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(57) ABSTRACT 

A single polypeptide is provided Which comprises ?rst and 
second domains. The ?rst domain enables the polypeptide to 
cleave one or more vesicle or plasma-membrane associated 
proteins essential to exocytosis, and the second domain 
enables the polypeptide to be translocated into a target cell 
or increases the solubility of the polypeptide, or both. The 
polypeptide thus combines useful properties of a clostridial 
toxin, such as a botulinum or tetanus toxin, Without the 
toxicity associated With the natural molecule. The polypep 
tide can also contain a third domain that targets it to a 
speci?c cell, rendering the polypeptide useful in inhibition 
of exocytosis in target cells. Fusion proteins comprising the 
polypeptide, nucleic acids encoding the polypeptide and 
methods of making the polypeptide are also provided. Con 
trolled activation of the polypeptide, is possible and the 
polypeptide can be incorporated into vaccines and toxin 
assays. 
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RECOMBINANT TOXIN FRAGMENTS 

[0001] This invention relates to recombinant toxin frag 
ments, to DNA encoding these fragments and to their uses 
such as in a vaccine and for in vitro and in vivo purposes. 

[0002] The clostridial neurotoxins are potent inhibitors of 
calcium-dependent neurotransmitter secretion in neuronal 
cells. They are currently considered to mediate this activity 
through a speci?c endoproteolytic cleavage of at least one of 
three vesicle or pre-synaptic membrane associated proteins 
VAMP, syntaxin or SNAP-25 Which are central to the vesicle 
docking and membrane fusion events of neurotransmitter 
secretion. The neuronal cell targeting of tetanus and botu 
linum neurotoxins is considered to be a receptor mediated 
event folloWing Which the toxins become intemalised and 
subsequently traf?c to the appropriate intracellular compart 
ment Where they effect their endopeptidase activity. 

[0003] The clostridial neurotoxins share a common archi 
tecture of a catalytic L-chain (LC, ca 50 kDa) disulphide 
linked to a receptor binding and translocating H-chain (HC, 
ca 100 kDa). The HC polypeptide is considered to comprise 
all or part of tWo distinct functional domains. The carboxy 
terminal half of the HC (ca 50 kDa), termed the HC domain, 
is involved in the high a?inity, neurospeci?c binding of the 
neurotoxin to cell surface receptors on the target neuron, 
Whilst the amino-terminal half, termed the HN domain (ca 50 
kDa), is considered to mediate the translocation of at least 
some portion of the neurotoxin across cellular membranes 
such that the functional activity of the LC is expressed 
Within the target cell. The HN domain also has the property, 
under conditions of loW pH, of forming ion-permeable 
channels in lipid membranes, this may in some manner 
relate to its translocation function. 

[0004] For botulinum neurotoxin type A (BoNT/A) these 
domains are considered to reside Within amino acid residues 
872-1296 for the HC, amino acid residues 449-871 for the 
HN and residues 1-448 for the LC. Digestion With trypsin 
effectively degrades the HC domain of the BoNT/A to 
generate a non-toxic fragment designated LHN, Which is no 
longer able to bind to and enter neurons (FIG. 1). The LHN 
fragment so produced also has the property of enhanced 
solubility compared to both the parent holotoxin and the 
isolated LCC. 

[0005] It is therefore possible to provide functional de? 
nitions of the domains Within the neurotoxin molecule, as 
folloWs: 

(A) clostridial neurotoxin light chain: 

[0006] a metalloprotease exhibiting high substrate speci 
?city for vesicle and/or plasmaimembrane associated pro 
teins involved in the exocytotic process. In particular, it 
cleaves one or more of SNAP-25, VAMP (synaptobrevin/ 
cellubrevin) and syntaxin. 
(B) clostridial neurotoxin heavy chain HN domain: 

[0007] a portion of the heavy chain Which enables trans 
location of that portion of the neurotoxin molecule such that 
a functional expression of light chain activity occurs Within 
a target cell. 

[0008] the domain responsible for translocation of the 
endopeptidase activity, folloWing binding of neurotoxin to 
its speci?c cell surface receptor via the binding domain, into 
the target cell. 
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[0009] the domain responsible for formation of ion-per 
meable pores in lipid membranes under conditions of loW 
pH. 

[0010] the domain responsible for increasing the solubility 
of the entire polypeptide compared to the solubility of light 
chain alone. 

(C) clostridial neurotoxin heavy chain HC domain. 

[0011] a portion of the heavy chain Which is responsible 
for binding of the native holotoxin to cell surface receptor(s) 
involved in the intoxicating action of clostridial toxin prior 
to intemalisation of the toxin into the cell. 

[0012] The identity of the cellular recognition markers for 
these toxins is currently not understood and no speci?c 
receptor species have yet been identi?ed although KoZaki et 
al. have reported that synaptotagmin may be the receptor for 
botulinum neurotoxin type B. It is probable that each of the 
neurotoxins has a different receptor. 

[0013] It is desirable to have positive controls for toxin 
assays, to develop clostridial toxin vaccines and to develop 
therapeutic agents incorporating desirable properties of 
clostridial toxin. 

[0014] HoWever, due to its extreme toxicity, the handling 
of native toxin is haZardous. 

[0015] The present invention seeks to overcome or at least 
ameliorate problems associated With production and han 
dling of clostridial toxin. 

[0016] Accordingly, the invention provides a polypeptide 
comprising ?rst and second domains, Wherein said ?rst 
domain is adapted to cleave one or more vesicle or plasma 
membrane associated proteins essential to neuronal exocy 
tosis and Wherein said second domain is adapted (i) to 
translocate the polypeptide into the cell or (ii) to increase the 
solubility of the polypeptide compared to the solubility of 
the ?rst domain on its oWn or (iii) both to translocate the 
polypeptide into the cell and to increase the solubility of the 
polypeptide compared to the solubility of the ?rst domain on 
its oWn, said polypeptide being free of clostridial neurotoxin 
and free of any clostridial neurotoxin precursor that can be 
converted into toxin by proteolytic action. Accordingly, the 
invention may thus provide a single polypeptide chain 
containing a domain equivalent to a clostridial toxin light 
chain and a domain providing the functional aspects of the 
HN of a clostridial toxin heavy chain, Whilst lacking the 
functional aspects of a clostridial toxin HC domain. 

[0017] In a preferred embodiment, the present invention 
provides a single chain polypeptide comprising ?rst and 
second domains, Wherein: 

[0018] said ?rst domain is a clostridial neurotoxin light 
chain or a fragment or a variant thereof, Wherein said ?rst 
domain is capable of cleaving one or more vesicle or plasma 
membrane associated proteins essential to exocytosis; and 

[0019] said second domain is a clostridial neurotoxin 
heavy chain HN portion or a fragment or a variant thereof, 
Wherein said second domain is capable of (i) translocating 
the polypeptide into a cell or (ii) increasing the solubility of 
the polypeptide compared to the solubility of the ?rst 
domain on its oWn or (iii) both translocating the polypeptide 
into a cell and increasing the solubility of the polypeptide 
compared to the solubility of the ?rst domain on its oWn; and 
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wherein the second domain lacks a functional C-terrninal 
part of a clostridial neurotoxin heavy chain designated Hc 
thereby rendering the polypeptide incapable of binding to 
cell surface receptors that are the natural cell surface recep 
tors to Which native clostridial neurotoxin binds. 

[0020] In the above preferred embodiment, the ?rst 
domain is quali?ed by a requirement for the presence of a 
particular cleavage function. Said cleavage function may be 
present When the light chain (L-chain) component is part of 
the single chain polypeptide molecule per se. Alternatively, 
the cleavage function may be substantially latent in the 
single chain polypeptide molecule, and may be activated by 
proteolytic cleavage of the single polypeptide betWeen the 
?rst and second domains to form, for example, a dichain 
polypeptide molecule comprising the ?rst and second 
domains disulphide bonded together. 

[0021] The ?rst domain is based on a clostridial neuro 
toxin light chain (L-chain), and embraces both fragments 
and variants of said L-chain so long as these components 
possess the requisite cleavage function. An example of a 
variant is an L-chain (or fragment thereof) in Which one or 
more amino acid residues has been altered vis-a-vis a native 
clostridial L-chain sequence. In one embodiment, the modi 
?cation may involve one or more conservative amino acid 
substitutions. Other modi?cations may include the removal 
or addition of one or more amino acid residues vis-a-vis a 

native clostridial L-chain sequence. HoWever, any such 
fragment or variant must retain the aforementioned cleavage 
function. 

[0022] The structure of clostridial neurotoxins Was Well 
knoWn prior to the present inventionisee, for example, 
KuraZono et al (1992) J. Biol. Chem., 267, 21, pp. 14721 
14729. In particular, the KuraZono paper describes the 
minimum Domains required for cleavage activity (eg. pro 
teolytic enZyme activity) of a clostridial neurotoxin L-chain. 
Similar discussion is provided by Poulain et al (1989) Eur. 
J. Biochem., 185, pp. 197-203, by Zhou et al (1995), 34, pp. 
15175-15181, and by Blaustein et al (1987), 226, No. 1, pp. 
1 1 5 -120. 

[0023] By Way of exempli?cation, Table II on page 14726 
of KuraZono et al. (1992) illustrates a number of L-chain 
deletion mutants (both amino-terminal and carboxy-terrninal 
L-chain deletion mutants are illustrated). Such mutants, 
together With other L-chain mutants containing, for 
example, similar amino acid deletions or conservative amino 
acid substitutions are embraced by the ?rst domain de?ni 
tion of the present invention provided that the L-chain 
component in question has the requisite cleavage activity. 

[0024] Prior to the present application a number of con 
ventional, simple assays Were available to alloW a skilled 
person to routinely con?rm Whether a given L-chain (or 
equivalent L-chain component) had the requisite cleavage 
activity. These assays are based on the inherent ability of a 
functional L-chain to e?cect peptide cleavage of speci?c 
vesicle or plasma membrane associated proteins (eg. syn 
aptobrevin, syntaxin, or SNAP-25) involved in neuronal 
exocytosis, and simply test for the presence of the cleaved 
products of said proteolytic reaction. 

[0025] For example, in a rough-and-ready assay, SNAP 
25 (or synaptobrevin, or syntaxin) may be challenged With 
a test L-chain (or equivalent L-chain component), and then 
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analysed by SDS-PAGE peptide separation techniques. Sub 
sequent detection of peptides (eg. by silver staining) having 
molecular Weights corresponding to the cleaved products of 
SNAP-25 (or other component of the neurosecretory 
machinery) Would indicate the presence of an L-chain (or 
equivalent L-chain component) possessing the requisite 
cleavage activity. 
[0026] In an alternative assay, SNAP-25 (or a different 
neuronal exocytosis molecule) may be challenged With a test 
L-chain (or equivalent L-chain component), and the cleav 
age products subjected to antibody detection as described in 
PCT/GB95/01279 (ie. WO95/33850) in the name of the 
present Applicant, Microbiological Research Authority. 

[0027] In more detail, a speci?c antibody is employed for 
detecting the cleavage of SNAP-25, Which antibody recog 
nises cleaved SNAP-25 but not uncleaved SNAP-25. Iden 
ti?cation of the cleaved product by the antibody con?rms the 
presence of an L-chain (or equivalent L-chain component) 
possessing the requisite cleavage activity. By Way of exem 
pli?cation, such a method is described in Examples 2 and 3 
of PCT/GB96/00916 (ie. WO96/33273), also in the name of 
Microbiological Research Authority. 

[0028] In a preferred embodiment of the present invention, 
the second domain is quali?ed by the ability to provide one 
or both of tWo functions, namely (i) translocation and/ or (ii) 
increased solubility of the ?rst domain. 

[0029] The second domain is based on a HN portion of a 
clostridial neurotoxin, Which portion has been extensively 
described and characterised in the literature. Particular men 
tion is made to KuraZono et al (1992) in Which the structure 
of clostridial neurotoxin heavy chains is discussed together 
With the functions associated With the HN and HC portions 
thereof [see, for example, the bottom illustration in FIG. 1 
on page 14722 of KuraZono et al (1992)]. In more detail, the 
HN domain is a domain of a clostridial neurotoxin that 
functions to translocate a clostridial L-chain across the 
endosomal membrane of a vesicle, and is synonymous With 
the H2 domain of a clostridial neurotoxin [see the bottom 
left-hand column and footer on page 197 of Poulain, B. et al 
(1989); see FIG. 1 in Blaustein, R. et al (1987); and see also 
the sentence bridging pages 178 and 179 of Shone, C. et al 
(1987), Eur. J. Biochem., 167, pp. 175-180]. 

[0030] The second domain de?nition of the present inven 
tion includes fragments and variants of the HN portion of a 
clostridial neurotoxin so long as these components provide 
the requisite (I) translocation and/ or (ii) improved solubility 
function. An example of a variant is an HN portion (or 
fragment thereof) in Which one or more amino acid residues 
has been altered vis-a-vis a native clostridial HN domain 
sequence. In one embodiment, the modi?cation may involve 
one or more conservative amino acid substitutions. Other 
modi?cations may include the removal or addition of one or 
more amino acid residues vis-a-vis a native clostridial HN 
sequence. HoWever, any such fragment or variant must 
provide the aforementioned (i) translocation and/or (ii) 
improved solubility function. 

[0031] The (i) translocation and (ii) improved solubility 
functions are noW described in more detail. 

[0032] Prior to the present application a number of con 
ventional, simple assays Were available to alloW a skilled 
person to routinely con?rm Whether a particular clostridial 
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neurotoxin HN portion (or equivalent HN component) had 
the requisite translocation function. In this respect, particular 
mention is made to the assays described in Shone et al. 
(1987) and Blaustein et al. (1987), Which are noW discussed. 

[0033] These papers describe studies of the translocation 
function of clostridial neurotoxins, and demonstrate that the 
ability of said neurotoxins to form channels is associated 
With the presence of a translocation function. 

[0034] Shone et al. (1987) describes an assay employing 
arti?cial liposomes loaded With potassium phosphate buffer 
(pH 7.2) and radiolabelled NAD. Thus, to con?rm Whether 
a test HN portion (or equivalent H-chain component) of a 
clostridial neurotoxin has the requisite translocation func 
tion, the arti?cial liposomes are challenged With the test HN 
portion. The release of K+ and NAD from the liposomes is 
indicative of a channel-forrning activity, and thus the pres 
ence of a translocation function. 

[0035] An alternative assay is described by Blaustein et al. 
(1987), Wherein planar phospholipid bilayer membranes are 
used to test for channel-forming activity. Salt solutions on 
either side of the membrane are buffered at different pH4on 
the cis side, pH 4.7 or 5.5 and on the trans side, pH 7.4. Thus, 
to con?rm Whether a HN portion (or equivalent H-chain 
component) of a clostridial neurotoxin has the requisite 
translocation function, the test HN portion is added to the cis 
side of the membrane and electrical measurements made 
under voltage clamp conditions, in order to monitor the How 
of current across the membrane (see paragraph 2.2 on pages 
116-118). The presence of a desired translocation activity is 
con?rmed by a steady rate of channel turn-on (see paragraph 
3 on page 118). 

[0036] Turning noW to the second heavy chain function, 
namely (ii) increased solubility of the ?rst domain. A con 
ventional problem associated With the preparation of a 
clostridial neurotoxin L-chain molecules is that said L-chain 
molecules generally possess poor solubility characteristics. 
Thus, in one embodiment of the present invention, the fusion 
of a second domain (based on a HN portion of a clostridial 
neurotoxin) to the L-chain increases the solubility of the 
L-chain. Similarly, the addition of a second domain to a 
L-chain equivalent molecule (eg. a fragment, or variant of a 
L-chain) increases the solubility of the L-chain equivalent 
molecule. 

[0037] Prior to the present application a number of con 
ventional, simple assays Were available to alloW a skilled 
person to routinely con?rm Whether a particular clostridial 
neurotoxin HN portion (or equivalent HN component) had 
the requisite ability to increase the solubility of a L-chain (or 
equivalent L-chain component). The most common method 
to assess solubility is through use of centrifugation, folloWed 
by a range of protein determination methods. For example, 
lysed E. coli cells containing expressed clostridial endopep 
tidase are centrifuged at 25,000><g for 15 minutes to pellet 
cell debris and aggregated protein material. FolloWing 
removal of the supernatant (containing soluble protein) the 
cell debris can be reconstituted in SDS-containing sample 
buffer (to solubilise the poorly soluble protein), prior to 
analysis of the tWo fractions by SDS-PAGE. Coomassie blue 
staining of electrophoresed protein, folloWed by densitomet 
ric analysis of the relevant protein band, facilitates a semi 
quantitative analysis of solubility of expressed protein. 
[0038] A further requirement of the single polypeptide 
molecule according to a preferred embodiment of the 
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present invention is that the second domain lacks a func 
tional C-terminal part of a clostridial neurotoxin heavy chain 
designated HC, thereby rendering the polypeptide incapable 
of binding to cell surface receptors that are the natural cell 
surface receptors to Which a native clostridial neurotoxin 
binds. This requirement is noW discussed in more detail, and 
reference to incapable of binding throughout the present 
speci?cation is to be interpreted as substantially incapable of 
binding, or reduced in binding ability When compared With 
native clostridial neurotoxin. 

[0039] It has been Well documented, for example in the 
above-described literature and elseWhere, that native 
clostridial neurotoxin binds to speci?c target cells through a 
binding interaction that involves the HC domain of the toxin 
heavy chain and a speci?c receptor on the target cell. 

[0040] HoWever, in contrast to native neurotoxin, the 
single polypeptide molecules according to a preferred 
embodiment of the present invention lack a functional HC 
domain of native clostridial neurotoxin. Thus, the preferred 
single polypeptide molecules of the present invention are not 
capable of binding to the speci?c receptors targeted by 
native clostridial neurotoxin. 

[0041] Prior to the present application a number of con 
ventional, simple assays Were available to alloW a skilled 
person to routinely con?rm Whether a particular clostridial 
neurotoxin HN portion (or equivalent HN component) lacked 
the binding ability of native clostridial neurotoxin. In this 
respect, particular mention is made to the assays described 
by Shone et al. (1985) Eur. J. Biochem., 151(1), pp. 75-82, 
and by Black & Dolly (1986) J. Cell. Biol., 103, pp. 
521-534. The basic Shone et al (1985) method has been 
recently repeated in Sutton et al (2001), 493, pp. 4549 to 
assess the binding ability of tetanus toxins. 

[0042] These papers describe simple methods for assess 
ing binding of the H-chain of a clostridial neurotoxin to its 
target cells, motor neurons. Hence, these methods provide a 
means for routinely determining Whether a modi?cation to 
the H-chain results in a loss of or reduced native binding 
af?nity of the H-chain for motor neurons. The methods are 
noW discussed in more detail. 

[0043] The Shone et al (1985) method is based on a 
competitive binding assay in Which test neurotoxin H-chain 
fragments are compared With radiolabelled native neuro 
toxin in their ability to bind to puri?ed rat cerebrocortical 
synaptosomes (ie. native toxin target cells). A reduction of 
HC function (ie. binding ability) is demonstrated by a reduced 
ability of the test H-chain fragments to compete With the 
labelled intact toxin for binding to the synaptosomes (see 
page 76, column 1 to line 51-column 2, line 5). 

[0044] Sutton et al. (2001) carried out similar competitive 
binding experiments using radiolabelled intact tetanus neu 
rotoxin (TeNT) and unlabelled site-directed (TeNT) 
mutants. As above, a positive result in the assay is demon 
strated by an inability of the mutant fragments to compete 
With the labelled TeNT for binding to synaptosomes. 

[0045] An alternative approach is described by Black & 
Dolly (1986), Which method employed electron microscopic 
autoradiography to visually assess binding of radiolabelled 
clostridial neurotoxins at the vertebrate neuromuscular junc 
tion, both in vivo and in vitro. Thus, this assay represents a 
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simple visual method for con?rming Whether a test HN 
domain (or equivalent HN component) lacks a functional HC 
domain. 

[0046] There are numerous Ways by Which a second 
domain that lacks a functional HC domain may be prepared. 
In this respect, inactivation of the HC domain may be 
achieved at the amino acid level (eg. by use of a derivatising 
chemical, or a proteolytic enzyme), or at the nucleic acid 
level (eg. by use of site-directed mutagenesis, nucleotide/s 
insertion or deletion or modi?cation, or by use of truncated 
nucleic acid). 

[0047] For example, it Would be routine for a skilled 
person to select a conventional derivatising chemical or 
proteolytic agent suitable for removal or modi?cation of the 
HC domain. Standard derivatising chemicals and proteolytic 
agents are readily available in the art, and it Would be routine 
for a skilled person to con?rm that said chemicals/agents 
provide an HN domain With reduced or removed native 
binding af?nity by folloWing any one of a number of simple 
tests such as those described above. 

[0048] Conventional derivatising chemicals may include 
any one of the folloWing, Which form a non-exhaustive list 
of exampleszi 

[0049] (1) tyrosine derivatising chemicals such as anhy 
drides, more speci?cally maleic anhydride; 

[0050] (2) diaZonium based derivatising chemicals such 
as bis-DiaZotiZed o-Tolidine, and diaZotiZed p-ami 
nobenZoyl biocytin; 

[0051] (3) EDC (1 -ethyl 1-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride); 

[0052] (4) isocyanate based derivatising chemicals such 
as dual treatment With tetranitromethane folloWed by 
sodium dithionite; and 

[0053] (5) iodinating derivatising chemicals such as 
chloramine-T (N-chlorotoluene sulfonamide) or 
IODO-GEN (1,3,4,6-tetrachloro-3a,ba-diphenylgly 
couril). 

[0054] Conventional prbteblytic agents may include any 
one of the folloWing, Which form a non-exhaustive list of 
exampleszi 

[0055] (1) trypsin [as demonstrated in Shone et al 
(1985)]; 

[0056] (2) proline endopeptidase 
[0057] (3) lys C proteinase; 

[0058] (4) chymotrypsin; 
[0059] (5) thermolysin; and 

[0060] (6) arg C proteinase. 

[0061] Alternatively, conventional nucleic acid mutagen 
esis methods may be employed to generate modi?ed nucleic 
acid sequences that encode second domains lacking a func 
tional HC domain. For example, mutagenesis methods such 
as those described in KuraZono et al (1992) may be 
employed. A range of systems for mutagenesis of DNA are 
available, based on the DNA manipulation techniques 
described byziKunkel T. (1985) Proc. Natl. Acad. Sci. 
USA, 82, pp. 488492; Taylor, J. W. et al. (1985) Nucleic 

May 25, 2006 

Acids Res. 13, pp. 8749-8764 (1995); and Deng G. & 
Nickelolf J. A. (1992) Anal. Biochem., 200, pp. 81-88. 

[0062] According to all general aspects of the present 
invention, a polypeptide of the invention can be soluble but 
lack the translocation function of a native toxin-this is of use 
in providing an immunogen for vaccinating or assisting to 
vaccinate an individual against challenge by toxin. In a 
speci?c embodiment of the invention described in an 
example beloW a polypeptide designated LH423/A elicited 
neutralising antibodies against type A neurotoxin. A 
polypeptide of the invention can likeWise thus be relatively 
insoluble but retain the translocation function of a native 
toxinithis is of use if solubility is imparted to a composi 
tion made up of that polypeptide and one or more other 
components by one or more of said other components. 

[0063] The ?rst domain of the polypeptide of the invention 
cleaves one or more vesicle or plasma-membrane associated 
proteins essential to the speci?c cellular process of exocy 
tosis, and cleavage of these proteins results in inhibition of 
exocytosis, typically in a non-cytotoxic manner. The cell or 
cells affected are not restricted to a particular type or 
subgroup but can include both neuronal and non-neuronal 
cells. The activity of clostridial neurotoxins in inhibiting 
exocytosis has, indeed, been observed almost universally in 
eukaryotic cells expressing a relevant cell surface receptor, 
including such diverse cells as from Aplysia (sea slug), 
Drosophila (fruit ?y) and mammalian nerve cells, and the 
activity of the ?rst domain is to be understood as including 
a corresponding range of cells. 

[0064] The polypeptide of the invention may be obtained 
by expression of a recombinant nucleic acid, preferably a 
DNA, and is a single polypeptide, that is to say not cleaved 
into separate light and heavy chain domains. The polypep 
tide is thus available in convenient and large quantities using 
recombinant techniques. 
[0065] In a polypeptide according to the invention, said 
?rst domain preferably comprises a clostridial toxin light 
chain or a fragment or variant of a clostridial toxin light 
chain. The fragment is optionally an N-terminal, or C-ter 
minal fragment of the light chain, or is an internal fragment, 
so long as it substantially retains the ability to cleave the 
vesicle or plasma-membrane associated protein essential to 
exocytosis. The minimal domains necessary for the activity 
of the light chain of clostridial toxins are described in J. Biol. 
Chem., Vol. 267, No. 21, July 1992, pages 14721-14729. 
The variant has a different peptide sequence from the light 
chain or from the fragment, though it too is capable of 
cleaving the vesicle or plasma-membrane associated protein. 
It is conveniently obtained by insertion, deletion and/or 
substitution of a light chain or fragment thereof. In embodi 
ments of the invention described beloW a variant sequence 
comprises (i) an N-terminal extension to a clostridial toxin 
light chain or fragment (ii) a clostridial toxin light chain or 
fragment modi?ed by alteration of at least one amino acid 
(iii) a C-terminal extension to a clostridial toxin light chain 
or fragment, or (iv) combinations of 2 or more of (i)-(iii). 

[0066] The ?rst domain preferably exhibits endopeptidase 
activity speci?c for a substrate selected from one or more of 
SNAP-25, synaptobrevin/VAMP and syntaxin. The 
clostridial toxin is preferably botulinum toxin or tetanus 
toxin. 

[0067] In one embodiment of the invention described in an 
example beloW, the toxin light chain and the portion of the 
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toxin heavy chain are of botulinum toxin type A. In a further 
embodiment of the invention described in an example below, 
the toxin light chain and the portion of the toxin heavy chain 
are of botulinum toxin type B. The polypeptide optionally 
comprises a light chain or fragment or variant of one toxin 
type and a heavy chain or fragment or variant of another 
toxin type. 

[0068] In a polypeptide according to the invention said 
second domain preferably comprises a clostridial toxin 
heavy chain HN portion or a fragment or variant of a 
clostridial toxin heavy chain HN portion. The fragment is 
optionally an N-terminal or C-terminal or internal fragment, 
so long as it retains the function of the HN domain. Teach 
ings of regions within the HN responsible for its function are 
provided for example in Biochemistry 1995, 34, pages 
15175-15181 and Eur. J. Biochem, 1989, 185, pages 197 
203. The variant has a different sequence from the HN 
domain or fragment, though it too retains the function of the 
HN domain. It is conveniently obtained by insertion, deletion 
and/or substitution of a HN domain or fragment thereof. In 
embodiments of the invention, described below, it comprises 
(i) an N-terminal extension to a HN domain or fragment, (ii) 
a C-terminal extension to a HN domain or fragment, (iii) a 
modi?cation to a HN domain or fragment by alteration of at 
least one amino acid, or (iv) combinations of 2 or more of 
(i)-(iii). The clostridial toxin is preferably botulinum toxin or 
tetanus toxin. 

[0069] The invention also provides a polypeptide com 
prising a clostridial neurotoxin light chain and a N-terminal 
fragment of a clostridial neurotoxin heavy chain, the frag 
ment preferably comprising at least 423 of the N-terminal 
amino acids of the heavy chain of botulinum toxin type A, 
417 of the N-terminal amino acids of the heavy chain of 
botulinum toxin type B or the equivalent number of N-ter 
minal amino acids of the heavy chain of other types of 
clostridial toxin such that the fragment possesses an equiva 
lent alignment of homologous amino acid residues. 

[0070] These polypeptides of the invention are thus not 
composed of two or more polypeptides, linked for example 
by di-sulphide bridges into composite molecules. Instead, 
these polypeptides are single chains and are not active or 
their activity is signi?cantly reduced in an in vitro assay of 
neurotoxin endopeptidase activity. 
[0071] Further, the polypeptides may be susceptible to be 
converted into a form exhibiting endopeptidase activity by 
the action of a proteolytic agent, such as trypsin. In this way 
it is possible to control the endopeptidase activity of the 
toxin light chain. 

[0072] In further embodiments of the invention, the 
polypeptide contains an amino acid sequence modi?ed so 
that (a) there is no protease sensitive region between the LC 
and HN components of the polypeptide, or (b) the protease 
sensitive region is speci?c for a particular protease. This 
latter embodiment is of use if it is desired to activate the 
endopeptidase activity of the light chain in a particular 
environment or cell. Though, in general, the polypeptides of 
the invention are activated prior to administration. 

[0073] More generally, a proteolytic cleavage site may be 
introduced between any two domains of the single chain 
polypeptide molecule. 

[0074] For example, a cleavage site may be introduced 
between the ?rst and second domains such that cleavage 
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thereof converts the single chain polypeptide molecule into 
a dichain polypeptide structure wherein the ?rst and second 
domains are linked together by a disulphide bond. Speci?c 
Examples of such molecules are provided by SEQ IDs 11-18 
of the present application in which an Factor Xa cleavage 
site has been introduced between the ?rst domain (L-chain) 
and the second domain (HN). 

[0075] A range of peptide sequences having inherent 
cleavage sites are available for insertion into the junction 
between one or more domains of a polypeptide according to 
the present invention. For example, insertion of a cleavage 
site between the ?rst (L-chain) and second (HN) domains 
may result in a single polypeptide chain molecule that is 
proteolytically cleavable to form a dichain polypeptide in 
which the ?rst and second domains are held together by a 
disulphide bond between the ?rst and second domains. The 
proteolytic cleavage may be performed in vitro prior to use, 
or in vivo by cell speci?c activation through intracellular 
proteolytic action. 
[0076] Alternatively (or additionally), a cleavage site may 
be introduced between the second and third domains, or 
between the puri?cation tag and the polypeptide of the 
present invention. The third domain and puri?cation tag 
aspects of the present invention are discussed in more detail 
below. 

[0077] To facilitate convenient insertion of a range of 
cleavage sites into the junction between the LC and HN 
domains, it is preferable to prepare an expression clone that 
can serve as a template for future clone development. Such 
a template is represented by SEQ ID 103, in which the DNA 
encoding LHN/B has been modi?ed by standard mutagen 
esis techniques to incorporate unique restriction enZyme 
sites. To incorporate new cleavage sites at the junction 
requires simple insertion of novel oligonucleotides encoding 
the new cleavage site. 

[0078] Suitable cleavage sites include, but are not limited 
to, those described in Table 1. 

TABLE 1 

Cleavage site (eg. between the ?rst and second domains for LHN 
activation) 

Amino 
Protease acid sequence of recognition site SEQ ID exempli?cation 

Factor Xa I-E/D-G-RU 71/72, 33/34, 55/56, 
57/58, 115/116, 
117/118, 119/120, 
121/122 

69/70, 31/32, 29/30, 
43/44, 45/46, 113/114, 
111/112, 59/60, 61/62, 
63/64, 65/66, 79/80, 
81/82, 8398, 105/106, 

Enterokinase D-D-D-D-K U 

107/108 
Precission L-E-V-L-F-Q U G-P 75/76, 35/36, 51/52, 

53/54 
Thrornbin L-V-P-R U G-S 77/78, 37/38, 47/48, 

49/50, 99/100 
Genenase H-Y U or Y U —H 

TEV E-N-L-Y-F-Q U G 101/102 
Furin R-X-X-R U, 

preferred R-X-IQR-R U 

(wherein X = any amino acid) 

[0079] In some cases, the use of certain cleavage sites and 
corresponding proteolytic enZymes (eg. precission, throm 
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bin) Will leave a short N-terminal extension on the polypep 
tide at a position C-terminal to the cleavage site (see the 
u cleavage pattern for the exempli?ed proteases in Table 1). 

[0080] Peptide sequences may be introduced betWeen any 
tWo domains to facilitate speci?c cleavage of the domains at 
a later stage. This approach is commonly used in proprietary 
expression systems for cleavage and release of a puri?cation 
tag (eg. maltose-binding protein (MBP), glutathione S-trans 
ferase (GST), polyhistidine tract (His6)) from a fusion 
protein that includes the puri?cation tag. In this respect, the 
puri?cation tag is preferably fused to the N- or C-terminus 
of the polypeptide in question. 

[0081] The choice of cleavage site may have a bearing on 
the precise nature of the N-terminus (or C-terminus) of the 
released polypeptide. To illustrate this, identical LHN/B 
fragments produced in such proprietary systems are 
described in SEQ ID 88, 94, 96, 98, in Which the N-terminal 
extensions to the LHN/B sequence are ISEFGS, GS, 
SPGARGS & AMADIGS respectively. In the case of LHN/C 
fragments, SEQ ID 126, 128 & 130 describe the N-terminal 
sequences VPEFGSSRVDH, ISEFGSSRVDH and 
VPEFGSSRVDH folloWing release of the LHN/C fragment 
from its fusion tag by enterokinase, genenase and Factor Xa 
respectively. Each of these extension peptide sequences is an 
example of a variant L-chain sequence of the present inven 
tion. Similarly, if the puri?cation tag Were to be fused to the 
C-terminal end of the second domain, the resulting cleaved 
polypeptide (ie. fusion protein minus puri?cation tag) Would 
include C-terminal extension amino acids. Each of these 
extension peptides provides an example of a variant H 
portion of the present invention. 

[0082] In some cases, cleavage at a speci?c site, for 
example, betWeen a puri?cation tag and a polypeptide of the 
present invention may be of loWer e?iciency than desired. To 
address this potential problem, the present Applicant has 
modi?ed proprietary vectors in tWo particular Ways, Which 
modifations may be employed individually or in combina 
tion With each other. Whilst said modi?cations may be 
applied to cleavage sites betWeen any tWo domains in a 
polypeptide or fusion protein according to the present inven 
tion, the folloWing discussion simply illustrates a puri?ca 
tion tag-?rst domain cleavage event. 

[0083] First, the DNA is modi?ed to include an additional 
peptide spacer sequence, Which optionally may represent 
one or more additional cleavage sites, at the junction of the 
puri?cation tag and the polypeptide. Examples of the full 
length expressed polypeptide from this approach are pre 
sented in SEQ ID 86, 90 & 92. Such an approach has 
resulted in e?icient cleavage and release of the polypeptide 
of interest. Depending on the presence and nature of any 
intra-polypeptide cleavage sites (eg. betWeen the ?rst and 
second domains), cleavage of the puri?cation tag from the 
fusion protein may occur simultaneously to proteolytic 
cleavage betWeen the ?rst and second domains. Alterna 
tively, release of the puri?cation tag may occur Without 
proteolytic cleavage betWeen the ?rst and second domains. 
These tWo cleavage schemes are illustrated in FIG. 14. 

[0084] Depending on the cleavage enZyme chosen, this 
strategy may result in a short amino acid extension to the 
N-terminus (or C-terminus) of the polypeptide. For example, 
in the case of SEQ ID 92, cleavage of the expressed product 
With enterokinase results in tWo polypeptides coupled by a 
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single disulphide bond at the ?rst domain-second domain 
junction (ie. the L chain-HN junction), With a short N-ter 
minal peptide extension that resembles an intact Factor Xa 
site and a short N-terminal extension due to polylinker 

sequence (IEGRISEFGS). 
[0085] Secondly, the DNA encoding a self-splicing intein 
sequence may be employed, Which intein may be induced to 
self-splice under pH and/ or temperature control. The intein 
sequence (represented in SEQ ID 110 as the polypeptide 
sequence ISEFRESGAISGDSLISLASTGKRVS IKDLL 

DEKDFEIWAINEQTMKLESAKVSRVFCTG KKLVY 
ILKTRLGRTIKATANHRFLTI DGWKRLDELSLKEHI 

ALPRKLESSSLQLSPEIEKL 
SQSDIYWDSIVSITETGVEEVFDLTVPG 
PHNFVANDIIVHN) facilitates self-cleavage of the illus 
trated polypeptide (ie. puri?cation tag-LHN/B) to yield a 
single polypeptide molecule With no puri?cation tag. This 
process does not therefore require treatment of the initial 
expression product With proteases, and the resultant 
polypeptide (ie. L-chain-Factor Xa activation site-HN) is 
simply illustrative of hoW this approach may be applied. 

[0086] According to a further embodiment of the inven 
tion, Which is described in an example beloW, there is 
provided a polypeptide lacking a portion designated HC of a 
clostridial toxin heavy chain. This portion, seen in the 
naturally produced toxin, is responsible for binding of toxin 
to cell surface receptors prior to intemalisation of the toxin. 
This speci?c embodiment is therefore adapted so that it can 
not be converted into active toxin, for example by the action 
of a proteolytic enZyme. The invention thus also provides a 
polypeptide comprising a clostridial toxin light chain and a 
fragment of a clostridial toxin heavy chain, said fragment 
being not capable of binding to those cell surface receptors 
involved in the intoxicating action of clostridial toxin, and it 
is preferred that such a polypeptide lacks an intact portion 
designated HC of a clostridial toxin heavy chain. 

[0087] In further embodiments of the invention there are 
provided compositions containing a polypeptide comprising 
a clostridial toxin light chain and a portion designated HN of 
a clostridial toxin heavy chain, and Wherein the composition 
is free of clostridial toxin and free of any clostridial toxin 
precursor that may be converted into clostridial toxin by the 
action of a proteolytic enZyme. Examples of these compo 
sitions include those containing toxin light chain and HN 
sequences of botulinum toxin types A, B, Cl, D, E, F and G. 

[0088] The polypeptides of the invention are conveniently 
adapted to bind to, or include, a third domain (eg. a ligand 
for targeting to desired cells). The polypeptide optionally 
comprises a sequence that binds to, for example, an immu 
noglobulin. A suitable sequence is a tandem repeat synthetic 
IgG binding domain derived from domain B of Staphylo 
coccal protein A. Choice of immunoglobulin speci?city then 
determines the target for a polypeptide-immunoglobulin 
complex Alternatively, the polypeptide comprises a non 
clostridial sequence that binds to a cell surface receptor, 
suitable sequences including insulin-like groWth factor-1 
(IGF-l) Which binds to its speci?c receptor on particular cell 
types and the 14 amino acid residue sequence from the 
carboxy-terminus of cholera toxinA subunit Which is able to 
bind the cholera toxin B subunit and thence to GM1 gan 
gliosides. A polypeptide according to the invention thus, 
optionally, further comprises a third domain adapted for 
binding of the polypeptide to a cell. 




































