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Description

[0001] The present invention relates to methods for producing recombinant Clostridium botulinum (C. botulinum)
neurotoxins of serotype E (BoNT/E). The present invention also relates to corresponding medical uses of a recombinant
BoNT/E. Also disclosed are nucleic acid sequences encoding BoNT/E.
[0002] Botulinum neurotoxin is produced by C. botulinum in the form of a large protein complex, consisting of BoNT
itself complexed to a number of accessory proteins. There are at present seven different classes of botulinum neurotoxin,
namely: botulinum neurotoxin serotypes A, B, C1, D, E, F and G, all of which share similar structures and modes of
action. Different BoNT serotypes can be distinguished based on inactivation by specific neutralising anti-sera, with such
classification by serotype correlating with percentage sequence identity at the amino acid level. BoNT proteins of a given
serotype are further divided into different subtypes on the basis of amino acid percentage sequence identity.
[0003] BoNTs are the most potent toxins known, with median lethal dose (LD50) values for mice ranging from 0.5 to
5 ng/kg depending on the serotype. BoNTs are adsorbed in the gastrointestinal tract, and, after entering the general
circulation, bind to the presynaptic membrane of cholinergic nerve terminals and prevent the release of their neurotrans-
mitter acetylcholine. BoNT/B, BoNT/D, BoNT/F and BoNT/G cleave synaptobrevin/vesicle-associated membrane protein
(VAMP); BoNT/C, BoNT/A and BoNT/E cleave the synaptosomal-associated protein of 25 kDa (SNAP-25); and BoNT/C
cleaves syntaxin.
[0004] In nature, clostridial neurotoxins are synthesised as a single-chain polypeptide that is modified post-transla-
tionally by a proteolytic cleavage event to form two polypeptide chains joined together by a disulphide bond. Cleavage
occurs at a specific cleavage site, often referred to as the activation site, that is located between the cysteine residues
that provide the inter-chain disulphide bond. It is this di-chain form that is the active form of the toxin. The two chains
are termed the heavy chain (H-chain), which has a molecular mass of approximately 100 kDa, and the light chain (L-
chain), which has a molecular mass of approximately 50 kDa. The H-chain comprises a C-terminal targeting component
(HC domain) and an N-terminal translocation component (HN domain). The cleavage site is located between the L-chain
and the translocation components. Following binding of the HC domain to its target neuron and internalisation of the
bound toxin into the cell via an endosome, the HN domain translocates the L-chain across the endosomal membrane
and into the cytosol, and the L-chain provides a protease function (also known as a non-cytotoxic protease).
[0005] Non-cytotoxic proteases act by proteolytically-cleaving intracellular transport proteins known as SNARE proteins
(e.g. SNAP-25, VAMP, or Syntaxin) - see Gerald K (2002) "Cell and Molecular Biology" (4th edition) John Wiley & Sons,
Inc. The acronym SNARE derives from the term Soluble NSF Attachment Receptor, where NSF means N-ethylmale-
imide-Sensitive Factor. SNARE proteins are integral to intracellular vesicle fusion, and thus to secretion of molecules
via vesicle transport from a cell. The protease function is a zinc-dependent endopeptidase activity and exhibits a high
substrate specificity for SNARE proteins. Accordingly, once delivered to a desired target cell, the non-cytotoxic protease
is capable of inhibiting cellular secretion from the target cell. The L-chain proteases of Clostridial neurotoxins are non-
cytotoxic proteases that cleave SNARE proteins.
[0006] Botulinum neurotoxins are well known for their ability to cause a flaccid muscle paralysis. Said muscle-relaxant
properties have led to botulinum neurotoxins (such as BoNT/A) being employed in a variety of medical and cosmetic
procedures, including treatment of glabellar lines or hyperkinetic facial lines, headache, hemifacial spasm, hyperactivity
of the bladder, hyperhidrosis, nasal labial lines, cervical dystonia, blepharospasm, and spasticity.
[0007] Traditionally, production of BoNT is carried out by culture of C. botulinum bacteria, followed by isolation and
purification of the botulinum neurotoxin complex. However, production of BoNT in this way is inefficient and provides
low protein yields. In addition, C. botulinum are spore-forming bacteria and therefore require specialist culture equipment
and facilities, which are not required for the culture of bacteria such as Escherichia coli (E. coli). The increasing use of
BoNTs has therefore led to a need for alternative and/or improved methods for producing and purifying BoNT.
[0008] US 20080103098 describes a method for producing recombinant BoNT proteins in a di-chain form comprising
expression of a recombinant nucleic acid construct in an E. coli host cell. However, said method requires the insertion
of a specific, non-native (i.e. non-clostridial) pentapeptide sequence into a loop domain of the neurotoxin. The inserted
pentapeptide sequence forms an activation cleavage site that is cleaved by an endogenous E. coli protease upon cell
lysis. The method of US 20080103098 therefore teaches that in order to achieve optimal BoNT expression, the BoNT
sequence must be modified by the insertion of a non-native cleavage site.
[0009] US 7132259 describes recombinant nucleic acid molecules encoding BoNT proteins. However, the nucleic
acid molecules of US 7132259 are modified to replace the native cleavage site with a non-native cleavage site. Thus,
the method of US 7132259 also teaches that insertion of a non-native cleavage site is required for optimal BoNT
expression.
[0010] US 6495143 describes recombinant nucleic acid molecules encoding fragments of the heavy chain (HC) of a
BoNT, for use in inducing immune responses (such as in vaccination). However, the nucleic acid molecules do not
encode full length BoNT sequences. Expression in E. coli and purification of individual H and L chains of tetanus toxin
and BoNT is achievable; these isolated chains are, by themselves, nontoxic. Following the separate production of these
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peptide chains and under strictly controlled conditions the H and L subunits can be combined by oxidative disulphide
linkage to form active di-chains. Unfortunately, this strategy has several drawbacks. Firstly, it is not practical to express
and isolate large amounts of the individual chains; in particular, in the absence of the H-chain the isolated L-chain is
quite insoluble in aqueous solution and is highly susceptible to proteolytic degradation. Secondly, the in vitro oxidation
of the individually expressed and purified H and L chains to produce the active di-chain is very inefficient, and leads to
low yields of active toxin and the production of many inactive incorrectly folded or oxidized forms. The purification of the
correctly folded and oxidized H and L chain-containing toxin is difficult, as is its separation from these inactive forms
and the unreacted separate H and L chains. Thus, the method of US 6495143 is associated with considerable disad-
vantages.
[0011] Gilmore M. et al. (2008) Toxicon, Elmsford, NY, US. 51(1) pages 11-12 refers to a His-tagged BoNT/E protein.
WO 2008/008805 refers to Clostridial toxins comprising an altered targeting domain. Fischer et al. (2008) Journal of
Biological Chemistry. 283(7) pages 3997-4003 describes the molecular architecture of BoNT/A and BoNT/E.
[0012] There is therefore a need in the art for improved methods for producing recombinant BoNTs, in particular
activated di-chain BoNTs recombinant BoNT/E.
[0013] The present invention solves one or more of the above-mentioned problems, and is defined according to the
claims.. Thus, the invention provides a method for producing soluble di-chain BoNT/E1 protein, said method comprising:
providing a soluble single-chain BoNT/E1 protein comprising a sequence of contiguous amino acids, wherein said
sequence of contiguous amino acids has at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 2,
contacting said BoNT/E1 protein with trypsin in solution, and separating the soluble BoNT/E1 protein from the trypsin
by contacting the solution containing soluble BoNT/E1 protein and trypsin with a hydrophobic surface, wherein the soluble
BoNT/E1 protein preferentially binds to the hydrophobic surface.
[0014] The invention also provides an active di-chain BoNT/E1 protein, wherein the first chain comprises a sequence
of contiguous amino acids, and wherein said sequence of contiguous amino acids has at least 95% sequence identity
to the amino acid sequence of positions 1-419 of SEQ ID NO: 2; wherein the second chain comprises a sequence of
contiguous amino acids, and wherein said sequence of contiguous amino acids has at least 95% sequence identity to
the amino acid sequence of positions 423-1252 of SEQ ID NO: 2; wherein the first and second chains are joined together
by a disulphide bond between cysteine 412 on the first chain and cysteine 426 on the second chain; with the proviso
that said sequence of contiguous amino acids includes one or more of the following amino acids (wherein the amino
acid position numbering starts with the N-terminal amino acid residue and ends with the C-terminal amino acid residue
of the BoNT/E1 protein): glycine at position 177, serine at position 198, alanine at position 340, leucine at position 773,
leucine at position 963, glutamine at position 964, alanine at position 967, asparagine at position 1195, and wherein
said sequence of contiguous amino acids does not include residues 420, 421 and 422 of SEQ ID NO: 2.
[0015] The invention also provides a composition comprising an active di-chain BoNT/E1 protein, as described above;
wherein said composition contains less than 10 pg trypsin per 100 ng BoNT/E1 protein, or less than 7 pg trypsin per
100 ng BoNT/E1 protein, or less than 5 pg trypsin per 100 ng BoNT/E1 protein.
[0016] The invention also provides a liquid pharmaceutical composition comprising: an active di-chain BoNT/E1 protein
as described above; a non-protein stabilising agent that is a surfactant; and water; wherein said liquid pharmaceutical
composition does not comprise a protein stabilising agent; and wherein said liquid pharmaceutical composition contains
less than 10 pg trypsin per 100 ng BoNT/E1 protein, or less than 7 pg trypsin per 100 ng BoNT/E1 protein, or less than
5 pg trypsin per 100 ng BoNT/E1 protein.
[0017] The invention also provides an active di-chain BoNT/E1 protein as described above, or a composition as
described above, or a liquid pharmaceutical composition as described above, for use in therapy.
[0018] The present disclosure provides a nucleic acid sequence comprising a sequence of contiguous nucleotides,
wherein said sequence of contiguous nucleotides has at least 80% (for example, at least 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 99.9, or 100%) sequence identity to the nucleic acid sequence of
SEQ ID NO: 1, and wherein said sequence of contiguous nucleotides encodes a single-chain BoNT/E1 protein.
[0019] The BoNT/E serotype is divided into eight subtypes, BoNT/E1 to BoNT/E8, which share at least 90% amino
acid sequence identity; BoNT/E proteins within a given subtype share a higher amino acid percentage sequence identity
(for example, at least 95% or higher). As described above, the nucleic acid sequences of the disclosure encode a
BoNT/E1 protein. An example of a BoNT/E1 protein is the protein encoded by UniParc amino acid sequence
UPI000016EA7F. Another example of a BoNT/E1 protein is the protein encoded by the amino acid sequence of SEQ
ID NO: 2.
[0020] The nucleic acid sequences of the present disclosure have been designed to advantageously provide high
levels of expression in E. coli cells.
[0021] A number of factors influence expression levels of a given protein. One such factor is the rate at which the
mRNA sequence encoding that protein is translated. This factor itself is affected by which particular codons the mRNA
uses to specify each amino acid of the protein. Some codons are translated more quickly than others. The choice of
codon for each amino acid can vary because mRNA codons are degenerate in nature. Several different codons can all
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specify the same amino acid; therefore several different mRNA sequences can encode the same protein. Different
codons that specify the same amino acid are called synonymous codons. The precise mixture of synonymous codons
in a particular mRNA affects the translation rate of the encoded protein.
[0022] There are a number of different reasons that account for why some codons are translated more quickly than
others. Each codon specifies an amino acid by recruiting a tRNA molecule attached to that amino acid. The speed of
translation is affected by the relative abundance of the various different tRNA molecules, by the affinity with which each
particular tRNA molecule binds to the codon that recruits it and also by other factors such as how well the codon-tRNA
molecule pair interacts with other elements of the translation machinery. Approximate codon translation rates can be
estimated by determining the frequency at which different codons are found in highly-expressed genes. However, not
all frequently occurring codons result in optimal expression.
[0023] Without wishing to be bound by any particular theory, the present inventors believe that optimal expression of
BoNT/E1 nucleic acid sequences is achieved by reducing the frequency (i.e. the number of occurrences in a sequence)
of certain codons, hereinafter deemed "slow codons" and set out below. In this regard, the present inventors believe
that said slow codons are associated with reduced translation rates.

[0024] The present inventors have employed a process of rational sequence design to produce the nucleic acid
sequences of the disclosure. One way in which the nucleic acid sequences provide high expression levels of the encoded
BoNT/E1 proteins is by having an optimised number of slow codons (for example, a reduction in the frequency at which
slow codons appear in the sequence).
[0025] In one embodiment of the disclosure, the nucleic acid sequence has a maximum of 160 slow codons (for
example, a maximum of 160, 150, 140, 130, 120, 110, 100, 90, 95, 94, 93, 92, 91, 90, 89, 88, or 87 slow codons).
[0026] Thus, in one embodiment of the disclosure, the nucleic acid sequence has between 0 and 160 slow codons
(for example 0-160, 0-150, 0-140, 0-130, 0-120, 0-110, 0-100, 0-90, 0-95, 0-94, 0-93, 0-92, 0-91, 0-90, 0-89, 0-88, or
0-87 slow codons).
[0027] In one embodiment of the disclosure, the nucleic acid sequence has 60-160 slow codons (for example, 60-160,
60-150, 60-140, 70-150, 70-140, 70-130, 70-120, 70-110, 70-100, 70-90, 80-130, 80-120, 80-110, 80-100, or 80-90 slow
codons).
[0028] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
there are fewer slow codons in the first 50% of the nucleic acid sequence than in the second 50% of the nucleic acid
sequence. The first 50% of the nucleic acid sequence is defined with reference to nucleotide position number 1 as the
starting point, and therefore comprises the site of translation initiation; the second 50% of the nucleic acid sequence
comprises the site of translation termination. By way of example, referring to SEQ ID NO: 1 (which has a total length of
3759 nucleotides), the first half of said sequence may be represented by nucleotide positions 1-1881 (comprising 627
nucleotide triplets), and the second half of said sequence may be represented by positions 1882-3759 (comprising 626
nucleotide triplets); alternatively, the first half of said sequence may be represented by nucleotide positions 1-1878
(comprising 626 nucleotide triplets), and the second half of said sequence may be represented by positions 1879-3759
(comprising 627 nucleotide triplets).
[0029] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises a maximum of 30 (for example, 30, 25, 20, 15, or 10)
phenylalanine slow codons (RNA=UUU; DNA=TTT). In one embodiment of the disclosure, optionally in combination
with any one or more of the above embodiments, the nucleic acid sequence (as described above) comprises a maximum
of 10 phenylalanine slow codons (RNA=UUU; DNA=TTT).

Amino acid Slow codon (RNA) Slow codon (DNA equivalent)

Phenylalanine UUU TTT

Tyrosine UAU TAT

Cysteine UGU TGT

Histidine CAU CAT

Glutamine CAA CAA

Proline CCA and/or CCG CCA and/or CCG

Serine UCA and/or UCG TCA and/or TCG

Arginine CGG CGG

Leucine UUA and/or CUA TTA and/or CTA
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[0030] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine slow codons), the nucleic acid sequence (as
described above) comprises a maximum of 30 (for example, 30, 25, 20, 19, or 18) tyrosine slow codons (RNA=UAU;
DNA=TAT). In one embodiment of the disclosure, optionally in combination with any one or more of the above embod-
iments (including the previously-described embodiments relating to phenylalanine slow codons), the nucleic acid se-
quence (as described above) comprises a maximum of 18 tyrosine slow codons (RNA=UAU; DNA=TAT).
[0031] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine and/or tyrosine slow codons), the nucleic
acid sequence (as described above) comprises a maximum of 19 (for example, 19, 18, 17, 16, 15, 12, 10, 9, 8, 7, 6, or
5) leucine slow codons (RNA=UUA and/or CUA; DNA=TTA and/or CTA). In one embodiment of the disclosure, optionally
in combination with any one or more of the above embodiments (including the previously-described embodiments relating
to phenylalanine and/or tyrosine slow codons), the nucleic acid sequence (as described above) comprises a maximum
of 5 leucine slow codons (RNA=UUA and/or CUA; DNA=TTA and/or CTA).
[0032] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, and/or leucine slow codons), the
nucleic acid sequence (as described above) comprises a maximum of 14 (for example, 14, 12, 10, 8, 6, 5, 4, or 3)
glutamine slow codons (RNA=CAA; DNA=CAA). In one embodiment of the disclosure, optionally in combination with
any one or more of the above embodiments (including the
previously-described embodiments relating to phenylalanine, tyrosine, and/or leucine slow codons), the nucleic acid
sequence (as described above) comprises a maximum of 3 glutamine slow codons (RNA=CAA; DNA=CAA).
[0033] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, leucine, and/or glutamine slow
codons), the nucleic acid sequence (as described above) comprises a maximum of 20 (for example, 20, 19, 18, 17, or
16) serine slow codons (RNA=UCA and/or UCG; DNA=TCA and/or TCG). In one embodiment of the disclosure, optionally
in combination with any one or more of the above embodiments (including the previously-described embodiments relating
to phenylalanine, tyrosine, leucine, and/or glutamine slow codons), the nucleic acid sequence (as described above)
comprises a maximum of 16 serine slow codons (RNA=UCA and/or UCG; DNA=TCA and/or TCG).
[0034] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, leucine, glutamine, and/or serine
slow codons), the nucleic acid sequence (as described above) comprises a maximum of 23 (for example, 23, 22, 21,
20, or 19) proline slow codons (RNA=CCA and/or CCG; DNA=CCA and/or CCG). In one embodiment of the disclosure,
optionally in combination with any one or more of the above embodiments (including the previously-described embod-
iments relating to phenylalanine, tyrosine, leucine, glutamine, and/or serine slow codons), the nucleic acid sequence
(as described above) comprises a maximum of 19 proline slow codons (RNA=CCA and/or CCG; DNA=CCA and/or CCG).
[0035] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, leucine, glutamine, serine, and/or
proline slow codons), the nucleic acid sequence (as described above) comprises a maximum of 3 (for example 3, or 2)
cysteine slow codons (RNA=UGU; DNA=TGT. In one embodiment of the disclosure, optionally in combination with any
one or more of the above embodiments (including the previously-described embodiments relating to phenylalanine,
tyrosine, leucine, glutamine, serine, and/or proline slow codons), the nucleic acid sequence (as described above) com-
prises a maximum of 2 cysteine slow codons (RNA=UGU; DNA=TGT).
[0036] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, leucine, glutamine, serine, proline,
and/or cysteine slow codons), the nucleic acid sequence (as described above) comprises a maximum of 5 (for example
5, or 4) histidine slow codons (RNA=CAU; DNA=CAT). In one embodiment of the disclosure, optionally in combination
with any one or more of the above embodiments (including the previously-described embodiments relating to phenyla-
lanine, tyrosine, leucine, glutamine, serine, proline, and/or cysteine slow codons), the nucleic acid sequence (as described
above) comprises a maximum of 4 histidine slow codons (RNA=CAU; DNA=CAT).
[0037] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments
(including the previously-described embodiments relating to phenylalanine, tyrosine, leucine, glutamine, serine, proline,
cysteine, and/or histidine slow codons), the nucleic acid sequence (as described above) comprises from 5 to 10 (for
example, 5, 6, 7, 8, 9, or 10) arginine slow codons (RNA=CGG; DNA=CGG). In one embodiment of the disclosure,
optionally in combination with any one or more of the above embodiments (including the previously-described embod-
iments relating to phenylalanine, tyrosine, leucine, glutamine, serine, proline, cysteine, and/or histidine slow codons),
the nucleic acid sequence (as described above) comprises 10 arginine slow codons (RNA=CGG; DNA=CGG).
[0038] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises a maximum of 30 (for example, 30, 25, 20, 15, or 10; preferably
10) phenylalanine slow codons (RNA=UUU; DNA=TTT), and a maximum of 30 (for example, 30, 25, 20, 19, or 18;
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preferably 18) tyrosine slow codons (RNA=UAU; DNA=TAT).
[0039] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises a maximum of 30 (for example, 30, 25, 20, 15, or 10; preferably
10) phenylalanine slow codons
[0040] (RNA=UUU; DNA=TTT), a maximum of 30 (for example, 30, 25, 20, 19, or 18; preferably 18) tyrosine slow
codons (RNA=UAU; DNA=TAT), and a maximum of 19 (for example, 19, 18, 17, 16, 15, 12, 10, 9, 8, 7, 6, or 5; preferably
5) leucine slow codons (RNA=UUA and/or CUA; DNA=TTA and/or CTA).
[0041] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises a maximum of 30 (for example, 30, 25, 20, 15, or 10; preferably
10) phenylalanine slow codons (RNA=UUU; DNA=TTT), a maximum of 30 (for example, 30, 25, 20, 19, or 18; preferably
18) tyrosine slow codons (RNA=UAU; DNA=TAT), a maximum of 19 (for example, 19, 18, 17, 16, 15, 12, 10, 9, 8, 7, 6,
or 5; preferably 5) leucine slow codons (RNA=UUA and/or CUA; DNA=TTA and/or CTA), and a maximum of 14 (for
example, 14, 12, 10, 8, 6, 5, 4, or 3; preferably 3) glutamine slow codons (RNA=CAA; DNA=CAA).
[0042] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises:

a maximum of 10 phenylalanine slow codons;
a maximum of 18 tyrosine slow codons;
a maximum of 2 cysteine slow codons;
a maximum of 4 histidine slow codons;
a maximum of 3 glutamine slow codons;
a maximum of 19 proline slow codons;
a maximum of 16 serine slow codons; and
a maximum of 5 leucine slow codons.

[0043] In one embodiment of the disclosure, optionally in combination with any one or more of the above embodiments,
the nucleic acid sequence (as described above) comprises:

a maximum of 10 phenylalanine slow codons;
a maximum of 18 tyrosine slow codons;
a maximum of 2 cysteine slow codons;
a maximum of 4 histidine slow codons;
a maximum of 3 glutamine slow codons;
a maximum of 19 proline slow codons;
a maximum of 16 serine slow codons;
a maximum of 5 leucine slow codons; and
a maximum of 10 arginine slow codons.

[0044] In one embodiment, wherein the nucleic acid sequence is a nucleic acid sequence as described above, said
single-chain BoNT/E1 protein comprises a sequence of contiguous amino acids, and wherein said sequence of contiguous
amino acids has at least 95% (for example, at least 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8,
99.9, or 100%) sequence identity to the amino acid sequence of SEQ ID NO: 2.
[0045] In one embodiment, wherein the nucleic acid sequence is a nucleic acid sequence as described above, said
single chain BoNT/E1 protein comprises a native activation site that is provided by an amino acid sequence selected
from: KGIRK, VKGIRKS, SVKGIRKSI, VSVKGIRKSI, IVSVKGIRKSI, NIVSVKGIRKSI, KNIVSVKGIRKSI, CKNIVSVK-
GIRKSI, KNIVSVKGIRKSIC, and CKNIVSVKGIRKSIC.
[0046] The nucleic acid sequence may be a nucleic acid sequence as described above, with the proviso that the single-
chain BoNT/E1 as described above or the sequence of contiguous amino acids as described above includes one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, seven or more, or
eight) of the following amino acids (wherein the amino acid position numbering starts with the N-terminal amino acid
residue and ends with the C-terminal amino acid residue of the BoNT/E1 protein):

glycine at position 177; serine at position 198; alanine at position 340; leucine at position 773; leucine at position
963; glutamine at position 964; alanine at position 967; asparagine at position 1195.

[0047] In one embodiment, said one or more amino acids comprise (or consist of) glycine at position 177; serine at
position 198; alanine at position 340; leucine at position 773; leucine at position 963; glutamine at position 964; alanine
at position 967; and asparagine at position 1195.
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[0048] In one embodiment, said one or more amino acids comprise (or consist of) glycine at position 177; alanine at
position 340; leucine at position 773; leucine at position 963; glutamine at position 964; alanine at position 967; and
asparagine at position 1195.
[0049] In one embodiment, said one or more amino acids comprise (or consist of) glycine at position 177, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: serine
at position 198; alanine at position 340; leucine at position 773; leucine at position 963; glutamine at position 964; alanine
at position 967; asparagine at position 1195.
[0050] In one embodiment, said one or more amino acids comprise (or consist of) serine at position 198, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: glycine
at position 177; alanine at position 340; leucine at position 773; leucine at position 963; glutamine at position 964; alanine
at position 967; and asparagine at position 1195.
[0051] In one embodiment, said one or more amino acids comprise (or consist of) alanine at position 340, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: glycine
at position 177; serine at position 198; leucine at position 773; leucine at position 963; glutamine at position 964; alanine
at position 967; asparagine at position 1195.
[0052] In one embodiment, said one or more amino acids comprise (or consist of) leucine at position 773, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: glycine
at position 177; serine at position 198; alanine at position 340; leucine at position 963; glutamine at position 964; alanine
at position 967; asparagine at position 1195.
[0053] In one embodiment, said one or more amino acids comprise (or consist of) leucine at position 963, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: glycine
at position 177; serine at position 198; alanine at position 340; leucine at position 773; glutamine at position 964; alanine
at position 967; asparagine at position 1195.
[0054] In one embodiment, said one or more amino acids comprise (or consist of) glutamine at position 964, and one
or more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of:
glycine at position 177; serine at position 198; alanine at position 340; leucine at position 773; leucine at position 963;
alanine at position 967; asparagine at position 1195.
[0055] In one embodiment, said one or more amino acids comprise (or consist of) alanine at position 967, and one or
more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven) of: glycine
at position 177; serine at position 198; alanine at position 340; leucine at position 773; leucine at position 963; glutamine
at position 964; asparagine at position 1195.
[0056] In one embodiment, said one or more amino acids comprise (or consist of) asparagine at position 1195, and
one or more (for example, one or more, two or more, three or more, four or more, five or more, six or more, or seven)
of: glycine at position 177; serine at position 198; alanine at position 340; leucine at position 773; leucine at position
963; glutamine at position 964; alanine at position 967.
[0057] In one embodiment, the presence of said one or more amino acids, as described above, provides a BoNT/E1
protein having improved solubility as compared to a BoNT/E1 protein lacking said amino acids. Said improved solubility
increases the yield of the protein in a heterologous (E. coli) expression system.
[0058] Wherein the nucleic acid sequence is a nucleic acid sequence as described above, the sequence of contiguous
nucleotides may have at least 770 (for example, at least 770, 775, 780, 785, 790, 795, 800, 810, 820, 830, 840, 850,
860, 870, or 880) synonymous codons when compared to the nucleic acid sequence of wild-type BoNT/E1 (SEQ ID NO:
3). Thus, the nucleic acid sequence may comprise at least 770 codons that differ from, but encode the same amino acid
as, the corresponding codon in the nucleic acid sequence of wild-type BoNT/E1 (SEQ ID NO: 3).
[0059] The nucleic acid sequence (as described above) may have a G-C content of at least 41 % (for example, at
least 41 or 42%). The nucleic acid
sequence (as described above) may have a G-C content of 42%. The concept of nucleic acid G-C content (also known
as GC content or G+C content) relates to the proportion of nucleotides of a given nucleic acid sequence that are either
G (guanine) or C (cytosine). Thus, the G-C content of a nucleic acid sequence may be altered (for example by substitution
of synonymous codons) to more closely match the G-C content of nucleic acids preferentially expressed in E. coli host
cells, thus improving expression of the sequence and providing increased protein yields.
[0060] In one aspect, the disclosure provides an expression vector encoding a nucleic acid sequence as described
above. In one embodiment, the expression vector is a pET-26b(+) vector.
[0061] In one aspect, the disclosure provides a host cell comprising a nucleic acid sequence as described above, or
an expression vector as described above. The host cell may be an E. coli cell. The E. coli host cell may be an E. coli
BLR (DE3) cell.
[0062] In one aspect, the invention provides a method for producing soluble single-chain BoNT/E1 protein in an E.
coli host cell, said method comprising: expressing a nucleic acid sequence (as described above) in an E. coli expression
system.
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[0063] Methods and techniques used to express heterologous proteins in E. coli (Escherichia coli) expression systems
are well known in the art.
[0064] In one embodiment, said soluble single-chain BoNT/E1 protein is expressed in the cytoplasm of said E. coli
host cell.
[0065] In one embodiment, said soluble single-chain BoNT/E1 protein is expressed at a level of at least 3 mg/L (for
example, at least 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 25, 40, 45, or 50 mg/L).
[0066] In one embodiment, the method for producing soluble single-chain BoNT/E1 protein, as described above,
comprises lysis of the E. coli host cell to provide an E. coli host cell homogenate containing said soluble single-chain
BoNT/E1 protein. Methods and techniques used to lyse host cells, such as E. coli host cells, are known in the art.
Examples include sonication and the use of a French press.
[0067] The invention provides a method for producing soluble di-chain BoNT/E1 protein, said method comprising:
providing a soluble single-chain BoNT/E1 protein comprising a sequence of contiguous amino acids, and wherein said
sequence of contiguous amino acids has at least 95% (for example, at least 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4,
99.5, 99.6, 99.7, 99.8, 99.9, or 100%) sequence identity to the amino acid sequence of SEQ ID NO: 2, and contacting
said BoNT/E1 protein with trypsin in solution.
[0068] When the single-chain BoNT/E1 protein of the invention is contacted with trypsin, the proteolytic action of trypsin
cleaves the single-chain protein at a site between the L-chain protease component and the translocation component to
produce a di-chain protein, where the two chains are linked by a disulphide bridge (in more detail, the two chains formed
following cleavage of single-chain BoNT/E1 at the activation site are a first chain of amino acid residues 1-419 and a
second chain of amino acid residues 423-1252, with residues 420, 421 and 422 removed by the cleavage event). Thus,
trypsin can be used to activate the single-chain polypeptide by converting it to the active di-chain form. Thus, advanta-
geously, the use of trypsin means that it is not necessary to engineer an exogenous (non-native) cleavage site into a
BoNT/E1 of the invention.
[0069] In one embodiment, reference to trypsin embraces trypsin-like enzymes that cleave at the same protease
cleavage site as trypsin.
[0070] Trypsin cleaves protein sequences in which particular amino acids lie at certain positions on either side of the
cleaved peptide bond. Such sequences can be represented by the nomenclature P4-P3-P2-P1-cleaved bond-P’1-P’2-
P’3-P’4; in which P1 to P4 designate amino acids positioned 1 to 4 positions to the N-terminal side of the cleaved peptide
bond respectively and P’1 to P’4 designate 1, to 4 positions C-terminal of the cleaved peptide bond respectively.
[0071] Most importantly Trypsin cleaves protein sequences where either Arg or Lys amino acids occupy the P1 position.
When Lys is in the P1 position there are three major types of sequence that are not sensitive to trypsin:

(1) Pro in the P’1 position usually reduces susceptibility to cleavage by trypsin (but not when Trp is in position P2).
(2) Either Cys or Asp in the P2 position together with Asp in the P’1 position reduces susceptibility to cleavage by
trypsin.
(3) Cys in the P2 position together with either His or Try in the P’1 position reduces susceptibility to cleavage by trypsin

[0072] When Arg is in the P1 position there are also three major types of sequence that are not sensitive to trypsin:

(1) Pro in the P’1 position usually reduces susceptibility to cleavage by trypsin (but not when either Met, or possibly
Glu, is in position P2).
(2) Cys in the P2 position together with Lys in the P’1 position reduces susceptibility to cleavage by trypsin.
(3) Arg in the P2 position together with either His or Arg in the P’1 position reduces susceptibility to cleavage by trypsin.

[0073] In one embodiment, the invention provides a method (as described above) for producing soluble di-chain
BoNT/E1 protein, with the proviso that said sequence of contiguous amino acids includes one or more (for example,
one or more, two or more, three or more, four or more, five or more, six or more, or seven) of the following amino acids
(wherein the amino acid position numbering starts with the N-terminal amino acid residue and ends with the C-terminal
amino acid residue of the BoNT/E1 protein): glycine at position 177; serine at position 198; alanine at position 340;
leucine at position 773; leucine at position 963; glutamine at position 964; alanine at position 967; asparagine at position
1195.
[0074] In one embodiment, the presence of said one or more amino acids, as described above (and with reference to
the multiple permutations of said one or more amino acids as described above), provides a BoNT/E1 protein having
improved solubility as compared to a BoNT/E1 protein lacking said amino acids. Said improved solubility can increase
the yield of the protein in a heterologous expression system.
[0075] In one embodiment, wherein the invention provides a method (as described above) for producing soluble di-
chain BoNT/E1 protein, the soluble single-chain BoNT/E1 protein is provided by a method as described above for
producing soluble single-chain BoNT/E1 protein in an E. coli host cell.
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[0076] The method of the invention comprises separating the soluble BoNT/E1 protein from the trypsin by contacting
the solution containing soluble BoNT/E1 protein and trypsin with a hydrophobic surface, wherein the soluble BoNT/Epro-
tein preferentially binds to the hydrophobic surface.
[0077] The present inventors have found that high yields of activated di-chain BoNT/E1 protein can be obtained by
using a process of hydrophobic purification to separate the activated di-chain polypeptide from trypsin. Surprisingly, this
process provides superior purification to standard purification using ion exchange chromatography, which the present
inventors have found to be ineffective for separating the activated di-chain polypeptide from trypsin. In addition, the
process advantageously provides an activated di-chain BoNT/E1 protein that is free from the activating protease, as
part of a general purification process.
[0078] The production of active recombinant BoNT/E1 requires a proteolytic step that cleaves the molecule into the
active di-chain form. This cleavage can be achieved by an in vitro activation step using the protease, trypsin. After the
activation step, it is important to remove the protease from the final product, which also prevents any further non-specific
cleavage of BoNT/E1.
[0079] The isoelectric points (pI) of trypsin and BoNT/E1 are 9.32 and 6.2 respectively, which indicates that separation
of the two proteins should be achieved by Ion Exchange (IEX) chromatography, exploiting the charge difference between
the two molecules. A protein’s net charge is affected by the pH of its surrounding environment and will become more
positively or negatively charged depending on whether it gains or loses protons. The pI is the pH value at which a
molecule carries no electrical charge and will therefore not interact with a charged IEX medium. This means that if a
protein is at a pH above its pI then it will carry a net negative charge and will bind to a positively charged medium such
as an anion exchanger. Similarly, if the buffer pH is below the pI then the protein will carry a net positive charge and will
not bind to an anion exchanger.
[0080] Based on this principle at pH 8, it would be expected that BoNT/E (which has a pI of 6.2) would bind to an anion
exchange column, whilst trypsin with a pI of 9.32 would not, allowing the two proteins to be separated. IEX is a simple
and inexpensive chromatography method, as it does not require the protein loaded onto the column to be in a high salt
buffer, which can lead to protein losses by precipitation.
[0081] The present inventors have tested a variety of anion exchange columns, using both strong and weak functional
groups attached to cross-linked agarose beads, at pH 8. In each case a large proportion of trypsin was found not to bind
to the column as predicted and was present in the flow-through. However when the columns were eluted with a linear
gradient of increasing ionic strength, trypsin was eluted from the column indicating that a proportion of the trypsin was
able to bind to the columns. When compared to the elution of BoNT/E1 it was found that, unexpectedly, trypsin eluted
at a similar ionic strength (Table 1; Figure 1) indicating that trypsin was not separated as predicted and would be present
in the final purified BoNT/E1 product with the additional possibility of further BoNT/E1 degradation.

[0082] The present inventors have solved the above problem. In more detail, the inventors have surprisingly identified
that optimal trypsin-BoNT/E1 separation is achieved by use of a hydrophobic separation surface (for example, by hy-
drophobic interaction chromatography (HIC), which separates proteins according to differences in their surface hydro-
phobicity by utilising a reversible interaction between these proteins and the hydrophobic surface of a HIC medium).
[0083] In one embodiment, the hydrophobic surface is an inert matrix to which a ligand consisting of aryl or alkyl groups
is attached.
[0084] The term "aryl" refers to aromatic groups, for example phenyl, naphthyl, thienyl, and indolyl.
[0085] The term "alkyl" refers to aliphatic groups including straight-chain, branched-chain, cyclic groups, and combi-
nations thereof. An alkyl group may have 1 to 12 carbon atoms. Examples of alkyl groups include, but are not limited to
groups such as methyl, ethyl, propyl (e.g. n-propyl, isopropyl), butyl (e.g. n-butyl, isobutyl, sec-butyl, t-butyl), pentyl,
hexyl, heptyl, and octyl.
[0086] In one embodiment, the hydrophobic surface is selected from the group consisting of: butyl, phenyl or octyl

Table 1: Elution fractions from anion exchange columns on which the separation of trypsin from BoNT/E1 was assessed. 
Peaks are stated in number of column volumes (CV) F/T: Flow-through from the column, FF: Fast flow resin.

Column
Trypsin BoNT/E1

Major Peak Minor Peak Major Peak Minor Peak

ANX F/T 8.8,11.3,12.3 10.7 17.3

QHP F/T 9.0,10.6 - -

DEAE F/T 10.5 9.8 13.2

Q FF F/T 9.2,10.9 16.1 10.7
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ligands.
[0087] In one embodiment, the hydrophobic surface comprises butyl ligands. In one embodiment, the hydrophobic
surface comprises phenyl ligands. In one embodiment, the hydrophobic surface comprises octyl ligands.
[0088] The present inventors have discovered that particularly preferable results for separating trypsin from BoNT/E
are obtained with HIC using chromatography resins containing alkyl or aryl groups, for example butyl, phenyl, and octyl
ligands, coupled to an inert matrix, such as cross-linked agarose or polystyrene beads (Table 2; Figure 2).

[0089] In one embodiment, the process of hydrophobic purification to separate the activated di-chain BoNT/E1 protein
from trypsin reduces the concentration of trypsin at least 100-fold, at least 150-fold, at least 200-fold, at least 250-fold,
at least 300-fold, at least 350-fold, at least 400-fold, at least 450-fold, or at least 500-fold. In a preferred embodiment,
the process of hydrophobic purification to separate the activated di-chain BoNT/E1 protein from trypsin reduces the
concentration of trypsin at least 350-fold.
[0090] In another aspect, the invention provides an active di-chain BoNT/E1 protein, wherein the first chain comprises
a sequence of contiguous amino acids, and wherein said sequence of contiguous amino acids has at least 95% (for
example, at least 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9, or 100%) sequence identity to
the amino acid sequence of positions 1-419 of SEQ ID NO: 2; wherein the second chain comprises a sequence of
contiguous amino acids, and wherein said sequence of contiguous amino acids has at least 95% (for example, at least
95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9, or 100%) sequence identity to the amino acid
sequence of positions 423-1252 of SEQ ID NO: 2; wherein the first and second chains are joined together by a disulphide
bond between cysteine 412 on the first chain and cysteine 426 on the second chain; with the proviso that said sequence
of contiguous amino acids includes one or more (for example, two or more, three or more, four or more, five or more,
six or more, seven or more, or eight) of the following amino acids (wherein the amino acid position numbering starts
with the N-terminal amino acid residue and ends with the C-terminal amino acid residue of the BoNT/E1 protein): glycine
at position 177; serine at position 198; alanine at position 340; leucine at position 773; leucine at position 963; glutamine
at position 964; alanine at position 967; asparagine at position 1195.
[0091] In a related aspect, the invention provides an active di-chain BoNT/E1 protein obtainable by a method (as
described above) for producing soluble di-chain BoNT/E1 protein.
[0092] In one aspect, the invention provides a composition comprising an active di-chain BoNT/E1 protein (as described
above), wherein said composition contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less than 7 pg
trypsin per 100 ng of BoNT/E1 protein, or less than 5 pg trypsin per 100 ng of BoNT/E1 protein. In a preferred embodiment,
the composition (as described above) contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less than 7 pg
trypsin per 100 ng of BoNT/E1 protein.
[0093] Thus, the composition is, advantageously, substantially free from trypsin protease (used to activate the single-
chain polypeptide by converting it to the active di-chain form), thus preventing unwanted non-specific cleavage of BoNT/E1
protein.
[0094] Thus, in one embodiment, the phrase "substantially free from trypsin" means less than 100 pg trypsin per 100
ng of BoNT/E1 protein; for example, less than 50, 20, 10, 9, 8, 7, 6 or 5 pg trypsin per 100 ng of BoNT/E1 protein,
preferably less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less than 7 pg trypsin per 100 ng of BoNT/E1 protein.
[0095] Methods for determining the concentration of trypsin in a composition are known in the art. By way of example,
the concentration of trypsin in a composition of the invention may be determined using a sandwich ELISA (Enzyme-
Linked Immunosorbent Assay).

Table 2: Elution fractions from commercial hydrophobic interaction columns on which the separation of trypsin from 
BoNT/E was assessed. Peaks are stated in number of column volumes (CV) F/T: Flow-through from the column, FF: 
Fast flow resin, HP: High performance resin, (LS): Low substitution of hydrophobic groups, (HS): High substitution 

of hydrophobic groups.

Column
Trypsin BoNT/E

Major Peak Minor Peak Major Peak Minor Peak

Phenyl (HS) FF 23.3 - 32.2 -

Phenyl (LS) FF F/T - 21.4 -

Phenyl HP F/T 16.1 24.4 -

Butyl FF F/T 16.8 23.7 -

Butyl HP 18 Wash 27.6 -

Octyl FF F/T - 27.1 -
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[0096] The disclosure provides a solid or liquid pharmaceutical composition comprising:

(a) an active di-chain BoNT/E1 protein as described above, and
(b) a stabilising agent.

[0097] The composition (as described above) may be substantially free from trypsin. The composition may contain
less than 100 pg trypsin per 100 ng of BoNT/E1 protein, for example, less than 50, 20, 10, 9, 8, 7, 6 or 5 pg trypsin per
100 ng of BoNT/E1 protein. The composition may contain less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less
than 7 pg trypsin per 100 ng of BoNT/E1 protein. Compositions of the invention contain less than 10 pg trypsin per 100
ng BoNT/E1 protein, or less than 7 pg trypsin per 100 ng BoNT/E1 protein, or less than 5 pg trypsin per 100 ng BoNT/E1
protein.
[0098] Stabilising agents include protein stabilisers, such as albumin, in particular human serum albumin (HSA), and
non-protein stabilisers.
[0099] Non-protein stabilising agents include surfactants, in particular non-ionic surfactants. Examples of non-ionic
surfactants include polysorbates, such as polysorbate 20 or polysorbate 80, and block copolymers such as poloxamers
(i.e. copolymers of polyethylene and propylene glycol).
[0100] In a particular embodiment, the composition does not comprise a protein as a stabilising agent.
[0101] The invention provides a liquid pharmaceutical composition comprising:

(a) an active di-chain BoNT/E1 protein of the invention;
(b) a non-protein stabilising agent that is a surfactant; and
(c) water;

wherein said liquid pharmaceutical composition does not comprise a protein stabilising agent; and
wherein said liquid pharmaceutical composition contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less
than 7 pg trypsin per 100 ng of BoNT/E1 protein, or less than 5 pg trypsin per 100 ng of BoNT/E1 protein; preferably
wherein said liquid pharmaceutical composition contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less
than 7 pg trypsin per 100 ng of BoNT/E1 protein).
[0102] In one embodiment, the active di-chain BoNT/E1 protein is present in the composition (as described above) at
a concentration of 1-100 ng/ml. In one embodiment, the active di-chain BoNT/E1 protein is present in the composition
(as described above) at a concentration of 5-50 ng/ml, e.g. about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 ng/ml. In a
preferred embodiment, the active di-chain BoNT/E1 protein is present at a concentration of about 20 ng/ml.
[0103] In one embodiment, the surfactant (as described above) is a polysorbate, such as a polysorbate having a mean
polymerisation degree ranging from 20 to 100 monomer units, and may for example be polysorbate 80. In a preferred
embodiment, the polysorbate is vegetable-derived. The concentration of the surfactant is preferably lower than 1% v/v,
for example from about 0.005% to 0.02% v/v in the case of polysorbate 80.
[0104] The pharmaceutical composition according to the invention can also comprise a crystalline agent.
[0105] By crystalline agent is meant an agent which, inter alia, maintains a mechanically strong cake structure to a
lyophilised botulinum neurotoxin complex (type A, B, C, D, E, F or G) or a high purity botulinum neurotoxin (type A, B,
C, D, E, F or G) . When included in solid formulations, crystalline agents also have a bulking effect. Crystalline agents
notably include sodium chloride. The concentration of crystalline agent can be for example from 0.1 to 0.5 M, preferably
from 0.1 to 0.4 M, notably about 0.15 to 0.3 M
[0106] The pharmaceutical composition according to the invention can also comprise a buffer to maintain pH a level
comprised between 5.5 and 7.5, or between 6.0 and 7.0. The buffer can be any buffer able to maintain the adequate
pH. For example, the buffer for compositions according to the invention can be chosen from the group consisting of
succinate, disodium phosphate / citric acid, and an amino acid such as histidine. The concentration of the buffer can be
for example from 1 to 50 mM, preferably from 5 to 20 mM, preferably about 10 mM
[0107] The pharmaceutical composition according to the invention can also comprise a disaccharide.
[0108] The disaccharide used in compositions according to the invention can be chosen from the group consisting of
sucrose, trehalose, mannitol and lactose. In a specific embodiment, the disaccharide is sucrose. The concentration of
the disaccharide can be for example from 5 to 50 mM, preferably from 5 to 25 mM, more preferably from 10 to 20 mM,
and most preferably about 11.7 mM
[0109] In a particular embodiment, the pharmaceutical composition is a liquid pharmaceutical composition comprising:

(a) an active di-chain BoNT/E1 protein, as described above;
(b) a non-protein stabilising agent that is a surfactant;
(c) sodium chloride,
(c) a buffer to maintain pH between 5.5 and 7.5
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(e) a disaccharide, and
(f) sterile water.

wherein said liquid pharmaceutical composition does not comprise a protein stabilising agent; and
wherein said liquid pharmaceutical composition contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less
than 7 pg trypsin per 100 ng of BoNT/E1 protein, or less than 5 pg trypsin per 100 ng of BoNT/E1 protein; preferably
wherein said liquid pharmaceutical composition contains less than 10 pg trypsin per 100 ng of BoNT/E1 protein, or less
than 7 pg trypsin per 100 ng of BoNT/E1 protein).
[0110] According to a specific embodiment, the pharmaceutical composition according to the invention in liquid form
is sealed in a vial or in a ready-to-use device, such as a syringe, with no liquid/gaseous interface, and is stable for at
least three months or at least six months at 23 to 27 °C and for at least twelve months at 2-8 °C.
[0111] In one aspect, the invention provides an active di-chain BoNT/E1 protein as described in claim 9, or an active
di-chain BoNT/E1 protein obtainable by proteolytic cleavage of the single-chain BoNT/E1 protein as described above,
or a composition as described in claim 10, or a liquid pharmaceutical composition as described in claim 11 of claim 12,
for use in therapy.
[0112] The present inventors have identified that the active di-chain BoNT/E1 proteins of the invention, and the com-
positions and liquid pharmaceutical compositions thereof, can be used in therapy. Suitable therapies may include cos-
metic treatments and methods of medical treatment.

Key to SEQ ID NOs

[0113]

SEQ ID NO: 1 Optimised BoNT/E1 nucleic acid sequence
SEQ ID NO: 2 BoNT/E1 amino acid sequence
SEQ ID NO: 3 Wildtype BoNT/E1 nucleic acid sequence

SEQ ID NO: 1 Optimised BoNT/E1 nucleic acid sequence
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SEQ ID NO: 2 BoNT/E1 amino acid sequence

SEQ ID NO: 3 Wildtype BoNT/E1 nucleic acid sequence
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List of figures

[0114]

Figure 1 Elution fractions from anion exchange columns on which the separation of trypsin from BoNT/E1 was
assessed. The peak of trypsin, BoNT/E1 and the salt gradient are marked. Fig. 1A: Q-Sepharose HP; Fig. 1B: DEAE
Sepharose.

Figure 2 Elution fractions from hydrophobic interaction columns on which the separation of trypsin from BoNT/E1
was assessed. The peak of trypsin, BoNT/E1 and the salt gradient are marked. Fig. 2A: Phenyl Sepharose HP; Fig.
2B: Butyl Sepharose HP; Fig. 2C:) Octyl Sepharose FF.

Figure 3 Soluble expression level of rBoNT/E1 culture determined by western blotting, compared to commercial
BoNT/E1.

Figure 4 SDS-PAGE of rBoNT/E1 under non-reducing and reducing conditions confirming formation of the di-chain
structure.

Examples

EXAMPLE 1

Construction of an optimised BoNT/E1 nucleic acid sequence

[0115] The DNA sequence was initially designed by back translation of the BoNT/E1 amino acid sequence (SEQ ID
NO: 2). A restriction sequence (PstI) was added to the N-terminus and a stop codon and additional restriction sequences,
XbaI-Stop codon-HindIII, to the C-terminus. The DNA sequence was then optimised for expression based on the number
and location of slow codons (as defined above).
[0116] The sequence was optimised to select against slow codons. This was applied particularly at the start of the
sequence to get good initiation and start translation. Where slow codons were included (to allow for usage according to
expression host codon bias), these were towards the end of the sequence (where the beginning of the sequence is
defined as where translation is initiated).
[0117] Once the sequence had been designed, the optimised DNA sequence was synthesised in two parts using a
unique/native PstI site for later assembly into the full-length toxin gene. The sequence of the first gene included an NdeI
site at the amino terminus and a PstI site at the carboxyl terminus. This part of the gene was 2895 bp in length, encoding
the BoNT/E1 LC and amino portion of the HC. The sequence of the second gene included a PstI site at the N terminus
and HindIII site at the carboxyl terminus, was 882 bp in length and encoded the carboxyl portion of the BoNT/E1 HC.
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EXAMPLE 2

Construction of the expression vector BoNT/E1 nucleic acid sequence

[0118] An expression vector based on the vector pET-26b(+) (Novagen) was employed, which includes the cloning
restriction sites NdeI and HindIII located at the start and end of the DNA encoding the BoNT/E1 ORF. The pET-26b(+)
vector was mobilisable-deficient but could be mobilised if co-resident with other mobilisable plasmids. The pET-26b (+)
vector was modified to remove mobility genes and render it non-mobilisable.
[0119] The expression vector was digested with NdeI and PstI and the purified vector backbone was ligated with the
first fragment of BoNT/E1 DNA that had been digested with the same restriction enzymes to create an intermediate
product. In the second cloning step, BoNT/E1 DNA from the second fragment that had been digested with PstI and
HindIII was ligated into the intermediate product from step one (that had also been digested with the same restriction
enzymes). This led to the creation of the final product of BoNT/E1 DNA in the expression vector.

EXAMPLE 3

Insertion of BoNT/E1 expression vector into host

[0120] This example is based on the use of E. coli BLR (DE3) cells, though the procedures and methods are equally
applicable to any other E. coli expression strain. E. coli BLR (DE3) competent cells were stored below -70°C until required.
The transformation of the cells was carried out using an adaptation of the manufacturer’s protocol. The cells were
defrosted on ice and sub aliquots of 10 mL were prepared. An aliquot was transformed using heat shock at 42°C for 80
seconds with 1 mL of plasmid DNA. After recovering on ice for 5 minutes, 90 mL of animal free SOC broth was added
to the transformations which were then transferred to shaking incubators and incubated for 1 hour at 37°C and 250 rpm.
After incubation 90 mL of each transformation was transferred and spread onto animal free LB agar plates supplemented
with 50 mg/mL kanamycin. The plates were incubated at 37°C for 16 hours.

EXAMPLE 4

Culturing of host and expression of soluble rBoNT/E1 protein

[0121] A single colony of BoNT/E1 transformed in BLR(DE3) cells was used to inoculate a 250 ml conical flask
containing 100 ml modified Terrific Broth (mTB) supplemented with 0.2% glucosamine and 30 mg/ml kanamycin. This
method would be equally applicable when using a Microbank bead or glycerol stock (10-100 ml) to inoculate the flask.
[0122] The flask was incubated for 16 hours at 37 °C with 250 RPM shaking. 10 ml of this starter culture was used to
inoculate 2 L conical flasks each containing 1 L supplemented with 0.2% glucosamine and 30 mg/ml kanamycin. Cells
were grown at 37 °C for ∼2 hours at 225 RPM until an OD600 of 0.5 was reached. At this point, the culture temperature
was dropped to 16 °C. After 1 hour, the cells were induced to express BoNT/E1 by addition of 1 mM IPTG for 20 hours.
Cells were harvested by centrifugation for 20 min at 4 °C, weighed and then stored at -20 °C.

EXAMPLE 5

Extraction of BoNT/E1 protein from host and analysis of expression level

[0123] Expression cell pastes of rBoNT/E1 were thawed at room temperature and resuspended by pipetting in 3 ml
of Tris-NaCL re-suspension buffer per gram of cells supplemented with 10 ml benzonase. Cells were lysed by sonication
at a 4 mm amplitude - 10x 30 s on + >45 s off. The lysate was centrifuged at 4000g for 1 h at 4 °C to obtain the soluble
rBoNT/E1 in the supernatant.

Bradford Assay to Determine Total Protein Concentration of Prepared Lysates

[0124] A sample (50 mL) of either diluted rBoNT/E1 lysate or BSA standard was added to 1 mL plastic cuvettes. 450
mL of Coomassie Bradford Assay reagent was added to each cuvette and allowed to incubate at room temperature for
10 minutes before reading OD600. The values obtained for the BSA standards were used to determine the amount of
protein in the lysate samples.
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Preparation of Lysate Samples for Semi-Quantitative Western Blotting Analysis

[0125] A commercial sample of BoNT/E1 protein purchased from Metabiologics was used to make up SDS-PAGE
standards. SDS-PAGE samples were then prepared from the lysate samples from the expressed cell cultures to a known
total protein concentration.

Western Blotting

[0126] Gels were loaded and ran at 200V for 55 minutes and blotted 0.4 mA for 1 hour onto nitrocellulose membrane
in methanol free blotting buffer. The nitrocellulose blots were blocked for 1 hour with 0.5% BSA in PBS-0.1% Tween 20
and then probed with an antibody to BoNT/E1 for 1 hour. The blots were detected with HRP conjugated secondary
antibody developed with SuperSignal DuraWest substrate. The developed blots were imaged using a Syngene Imaging
Instrument (Figure 3).

EXAMPLE 6

Initial purification and activation of target BoNT/E1 protein to di-chain form

[0127] This example was based on one combination of capture and intermediate column steps, though the combination
could be altered or reversed to use the same properties in a different order. The clarified supernatant was brought to a
high salt concentration and loaded onto a hydrophobic capture column (butyl sepharose). The bound rBoNT/E1 was
eluted from the column using a gradient of low salt Tris buffer. The eluted protein was then further purified using an ion-
exchange column such as Q-sepharose, eluting a gradient of high salt Tris buffer. Trypsin was then added to the eluted
rBoNT/E1 sample to a final concentration of 2.5 mg/ml and incubated at 37 °C for 40 min. This nicked the BoNT/E1
activation loop and formed the final BoNT/E1 di-chain structure, as confirmed by reducing SDS-PAGE (Figure 4).

EXAMPLE 7

Final purification of target BoNT/E1 protein free from activating protease

[0128] The activated rBoNT/E1 sample was loaded immediately in high salt buffer onto a hydrophobic column (butyl
sepharose). The column was washed with high salt buffer to remove the weakly associated trypsin, before a gradient
of low salt Tris buffer was applied to further remove the trypsin from the column and the bound rBoNT/E1 protein. The
rBoNT/E1 protein was then eluted late in the gradient, away from the trypsin.

Assay to Determine Trypsin levels

[0129] A trypsin ELISA was developed to determine the levels present in the column fractions and in the final BoNT/E1
sample. An anti-trypsin capture antibody was coated to micro-titre plates for 1hour at 37°C. Trypsin standards and test
samples were added onto the plate (100 mL/well) and incubated for 1h at 37°C before detection with a second anti-
trypsin antibody. The amount of trypsin in each sample/column fraction was then interpolated from the standards and
overlaid on the purification chromatogram to confirm the separation of the trypsin from the BoNT/E1 (Figure 2B).

EXAMPLE 8

Formulation comprising active di-chain BoNT/E1 substantially free from trypsin

[0130] The following six liquid compositions comprising active di-chain BoNT/E1 were prepared (Table 3).

1 2 3 4 5 6

Polysorbate 
80

0.10 mg/mL 0.10 mg/mL 0.10 mg/mL 0.10 mg/mL - -

Poloxamer - - - - 0.04 mg/mL 0.04 mg/mL
Sucrose 4.0 mg/mL - 4.0 mg/mL - 4.0 mg/mL -

Mannitol - 4.0 mg/mL - 4.0 mg/mL - 4.0 mg/mL
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[0131] All six compositions were stored at 25°C for 12 weeks. The stability of the di-chain BoNT/E1 protease function
was assessed during that period using a cell free endopeptidase assay. The monthly degradation rates for the six
formulations were below 5% per month over the 12 weeks, which shows the di-chain BoNT/E1 protease function of the
six compositions remains stable at 25°C for at least 12 weeks.

SEQUENCE LISTING

[0132]

<110> SYNTAXIN LIMITED
IPSEN BIOPHARM LIMITED

<120> Recombinant Clostridium botulinum neurotoxins

<130> P39711WO

<150> GB 1219602.8
<151> 2012-10-31

<160> 3

<170> PatentIn version 3.5

<210> 1
<211> 3759
<212> DNA
<213> Artificial Sequence

<220>
<223> Optimised BoNT/E1 nucleic acid sequence

<400> 1

(continued)

1 2 3 4 5 6

Sodium 
Chloride

8.76 mg/mL 8.76 mg/mL 8.76 mg/mL 8.76 mg/mL 8.76 mg/mL 8.76 mg/mL

pH 6.5 6.5 6.5 6.5 6.5 6.5

Buffer L-Histidine / 
Hydrochlo 
ric acid

L-Histidine / 
Hydrochlo 
ric acid

Di sodium 
phosphate / 
Citric acid 
anhydrous

Di sodium 
phosphate / 
Citric acid 
anhydrous

L-Histidine / 
Hydrochlo 
ric acid

L-Histidine / 
Hydrochlo 
ric acid

Di-Chain 
BoNT/E1

20 ng/mL 20 ng/mL 20 ng/mL 20 ng/mL 20 ng/mL 20 ng/mL

MilliQ water q.s. to 1 mL q.s. to 1 mL q.s. to 1 mL q.s. to 1 mL q.s. to 1 mL q.s. to 1 mL
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<210> 2
<211> 1252
<212> PRT
<213> Clostridium botulinum

<400> 2
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<210> 3
<211> 3759
<212> DNA
<213> Clostridium botulinum

<400> 3
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Claims

1. A method for producing soluble di-chain BoNT/E1 protein, said method comprising:

providing a soluble single-chain BoNT/E1 protein comprising a sequence of contiguous amino acids, wherein
said sequence of contiguous amino acids has at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 2,
contacting said BoNT/E1 protein with trypsin in solution, and
separating the soluble BoNT/E1 protein from the trypsin by contacting the solution containing soluble BoNT/E1
protein and trypsin with a hydrophobic surface, wherein the soluble BoNT/E1 protein preferentially binds to the
hydrophobic surface.

2. The method according to Claim 1, with the proviso that said sequence of contiguous amino acids includes one or
more of the following amino acids (wherein the amino acid position numbering starts with the N-terminal amino acid
residue and ends with the C-terminal amino acid residue of the BoNT/Eprotein):
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glycine at position 177
serine at position 198
alanine at position 340
leucine at position 773
leucine at position 963
glutamine at position 964
alanine at position 967
asparagine at position 1195.

3. The method according to Claim 1 or Claim 2, wherein the soluble single-chain BoNT/E1 protein is provided by
expressing in an E. coli expression system a nucleic acid sequence comprising a sequence of contiguous nucleotides,
wherein said sequence of contiguous nucleotides has at least 90% sequence identity to the nucleic acid sequence
of SEQ ID NO: 1, and wherein said sequence of contiguous nucleotides encodes a single-chain BoNT/E1 protein.

4. The method according to claim 3, wherein the nucleic acid has a maximum of 160 slow codons selected from TTT,
TAT, TGT, CAT, CAA, CCA, CCG, TCA, TCG, CGG, TTA and CTA.

5. The method according to claim 3 or claim 4, wherein said single-chain BoNT/E1 protein comprises a sequence of
contiguous amino acids, and wherein said sequence of contiguous amino acids has at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 2.

6. The method according to any one of claims 3-5, wherein said sequence of contiguous nucleotides has at least 785
synonymous codons when compared to the nucleic acid sequence of wild-type BoNT/E1 (SEQ ID NO: 3).

7. The method according to any one of Claims 1-6, wherein the hydrophobic surface is an inert matrix to which a ligand
consisting of aryl or alkyl groups is attached.

8. The method according to Claim 7, wherein the hydrophobic surface is selected from the group consisting of: butyl,
phenyl or octyl ligands.

9. An active di-chain BoNT/E1 protein,
wherein the first chain comprises a sequence of contiguous amino acids, and wherein said sequence of contiguous
amino acids has at least 95% sequence identity to the amino acid sequence of positions 1-419 of SEQ ID NO: 2;
wherein the second chain comprises a sequence of contiguous amino acids, and wherein said sequence of contig-
uous amino acids has at least 95% sequence identity to the amino acid sequence of positions 423-1252 of SEQ ID
NO: 2;
wherein the first and second chains are joined together by a disulphide bond between cysteine 412 on the first chain
and cysteine 426 on the second chain;
with the proviso that said sequence of contiguous amino acids includes one or more of the following amino acids
(wherein the amino acid position numbering starts with the N-terminal amino acid residue and ends with the C-
terminal amino acid residue of the BoNT/E1 protein):

glycine at position 177
serine at position 198
alanine at position 340
leucine at position 773
leucine at position 963
glutamine at position 964
alanine at position 967
asparagine at position 1195, and wherein said sequence of contiguous amino acids does not include residues
420, 421 and 422 of SEQ ID NO: 2.

10. A composition comprising an active di-chain BoNT/E1 protein according to Claim 9; wherein said composition
contains less than 10 pg trypsin per 100 ng BoNT/E1 protein, or less than 7 pg trypsin per 100 ng BoNT/E1 protein,
or less than 5 pg trypsin per 100 ng BoNT/E1 protein.

11. A liquid pharmaceutical composition comprising:
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an active di-chain BoNT/Eprotein according to Claim 9;
a non-protein stabilising agent that is a surfactant; and
water;
wherein said liquid pharmaceutical composition does not comprise a protein stabilising agent; and
wherein said liquid pharmaceutical composition contains less than 10 pg trypsin per 100 ng BoNT/E1 protein,
or less than 7 pg trypsin per 100 ng BoNT/E1 protein, or less than 5 pg trypsin per 100 ng BoNT/E1 protein.

12. The liquid pharmaceutical composition according to claim 11, wherein said liquid pharmaceutical composition further
comprises:

sodium chloride,
a buffer to maintain pH between 5.5 and 7.5, and
a disaccharide;
wherein the water is sterile water.

13. An active di-chain BoNT/E1 protein according to Claim 9, or a composition according to Claim 10, or a liquid
pharmaceutical composition according to Claim 11 or Claim 12, for use in therapy.

Patentansprüche

1. Verfahren zur Herstellung von löslichem zweikettigem BoNT/E1-Protein, wobei das genannte Verfahren Folgendes
umfasst:

Bereitstellen eines löslichen einkettigen BoNT/E1-Proteins, umfassend eine Sequenz von zusammenhängen-
den Aminosäuren, wobei die genannte Sequenz von zusammenhängenden Aminosäuren eine mindestens
95%ige Sequenzidentität mit der Aminosäuresequenz von SEQ ID NO: 2 aufweist,
Inkontaktbringen des genannten BoNT/E1-Proteins mit gelöstem Trypsin, und
Trennen des löslichen BoNT/E1-Proteins vom Trypsin durch Inkontaktbringen der Lösung, enthaltend lösliches
BoNT/E1-Protein und Trypsin mit einer hydrophoben Oberfläche, wobei das lösliche BoNT/E1-Protein bevorzugt
an die hydrophobe Oberfläche bindet.

2. Verfahren nach Anspruch 1, mit der Maßgabe, dass die genannte Sequenz von zusammenhängenden Aminosäuren
eine oder mehr der folgenden Aminosäuren einschließt (wobei die Nummerierung der Aminosäurepositionen mit
dem N-terminalen Aminosäurerest beginnt und mit dem C-terminalen Aminosäurerest des BoNT/E1-Proteins endet):

Glycin an Position 177
Serin an Position 198
Alanin an Position 340
Leucin an Position 773
Leucin an Position 963
Glutamin an Position 964
Alanin an Position 967
Asparagin an Position 1195.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei das lösliche einkettige BoNT/E1-Protein durch Expression einer
Nukleinsäuresequenz, umfassend eine Sequenz von zusammenhängenden Nukleotiden, in einem E. coli-Expres-
sionssystem bereitgestellt wird, wobei die genannte Sequenz von zusammenhängenden Nukleotiden eine mindes-
tens 90%ige Sequenzidentität mit der Nukleinsäuresequenz von SEQ ID NO: 1 aufweist, und wobei die genannte
Sequenz von zusammenhängenden Nukleotiden für ein einkettiges BoNT/E1-Protein kodiert.

4. Verfahren nach Anspruch 3, wobei die Nukleinsäure maximal 160 langsame Codone aufweist, ausgewählt aus TTT,
TAT, TGT, CAT, CAA, CCA, CCG, TCA, TCG, CGG, TTA und CTA.

5. Verfahren nach Anspruch 3 oder Anspruch 4, wobei das genannte einkettige BoNT/E1-Protein eine Sequenz von
zusammenhängenden Aminosäuren umfasst, und wobei die genannte Sequenz von zusammenhängenden Ami-
nosäuren eine mindestens 95%ige Sequenzidentität mit der Aminosäuresequenz von SEQ ID NO: 2 aufweist.
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6. Verfahren nach einem der Ansprüche 3 bis 5, wobei die genannte Sequenz von zusammenhängenden Nukleotiden,
wenn mit der Nukleinsäuresequenz vom Wildtyp-BoNT/E1 (SEQ ID NO: 3) verglichen, mindestens 785 synonyme
Codone aufweist.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei die hydrophobe Oberfläche eine inerte Matrix ist, an die ein
aus Aryl- oder Alkylgruppen bestehender Ligand angelagert ist.

8. Verfahren nach Anspruch 7, wobei die hydrophobe Oberfläche aus der Gruppe ausgewählt ist, bestehend aus:

Butyl-, Phenyl- oder Octylliganden.

9. Aktives zweikettiges BoNT/E1-Protein,
wobei die erste Kette eine Sequenz von zusammenhängenden Aminosäuren umfasst, und wobei die genannte
Sequenz von zusammenhängenden Aminosäuren eine mindestens 95%ige Sequenzidentität mit der Aminosäure-
sequenz von Positionen 1 bis 419 von SEQ ID NO: 2 aufweist;
wobei die zweite Kette eine Sequenz von zusammenhängenden Aminosäuren umfasst, und wobei die genannte
Sequenz von zusammenhängenden Aminosäuren eine mindestens 95%ige Sequenzidentität mit der Aminosäure-
sequenz von Positionen 423 bis 1252 von SEQ ID NO: 2 aufweist;
wobei die ersten und zweiten Ketten durch eine Disulfidbindung zwischen Cystein 412 an der ersten Kette und
Cystein 426 an der zweiten Ketten miteinander verbunden sind;
mit der Maßgabe, dass die genannte Sequenz von zusammenhängenden Aminosäuren eine oder mehr der folgen-
den Aminosäuren einschließt (wobei die Nummerierung der Aminosäurepositionen mit dem N-terminalen Amino-
säurerest beginnt und mit dem C-terminalen Aminosäurerest des BoNT/E1-Proteins endet):

Glycin an Position 177
Serin an Position 198
Alanin an Position 340
Leucin an Position 773
Leucin an Position 963
Glutamin an Position 964
Alanin an Position 967
Asparagin an Position 1195,
und wobei die genannte Sequenz von zusammenhängenden Aminosäuren nicht die Reste 420, 421 und 422
von SEQ ID NO: 2 einschließt.

10. Zusammensetzung, umfassend ein aktives zweikettiges BoNT/E1-Protein nach Anspruch 9, wobei die genannte
Zusammensetzung weniger als 10 pg Trypsin pro 100 ng BoNT/E1-Protein, oder weniger als 7 pg Trypsin pro 100
ng BoNT/E1-Protein, oder weniger als 5 pg Trypsin pro 100 ng BoNT/E1-Protein enthält.

11. Flüssige pharmazeutische Zusammensetzung, umfassend:

ein aktives zweikettiges BoNT/E1-Protein nach Anspruch 9;
einen Nicht-Protein-Stabilisator, bei dem es sich um ein Tensid handelt; und
Wasser;
wobei genannte flüssige pharmazeutische Zusammensetzung keinen Protein-Stabilisator umfasst; und
wobei genannte flüssige pharmazeutische Zusammensetzung weniger als 10 pg Trypsin pro 100 ng BoNT/E1-
Protein, oder weniger als 7 pg Trypsin pro 100 ng BoNT/E1-Protein, oder weniger als 5 pg Trypsin pro 100 ng
BoNT/E1-Protein enthält.

12. Flüssige pharmazeutische Zusammensetzung nach Anspruch 11, wobei genannte flüssige pharmazeutische Zu-
sammensetzung weiter Folgendes umfasst:

Natriumchlorid,
einen Puffer zum Aufrechterhalten des pH zwischen 5,5 und 7,5, und
ein Disaccharid;
wobei das Wasser steriles Wasser ist.

13. Aktives zweikettiges BoNT/E1-Protein nach Anspruch 9, oder eine Zusammensetzung nach Anspruch 10, oder eine
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flüssige pharmazeutische Zusammensetzung nach Anspruch 11 oder Anspruch 12, zur Anwendung in der Therapie.

Revendications

1. Procédé de production d’une protéine BoNT/E1 bicaténaire soluble, ledit procédé comprenant :

la fourniture d’une protéine BoNT/E1 monocaténaire soluble comprenant une séquence d’acides aminés con-
tigus, ladite séquence d’acides aminés contigus ayant une identité de séquence d’au moins 95 % avec la
séquence d’acides aminés de la SÉQ. ID n° 2,
la mise en contact de ladite protéine BoNT/E1 avec de la trypsine en solution, et
la séparation de la protéine BoNT/E1 soluble de la trypsine par mise en contact de la solution contenant la
protéine BoNT/E1 soluble et la trypsine avec une surface hydrophobe, la protéine BoNT/E1 soluble se liant
préférentiellement à la surface hydrophobe.

2. Procédé selon la revendication 1, sous réserve que ladite séquence d’acides aminés contigus comprenne un ou
plusieurs des acides aminés suivants (la numérotation de la position des acides aminés commençant par le résidu
acide aminé N-terminal et se terminant par le résidu acide aminé C-terminal de la protéine BoNT/E1) :

glycine à la position 177
sérine à la position 198
alanine à la position 340
leucine à la position 773
leucine à la position 963
glutamine à la position 964
alanine à la position 967
asparagine à la position 1 195.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel la protéine BoNT/E1 monocaténaire soluble est
produite par expression dans un système d’expression d’E. coli d’une séquence d’acide nucléique comprenant une
séquence de nucléotides contigus, ladite séquence de nucléotides contigus ayant une identité de séquence d’au
moins 90 % avec la séquence d’acides aminés de la SÉQ. ID n° 1, et ladite séquence de nucléotides contigus
codant une protéine BoNT/E1 monocaténaire.

4. Procédé selon la revendication 3, dans lequel l’acide nucléique comporte au maximum 160 codons lents sélectionnés
parmi TTT, TAT, TGT, CAT, CAA, CCA, CCG, TCA, TCG, CGG, TTA et CTA.

5. Procédé selon la revendication 3 ou la revendication 4, dans lequel ladite protéine BoNT/E1 monocaténaire comprend
une séquence d’acides aminés contigus, et dans lequel ladite séquence d’acides aminés contigus a une identité
de séquence d’au moins 95 % avec la séquence d’acides aminés de la SÉQ. ID n° 2.

6. Procédé selon l’une quelconque des revendications 3 à 5, dans lequel ladite séquence de nucléotides contigus
comporte au moins 785 codons synonymes par comparaison avec la séquence d’acides nucléiques de BoNT/E1
de type sauvage (SÉQ. ID n° 3).

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel la surface hydrophobe est une matrice inerte
à laquelle un ligand constitué de groupes aryle ou alkyle est fixé.

8. Procédé selon la revendication 7, dans lequel la surface hydrophobe est sélectionnée dans le groupe constitué de
ligands butyle, phényle ou octyle.

9. Protéine BoNT/E1 bicaténaire active,
dans laquelle la première chaîne comprend une séquence d’acides aminés contigus, et dans laquelle ladite séquence
d’acides aminés contigus a une identité de séquence d’au moins 95 % avec la séquence d’acides aminés des
positions 1-419 de la SÉQ. ID n° 2 ;
dans laquelle la deuxième chaîne comprend une séquence d’acides aminés contigus, et dans laquelle ladite sé-
quence d’acides aminés contigus a une identité de séquence d’au moins 95 % avec la séquence d’acides aminés
des positions 423-1 252 de la SÉQ. ID n° 2 ;
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dans laquelle les première et deuxième chaînes sont reliées par une liaison disulfure entre la cystéine 412 sur la
première chaîne et la cystéine 426 sur la deuxième chaîne ;
sous réserve que ladite séquence d’acides aminés contigus comprenne un ou plusieurs des acides aminés suivants
(la numérotation de la position des acides aminés commençant par le résidu acide aminé N-terminal et se terminant
par le résidu acide aminé C-terminal de la protéine BoNT/E1) :

glycine à la position 177
sérine à la position 198
alanine à la position 340
leucine à la position 773
leucine à la position 963
glutamine à la position 964
alanine à la position 967
asparagine à la position 1 195,
et dans laquelle ladite séquence d’acides aminés contigus ne comprend pas les résidus 420, 421 et 422 de la
SÉQ. ID n° 2.

10. Composition comprenant une protéine BoNT/E1 bicaténaire active selon la revendication 9 ; ladite composition
contenant moins de 10 pg de trypsine par 100 ng de protéine BoNT/E1, ou moins de 7 pg de trypsine par 100 ng
de protéine BoNT/E1, ou moins de 5 pg de trypsine par 100 ng de protéine BoNT/E1.

11. Composition pharmaceutique liquide comprenant :

une protéine BoNT/E1 bicaténaire active selon la revendication 9 ;
un agent stabilisant non protéique qui est un tensioactif ; et
de l’eau ;
ladite composition pharmaceutique liquide ne comprenant pas d’agent stabilisant protéique ; et
ladite composition pharmaceutique liquide contenant moins de 10 pg de trypsine par 100 ng de protéine
BoNT/E1, ou moins de 7 pg de trypsine par 100 ng de protéine BoNT/E1, ou moins de 5 pg de trypsine par 100
ng de protéine BoNT/E1.

12. Composition pharmaceutique liquide selon la revendication 11, ladite composition pharmaceutique comprenant en
outre :

du chlorure de sodium,
un tampon pour maintenir le pH entre 5,5 et 7,5, et
un disaccharide ;
l’eau étant de l’eau stérile.

13. Protéine BoNT/E1 bicaténaire active selon la revendication 9, ou composition selon la revendication 10, ou com-
position pharmaceutique liquide selon la revendication 11 ou la revendication 12, destinée à un usage thérapeutique.
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