended i n
LY L dine. . c 10

i it b r oA F G ERaF BL e AL ARG 78l by 1

centrifuggt b@gggﬁnﬁﬁﬁoch? otherldd§ayRer ’E’[’hg—fsiﬂ waSadHad to ‘é@ﬁlag%%%- pAris-HCL

pH 8.0 was a to a final corcentrdation of 20 mM an e entire sanple

was | oadedioost P1g000 %ﬁ:l@ﬂaaﬂd ehd Migakévas iddidatstbarodnpiediysiratinesomas hed
off the colum with buffer A (20 nMTris, pH 8.0). The bound protein was

eluted w20 miauGk folkBredby ieibBidn oftthe toypsth wnth { 20 nmdlaTexcesspf 8.0, 1 M
NaCl ). 20 The PA containing fractions were concentrated, and the buffer was
exchangedsOXPs@A gryPspyiniobien. urm ( Amer sham Phar maci a) contai ni ng buffer A
The PA- containing eluate was | oaded onto a Mono-Q colum and eluted with a
0 -

10  Cell surface translocation assay
A cell surface translocation assay to measure the PA-mediated

translocation of radiolabeled LFn (N-terminal 1-255 amino acid PA binding
domain of LF) was performed as previously described (Wesche et al.,
Biochemistry 37:15737, 1998). Briefly, nPA (2x10°® M) was first bound to

15 CHO cells, followed by **S LFn which binds to the PA63 on the cell surface.
Excess LFn was removed, and the cells were washed and subjected to a pH 5.0
pulse at 37°C. The low pH pulse mimics the acidification of the endosome
and results in the PA-mediated translocation of LFn across the plasma
membrane and into the cell. The samples were treated with pronase which

20 proteolytically degrades extracellular **S-LFn, but not *S-LFn that has been
translocated into the cell. The cells were then washed and lysed. To determine
the total amount of **S-LFn that bound to the cells, some of the cells were not
treated with pronase. Following lysis, the amount of **S-LFn in the
supernatant was determined using a scintillation counter. The percent

25 translocation was calculated as follows:
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25% buffer B gradient. PA containing fractions were anal yzed by SDS- PAGE
and stored at -80 C. Proteins concentrations were determ ned using the 25
Bi 0- Rad pvovesaisassay kit based on the manufacturer's prororoBo1/1AB12 | i quid
chromat ogr aphy was perforned using an AKTA-purifier liquid chromatography
system (Arer sham Pharmaci a). -24 WD 01/82788 PCT/ US01/ 14372 The ot her PA
mutants (# 13-18 from Table 1) were constructed, expressed, and purified
simlarly DMﬁﬁﬂéaba%&ﬁ?rcvﬁsw@PM Bbuidd Y@ élls)Weso0'ses tsrshsck&n! ytical Iy
cl eave PA33 to nicked PA (nPA).” 5 PA was dilutéd to a concentration of 0.5
mg/ M for the MoekesreniheifinugarmPHaproteinsdnRibigihel trdmtodaienaifidin bgsays.
Trypsin was added to a final trypsinto PA ratio of 1:1,000 (ww), and the
m xt ur e wasld-type A cbisassay svastadspperonned fising eg0implartassuitodf owed by
inhibition of the trypsin with a 10 nolar excess of _,soyhean trypsin

i nhi bi t or Muignt@ad, Wﬂértli’ﬁ% B/ thah ¥iese soMmbeskRAYT 1@ ErpsiniZaipRaadt r ansl ocat i on

assay to asyr.e 4 he RA- I at ranslocati.on, of radiol abel.ed LFn

(N-t erhin 1|utf_ﬁég@>é né\d?ﬁé?}pﬁ?%%gfﬁ%ch W&h‘ﬂpﬂbﬁéorfgfl%i‘ﬁ%gr orned as
previ ousl SGH ' ) ; 98).

Briefly, %"Fl%e (%Hfgﬁﬂ$ﬁ%%§§8?ﬁ%§@%%ﬂ%’gﬁpﬁga%g%g? Fgc?’ﬁﬁé}’ltéged by 35S
LFEn whi chihhdl i Iﬁ@,&w \ﬁg?ar noved,
and the cLer SG%E% %\ggkll(gd angggflj%)jeselggt%lgg ?gé&;@%lﬁ_yél?%dﬁgﬁflilsléﬁgo %:& The | ow
pH pul se (o theassihabawd withi a0 avl wildithpe Pidcaggestingndhat esytiecrehse fnhe
PA-nmedi at ed transl ocati on of LFn across the plasnma nenbrane and into the

cel | . Thetrgnsiptatonendbinding swhswiol thepresnbsd théidodp a0therasmeontyatieradf y

degrades extracellular 35S-LFn, but not 35S-LFn that has been
10 wild-type PA.

Inhibition of protein synthesis
LFnDTA inhibition of protein synthesis was used as another method to
measure PA-mediated translocation of ligands into cells (Milne ef al., Mol.

15 Microbiol. 15:66, 1995). For assaying PA mutants # 1-12 in Table 1, CHO-K1
cells were plated at 2.5 x 10* cells/well in a 96 well plate 16 hours prior to the
addition of PA protein. PA83 (1x10* M to 1x107 M) was incubated with
cells in the presence of 1 x 10® M LFnDTA for 4 hours. The media was then
removed and replaced with leucine free HAM's F-12 media supplemented with

20 3H-Leu at 1 mCi/ml. After a one hour incubation, the cells were washed with
ice cold PBS followed by ice-cold trichloro acetic acid (10%) to precipitate
proteins. The quantity of *H-leu incorporated into the TCA insoluble material
was determined using a scintillation counter and was used as a measure of the
amount of newly synthesized protein.

25 Mutant PA proteins were also tested in this assay to see if they relieved
the wild-type PA-mediated inhibition of *H-Leu uptake. Wild-type PA was
added to CHO cells at a concentration of 1x10®° M with 1x10® M LFnDTA.
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translocated into the cell. The cells were then washed and |ysed. To
determne the total anmount of 35S-LFn that bound to the cells, sonme of the
cells weveono$278¢ reat ed with pronase. Followi ng |lysis, therCHUSUt43TRf

35S-LFn in the supernatant was determ ned using a scintillation counter.
The percent 25 translocation was cal cul ated as follows: -25 WD 01/82788
PCT/ US01/ 14372 (DPM protected from pronase)/(DPM bound to cells) x 100 = %

transl ocam&c?sgﬂ %{o%@@' BF%Ihé of et ReRd £55%: ae@' g”hfe ckhg wergns! ocation

of LFn by I s assay was al so per orrre usi ng equi nol ar

anount s Oincufﬂiuteﬂn\klltﬁﬁﬁe vortiflfoy pBoRA &ﬁththevﬁi@lé@%r@pﬂ)cﬁﬁssdrast 0
trypsinization and 5 diluted to 2 x 10-'M PA (1x10.8 M of each protein)

bef ore bedc@rﬂxdﬂeibdve cells. Wen PA at a concentratlon of 1x10-$ M was

used as a control the translocation efficiency, was_on sllﬁﬁtly affected
by the drop |n bhe Paipatants listed meFigs Qayergiested wmﬂalim@‘ﬁo PHS t ype PA,

Feaal © of it tishvebais aearel B ”%'»v‘é%?%ﬂop@aw&df@b R dLiEPﬁn of
[ U

2;18{ ﬁ:ap Snéﬁﬁlhﬁﬁfﬁyhgrelﬁa%sﬁlr%@% 15&89%3 cfeﬁéégégpoca g(lf)épn@ sei n?g cells

(M1 ne et yatious MioundSharalihalPA M (85I <F99eSADNG Pyt ants

1-12 in Ta were plate t 2.5 x 104 cells in a 96

wel | pl at D@SKDOKBWU 0P SSSR)! 1ehe mddivin Snsaherfernbvi®amd répAded with0- 12 M
to 1x10' M was incubated with cells in the presence of 1 x 10"$ M LFnDTA

for 4 houlecinkhfreadiAM Wak2 supplementedEHLandt rlqprdnéd Afkertintehatione free

HAM s F-12 nedi a suppl enented with 20 3HlLeu at 1 nC/nml ., After a one hour
i ncubd i ofor anechew 3t3 ks éhavaeliewers washadcwithdrercpissPBS| foligsgddy i ce- col d

trichlor Olc%ggcglldclO% Itrqclg oro@cetug Lid & @AB t[%e quantity of *H-Leu incorporated

into the TCA-precipitable material was measured and is expressed as percent
of that incorporated in the absence of PA. At the concentrations of wild-type
PA and LFnDTA chosen, protein synthesis was inhibited by about 90% in the

15 absence of mutant PA (dotted line). The mean of three experiments + SEM is
reported. Similar results were seen when the initial incubation was four hours,
instead of 18 hours. The
K397D + D425K + F427A, FA27A + aD2L2, and K397D + F427A + aD2L2
PA mutants listed in Fig. 10 were tested similarly.

20 The PA-mediated inhibition of protein synthesis by hetero-heptamers of
wild-type and mutant PA was compared to that of mixtures of the
corresponding homo-heptamers. Homo-heptamers of wild-type PA63 and
K397D + D425K, aD2L2, F427A, K397D, and D425K mutants, were
prepared as described above. Putative hetero-heptamers were prepared by

25 mixing each mutant PA with wild-type PA in a 1:1 ratio before trypsinization
and column chromatography (Fig. 11). Wild-type PA (1 nM),

hetero-heptamer (H) (final concentration 2 nM), or an equimolar mixture (M)
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proteins. The quantity of 3H Il eu incorporated into the TCA insol uble
material was determned using a scintillation counter and was used as a
measur e ofovhe78anount of newl y synt hesized protein. 25 MCHOBIIPAITY Ot ei NS
were also tested in this assay to see if they relieved the wild-type
PA-nmedi ated i nhibition of 3H Leu uptake. WId-type PA was added to CHO
cells at a concentration of 1x10-9 Mwith 1x10-8 M LFnDTA. -26 WD 01/ 82788

PCT/ USO1/ aNLeadl) JTERE EBﬁeé}iBM’Iﬁg‘Snﬁlftarﬁflﬁnﬂ&—h%ﬁ&nﬁ@ita%ﬂt\ﬁil&ﬂr e al so added.
The cells were incubated with the toxin for 4 hours and the sanples were

pr ocessedtyge-hepraner,bedk moobsted Wieh PNOWK hiotBs I BiegresoncBiof LEhDWEAe t est ed
simlarly. CHO KL cells 5 (2.5 x 104 cells/well) in a 96-well plate were
i ncubat ed(¥0 pVB faoliB hoars, a3nd dnhikitién of prdteipsynihes{si®as pipsinedidse presence
of LFN-DTA (1,%2 pM and _variaqus anounts of individual PA nutants §K397D +
D425K, oDg¢seribedabave fopbip 9. deptpmep corgantgations argReprgpiofds teHBNOF eroved

and replaced with _lLeycine-frege HAM F- 12 suppl enent ed gll—l-Leu t it G/l
After 3 nolibaersmerBABS Subfalts, cfrote sypiiesy 8 exprassed as e ool ohd

i ce-col d wedp (S8 %t L g 6 ASogeqTCA) . Th
quant i ty S YIBSRCRRY THEREER P ik bkpbARRRIRESENFs ROl C) o1 Toms

measur ed 8ifilhSreBURE Q6 o@Safd@’ £EIHr hodt indidatibAcor porated in the absence
of PA. At the concentrations of wild-type PA and LFnDTA chosen, protein

synthesis was inhibited by about 90%in the 15 absence of nutant PA (dotted
line). The nmean of three experinments SEMis reported. Simlar results
wer e seenPwepmretdnd SDSresistann oligawieoforneatidrour hours, instead of 18 hours.
The K397D + D425K + F427A, F427A + AD2L2, and K397D + F427A + AD2L.2 PA

mut ants | i st ed I fesmpatiam ofjareporessancySDSriesiskang oligomers was measured

10 by incubating nPA with an equimolar amount of LFn for 30 minutes at room
temperature. To determine whether prepores had formed, the samples were
subjected to electrophoresis in a 4-12% native gradient gel (FMC) using 50
mM CHES, pH 9.0, 2 mg/ml CHAPS as the running buffer. To determine
whether low pH induced the formation of SDS-resistant heptamers, 100 mM

15  sodium acetate, pH 4.5 was added until the pH of the solution reached 5.0, and
then the sample was incubated at room temperature for 30 minutes. The
sample was then dissolved in SDS-PAGE sample buffer and run on a 4-12%
SDS-PAGE gradient gel. Proteins in the gels were visualized with coomassie

brilliant blue.

20  Rubidium release
CHO-K1 cells were plated at a density of 2 x 10° cells/well and
incubated at 37 °C for 24 hours. The media was then aspirated and replaced
with media containing 1 uCi/ml *¥RbCl and incubated for 16 hours. The cells
were chilled on ice for 20 minutes, and the media was removed. The cells

25  were washed, and nPA (2 x 10°M) in HEPES buffered media was added. The
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20 The PA-nediated inhibition of protein synthesis by hetero-heptaners of
w | d-type and nmutant PA was conpared to that of m xtures of the

cor r espowdd ngs11e$1o- hept aner s. Hono- hept amers of wi | d-t ypeP@RES01aKa72 K397D +
D425K, oD2L2, F427A, K397D, and D425K nutants, were prepared as descri bed
above. Putative hetero-heptaners were prepared by 25 m xi ng each nutant PA
wth wild-type PAin a 1:1 ratio before trypsinization and colum

chr omat ogecimWetcFingubdiddl witN hPA! ﬁb@q RAr§ dnndd,, follb%ar%ﬂhemdaimn 6H) (final
concentration 2 nM, or an equinolar mxture 01/ 82788

PCT/ US01/ ibé362d pHLS 0ONhefberh )Afoér 3heninmes emmpids ﬂgnnﬂtaasﬁpehmtmmmearrer and
w | d- type-heptaner, was incubated wwth CHO K1 cells in the presence of
LFnDTA (q@h:omd afd cowged duasciniittionridvintérda dsterprine ghaampnnheli s was
measur ed a ri bed above for Fig. 9. Heptaner concentrations are
expressedfel ‘??SP -of 5 nononeric PA63 subunits. Protein synthesis is

xper tront o St Tt bt A 6 ol Qering WERMRARRNET o8, nour
| ncubat i Og%rgf’@ TR r%g@@ﬁﬁ{?@ﬁ% GitlothPBf rededs8a™ ety ! H@t bg{é} | ncuﬁ prmation of

pr epor es I'goners was neasure ating nPA

W th an egkifDbihedTRsEHt ifVedtfon hay bdQedtbd i &s ﬂésaﬁlQ@rﬂetélﬁﬁHGR\ﬁiéﬂﬁét To
det erm ne whet her prepores had forned, the sanples”were subjected to

el ect r ophtifegdiaseiareduded aBilitato ﬁcﬁmgtraﬂsmamb@ie #dd&) using 50 nM CHES, pH
9.0, 2 ng/mM CHAPS as the running buffer. To determ ne whether |ow pH

i nduced the formation of SDS-resistant heptaners, 100 mm 15 sodi um acet at e,
pH 4.5 s added uixl, t he pH of the solutio reached 5.Q, and then the
sanpl e waExample2¢ dail ahostmukanls foLorm SBS- -Egsitantoligomers o npl e was

then ICB ssol VedA'llnP F %;E# iaﬁ) Tgll)jle Find wdldrt%e% Srol%éﬁlzs%%ere

proteolytically nicked with trypsin as described above, forming nicked PA

(nPA) proteins that migrated as lower molecular species when analyzed by
SDS-PAGE (Figure 2A). Formation of SDS-dissociable prepores by PA
mutants # 1-12 in Table 1 was detected by the decreased mobility in native gels

15 of heptameric PA63 complexed with LFn compared to monomeric nPA
(Figure 2B). The formation of prepores by the K397A and D425A PA mutants
was further supported by the elution of the prepores from a MonoQ column at
a higher salt concentration than that which elutes monomeric PA. The nPA
mutants were also analyzed for the formation of SDS-resistant oligomers. As a

20  positive control, wild-type PA was treated with LFn. The low pH pulse
converted wild-type PA into SDS-resistant oligomers, which migrated as high
molecular weight complexes when analyzed by SDS-PAGE. aD2L2 (PA
lacking residues 302-325) and K397Q (Figure 2B). Wild-type, K397Q,
F427A, and aAD2L2 PA formed SDS-resistant oligomers when treated with

25 low pH (Figure 2A and Table 1).
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SDS- PACGE gradient gel. Proteins in the gels were visualized with coonmassie
brilliant blue. 20 Rubidiumrelease CHO- K1l cells were plated at a density
of 2 x 1@0owsi78 wel | and incubated at 37 'C for 24 hourBCT/UR&/x#BTh a was
then aspirated and replaced wth nedia containing 1 AG /nl86RbC and

i ncubated for 16 hours. The cells were chilled on ice for 20 mnutes, and
the nedi a was renoved. The cells 25 were washed, and nPA (2 x 10-8M in

HEPES buf fighibloadicailifye g tnuilifs to IO 3R REnBEIALS0L/ 14372 cel I s
wer e i ncutreteer=rr n . addi ti on of

ice cold pH 5. Théfilee. ofAhbstrofife PiANHRts s@ figine STIS-esnidthet slyanast ant wer e
collected and counted in a scintillation counter to determ ne the anount of
rel eased 8¢Rested thhi gorstfandation &s sely nembranss wosldigkso beoindighitadyi Paret he
effect of other pore-formng.tgxins on the anount of released 86Rb. Thus,
ot her nut EFmation; was afsayed by Ag nb4y prateis tawpllp doadedrwdhithe t hi s assay to
determ ne whether they have a reguced ability to fgrmtransnenbrane pores.
Eeanpie SR PSR AR, SkPoDrBRE itk Io8cp: A TERSGOREIE 10 A |
PA mut ant - F26h0 | VP, ' 1

pr ot eol ytllseég Sflzyojfni%lgggtg\?\nhg ﬁal{fgg‘g‘%ﬂ Ig%&léégscgégggggg%\%aﬂﬁ%fgr% %ﬂ(rl\i cked PA
(NPA) * pr ofsenPA hfduddighatEida@sof CRBIuERL R iReriihie 6l BPARES RNl yzed by
SDS- PACGE (Fi gure 2,613. Formati on of SDS-di ssociable prepores by PA nutants
# 1-12 i nmeaibrénd foyasingaoe pededble ipdeesd der contedt, mobeloftthie mutmaki #¢-gel s 15
of heptaneric PA63 conpl exed with LFn conpared to nononeric nPA (Figure
2B). The 12im#ubknl oddused SR selbyset (Fegud Brandhabip4Ds A, the mabiitywas

further supported by the elution of the prepores froma NonoQ col um at
10  of most PA mutants to form SDS-resistant oligomers (Example 2) correlates

with an inability of these mutants to form pores in cell membranes.

Example 4: Failure of PA mutants to translocate LFn across membranes

Pore formation is a requisite step in the PA dependent translocation of

ligands (i.e., LF, EF or LFn) across membranes. A cell surface translocation

15 assay was used to directly measure the translocation of PA ligands into the
cytoplasm of the cell (Example 1). None of the PA mutants # 1-12 in Table 1
had a significantly decreased ability to bind LFn (Fig. 4A); however, all of the
assayed mutants had a significantly reduced ability to translocate LFn in this
assay (Figs. 4B and 12). The SSSR control mutant caused little inhibition

20  under these conditions. These data suggest that the mutants retain structural
integrity and the ability to bind to the cellular receptor and LFn but are not able

to form pores or translocate ligands across membranes.

Example 5: Failure of PA mutants to translocate LFnDTA across

membranes

25 Another method used to measure translocation of PA ligands across
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a higher salt concentration than that which elutes nononeric PA. The nPA
mut ants were al so anal yzed for the formati on of SDS-resistant oligonmers. As
a 20 posiwoveswehtrol, wild-type PA was treated with LFn. PChEséiom3TH pul se
converted wild-type PA into SDS-resistant oligoners, which mgrated as high
nmol ecul ar wei ght conpl exes when anal yzed by SDS-PAGE. tD2L2 (PA | acking
resi dues 302-325) and K397Q (Figure 2B). WIld-type, K397Q F427A, and
oD2L2 PA fhfamidnsDR-the TIRIA t@kicﬂt}?@%?@;@ﬁn Ireel?t. 9 tWstdisa CHOW PH
(Figure 2A and Table 1). -29 WO 01/82788 PCT/US01/ 14372 Exanple 3: Failure
of PA nut a¢lisateardapedwiti BA dnd aBighvidoestaitieg 1 #Hnl fused of theoAtchain bhe PA
mutants to form SDS-resistant oligoners suggested that pore formation in
cel | menbdiphtkenwtoxdin DEA (bFnDIADi Thel trapgdpeatef] dk+whainoef diphtheswayed by

bi ndi ng nPA proteins to cells loaded, with th radi pactive .potassi um

anal ogue, (@8RADE mqsagatw the qydop 5@%}&\@%@5; FRyultieg 11y thedRBIDIGEN g6 Ry

R
] [ ) 12 i
90T | SARLIBEL BOLRS SRRt ORBRh DS AN d 12 1

of most Péyiitant nddufLl i %ﬁ%ﬂ.SA%E iubABBR itk EFRIYT & 24H wiodr el ates
with an inability of these nutants to formpores in cell nenbranes. Exanple

4: Fai | ur gypef orffAutant 22, celle wdravedshedtad ifcutatsdisleneiterfxoemedior e
formation is a requisite step in the PA dependent translocation of |igands
(i.e., LFsumpementednyithcHolsicinendf pretsin synthedis sumatdobititedndi-dentinon 15
assay_was used to directly neasure the transl catjon of PA |igands into the
cyt opt@is mWéHEileH@C‘@élolratFékﬁmef‘éVli’)S.Ynﬂlﬁﬁézeéfpfpﬁ‘énﬁ%lfrﬁ}?m §ymhesisds i n Taple 1

2? dt ﬁeSi gﬂ’llﬂlt)ﬁg(? {)ly {Pdn%’fg?ﬁ?t?e ?Iqivxllihtlt}/e i&lgopﬂo?gteh!: nAﬁ 'S% e r4nA aintgl fefeed" all

did not significantly inhibit protein synthesis in this assay (Figure 5). This
result further supports the hypothesis that the lack of significant pore formation
by PA mutants results in decreased membrane translocation of PA ligands by

15  these mutants.

Example 6: Inhibition of wild-type PA pore formation by PA mutants

Since all of the PA mutants # 1-12 in Table 1 were defective in pore
formation, they were tested to determine whether they could form inactive
hetero-oligomers with wild-type PA thus inhibiting PA-mediated translocation

20 of ligands across membranes. aD2L.2, K397D + D425K, and K395D +
K397D + D425K + D426K PA inhibited wild-type PA in this manner. When
mixed with an equimolar amount of wild-type PA, each of these three mutants
markedly inhibited translocation of *S-LFn into the cells in the cell surface
translocation assay (Figure 6). **S-LFn binding to cells was not inhibited

25  (Figure. 6).
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assayed nutants had a significantly reduced ability to translocate LFn in
this assay (Figs. 4B and 12). The SSSR control nmutant caused little

i nhi bi ti omoa0s8ar8kler t hese conditions. These data suggest PpapUSeME3TRUL ant s
retain structural integrity and the ability to bind to the cellular
receptor and LFn but are not able to formpores or translocate |igands
across nenbranes. Exanple 5: Failure of PA nmutants to translocate LFnDTA

?ngﬁés gmhi’ﬁl%%" h mmf,@ahﬁem%&e {OFAaoR Ei P%?hﬁﬁﬁh'tsonLgL D_FFQ
toxicity assayTheeffaet 6f ihese nuthhi srodsifiayn PAIDedigeld I RHTETArtorictty Wi th PA
and a ligand containing LFn fused to the A-chain of diphtheria toxin DTA
(LFnDTA) . whalsa messwedt ddhen tearlD2b?, KBEADhe DAR5K detible ADRtani, lossy| at es t he
cytoplasm c protein EF-2, resulti g% in the jnhibition 5 of, protein

synt hesi s K398 he& 38 ot DR K+ Dd2oKgauadsuplerinytans P4, wias naixpd xdth an of
translpocation gf a ligand from an endgs I artnment as opposed to a
cel T S patinolas SmoudfPE il B et AP IR Fieuobeloh akh LEnDTA and
wld- typ 3 BA s d 1 Dne . [ ifne-free
medi a _su%%ﬁ‘ré’r’r‘en%‘%@ \/ZwFi_tOﬁ ‘%&%aéﬁ\éﬁ% W?"Sﬂ%?’é #@%?ﬁéﬁ@@ﬁ@ ﬁﬂfﬁ, nhi bi t ed,
3H | euci ng b QEy. 17, BSudsN eI RAFALLHiBIER PAYYdRYH BEI8EIdH B 90%- | f
protein synthesis’is inhibited by LFnDTA, little 3Hw Il be 7 ncorporated.
Al of theheucenits reasicblin thepreveines b tid inaeait lpyoteiy iiprobatdy ehdr synt hesi s
in this assay (Figure 5). This result further supports the hypothesis that
the | ack odsultiafificpitamets quortaining FrestildatypeBA Pioleotlastad Oemwtant PA decr eased
menbrane translocation of PA |igands by 15 these nutants. Exanple 6:

| nhi b1Q i omaleculps dWilyMutpa blsing Pescabisitoengle. Pk ohthaheptangprsdarmed of the

PA nts # 1-12 i.n le 1 adef ' in I
mut ant from %he equllmo grbm‘laxturé’vgtr \%ﬂg?tysg talm\{ FattantPAre expected to be

100% wild-type (WT,Mut,) (Table 2). This calculated result agrees with the
1% experimentally measured residual activity present in the mixture.
Inhibition studies in which various ratios of wild-type to aAD21.2 or K397D +
15 D425K mutant PA were tested in the LFnDTA assay indicate that the only
active species in the mix is probably WT,Mut,. Thus, the majority of
heptamers containing one molecule‘ of aD2L2 or K397D + D425K PA are
inactive (Table 2), further supporting the dominant negative nature of these

inhibitors.
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Thus,

the majority of
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indicated number of wild-type molecules in the mixtures containing varying ratios of mutant and wild-type
PA. The WT;Mut, column represents the percent of the total heptamers that are expected to contain seven
wild-type PA molecules. The WTsMut; column represents the percent of the total heptamers that are
expected to contain at least six wild-type PA molecules (i.e., the heptamers that either contain six wild-
type PA molecules and one mutant PA molecule or contain seven wild-type PA molecules and zero mutant

PA molecules.

Similarly, the WTsMut, column represents the percent of the total heptamers that are

expected to contain at least five wild-type PA molecules These values were calculated using Pascal’s

triangle.
mixtures.
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The values listed under” Activity Retained” are the actual experimental values seen in these



I nactive (Table 2), further supporting the dom nant negative nature of
these inhibitors. -32 WD 01/82788 PCT/ US01/ 14372 Table 2. Predicted and
Measur ed V@onpsxyBg i ons of PA A igoners Formed from Vari ouBCRaséiog3f Mit ant
to WIld-type PA Predicted % of the total heptanmer population Activity

Retai ned Miutant: W (nole:nole) WI7Muto WI6Mut 1 WISMut 2 AD2L2 K397D + M x
D425A° M 1:1 0.78% 6% 22% 0. 7%+. 2 0.9%.0( 0.75:1 2 10.4 23.5% 3. 8%2

1.2%. 2 0.5 1A%iBadén Bf afutdntlWith %ild typeSPh3n(the QLEDTAZLsH/waS 14. 3% 2

10%+2 The predicted values represent the percent of the total heptaners
that are pagfenheditd furtteerehatadterizzt thelirhibitior ef edldatypied? A oincvedsihg ype
nol ecul es in the mxtures containing varying ratios of nmutant and wil d-type

PA. The wimnunts efoinenef thepneiasts was addgsblociagubationsref eadlsavithsplditines t hat
Fepr sent B BERDUA (Bfe 0. (Ui PASSS K HikicATies (B BBEL e to cont ai n
cont ai b sToEoRPIten b BuAelTTrER l BR AR 7 SERRae A bl % cont ai n
Wroht 2 copieer Saeg R fiiEs. Aot BE MU, Rl o BIRE AR IS L Ty 1T

expect ed hay654ek ahdl thlis LARRbt forMEpaYies ht YRERACAPbEEInARIT PASEy val ues wer e
cal cul ated using Pascal's triangle. The values listed under" "Activity

Ret ai ned" camgpetihg factheatceptper Botni BRI 2andeK39¢0n+ Da25kegeeatlyi xt ures. - 33
\ﬁ\gn%%/AS;izggygm%giO&{eéfa?{gf trar'?sltoi:etttgc?r}.i fd%s?gmggrttgrrllttly \’gletsg n\gltlagt-st opgotPA 'n the
10  inhibit solely by competing for the receptor since far less protein is required by
these mutants to see 50% inhibition than is required by PA-SSSR (Fig. 7B).
The single mutant constituents of K397D + D425K do not inhibit as well as
the double mutant but inhibit better than PA-SSSR. Taken together these data
suggest that AD2L.2, K397D + D425K, and K395D + K397D + D425K +
15 D426K PA are dominant negative inhibitors of wild-type PA.
The dominant negative inhibitory activity of the F427A, D425K,
K397D + D425K + F427A, F427A + aD2L2, K397D + F427A + aD2L.2 PA
mutants was also measured. For this assay, increasing amounts of the mutant
forms of PA were mixed with a constant amount of wild-type PA as described
20 above. The most potent member of this group, the K397D + D425K + F427A
triple mutant, almost completely blocked toxin action at a 1:1 ratio of
mutant:wild-type PA. The D212, K397D + D425K, F427A, F427A + aD2L2,
and K397D + F427A + aD2L.2 PA mutants also had inhibitory activity. The
K397D + D425K + F427A + AD2L.2, F427D, and F427K PA mutants also
25  exhibited dominant negative activity in the LFnDTA toxicity assay. In

contrast, another translocation-deficient mutant, K397D, caused virtually no

inhibition at a 1:1 ratio, showing that not all mutants of this type are strongly
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performed to further characterize the inhibition of wld-type PA

I ncreasing anounts of one of the nutants was added to incubations of cells
with wil davoype78$A and LFnDTA (Fig. 8A). The nutant PA- SSBRI/US#I/@B72has t he
furin 5 recognition site nmutated from 114RKKR167 to 164SSSR167, was
included as a control. Since this mutant cannot be nicked by furin or
other furin-like proteases and thus can not form pores, the mutant can

onl y i nhi finibikdryiFig PTPEd 99SRUontde ni it ised Botdetipdiie imtiiditkeiP 7D +
D425K greatly i'n I%I t'ed PA nedi ated translocation. Mst inmportantly these
mut ant s dof txtin 40tiomtevientin 6+-fellg ehyess@vpe wikiytyfperPAhenplyteptiat  si nce far

l ess protein is required by these nutants to see 50%inhibition than is
requi red oyMPRiBSSEONIECGPtorHYlid notteenétibufe signifigatly emeheiinhditosy of K397D +
D425K do not .i.nhibit as well as the double nutant but inhibit better than
PA- SSSR. %tk‘éﬁeft@gwe{%@t&ata suggest that oD2L2, K397D + D425K, and

i ld-ypo P ThETSBEImACER e Rafinb R h ok FgRYy el o7,
D425K, , Y/ 'to B3 : PA
nmut ant s VK\g.%gé%d-Sg C%Béé gga Iﬁggﬁg @gl’th‘%:iﬁ ?gﬁ% grsrlg%}el% I’¥8 reas Ilﬂxg nazr%)uzﬁq% X%%%t e nmut ant

forms of RAAEHR PABENAY tEdte@ uSRRSBTIcPREMBL afd hw'elr@%gmné?é\ A fiescri bed
20 above. The nost potent menber of this group, the K397D + D425K + F427A

triple nugclationzhmbetcleavad attthe Yurdh itk byl rhidd itrypantizatiorataind the 1 rati o of
mutant:w | d-type PA. The D2L2, K397D + D425K, F427A, F427A + AD2L2, and
K397D + Fresulting GEgments/camheasaparaied byrehdomatigsaplyr of thettrypsig-nicked K397D +
don kbt RSyl BN AT PR KPR RIsE e -y Biagisih SSo bt
onet e 1985) OPHOAIIRES by Y Aol R SRR RN 00 e o e
strongly e34ligomerization equilibrium is greatly in favor of this form, and may be
structurally similar or identical to the prepore. Purified homo-heptamers were
prepared from wild-type PA and each of the K397D + D425K, aD2L2, F427A,
15 D425K, and K397D translocation-deficient PA mutants. Putative
hetero-heptamers were prepared by mixing each mutant PA 1:1 with wild-type
PA, followed by trypsinization of the mixture and chromatography of the
products on an anion-exchange column.
The LFnDTA-dependent inhibition of protein synthesis by each
20  hetero-heptamer and by an equivalent amount of a 1:1 mixture of the
corresponding mutant and wild-type homo-heptamers was measured.
Hetero-heptamers containing the K397D + D425K, aD2L.2, F427A and
D425K mutants did not mediate the action of LFnDTA, whereas the
corresponding mixtures of homo-heptamers were highly active (Fig. 11). In
25  contrast, the putative hetero-heptamer formed by mixing K397D with wild-
type PA was as active as the mixture of homo-K397D PA and homo-wild-type

PA. These results are consistent with the properties of these mutants in the
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WO 01/82788 PCT/ US01/ 14372 inhibitory (Fig. 9). The SSSR control nutant
caused no detectable inhibition of toxin action, even in 10-fold excess
over w | avoypg7B¥, inplying that conpetition for receptoPET/ARwU/ 612
contribute significantly to the inhibitory activities of the other
mutants. 5 The hypothesis that inhibition by the dom nant negative nutants
depends upon the ability of their PA63 noieties to form hybrid conpl exes

with wl quééfﬁﬁeﬁpcﬁsﬁga@ aha%hgﬂoﬁ%h@aoﬁaﬁ itﬁzit%di@gf?mmﬁflﬁd&%ﬁm‘ hept aners.

PAin solution can b& cleaved at the furin site trypsini zation,

and the negatlvd mgtdntagietit ates aie heldsgpapadteth by coluliymhaiziaphitioft. t he
trypsi n-ni cked 10 nol ecul e on an ani on-exchange colum (MIller et al.,

Bi ocheni sThg absgnceGf3nhibitbap aptiviey of K39 DPsthei etdratleaptiopet hi s net hod i s
heptaneric, indicating that _the oligomerization equilibriumis greatly in
favor of PHiParatinmaysatlaeha defeckeithes i ahility tcarqlgonagrizeiwihithal to the

R
e L T
trypsini Zﬁ?efmdfbfatésrtﬁamnﬂe"dcﬁn%?ﬁicﬁhf(ﬁrf@& 6PN 19telditho RiRGHCT S on an

ani on- exchiange col um. The LFnDTA-dependent i nhibition of protein synthesis

by each etcihgice amdigphditemessiccduyredrumizuitvat@iitian®uhthecdxprrilnéntm xt ur e of
the corresponding nutant and wi |l d-type hono- hept aners was neasured.

Het er o- hept anerAs desvribiedi abg ve hibeK3etbatthodQ3KT D HDRH2 Y Krdisible amtantD425K
mutants did not nediate the action of LFnDTA,_ whereas the correspondi ng

mi xt bQs 8o remplpichnbloskad astivity i these LEpD Aitgxicity)assays sigeesit r ast,
e B RO R A e LYPe PA s

oligomerization is stochastic. The AD21.2, D425K, and F427A mutants appear

to be slightly less inhibitory, implying that more than one molecule of these

mutants per heptamer may be required for inactivation and/or that their

15 co-oligomerization with wild-type PA may not be purely stochastic. Other

factors, such as the order of addition of B moieties to a growing heptamer

complex (e.g., the B moiety that is added first or last) may also effect

inactivation. It is not intended that the invention be limited by any proposed

mechanism for inhibition set forth in the specification.

20 Example 8: Formation of SDS-resistant oligomers containing mutant and
wild-type PA
To examine the interaction of AD2L2 and K397D + D425K mutants

with wild-type PA, an equimolar ratio of mutant to wild-type PA was mixed,
nicked with trypsin, and analyzed by SDS-PAGE for SDS-resistant oligomer
25 formation. When either mutant was mixed with wild-type PA, a new species

of SDS-resistant PA was formed. In contrast to wild-type PA alone which
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PA. These results are consistent with the properties of these nutants in
the -35 WD 01/82788 PCT/ US01/ 14372 experinment of Fig. 9 and support the
noti on tve® oP$B88 from t he dom nant negative nutants i nacPCrvasegi4stre

wi |l d-type protein by co-oligonmerizing with it. The absence of inhibitory
activity of K397D in the hetero-heptaner preparation may reflect a defect
either in ability to co-oligonerize with the 5 wild-type protein or in

abi lity tgrddudb®hdifflise I fgtrt]ﬂmmewumrtvbm hﬁsxﬁ@ﬁlﬁrtﬁé gellhRe nlikfde By t hat nutant
hono- heptamers di d not ibit the ac |V|ty of th e wi | d- type indicates
that |itthetacrndtwildanppé PA resolipiotie foothatiohidfe sharpnh@umm‘recmlaxexchange
among heptanmers occurred under the conditions of the experinent.

descri bedwgightdandhdlis shampthandidiso ddErironDylEK itisaenl for githenof thPO al nost
Chat o of HReRBlaReRAGD 4@%%%&5@%&&8&%@5@? Frndhar
Lo be Tl | Gherger. e iPRaRA flonttipRsan ienie? iR TR aER by o o7
these 15 El‘?e’%«fll i Hémrﬂ@ﬁ ll?éil ?&@lﬂ"?f&@‘i’ﬁ&ﬂ‘ alb(@??ééeéﬁtARHo {ier that

their nerization wt e pure stochasti c.
Qther  fagisit %onﬁidféﬁuﬂﬁoﬁ hgrugs Gﬁﬂn@ﬁaﬁ’cﬂﬂaé h@trbééh Rtemhigbd ehid Bagl gr owi ng
hept amer conplex (e.g., the B noiety that is added first or last) may al so
ef fect i findidrwaggests thdt the muthnts ihterabe dvitthetld-typeiBA ém SDSyrdsésthiti t ed by
any proposed nechanismfor inhibition set forth in the speC| fication. 20
Exanpl e 8oligomers iesnltiof ispechangedndhe mabiljoned the odigoaeriinghergelant and

wi |l d-type PA To exam ne the interaction of oD2L2 and K397D + D425K nut ant s
with wild-type PA, an equinolar ratio of nmutant to wld-type PA was m xed,

ni ckelcb Wi E@ah{ﬁigﬂ plﬂoxehr{q h}%% vl:la SDS- PAGE for SDS-resistant ol igoner

The properties displayed by the dominant negative mutants in vitro
imply that they should inhibit toxin action in vivo. To test this hypothesis,
activities of three of these mutants (K397D + D425K, aAD2L.2, and F427A)
were measured in a classical in vivo model for anthrax toxin action, the Fisher

15 344 rat (Ivins et al., Appl. Environ. Microbiol. 55:2098, 1989). Male rats
(250-300 g) injected intravenously with a mixture of 8 g LF and 40 ug PA
(approximately 10 times the minimal lethal dose) become moribund after about
90 minutes (Table 3). When wild-type PA was replaced with any of the
dominant negatives mutants, the animals showed no symptoms of intoxication

20  during the two week time period before the animals were sacrificed. When a
dominant negative PA was added to the wild-type PA/LF mixture before
injection, either at a 1:1 ratio relative to wild-type PA (40 pg dominant
negative PA) or at a 0.25:1 ratio (10 ug dominant negative PA), the injected
animals also survived without symptoms. The SSSR mutant had little effect on

25 the activity of the toxin. These results are consistent with our in vitro results

and demonstrate that the dominant negative mutants can ablate anthrax toxin
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25 formation. Wen either mutant was mxed with wild-type PA, a new species
of SDS-resistant PA was fornmed. In contrast to wild-type PA al one which
-36 WO OwW@avess$CT/ US01/ 14372 produces a diffuse hi gh npCrROUSd1zN4372ei ght
snear in the gel, the mxture of nutant and wild-type PA results in the
formation of a sharp high nolecular weight band. This sharp band al so
differs fromwhat is seen for either of the nutants alone: K397D + D425K
al one does,f¢ b -f &3 da 3 q,l;]%% | one forms
an ol i gone?&\%ni iéﬁ]l?nb’gé\gctﬁ 21? afsgﬁﬁgﬁsﬂiorﬁ et?lﬁe(gggﬁf)t%g%q? he gﬁ? %ﬁ med when

w ld-type PAis also present. Although the exact conposition or nature of
this band has not been determ ned, this band further suggests that the

mut ant s i ndéblect: Inhibition pﬁw%@ppﬁ’f?xhﬂwsm@%@ﬂamvo oligoners resulting in
a change in the nobility of the oligonmer in the gel. 10 Exanple 9: Toxin
inhibition in vivo The properties displayed by the dom nant negative
mutants in vitro 1nply that th@}é sr)[}gu d LnhibIt ToXIin actron rn vivo. To
test this hypothesis. activitj 9oty OfPRE{iPhese mut ants (K397D + DA25K,
oD2L2, and F427A) were neasured in a classical in vivo nodel for anthrax
toxin action, the Fisher 15 344 rat (lvins et al., Appl. Environ.

M crobi ol . 55:2098, 1989). Male rats (250-300 g) injected intravenously
with a mxture of 8 g LF and 40 g PA (approximately 10 times the m ni nal

| et hal dose) become noribund after about 90 minutes (Table 3). Wen

wi I d-type PAywgs repl g§efywi t hgagyp af thp427%8m nagdr negat i vegpyput ants, the
ani mal s showed no synptons of 1 ntoxication during the two week tine
period before the animals were B425K fi ced. When a donmi nant negative PA was
added to the WMTd-type PNLF mxture before 1njectron, elrtner at a 1:1
ratio relativé0to wild-type PA (40 g domimant negative PA)+ddmin a 0.25:1
ratio (10 g dom nant ngative PA), the injected

- Survived
- - 40 - - Survived
- - - 40 - Survived
40 40 - - - Survived
10 40 - 40 - - Survived
40 - - 40 - Survived
40 ‘- - - 40 100 + 3 min
40 10 - - - Survived
40 10 - - Survived
15 40 - - 10 - Survived

The ability of the K397D + D425K + F427A triple mutant (“Triple”) to
inhibit the activity of wild-type PA in vivo was compared to that of the K397D
+ D425K double mutant (“Double”) (Table 4). This experiment was
performed as described above using rats injected with a mixture of 40 pug wild-

20  type PA, 10 pg LF, and either PBS or a dominant negative PA mutant.

-38 -



animals al so survived w thout synptons. The SSSR nmutant had little effect
on 25 the activity of the toxin. These results are consistent with our in
vitro resvwdoss278hd denonstrate that the dom nant negati veP@DUSHYB3T2an

abl ate anthrax toxin -37 WO 01/82788 PCT/US01/ 14372 action in vivo, even
at a sub-stoichionetric (0.25:1) ratio to wld-type PA Table 3:

I nhibition of wild-type PA by PA nutants in vivo Quantity of protein (g) wWr

oD2L2 K397D + F427A SSR TTM D425K 5 40 - - - - 90 11 min - 40 - -
Survived - - 40 - - Survived - - - 40 - Survived 40 40 - - - SurV|ved 10
40 - 40 - TaSler4inbibitid® of wildfpe PRUbYiPLethutdills 7z vivo 40 100 3 min 40 10 -
- - Survived 40 10 - - Survived 15 40 - - 10 - Survived The ability of

the K397D + D425K + F427A triple mutant ("Triple") to inhibit the activity
of wi | d-t ype—fA—tn—rtvo—nes—conaret—to—tirat—oft—tire—K39+B—+ D425K doubl e
mut ant (" Doubl e") (Tafvhignady . Thamsowxp€ri ment was PEWF or med as descri bed
above using rats injected with a mté;dpre of 40 g wild- 20 type PA, 10 gg
LF, and either PBS or a domi nadfUfidative PA mutant. -38

PBS 2 ~100 minutes
Double 2 40 ug Survived
Triple 2 40 ng Survived
5 Double 4 4ug Survived
Triple 4 4ug Survived

The anti-PA and the neutralizing antibody titer generated by vaccination

of rats with K397D + D425K, aD2L.2, or F427A PA was also measured. For
this determination, groups of six animals were vaccinated three times each at 0,

10 3, and 6 weeks with 50 pg of protein in 200 pl of Ribi Tri-Mix adjuvant
(Sigma) by intramuscular injection into the hind-quarters. Two days prior to
the first injection and 14 days following each injection, blood was drawn from
each animal and the serum was collected. Sixteen days following the final
injection the rats were challenged with a lethal dose of LF (30 ug PA + 6 pg

15 LF) by IV injection as described in Table 5. The mean anti-PA antibody titers
in the serum were determined in a standard ELISA assay against PA. The titers
are reported as the reciprocal of the geometric mean of the dilution at which the

_reactivity of the serum ends. Neutralizing antibodies were titered in an

LFnDTA assay at 1 x 10"° M PA and 1x10"° M LFnDTA. Antibody dilutions

20  were incubated with PA at 37 °C for one hour prior to starting the assay.
Protein synthesis inhibition was measured using the LFnDTA toxicity assay as
described above. The neutralizing titers are represented as the reciprocal of the

geometric mean dilution required to inhibit PA activify by 50%. As illustrated

-390 -



WO 01/82788 PCT/ US01/ 14372 Table 4: Inhibition of wild-type PA by PA
mutants in vivo Aninmals amount of TTM nmutant PA PBS 2 - -100 m nutes

Doubl e 2woogse78irvived Triple 2 40 gg Survived 5 Doubl epdr@sgg4$ter vi ved
Triple 4 4 g Survived The anti-PA and the neutralizing antibody titer
generated by vaccination of rats with K397D + D425K, AD2L2, or F427A PA
was al so neasured. For this determ nation, groups of six animls were
vaccinated three tines each at 0, 10 3, and 6 weeks with 50 g of protein in
200 i ofy b 5 Tihk RMoYAADAYIRL DOEL ARIFY AL PAIHISE Whfifbitk ] ection 1nto
the hind-quarters. Two days prior to the first injection and 14 days

f ol | ow nlittleac hoidiméattionnn idnhmeodgewds tydrebative fto orild-gpe B Aami Figtierand t he serum

was collected. Sixteen days fallowing the final injection the rats were
chal | engés- vihapeyiplizngand gud-Tey antbadyditeys Iaﬂerrﬂ%ef‘g’@ﬁf@oﬂﬁ:we{?y |V injection

as descrén%?ﬂr it J&fékfofn%&?o&%ﬁ%ﬂag@ed' 5 APLALS %Y?gfélhﬁaﬁ in the serum

wer e deter Inas say agal ns A titers are
repors edsmwb&@héﬁl%gemﬂﬁd le@tfal 668 repitdtygcPABAR IH addiiglédedtibon at which
the reactivity of the serumends. Neutralizing anti bodies were titered in
an LFnDTdeyasdigythetlast igjegiorn0 M PA and 1x10' 10 M LFnDTA. Anti body dil utions
20 were incubated with PA at 37 'C for one hour prior to starting the
assay. Protein synthesis inhibition was nmeasured using the LFnDTA toxicity
assay asrohilesAARed AOVEe neﬂ'tﬂﬁmﬂfg%rft%hﬂ? LG g%héfﬁfe’?l B ®ick RS 61! ed as the
reci procal of the geonetric nean dilution required’to inhibit PA activity
by 50% 1ass with R4t mataats - 39

Animals Anti-PA Titer Neutralizing Titer TTM
PBS 6 (10 (10 742+ 1.5
10 wT 5 43,300 2,490 Survived
AD2L2 6 47,500 ‘ 3,350 Survived
K397D + 6 65,500 2,260 Survived
D425K

F427A 6 132,000 6,090 Survived

15 mpl : Anti

Antibodies to a PA protein may be used as therapeutics and/or
diagnostics. Antibodies may be produced using standard methods by
immunologically challenging a B-cell-containing biological system, e.g., an
animal such as a mouse or rabbit, with a PA protein or a fragment thereof to

20  stimulate production of an anti-PA antibody by the B-cells, followed by

isolation of the antibody from the biological system. For the generation of
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WO 01/82788 PCT/ US01/ 14372 in Table 5, the K397D + D425K, AD2L2, and F427A
PA nmutants exhibited little or no dimnution in immunogenicity relative to
wi | d-typav®A/8218¢-i sher rats. The neutralizing and anti - PRCEHOBIb@aR titers
after three injections were simlar, regardless of imunogen enployed, and
all vaccinated animals 5 survived challenge wwth a | ethal dose of w ld-type
PA plus LF adm nistered 16 days after the last injection. Table 5: Anti-PA

and t he ngignoldnal A8tiBOAIEDHY shidefmaEBE hat Rt fr¥ACHeMin@wth theats with
PA mutants Animals Anti-PA Titer Neutralizing Titer TTM PBS 6 (10 (10 74.2
10 W 5 4Bighest BLISA-d&uermined idbRir @sgonse0o tBe PF0pfutein, uad theBOG s+ 6
65,500 2,260 Survived D425K F427A 6 132,000 6,090 Survived 15 Exanple 10:
Ant i bodi efused tPA St miyoloinas cells @ genepate habnidemash dlyhrédpmas thabsegreist i cs

R N N T L e
o0l SO Rin BORRC PSR el RS R R SRR 1 7S
l;)énelr Z?! g%ﬁ%ﬁ‘ﬁ?%y %Og%ié%g?é%)g%géggl (r:rgllnoi?/?)trlglm aE?ir bz)giees, t he
o T2 IO IS B T s ot 1
antibodies which bind naturally-é)ccurring PA with greater affinity than a
mutant PA protein. These antibodies may be generated by administering to
10  animals fragments of naturally-occurring PA that contain residues such as
K397, D425, D426, or F427. The resulting antibodies may then be screened to
determine which antibodies bind naturally-occurring PA but do not bind a
mutant PA protein in which one or more of residues K397, D425, D426, or
F427 is mutated or deleted. For example, the antibodies may be applied to a
15  column containing an immobilized mutant PA protein, and the antibodies that
do not bind the mutant PA protein may be selected. Antibodies may also be
generated that are reactive with residues in the D212 loop; these antibodies
may be produced by administering a fragment of PA containing the D212 loop
to an animal, as described above. Antibodies that are reactive with residues in
20  the D2L2 loop of naturally-occurring PA may also be screened to select the
antibodies that do not bind a mutant PA protein in which one or more residues
in the D2L.2 loop are deleted. Alternatively, antibodies may be generated that
bind a mutant PA with greater affinity than a naturally-occurring PA molecule
by administering a fragment of a mutant PA to an animal as described above
25 and selecting the antibodies with greater affinity for the mutant PA form.
These antibodies may bind a residue in a mutant PA that is not present in a

naturally-occurring PA.
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fused to NS-1 myeloma cells to generate hybridomas. Hybridomas that secrete
anti bodi es which bind PA nmay be sel ected using a standard ELI SA assay or by
5 west er wdbosa78hg. Monocl onal cell |ines producing a hi ghCEUSIIEER titer
and specifically recognizing a PA protein are saved. The cell |ines may

al so be screened to identify lines that produce antibodies which bind
natural |l y-occurring PA wth greater affinity than a mnutant PA protein.

These anti bodi g, 1PY ARIISAE! Aa§belikeAdTmLSLR! PATrbfidGn 3Rk agent s

of naturally-occurring ontaln residues such as 5, D426,

or FA427. heplesithtds@ramt bpedhestiipthé bafplkewREBEABEbODy afl® iR ne whi ch
anti bodi es bind naturally-occurring PA but do not bind a mnutant PA protein

in whi ch omasaringbmennfe casplénesadka akash2d, thEF2S pratein e sampleit at ed or
del eted. For example, the antibodies may be applied to a 15 col um

cont ai ni ndhad, thaspantibodies maydeused ipkatsdp sletermine mheghar hotjed hagat  do
not bind the nutant. PA protein may be selected. Antibodies may al so be
gener at ed P%PXBQS@drtQé’E'ﬁPI%t%Wh residues in the D2L2 | oop: these

fhe DaL2 1 oop A eaia g ot aFRTRChREL BRheb iR Rilbs MeabaloLr"
hi 20 bo SECRRLER I ElnaR iscliOR, HiauhPER Al Al b RO PA

protein i Burlb&smdtin@h demidahentghtne PA inbtast 182ldnindaeredrte adeibpsced.
Alternatively, antibodies may be generated that bind a nmutant PA with

gr eat er afdr passyvetihamunization aghingt mcthrex infiectioh, anloecinbhet négataveB Ai st eri ng a
fragnent of a mutant PA to an animal as described above 25 and sel ecting

t he aHli bowitent mpy alsgreaadministerad tojthe samersaibjret apa tharapeutie torindubit
Pt ur al |y AR PAC-IRE 1o BeFuiprehe pmiuktrid 33 A ahtibody does’ °
not react with the therapeutic dominant negative PA mutant, the anti-PA
antibody should not reduce the ability of the dominant negative PA mutant to
inhibit wild-type PA. Additionally, an anti-PA antibody that does not react
15  with a therapeutic dominant negative PA mutant may be used to determine the
amount of wild-type PA present in a sample from a subject who has been
treated with the dominant negative PA mutant.
Similar antibodies may be generated for other mutant B moieties of the

present invention.

20 Example 11: Administration of PA proteins and fragments

It is not intended that the administration of the PA proteins or fragments
of the invention be limited to a particular mode of administration, dosage, or
frequency of dosing; the present mode contemplates all modes of
administration, including oral, intramuscular, intravenous, subcutaneous, by

25 inhalation, or any other route sufficient to provide a dose adequate to prevent

or treat an anthrax infection. One or more of the mutant PA proteins or
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Anti - PA anti bodi es may be used to nmeasure PA protein in a biological sanple
such as serum by contacting the sanple with the anti body and then

measur i n@gvoO n1reaTe8 conpl exes as a nmeasure of the PA protei nPCTVUBHIEI43RDI €.
Thus, these antibodies may be used in kits to determ ne whet her a subject
has 5 been exposed to anthrax toxin. Antibodies to PA can also be used as
therapeutics for the treatnent or prevention of anthrax infection. If a

anti - PA affaihelys fiagtheld difinisteted-tb¥PRaitalilta GRSS diRE opnidtiplei@ienant
negative PA nutant is admnistered to a subject ~for passive inmrmunization
agai nst afWhemmuitipleaidsosn aresadinmistered, tregddsey eaihe k8panatahfronegneal so be
adm nistered to the same subject as a therapeutic to inhibit the activity
of wi | d- t gpethpaby Bes exempléyonsdneek & encemoath.i ltpptahe ubdesstanskhat fast r eact
with the thergﬁeutli c dom nant ,tgqegat ive PA rruthan t he, antj-PA , anti body
shoul d noflY PATHAIHOMAY FREFIIAE dQ$AZC IB BT Q"}Lbh@? BISEEA QYREAHRC t o

15 i th atodtupiRSiorhe il Rtk e B AR et ¢ Fhe BB Bmer er i ne.
the amuaaw%iﬁt@rﬂgg-ary eRﬁgngtﬁsaH iflisftafi G0k glef 5@@&1&69 ect who has been
th the Imla

treated w m nant negative mut ant . ant'i bodi es may be

generat ed for ghBghafbesitidd] BBPbsEiDONS cohtigninp R mbRVRAlreRkin®?0 Exanpl e
11: Administration of PA proteins and fragnents It is not intended that the

admi ni st r at fragnehtd dftheAnpemtici cen be pfepagebas descoibetl peeviopuslytinon be |imited
to a particular node of adm nistration, dosage, or frequency of dosing;
t he preseRempgeon’ sithemplagewicadSciansaeby df. Walylartins tHharingecuticat| udi ng oral ,
i nt rapuscul .intraveno ubcut anepus, by 25 | &gal ation, or anéﬁot her

r out ol Gyt piabilizing composRAs el vaps e Hales SaEer SORcEeRt AtV apisaray BB ant hr ax
I nfecti OniJse%? °ROf eeranrlﬁleE)fluﬁlgrel sTHHA %ibu%npcgroct)tﬁiernﬁuﬁan 'olrlzanimal proteins

can be used. Phospholipid vesicles or liposomal suspensions are possible

pharmaceutically acceptable carriers or delivery vehicles. Adjuvants that can

be used in the invention include aluminum compounds, such as aluminum

15  hydroxide, aluminum phosphate, and aluminum hydroxy phosphate. These
compositions can be prepared according to methods known to those skilled in
the art.
Other mutant B moieties or fragments of the invention may be

administered similarly.

20 Example 12: Other pore-forming mutants

The crystal structure of PA identified four domains of PA (Petosa et al.,
Nature 385(6619): 833-838, 1997). Domain 2 (residues 259-487) contains a
large flexible loop that may undergo a major conformational change during
conversion from the prepore to the pore. Mutation, deletion, or insertion of
25  one or more amino acids in this region may result in inhibition of the pore-

forming ability of the protein in vivo and/or result in the ability of the PA
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WO 01/82788 PCT/ US01/ 14372 fragnents nmay be adm nistered to a manmal in a
single dose or nultiple doses. Wen nultiple doses are adm ni stered, the
doses caw@el/sdparated from one another by, for exanpl e, PONVESewRBE72t 0 one
nonth. It is to be understood that for any particular subject, specific
dosage regi mes shoul d be adjusted over tine 5 according to the individual
need and the professional judgenent of the person adm nistering or

super vi si AfhtAAtQo 3ARIbIY he Rké-Formingt AMeli§omRtital§0sccuifg Par Faeeut i cal
conpositions containing One or nore PA'proteins™ or fragnents of the

I nvent i onexanplee rzidyariadionsaid @soff P AgHatpareidentiday td the dRenespohdimg s

Phar maceutical Sciences by E. W Martin. Pharmaceutical 10 stabilizing
conpoundsresiiasiiaopensmeiecgther petetforming faxies (sugh agdpxiwadtanmy be used.

Lsed. PhoSHRTRTE AEElE Capeiringgs srpreliimind: dndiiraroBedhigse. "
h ticall tabl e.carri | i i cles. Ad]. ts that
Can Bb sk R RUBHYTGn Bl oL G R B BR dERessHEHAEY S i num
15 hyd de, ' L Th
corrp)c/)sir ? i(g% ?:%r?ﬂggégﬁlp%ggﬁﬁ]ﬁ%%rtg{%aﬁaﬁgm@%%%@?? ?@g“'{slgs'ski Ieisgd I n

the art. ThBeEslloWiRMesRIUMIEdofmiAR ih PR ARV adihnt SRohB B bifRy MRB be
adm nistered simlarly. 20 Exanple 12: Qher pore-formng nutants The

crystal stoxing listedah Figgs. i1deantd 16:eA25Qu2600 V625 ID64PAVICBE] @&267et al . |
Nat ur e 385&66192%7: 833-838, 1997). Dommin 2 (ﬁr{esi dues 259-487) contains a
| arge | eRRBE EA7T§H2I%aN3/3y 363 RadidorY 3emf Dide8t Gl Téhknge during

of 25 Gnoarsnied ohoRS Lestliar S TogRol St pacEiL: Rt o of
the por e- fiociagy ARsb 38! g, PASHHASS, I GAHIQrd SRYY, b the

ability o
I484. These residues may be mutated to any other amino acid. For example,

the residues may be changed to an amino acid with a smaller side chain such as
glycine or alanine, or the residues may be changed to an amino acid with a

15 larger or branched side chain such as tryptophan, leucine, or methionine.
Additionally, charged residues may be changed to residues with a neutral side
chain or residues with a side chain of the opposite charge. Other examples of
residues that may be used to replace a naturally-occurring residue are listed in
Table 1.

20 In addition to anthrax toxin, the present invention is relevant to other
pore-forming toxins. These toxins may also be mutated to generate toxins with
reduced or negligible ability to oligomerize, to form transmembrane channels,
or to translocate a ligand. Additionally, dominant negative mutants of other
pore-forming mutants may be generated. For example, mutations that

25  correspond to the PA mutations described herein may be made in other toxins
that are homologous to PA (such as toxins from Clostridium difficile, C.

perfringens, C. spiroforme, C. botulinum, Bacillus cereus, or B. thuringiensis)
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-43 WD 01/ 82788 PCT/ US01/ 14372 nutant to inhibit the pore-formng ability
of naturally-occurring PA. For exanple, residues in donmain 2 of PA that
are i dentwaai/s1788 t he correspondi ng residues in one or NOPET/OBOIEN4372
pore-formng toxins (such as toxins from Costridiumdifficile, C
perfringens, C. spiroforme, C. botulinum Bacillus 5 cereus, or B.
thuringiensis; Figs. 15 and 16) nay be nutated. These residues nmay be

nut at ed o(Fige! Y 864 18 aRb T4blgeneRratRudom ot (e thatobbspoidy s.  The
foll owi ng residues of domain 2 in PA are invariant anong the binary A-B

t oxi ns | i sdsadheistin dogsain RoofdPA &y béd2maateB2B80esdiabed ab@eet, AbBithnalHY67, S272
E275 T298, N353, N361, N363 R365, Y366, N368, G370, T371, 10 Y375, V377,
P389, T38atleggsh 3,V¥38410, 18932019924 af4hg amynq acidedn zhe region thavs 25,

ool dues. SRS La iDOD L0 G R TH bioaleiod s hemRGIRHOBTING ho 1 esi ducs
B s R e U D
| ar ger orf%@gb%ﬁaqosthg?mﬁgﬁiggg#%;dgées %ﬁ{}s\’:ﬂbeglﬂ%fbin.' euci ne, or methionine.

Addi ti ona , ‘charged resi anged to residues with a neutral
side chain or An§séfitese wiukdhtFofhslef 9Bﬁ-fb1ﬁﬁn% h6xiAP RS} bE adMatigRred her
exanpl es of residues that nay be used to replace a naturally-occurring
resi due atcea imashmdl for thd atelaemént GOprewemrtilsh of nifedttoraby hiepathogems t he
present invention is relevant to other pore-formng toxins. These toxins
may al so Gkgabaciedd) that pepducs: the corieagonding toxiaduced or negligible ability
to oligonerize, to formtransnmenbrane channels, or to translocate a

| igand. Additionally, dom nant negative nutants of other pore-form ng

mut ants may be generated. For exanple, nmutations that 25 correspond to the
PA nut ati ons descri bed herein nay be made in other toxins
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that are honol ogous to PA (such as toxins fromdCostridiumdifficile,
C. spirofornme, C. botulinum Bacillus cereus,
t huri ngi av@os3278814 WO 01/ 82788 PCT/ US01/ 14372

perfringens,

(Fi gs.

or B.

C

15 padus@/=ae Tabl e

6). Residues in other toxins that correspond to residues in domain 2 of PA
may be rrutaftﬁd descrlbe above Addi ti t | east 1, 3, 5, 8, 10,
15, 20, or 13hie6; tﬁ@lﬂéw@ P émrs%;j'f PRS0 G MOS0 ¢ he
D2L2 | oop thﬁ&P HeBt HT'(IB‘FH#‘FI Be-{PYWIGIOXIN 50 one or
more poi nt WRLEHFSSBING bt TRRLdYeS fhat were Pjélgﬁt Atq;‘l%’ta SORSTPELFOREI™Y 0 t he

nut at ed PA®t E%ﬁ@@cﬁescrl bed herein. Any of these nutant forns of

pore-formng toxins may be admnistered to a mammal for the treatnent or
pr event i on—ef—infection h\/ t-he pathogens { e—g bhact eri :\\ t hat pr oduce t he
correspondi ng toxiln, -45 WD 01£82788 PCH USOL/ 14372 |Table 6. Mjtations in
ot her por e- PBEfA*ng ¢-olfide | RetTingsrs psiefer™eo| Potalingit at i En<’¢4s  ant hrax PA
which are |desk®i bed He¥iBi n| TSN eg| duboXin n | hdoBBhey port®Xifornilng t oxi ns
that corresF¥dAr d t@&5es| dA4Bhat R428AMIE aQB9BA n| PA K8iPAal sg be nut at ed
to any ot heXK3@Png 2Q#2PD C| Q424D antQf28R A Q898D cil | e K&OD i ngens
spi rof or ng_BRUCT nunQIRSE e eU3A24PA 1 0X428€Cox| nQBYBE n | t oxK87ACoxi n K397A
QU425A QU24AK3920A |(QBQEBKBTIA4MR97D QH28Q (M20BpIRi28D (RIBN K8TI9D K397C
QAU25C QA24Cp@38C ((BOEBAKETID458R970 PUEEN (A2BRREX28Q (BABQA K819Q D425A
DA5S3A DASZADASKA [DABHANIOD 7 D452N D456N D426N D907N
D425E D453E D452E D456E D426E D907E
D425K D453K D452K D456K D426K D907K
F427A F455A F454A F458A F428A F909A
K397D + | Q425D + Q424D + Q428D + | Q398D + K879D +
( D425K D453K D452K D456K D426K D907K
K395D + | K423D + K422D + K426D + | K396D + T877D
K397D + | Q425D+ | Q424D + Q428D + | Q398D + K879D +
D425K + | D453K+ | D452K + D456K + | D426K + D907K +
D426K Q454K Q453K Q457K Q427K D908K
AD2L2 | A340-358 | A339-357 | A343-361 | A307-331 A797-816
K397D + | Q425D+ | Q424D+ Q428D + | Q398D + K879D +
D425K + | D453K+ | D452K + D456K + | D426K + D907K +
F427A F455A F454A F458A F428A F909A
F427A + | F455A + F454A + F458A + F428A + F909A +
AD2L2 | A340-358 | A339-357 | A343-361 | A307-331 A797-816
K397D + | Q425D + Q424D + Q428D + | Q398D + K879D +
F427A + | FAS5A + | F454A + | F458A + F428A + FO909A +
AD2L2 | A340-358 | A339-357 | A343-361 | A307-331 A797-816
K397D + | Q425D+ | Q424D + Q428D + | Q398D + K879D +
D425K + | D453K+ | D452K + D456K + | D426K + D907K +
F427A + | F455A + F454A + | FAS8A + | F428A + FO09A +
AD2L2 | A340-358 | A339-357 | A343-361 | A307-331 A797-816
F427D F455D F454D F458D F428D F909D
F427K F455K F454K F458K F428K F909K
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D425N D453N D452N D456N D426N D907N D425E D4A53E D452E DAS6E D426E DIOTE
D425K D453K D452K D456K D426K DI07K F427A FA55A FAS4A FA58A F428A F909A
K397D + @MQBDB2788U24D + Q428D + BI8D + K879D + D425K DABGRUBMBRE72DA56K
D426K D907K K395D + K423D + K422D + K426D + K396D + T877D K397D + Q425D +
QA24D + Q428D + (BI98D + K879D + D425K + DA53K + D452K + D456K + D426K +
D907K + D426K Q454K Q453K Q457K Q427K D908K AD2L2 A340- 358 A339- 357
A343-361 A307- A3tkrivtBelP kandsmdiitabehbddhay BpdRormddtad RutleiBads + K879D +
D425K + D453K + D452K + D456K + DAZ6K + DIO7K + F427A F455A F454A F458A
F428A FO08dcodidg pbre-frfnng mutkdts4such Ei&lBAestefol 2R perddi @ LolysindD2L 2

A340- 358 A339- 357 A343-361 A307-331 A797-816 K397D + Q425D + Q424D + Q428D
+ Q398D +hsmo@ric-or haptamericRo3BA relarbinthe Stapigrlocotesd gAoKimpIBdng + AD2L2
A340- 358 A339-357 A343-361 A307- 33 7-816, K397D + Q425D + Q424D + Q428D
+ Q898D +S%3@fl§ molesy 1910@(5@%%@31@2%%‘( n@@mﬁ%&%@s MEPPTK + FA427A +

FA55A &+ F454A + FAS8A + F428A +. FOO9A + 2 A340- 3 A339- 357 A343-361
raoy a1 s obinlaioteticiane Tofnad Seil CTRe At S0 S
F458K F42§a|ﬁefs%0d%§<dy a&%iﬁ@a%éﬁ%ﬁ% B’%@%fd%ﬁﬁf}zmutant toxins with a

reduced ability to form a transmembrane channel. Additionally, animal models

may be used to identify dominant negative toxin mutants that reduce the

toxicity of the corresponding wild-type toxin when both the mutant and wild-

10  type toxins are administered to the animal.

Other Embodiments

All publications and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each independent
publication or patent application was specifically and individually indicated to

15 be incorporated by reference.

While the invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications and this application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the principles of the

20 invention and including such departures from the present disclosure that come
within known or customary practice within the art to which the invention
pertains and may be applied to the essential features hereinbefore set forth, and
follows in the scope of the appended claims.

Other embodiments are within the claims.

25
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Al ternatively, random nutagenesis may be performed on nucleic acids

encodi ng pore-form ng nmutants (such as chol esterol dependent cytol ysins or
hexaneri ovop1/8aggg aneri c toxins related to the Staphyl ococeél/usaetr@zian) usi ng
standard nol ecul ar bi ol ogy net hods. The encoded nutant toxins may be 5
expressed and optionally purified using standard net hods. The rubi dium

rel ease assay described herein may be used to identify nutant toxins with a
reduced ability to forma transnenbrigagnghannel . Additionally, aninal

nodels may be used to identify domTant negative toxin nutants that reduce
the toxicity of the corresponding wild-type toxin when both the nutant and
wld 10 type toxins are admnistered to the animal. O her Enbodinents All
publ i cations ahdAgdmeeietyapht Per-faryngdinaryred foxinhwhempesaifiBation are
herein incorporated by reference to.the sane extent ..1.f each.independent
pUbI | Cat | BIPISHY CORRIHES AgBR IR Bt WRPILEE PPTecarmyn s AL Bl BFERim g

i ndicated_to..15. be incqrporat by refer i.le the jnyention has been
descr | bedmeighidt B AP cetociE BEEP 2 o anfbd B e L) "he
under s§ oogl & it e of further nodifications and this

appli ?atig?lﬁé%gsrﬁ%%?eﬁe{?g%bver any variations, uses, or adaptations of
the invention follow ng, in general, the principles of the 20 invention and
i ncl udi ng such departures fromthe present disclosure that come wthin
known or cust o2nfThepB acdieteofelaim i, whereintsatcdBwhoiely ihanthraxepdatentiveper t ai ns
and may be applied to the essential features hereinbefore set forth, and

fol |l ows i anigm.scope of the appended clains. O her enbodinents are within
the clains. 25 -47 WD 01/82788 PCT/ USO1/ 14372

3 The B moiety of claim 1, wherein said B moiety lacks pore-forming

10  ability.

-48 -



Clains 1. A B noiety of a pore-formng binary A-B toxin, wherein said B

noi ety conprises a nmutation that inhibits its pore-formng ability, wherein
said nutveobose78® not the del etion of am no acids 302- 325r0f/Uae 387X
protective 5 antigen (SEQ ID NO. 12). 2. The B noiety of claim1, wherein
said B noiety is anthrax protective antigen. 3 The B noiety of claim1,
wherein said B noiety |acks pore-formng 10 ability. -48 WO 01/82788

PCT/ USO1/ 143724 4pheTienBleRPbeEMiAfl qahaing ah afifiy Md%@g@éﬂde%a@ﬂschtsequenc_e
that is at |east 80%identical to SEQ ID No.: 21 and that has an alteration

sel ect ed fgasn80%hidenticalpo SHQ IBtNog 20fandathatd@és/di altérabipnK8Rétdd from K397C
d) K397Q e) D425A; f) D425N;, 10 g) D425E; h) D425K; i) F427A; j) K397
+ D425K dthebgreumeoasisting df) K395D + K397D + D425K + D426K quadr upl e

mut ation; 15 12 K397D +D425K + F427A triple mutation; m F427A + oD2L2
doubl e mut at i o) K397A;

5 b) K397D;
¢) K397C;
d) K397Q;
e) D425A,;
f) D425N;
10 g) D425E,;
h) D425K;
i) F427A;
j) K397 + D425K double mutation;
k) K395D + K397D + D425K + D426K quadruple mutation;
15 1) K397D +D425K + F427A triple mutation;
m) F427A + aAD2L2 double mutation,;
n) K397D + F427A +aD2L.2 triple mutation;
0) K397D + D425K + F427A +aD2L2 quadruple mutation;
p) F427D; and
20 q) F427K.

5. A vaccine composition comprising a B moiety of a pore-forming
binary A-B toxin or a fragment thereof in a pharmaceutically acceptable
carrier, wherein said B moiety comprises a mutation that inhibits its pore-

25 forming ability.
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n) K397D + F427A +oD2L2 triple nutation; o) K397D + D425K + F427A +oD2L2
quadruple mutation; p) F427D;, and 20 q) F427K. 5. A vaccine conposition
conpri si woa/®78®i ety of a pore-formng binary A-B toxi nPOT/USOTHaTPENt
thereof in a pharnaceutically acceptable carrier, wherein said B noiety
conprises a nutation that inhibits its pore- 25 formng ability. -49 WO
01/ 82788 PCT/ US01/ 14372 6. The vaccine conposition of claim5, wherein

said B noi ety s TiRNRCHE RIRpEGHbY 8f alid® Whelein'§d BA0I& igonposi tion of
claim5, wherein said B noiety is inactivated by chem cal or physi cal
means. 5 8athfaxiptdiectivaf ampigement i ng bacterial infection in a mammal, said
nmet hod conprising adm nistering to said manmal a vaccine conprising a B

noi ety of a pore-formng binary A-B toxin or a fragnent thereof in a

pharmaceutical Ly _accept abl e carr.i.er, V\gler ein said B nojety cqonprises a 10
mut ati on t hat %nﬂﬁ{ﬁ‘f%cclfies"%?‘éﬁl‘flﬁ?ﬁfﬁ IWt#sIW]PV?HDS’al&%@%% 13f treating

bacterial .inf.ecti.qn i.n_a. |, .said nethod conprising admnistering to
sai d nannﬁ}achvetg(d,%yn‘éhe T@%l %@msety of a pore-formng binary A-B
toxin pr a fragment thereof in a pharmaceutically acceptable carrier,
wherei'n said B noiety conprises a nutation that inhibits its 15

pore-form ng aBi IA inethddof phsveiBh ddcrtial iFedfich B a hhanhal, @i sai d vacci ne
is adm nistered wth an adjuvant.

method comprising administering to said mammal a vaccine comprising a B

moiety of a pore-forming binary A-B toxin or a fragment thereof in a

pharmaceutically acceptable carrier, wherein said B moiety comprises a

10  mutation that inhibits its pore-forming ability.

9. A method of treating bacterial infection in a mammal, said method
comprising administering to said mammal a vaccine comprising a B moiety of
a pore-forming binary A-B toxin or a fragment thereof in a pharmaceutically
acceptable carrier, wherein said B moiety comprises a mutation that inhibits its

15 pore-forming ability.

10. The method of claim 8 or 9, wherein said vaccine is administered

with an adjuvant.

11. A mutant B moiety of a pore-forming binary A-B toxin, wherein
20  said mutant B moiety comprises a mutation that inhibits its pore-forming
ability, and wherein said mutant B moiety inhibits the pore-forming ability of a

naturally-occurring B moiety of said toxin.
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11. A nmutant B noiety of a pore-formng binary A-B toxin, wherein 20 said
mut ant B noi ety conprises a nutation that inhibits its pore-formng
ability, veodi/sd1es ein said nutant B noiety inhibits the porerAisown4aTy ability
of a naturally-occurring B noiety of said toxin. -50 WO 01/ 82788

PCT/ US01/ 14372 12. The nutant B noiety of claim1l, wherein said nutant B
noiety is anthrax protective antigen. 13. The nutant B noiety of claim12,

having the abi 9t Theantiang B @by ofEP&ierl,Qﬁhéi@ﬁ%i&%%tﬁ%ﬁBﬁn%iéty khe nut ant

B noiety of claim1l, having the ability to conpete wth sai

nat ur al | yamtheax protectBrenanitiggen. f or bi nding to a receptor on the surface of a
manmmal i an cell. 15. The nutant B npiety of claim11l, having the ability to
bind said naturally-occurring B noiety. 10 16. The nutant B noi ety of

claim 11, havin e abili to ol igonerj wi th said naturally-occurring
B noiety to folfh ﬁhh@dﬁbtaé&ﬁlmafetmﬁfaé@utﬁwvm H’let%lh'a’ fodpt Ae%é e. 17.

The nut antf grrrgri eciﬁn%c Irai m 16, wherein said conplex |acks the 15 ability
to form a'§56Pedt € t 82788 PCT/ US01/ 14372 18. The nutant B noiety of

claim 11, having an am no acid sequence that is at |least 80%identical to
SEQ ID No.: 21 and that has an alteration selected fromthe group

consi §ing of:1a) THdMikaht Bidelety0fll2mUL, alalvi) the ability to compete
with said naturally-occurring B moiety for binding to a receptor on the surface

of a mammalian cell.

15. The mutant B moiety of claim 11, having the ability to bind said
naturally-occurring B moiety.
10
16. The mutant B moiety of claim 11, having the ability to oligomerize
with said naturally-occurring B moiety to form a complex that has reduced

ability to form a pore.

17. The mutant B moiety of claim 16, wherein said complex lacks the

15 ability to form a pore.
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5 b) oD2L2; c¢) K395D + K397D + D425K + D426K quadrupl e nutation; d) D425K;
e) F427A; f) K397D +D425K + F427A triple nutation; 10 g) F427A + oD2L2
doubl e mwa@bi/ga188 h) K397D + F427A +oD2L2 triple nutation; PCY/URBIMABI2+ D425K
+ F427A +oD2L2 quadruple nutation; h) F4271); and i) F427K. 15 19. The
mutant B noiety of claim1l, conprising a deletion of at least 5 am no
acids of the D2L2 | oop. 20. A nethod of preventing bacterial infectionin a
mammal , said 18! oR HEMRAE BShbiti GFicifd B1,1 Rgvihg aiﬁdrﬂiﬂ@d@i&'se%héﬂ&ant B
noiety of a 20 pore-formng binary A-B toxin or a fragnent thereof,

wher ei n sthatl isvaitlaast % odeaiticat corPEGHS No.mdi and ehatthwatani alkerhiios its
pore-formng ability, and wherein said nutant B noiety inhibits the

por e- f or nbelgctedifromyhe greumeensigtingofbccurring B miety of said toxin. -52
WD 01/ 82788 PCT%%%@M%{@ met hod of treating bacterial infection in
a mammal, sai d@ + PH@%FHH#W%E ering to said manmmal a nutant B
noi et y- of a pohﬁ @ rii,ng binary A-B toxin or a fragnent thereof, wherein
sai d tant B Rof %‘ >conprises a nmutation that inhibits its pore-formng

ability, and wp K%b?});ﬁil@z@lﬁwlﬁﬂgsﬁ ;D”Iﬁg?ékoéﬁﬁﬂrg SmbtiEioRor e- form ng

ability of a naturally-occurring sard toxin.
d) D425K;
e) F427A;
f) K397D +D425K + F427A triple mutation;
10 g) F427A + AD2L2 double mutation;

h) K397D + F427A +aD2L2 triple mutation;
1) K397D + D425K + F427A +2D21.2 quadruple mutation;
h) F427D; and
1) F427K.
15
19. The mutant B moiety of claim 11, comprising a deletion of at least

5 amino acids of the D2L2 loop.

20. A method of preventing bacterial infection in a mammal, said
method comprising administering to said mammal a mutant B moiety of a
20  pore-forming binary A-B toxin or a fragment thereof, wherein said mutant B
moiety comprises a mutation that inhibits its pore-forming ability, and wherein
said mutant B moiety inhibits the pore-forming ability of a naturally-occurring

B moiety of said toxin.
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22. The nethod of claim8, 9, 20, or 21, wherein said B noiety or said
mutant B noiety is anthrax protective antigen and said bacterial infection
is an 10vant/ke7ex infection. 23. The nmethod of claima8, 9PCPOSIIOM3IRL,
further conprising admnistering to said mammal an anti body that binds
said naturally-occurring B noiety. 15 24. The nethod of claim8, 9, 20, or
21, wherein said mammal is a human. 25. The nethod of claim 24, wherein

sai d manmmal hanb%ﬁl&H@@%@@fehﬁng Bact%ﬂhhﬁﬂéétﬁ)rﬁﬁpé ffam8], sAll Piettidd ed
anti body that specifically binds a naturally-occurring B 20 noiety of a

por e- f or ncompbisitgy ydmirEstering no saidmgmeadler matdnt B moi¢tyaot @poret ant B noi ety
of said toxin, wherein said nutant B noiety conprises a nutation_ that
inhibits f@l:fmpgrlnnararmlﬁgo:mqrua@ragmsm therepf; whegdn pait/ wstmt Bagmpety27. The
anti body of claim 26, wherein l.d . mut ant B noi i nhi b| s the

por e- f or nPAGPEISES A OYitgHoR ﬂa%&laﬁﬁalﬁsytsci&rm Pnﬁgigaamﬁnéﬁndow S&ISHAxin.  -54

5 mutant B moiety inhibits the pore-forming ability of a naturally-occurring B

moiety of said toxin.

22. The method of claim 8, 9, 20, or 21, wherein said B moiety or said
mutant B moiety is anthrax protective antigen and said bacterial infection is an

10  anthrax infection.

23. The method of claim 8, 9, 20, or 21, further comprising
administering to said mammal an antibody that binds said naturally-occurring

B moiety.

15 24. The method of claim §, 9, 20, or 21, wherein said mammal is a

human.

25. The method of claim 24, wherein said mammal has been exposed to

B. anthracis spores.

26. An purified antibody that specifically binds a naturally-occurring B
20 moiety of a pore-forming binary A-B toxin with greater affinity than a mutant
B moiety of said toxin, wherein said mutant B moiety comprises a mutation

that inhibits its pore-forming ability.
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27. The antibody of claim 26, wherein said mutant B moiety inhibits

the pore-forming ability of a naturally-occurring B moiety of said toxin.
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