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(57) Abstract: The present invention i1s concerned with tools for the quality control and safety during manufacture of neurotoxins.
In particular, it relates to a method for the determination of the amount of partially processed and/or unprocessed Botulinum neu-
rotoxin A polypeptide (BoNT/A) in a solution comprising processed and partially processed and/or unprocessed BoNT/A com-
prising the steps of contacting a sample of said solution with a capture antibody which specifically binds to the partially processed
and unprocessed BoNT/A under conditions which allow for binding of said antibody to said partially processed and unprocessed
BoNT/A, whereby a complex 1s formed, and determining the amount of the formed complex, whereby the amount of the complex
1s indicative for the amount of the partially processed and/or unprocessed BoNT/A m said solution. Moreover, the present mven-

tion contemplates a device and a kit for carrying out said method.
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System for determining unprocessed and partially processed neurotoxin type A

ARIil S WIS 8 8 1A% 1AM

10001} The present invention is concerned with tools for the quality control and safety during
manufacture of neurotoxins. In particular, it relates to a method for the determination of the

amount of partially processed andf/or unprocessed neurotoxin A polypeptide (BoNT/A) in a
solution comprising processed and partially processed and/or unprocessed BoNT/A
comprising the steps of contacting a sample of said solution with a capture antibody which
specifically binds to the partially processed and unprocessed BoNT/A under conditions
which allow for binding of said antibody to said partially processed and unprocessed
BoNT/A, whereby a complex 1s formed, and determining the amount of the formed complex,
whereby the amount of the complex is indicative for the amount of the partially processed
andfor unprocessed BoNT/A in said solution. Moreover, the present invention contemplates
a device and a kit for carrying out said method.

10002] Clostridium botufinum and Clostridium tetani produce highly potent neurofoxins, 1.e.
Botulinum toxins (BoNTs) and fetanus toxin (TeNT), respectively. These Clostridial

r

neurotoxins specifically bind to neuronal cells and disrupt neurotransmitter reiease. kEach

toxin is synthesized as an Inactive unprocessed approximately 150 kDa single-chain
protein. The positranslational processing involves formation of disulfide bridges, and limited
proteolysis (nicking) by the bacterial protease(s). Active neurotoxins consist of two chains,
an N-terminal light chaih of approx. 50 KDa and a C-terminal heavy chain of approx. 100
kDa, which are linked by a disulfide bond. The neurotoxins structurally and functionally
consist of three domains, 1.e. the catalytic light chain, the N-terminal halt of the heavy chain
encompassing the translocation domain and C-terminal half of the heavy chain containing
the receptor binding site(s), see Krieglstein 1990, Eur J Biochem 188, 39; Krieglstein 1991,
Eur J Biochem 202, 41, Kreglstein 1994, J Protein Chem 13, 49. The Botulinum
neurotoxins are synthesized as molecular complexes comprising the 150 KDa neurotoxin
protein and associated non-toxic complexing proteins. The complex sizes differ based on
the Clostridial strain and the distinct neurotoxin serotypes ranging from 300 kDa, over 500
kDa, up to 900 kDa. The non-toxic complexing proteins in these complexes stabilize the
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neurotoxin and protect it against degradation, see Silberstein 2004, Pain Practice 4, $19 -
S26.

[0003] Clostridium bofulinum secretes seven antigenically distinct serotypes of neurotoxins
designated A to G. All serotypes together with the related TeNT secreted by Clostridium
fetani, are Zn-*-endoproteases that plock synaptic exocytosis by cleaving SNARE proteins,

see Couesnon, 2006, Microbiclogy, 152, 759. CNTs cause the flaccid muscular paralysis
seen In botulism and tetanus, see Fischer 2007, PNAS 104, 10447 .

[0004] Despiie its toxic efiects, the Botulinum toxin complex has been used as a therapeutic
agent in a large number of diseases. Botulinum toxin serotype A (BoNT/A) was approved
for human use In-the United States in 1989 for the treatment of strabism, blepharospasm,
and other disorders and is, thus, of particular importance. It is commercially available as
BoONT/A protein preparation, for example, under the tradename BOTOX (Allergan Inc) or
under the tradename DYSPORT (Ipsen Ltd). An improved BoNT/A preparation which is free
of complexing proteins Is commercially avallable under the tradename XEOMIN (Merz
Pharmaceuticals GmbH). For therapeutic applications, the preparation is injected directly
into the muscle to be treated. At physiological pH, the toxin is released from the protein
complex and the desired pharmacological effect takes place. The eftect of Botulinum toxin
s only temporary, which Is the reason why repeated administraticn of Botulinum toxin may
he required to maintain a therapeutic affect.

0005] The Clostridial neurotoxins weaken muscle contraction and are effective therapy for
strabism, focal dystonia, including cervical dystonia, and benign essential blepharospasm.
They have been further shown to relief hemifacial spasm, and focal spasticity, and
moreover, t0 be effective in a wide range of other indications, such as gastrointestinal
disorders, hyperhidrosis, and cosmetic wrinkle correction, see Jost 2007, Drugs 67, 669.

[0006] During the manufacturing process of Clostridial neurotoxins, the qualtitative and

-~ quantitative determination as well as the quality control of the active neurotoxin polypeptide

Is of particular importance. Currently available neurotoxin preparations comprise different
amounts of proteolytically unprocessed precursors and/or partially processed neurotoxin
polypeptides in addition to the desired active (processed or mature) neurotoxins. The
proteolytically unprocessed precursor or partially processed neurotoxin polypeptides differ
from the mature (active, processed) neurotoxin polypeptides in only a few amino acids.
Therefore, they can hardly be quantitatively distinguished based on their chemical and
physical properties. On the other hand, the portion of proteolytically unprocessed precursor
andf/or partiaily processed neurotoxin polypeptides of the total protein content may still be
significant in such preparations, 1.e., relevant for the specific acfivity of the preparation.
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[0007] Assays for determining the whole neurctoxin content in a preparation are well known
in the art. These assays are based on Immuno-PCR or Sandwich ELISA (Lindstrom 2006,
Clin Microbiol. Rev. 19(2): 298-314; Volland 2608, J immunnol Methods 330(1-2): 120-129).
However, as set forth above, the conienti of the undesired partially processed or
unprocessed neurotoxing can nof be determined by applying these techniques for assaying
the whole neurotoxin content.

0008] Accordingly, means and methods for determining the content of partially processed
or unprocessed neurotoxin molecules and, in particutar, BoNT/A molecules, in a preparation
are not yet available but nevertheless highly desirabie.

[0008] The present invention, thus, relates to a method for the determination of the amount
of partially processed and/or unprocessed neurotoxin A polypeptide (BoNT/A) in a solution
comprising processed and partially processed and/or unprocessed BoN /A comprising the
steps of:

) contacting a sample of said solution with a capture antibody which specifically binds
to the partially processed and unprocessed BoNT/A under conditions which allow for
binding of said antibody fo said partially processed and unprocessed BoNT/A,

whereby a complex is formed, and

1) determining the amount of the complex formed in step i), whereby the amount of the
complex is indicative for the amount of the partially processed and/or unprocessed
BoNT/A in said solution,

wherein the capture antibody is obtainable by a method comprising:

a) contacting a polyclonal antiserum from an animal which has been immunized by a
peptide Immunogen comprising an amino acid sequence as shown in SEQ ID NO: 1
(TKSLDKGYNKA) to the following capture peptides SLD, LDK and YNK under
conditions which allow for the formation of capture complexes comprising unspecific
antibodies comprised by the polyclonal antiserum and the capture peptides;

D) removing the capture complexes irom the polycional antiserum;

C) contacting the polyclonat antiserum to a peptide comprising or essentially consisting
of SEQ ID NO: 1 under conditions which allow for the formation of a cornplex
comprising the aforementioned peptide and an antibody specifically binds to
unprocessed or partially processed neurotoxin polypeptide;

d) removing the complex formed in step ¢) from the antiserum; and

e) releasing the antibody which specifically binds to unprocessed or partially processed
neurctoxin polypeptide from the said complex.
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[0009.1] The present invention also relates to a method for the determination of the
amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A
(BONT/A) polypeptides in a solution comprising processed and partially processed
and/or unprocessed BoNT/A polypeptides comprising the steps of:

i) contacting a sample of said solution with a capture antibody which specifically binds
to the partially processed and unprocessed BoNT/A polypeptides under conditions
which allow for binding of the capture antibody to said partially processed and
unprocessed BoNT/A polypeptides, whereby a complex is formed, and

i) determining the amount of the complex formed in step i), whereby the amount of the
complex is indicative for the amount of the partially processed and/or unprocessed
BONT/A polypeptides in said solution,

wherein the capture antibody is obtained by a method comprising:

a) contacting a polyclonal antiserum from an animal which has been immunized by a
peptide immunogen comprising the amino acid sequence as shown in SEQ 1D NO: 1
to the following capture peptides SLD, LDK and YNK under conditions which allow
for the formation of capture complexes comprising unspecific antibodies comprised
by the polyclonal antiserum and the capture peptides;

b) removing the capture complexes from the polyclonal antiserum;

c) contacting the polyclonal antiserum from step b) to a peptide comprising SEQ ID NO:
1 under conditions which allow for the formation of a complex comprising the peptide
comprising SEQ ID NO: 1 and an antibody which specifically binds to unprocessed
or partially processed BoNT/A polypeptide;

d) removing the complex formed in step ¢) from the antiserum; and

e) releasing the antibody which specifically binds to unprocessed or partially processed
BoNT/A polypeptide from the complex.

[0009.2] The present invention also relates to a method for the determination of the
amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A
(BONT/A) polypeptides in a solution comprising processed and partially processed
and/or unprocessed BONT/A polypeptides, wherein said partially processed and
unprocessed BoNT/A polypeptides comprise a linker peptide which is not present in said
processed BoONT/A polypeptide, said method comprising the steps of:

1) contacting a sample of said solution with a capture antibody which specifically binds
to the partially processed and unprocessed BoNT/A polypeptides under conditions

CA 2773478 2017-10-17
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which allow for binding of the capture antibody to said partially processed and
unprocessed BoNT/A polypeptides, whereby a complex is formed, and

i) determining the amount of the complex formed in step 1), whereby the amount of the
complex is indicative for the amount of the partially processed and/or unprocessed
BoNT/A polypeptides in said solution,

wherein the capture antibody is obtained by a method comprising:

a) contacting a polyclonal antiserum from an animal which has been immunized by a
peptide iImmunogen comprising the amino acid sequence as shown in SEQ D NO: 1
to the following capture peptides SLD, LDK and YNK under conditions which allow
for the formation of capture complexes comprising unspecific antibodies comprised
by the polyclonal antiserum and the capture peptides;

b) removing the capture complexes from the polyclonal antiserum;

c) contacting the polyclonal antiserum from step b) to a peptide comprising SEQ ID NO:
1 under conditions which allow for the formation of a complex comprising the peptide
comprising SEQ ID NO: 1 and an antibody which specifically binds to unprocessed
or partially processed BoNT/A polypeptide;

d) removing the complex formed in step c¢) from the antiserum; and

e) releasing the antibody which specifically binds to unprocessed or partially processed
BoONT/A polypeptide from the complex.

[0009.3] The present invention also relates to a device for the determination of the
amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A

(BONT/A) polypeptides In a solution comprising processed and partially processed
and/or unprocessed BoNT/A polypeptides comprising:

) an analysis unit comprising a capture antibody as defined herein wherein the
analysis unit allows for contacting a sample of said solution with the capture
antibody, and

i) an evaluation unit comprising a reader system for determining the amount of the
complex formed in the analysis unit and a data processing system allowing for the
calculation of the amount of the partially processed and/or unprocessed BoNT/A
polypeptides in said solution based on the determined amount of the complex.

[0009.4] The present invention also relates to a device for the determination of the
amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A

CA 2773478 2017-10-17
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(BoNT/A) polypeptides in a solution comprising processed and partially processed
and/or unprocessed BONT/A polypeptides, wherein said partially processed and

unprocessed BoNT/A polypeptides comprise a linker peptide which is not present in said
processed BoNT/A polypeptide, said device comprising:

i) an analysis unit comprising a capture antibody as defined herein wherein the
analysis unit allows for contacting a sample of said solution with the capture

antibody, and

i) an evaluation unit comprising a reader system for determining the amount of the
complex formed in the analysis unit and a data processing system allowing for the
calculation of the amount of the partially processed and/or unprocessed BoNT/A

polypeptides in said solution based on the determined amount of the complex.

[0009.5] The present invention also relates to a kit for the determination of the
amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A
(BoNT/A) polypeptides in a solution comprising processed and partially processed
and/or unprocessed BoNT/A polypeptides comprising a capture antibody as defined
herein, and a container.

[0009.0] The present invention also relates to a package for the determination of
the amount of partially processed and/or unprocessed Botulinum neurotoxin serotype A
(BoNT/A) polypeptides in a solution comprising processed and partially processed
and/or unprocessed BONT/A polypeptides, wherein said partially processed ana
unprocessed BoONT/A polypeptides comprise a linker peptide which is not present in said
processed BONT/A polypeptide, said package comprising a capture antibody as defined
herein.

CA 27734778 2017-10-17
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[0010] The method of the present invention may be assisted by automation either entirely or
at least in part. Such automation may include robotic devices as well as computer systems
having implemented a suitable algorithm for the determination of the amount of the said
nartially processed and/or unprocessed BoNT/A in said solution. Moreover, the method of
the invention may comprise additional steps carried ouf prior, after or in between steps i)
and ii). Such additional steps, in an aspect, may include sample pre-treatment steps,
washing or purification steps as well as data mining steps. In an aspect, said further steps
iInclude those referred to In the accompanying Examples below.

[0011] The term * partially processed and unprocessed neurotoxin A polypeptide
(BoNT/A)” as used herein refers to neurotoxin serotype A polypeptides which are not yet
mature, i.e. which have not been processed Iinto the mature dichain polypeptide from the
single-chain precursor or which have been merely partially processed. BoNT/A is one of the
seven serotypes of Botulinum neurotoxins. It is produced as a single chain precursor
molecule which is proteolytically processed after transiation. The single chain molecule
comprises an N-terminal light chain, a linker peptide, and a C-terminal heavy chain. During
proteolytic processing of the single chain molecule, the linker peptide is excisea so that a
mature dichain molecute Is generated comprising the heavy and the light chain but lacking
the linker peptide. The linker peptide I1s, accordingly, flanked by fwo protease cleavage
sites. Accordingly, during the process of proteclytic activation, partially processed
molecules will occur. These partially processed molecules are merely cleaved at one of the
flanking protease cleavage sites so that the linker peptide wili still be linked to either the
light or the heavy chamn. Such molecules are termed partially processed BoNT/A
polypeptides tor the purpose of the present invention.

10012] As a result of proper processing, © processed BoNT/A® Is obtained. The said
processed BoNT/A polypeptide exhibits the biological properties characteristic for a
neurotoxin, namely, (a) receptor binding, (b) internalization, (c) translocation of the light
chain across the endosomal membrane into the cytosol, and/or (d} endoproteoclytic
cleavage of proteins involved in synaptic vesicle membrane fusion. Therefore, the
processed BoNT/A polypeptide 1s sometimes referred to herein as active or mature
neurotoxin polypeptide. The biological activity, in an aspect, results from all of the
aforementioned biological properties. /n7 vive assays for assessing biological activity include
the mouse LDH0 assay and the ex wivo mouse hemidiaphragm assay as described by
Pearce 1994, Toxicol Appl Pharmacol 128: 69-77 and Dressier 2005, Mov Disord 20:1617-
1619. The biological activity is commonly expressed in Mouse Units (MU). As used herein,



10

L5

20)

25

35

CA 02773478 2012-03-06
WO 2011/048044 PCT/EP2010/065618

-5 .

1 MU is the amount of neurotoxic component, which kills 50% of a specitied mouse
population after intraperitoneal injection, i.e. the mouse 1.p. LD50.

[0013] In an aspect, BoNT/A is obtained from the Hall strain of Closirraium botufinum and, in
a further aspect, has a structure (i.e. an amino acid sequence) as disclosed In Beecher
1997, J Protein Chem 16: 701-712 or Kriegistein 1994, J Protein Chem 13: 49-57.
Moreover, amino acid for and nucleic acid sequences encoding BoNT/A are to be found
under GenBank Accession numbers ABD65472.1 or GI:89258592 or shown in SEQ D
NOs: 2 or 3, respectively. The protease cleavage sites flanking the linker peptide are, Iin an
aspect, between amino acids K438/T439 and K448/A449. Thus, the linker peptide consists

essentially of amino acid T439 to amino acid K446.

[0014] However, also encompassed by the method of the present invention are varianis of
the aforementioned BoNT/A. Said varianis, In an aspect, are a neurotoxin polypepfides
having an amino acid sequence comprising at least one amino acid addition, substitution
and/or deletion compared to the amino acid sequence of the BoNT/A as shown SEQ |D NO:
2 or the amino acid sequence encoded by SEQ ID NO: 3. In yet another aspect, the variant
neurotoxins comprise an amino acid sequence being at least 40% identical to the amino
acid sequence of the BoNT/A as shown SEQ ID NO: 2 or the amino acid sequence
encoded by SEQ ID NO: 3. The aforementioned amino acid sequences shows the amino
acid sequence of unprocessed BoNT/A polypeptide. The sequences of the corresponding
partially processed or processed neurofoxin polypeptides can be deduced from the said
sequences by the information on cleavage sites and the linker peptide given elsewhere
herein. In another aspect of the invention, the variant BoNT/A polypeptide has an amino
acid sequence being at least 40%, at least 50%, at least 60%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at [east 98% or at least 99% sequence
identical to the amino acid sequence as shown in SEQ ID NO: 2 or the amino acid
sequence encoded by the nucleotide sequence of SEQ ID No: 3. Identical as used in the
present invention refers fo sequence identity of amino acid seguences wherein the
sequences are aligned so that the highest order match is obtained. This can be achieved by
using published techniques or methods codified in computer programs such as, for
example, BLASTP, BLASTN, FASTA, Altschui 1990, J Mol Biol 215, 403. The percent
identity values are, in one aspect, calculated over the entire amino acid sequence. A series
of programs based on a variety of algorithms is available to the skilled worker for comparing
different sequences. In this context, the algorithms of Needleman and Wunsch or Smith and
Waterman give particularly reliable results. To carry out the sequence alignments, the
program PileUp (1987, J Mot Evolution 25, 331; Higgins 1989 CABIOS 5, 151) or the
programs Gap and BestFit (Needleman 1970, J Mol Biol 48; 443; smith 1981, Adv Appl
Math 2, 482), which are part of the GCG software packet (Genetics Computer Group 1991,
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575 Science Drive, Madison, Wisconsin, USA 53711}, are to be used. The sequence
identity values recited above in percent (%) are {0 be determined, in one aspect of the
invention, using the program GAP over the entire sequence region with the following
settings: Gap Weight: 50, Length Weight: 3, Average Match: 10.000 and Average
Mismatch: 0.000, which, uniess otherwise specified, shall always be used as standard
settings for sequence alignments.

[0015] It wili be understood that the aforementioned variants shall, in an aspect of the
invention, retain, at least one, and, in an aspect all, of the biological properties of BONT/A. It
s envisaged Iin a further aspect that the partiaily processed and unprocessed variant
BoN /A polypeptides can be specifically bound by the antibody to be applied Iin the method
of the invention. In an aspect, this can be achieved by the presence of a peptide sequence
comprising SEQ ID NO: 1 in the linker peptide.

[0016] In a further aspect, the variants of BoNT/A can be neurotoxins having improved or
altered biological properties, €.g., they may comprise cleavage sites which are improved for
enzyme recognition or may be improved for receptor binding or any other property specitied
above.

[0017] In general, it is conceivable to modify the method of the present invention since the
undertying concept relies on the presence of at least one cleavage site between light and
heavy chain of the neurctoxin polypeptide while the nature of the cleavage sites and the

particular amino acid sequence between them does not matier as long as the antibody o
be applied in the method 1s capable of specifically recognizing the partially processed or

unprocessed neurctoxin polypeptides. Accordingly, It is another aspect to apply variant
neurotoxins wherein the protease recognition sites and/or the linker pepfide between heavy-
and light chain have been replaced. It will be understood that the anfibody to be applied In
this aspect shall still specifically bind to the linker peptide or an epitope thereof,

[0018] In yet another aspect, the linker peptide of BONT/A comprising SEQ 1D NO:1 can be
introduced, e.g., by nucleic acid recombination techniques, into the linker of other
neurotoxin serotypes and the amount of unprocessed and partiaily processed polypeplides

of said other neurotoxin serotypes can be determined in a sample by applying the method
of the present invention.

10019] The term * amount”™ as used in the method of the present invention encompasses
the absolute amount of a polypeptide, the relative amount or the concentration of the said
polypeptide as well as any value or parameter which correlates thereto or can be derived
therefrom.
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10020] The term “ solution™  as used herein refers {o any solvent system containing mature
BoNT/A polypeptides and the partially processed and/or unprocessed BoNT/A polypeptide
precursors. The solvent system furthermore comprises a solveni. The solventis
encompassed, in various aspects of the invention, are water, aqueocus buffer systems,
organic solvenis, and ionic liquids. In one aspect of the invention, It Is an agqueous solvent
systemn. Moreover, the solvent system, in addition {0 the mature BoNT/A polypeptide and
the partially processed or unprocessed precursor polypeptiide and the solvent may comprise
further molecules as well, including further bacterial polypeplides. In an aspect, the solution
to be applied in the method of the present invention will be a bactenal cell cufture or a

partially purified or purified preparation obtained from such a bacterial cell culture.

[0021] The term © sample”™ as used herein refers to a portion of the said sdlution which will
be investigated by the method of the invention. It will be understood that the'sample shall
also comprise the BoNT/A and the partially processed and/or unprocessed BoNT/A
precursors. In an aspect of the method of the invention, said sample has a predefined
volume and/or a predefined total protein content. In a further aspect, the sample may
comprise exogenously supplied moiecular standards.

[0022] Contacting a sample of the solution to the capture antibody as used in accordance
with the method of the invention refers to bringing the aforementioned unprocessed and/or
parfially processed BoNT/A polypeptides comprised by the sample and the capiure
antibody intoc physical proximity as to allow physical and/or chemical interaction. Suitable
conditions which allow for specific interaction are, in principle, well known to the skilled
worker. Said conditions will depend on the antibodies and the solution to be applied in the
method of the present invention and can be adapted by the skilled artisan without further
ado. Moreover, a time being sufficient to allow interaction can also be determined by the
skilled worker without further ado. [t will be understood that the said time will depend on
exogenous factors under which the method is carried out such as temperature, solvent
composition, pH value etc.. Moreover, It 18 to be understood that between the indivigual
steps of contacting recited in the method of the present invention, washing steps may be
performed in order to obtain suitable conditions for contacting. For example, after formation
of a complex in step 1), the remaining solution shall be removed prior to applying the

detection agent for the said complex.

[0023] In an aspect of the method of the present invention, a detergent is present during
step i). Accordingly, it is envisaged that prior or during step 1) a detergent shall be added to
the sample. Suitable detergents include 1onic and non-ionic detergents. In an aspect, the
detergent is a non-ionic detergent, and, in yet a further aspect, Tween 20. |
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100241 In an aspect of the method of the present invention, said detergent is present atf a

concentration in the range of 0.01% (viv) to 10% (viv). In a further aspect, said

concentration is in the range of 0.2% (v/v) to 0.8% (v/v) or in the range of 0.3% (v/v) to 0.6%
(v/iv), and, in still another aspect, the concentration i1s 0.5% (v/v}).

[0025] In another aspect of the method of the present invention, said conditions in step i)
comprise the presence of a phosphate-buffered or tris-buffered saline solution. In an
aspect, said saline solution comprises NaCl at a concentration in the range of 150 to 350
mM. In yet another aspect, said concentration Is In the range of 200 to 300 mM, and, in still
another aspect, the concentration 1s 250 m.

10026] The term * determining the amount”™ as used herein relates to measuring the
absolute amount, relative amount or concentration in a quantitative or semi-gquantitative
manner. Measuring will be done based on the chemical, physicat or bioclogical properties of
the complex formed in step 1}. The said amount of the said compiex may be determined
directly or indirectly. In an aspect, a detection agent will be applied which Interacts with the
formed complexes. The detection agent will comprise or generate a detectable labet which
correlates to the amount of detected complexes and, thus, allows for determining the
amount thereof. in an aspect, the said detection agent binds to the capture antibody or the
unprocessed or partially processed BoNT/A present in the complexes. Accordingly, in a
further aspect, the detection agent shall be an antibody, binding peptide {(e.g. a BoNT/A
receptor or part thereot), aptamer or small molecule compound which binds to either the
capture antibody or the partially processed or unprocessed BoNT/A or both when present in
the compiex formed in step i).

10027] A detection agent, in an aspect, comprises a detectable label. in an aspect, a
detectable label has fluorescent or chemoluminescent properties and, thus, allows for a
direct detection of the detection agent. Typical fluorescent labels include fluorescent
proteins (such as GFP and its derivatives), Cy3, Cy5, Texas Red, Fluorescein, and the
Alexa dyes (e.g. Alexa 568). In yet another aspect, the label may be a radioactive label.
Typical radioactive labels include 22§, 129], 32P, 3P and the like. In still another aspect, the
detection agent may comprise an enzymatic activity which is capable of generating a
detectable signal, e.g., by conversion of a substrate. Typically, such an enzyme may be a
peroxidase (e.g., horseradish peroxidase), firefly luciferase or alkaline phosphatase. Labels
of the atorementioned type can be coupled directly (covalently or non-covalently) to the
detection agent. Besides the said direct labeling, the detection agent may be indirectly
labeled in another aspect of the method of the invention. Said indirect iabeling involves
binding (covalently or non-covalently) of an agent which specifically binds {o the detection
agent and which carries a detectable label. Such an agent may be, e.q., a secondary
(higher order) antibody which specifically binds {o the detection agent. The secondary
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antibody in such a case will be coupled to a detectable label. It will be understood that
further higher order antibodies can be used in addition for detection of the detection
complex. The higher order antibodies are often used to increase the signal. Suitable higher

order antibodies may also include commercially available labeling systems such as the
streptavidin-biotin system (Vector Laboratories, Inc.), the Dako LSAB™2 and LSAB™+

systemn (labeled streptavidin-biotin), or Dako PAP system (Peroxidase Anti-Peroxidase).

[0028] It will be understood that the amount of detectable label comprised or generated by
the detection agent correlates directly to the amount of complexes. The amount of
complexes again correlates to the amount of molecular species to be determineq, I.e. {o the
unprocessed and/or partially processed neurotoxin molecules present in the sample. H will
be understood, furthermore, that the sample is a representative portion of the solution.
Accordingly, the amount of unprocessed and/or partially processed BoNIT/A polypeptides
determined for the sample is indicative for the amount present In the solution.

[0022] FThe determination of the amount of unprocessed and partially processed neurotoxin
polypeptides, in an aspect, also requires calibration of the method by applying standard
soluficns with predefined amounts of said polypepiides. How to carry out such a calibration
1s well known to those skilled in the arl. In an aspect, several determinations are carried oul
by applying the method of the present invention for samples of two or more the
aforementioned standard solutions differing in the predefined amount of unprocessed
and/or partially processed neurotoxins.

|0030] Accordingly, in an aspect of the method of the present invention, said step I3
comprises comparing the determined amount of the complex with a reference. [n an aspeci,
the reference is a calibration curve derived from two or more standard solutions as
described above. As a result of the comparison, the determined complex amounts can be
allocated to predefined amounts of unprocessed and/or partially processed BoNIT/A
polypeptides.

10031] Unprocessed BoNT/A polypeptides can be obfained from a Clostrigium botulinum
mutant expressing BoNT/A polypeptide precursors being mutated in the cleavage sites for
the protease. Such mutanis can be generated by standard molecular biology techniques
well known in the art. Moreover, unprocessed BoNT/A can be obtained by expressing the
sald BoNT/A recombinantly in E. coll or other bacteria lacking a protease capable of
activating the BoNT/A by proteolytic cleavage. In another aspect, Clostridium botulinurm
bacterial cells or other expression systems can be mutated in order to screen for mutants
having significantly reduced or even no protease activity and, thus, only produce
unprocessed neurofoxins.
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100321 The method of the present invention requires a capture antibody which specifically
binds to the partially processed and unprocessed BoNT/A polypeptides. Such an antibody
is, in an aspect, obtainable by a method referred to above comprising steps a) fo e) referred
to above. The terms used in this context are further explained in the following.

[0033] The term “ antibody” as used herein encompasses a monoclonal antibody, a
polyclonal antibody, a single chain antibody, a human, humanized, primatized, or
chimerized antibody, a bispecific antibody, a synthetic antibody, chemically or enzymatically
modified derivalives, a fragment of any of said antibodies or aptamers consisting of
naturally occurring and/or chemically modified nucleic acids. Fragments of said antibodies
include F(ab)., F(ab), Fv or sckv fragments or chemically or enzymatically modified
derivatives of any of these fragmenis. The antibody of the present Invention shall
specifically bind to the epitope consisting of the aforementioned peptide It the said pepfide
is comprised by the partially processed or the unprocessed neurotoxin polypeptide.

[0034] The term “ specifically binds” means that the antibody of the present invention
does not cross react to a significanf extent with other epitopes either on said partially
processed, or on said unprocessed neurotoxin polypepiides, or on other polypeptides In
general. In an aspect of the invention, the antibody of the present invention does not cross
react with said active, completely processed neurotoxin polypeptide. Epiope specificity Is
an important characteristic of the antibody of the present invention. Specificity of the
antibody with respect to the partially processed or unprocessed neurotoxin versus the
processed neurotoxin shall be, in an aspect, at least 95%, at least 86%, at least 97%, at
least 98%, at least 99%. Specific binding can be tested by various well known techniques
including, e.g., competition studies or Western blot analysis of SDS PAGE. Another
important characteristic is the sensitivity of the antibody. Sensitivity shall be, In one aspect
of the invention, such that at least 70%, at least 80%, at least 90%, at least 95% of the
processed neurotoxin comprised by a sampie 1s bound. Sensitivity can be tested by well
krnown techniques. Those skilled in the art will be able {0 determine operative and optimal
assay conditions for each determination by employing routine experimentation.
Conventional technigues for binding studies include radioimmunoassay, ELISA, equilibrium

dialysis, isothermal microcalorimetry, BIACORE® assays (surface plasmon reasonance,
SPR) or other surface adsocrption methods. The binding properties such as senstlivity of an
antibody of the present invention may, in principle, be determined by binding studies using
an immobilized antigen ({the ligand) presented on a sensor surface. The antibody o be
tested (the analyte) will be provided in the mobile phase, i.e. in a solution. In some cases,
the antigen is attached indirectly to the surface through binding to another immobilized
molecule which is referred as the capturing molecule. When the antibody is injected in a
discrete pulse across the surface with the immobilized antigens, essentially three phases
can be subdivided: (i} Association of antibody with the antigen during sample injection; (ii)
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Equilibrium or steady state during sample injection, where the rate of antibody binding is
balanced by dissociation from the antibody-antigen complex; (i) Dissociation of antibody
from the surface during buffer flow. It will be understood that such an assay can
alternatively performed with immobilized antibodies 1o be Investigated and an aniigen
containing solution as the mobile phase. The association and dissociation phases provide
information on the kinetics of analyte-ligand interaction (ks and kg, the rates of complex
formation and dissociation, ka/ke=Kp}. The equilibrium phase provides information on the
affinity of the analyte-ligand interaction (Kp). In an aspect of the invention, the antibody of
the present invention has a KD of less than 0.5 M, in an aspect, less than 0.05 gM and, in
another aspect, less than 0.02 yM.

[0035] The antibody to be applied in the method of the invention, in an aspect, aliows for the
detection of partially processed and/or unprocessed neurotoxin polypeptide with a high
sensitivity and specificity, in an aspect with a limit of detection of <1000 pg/mL, <300 pg/mL,
<100 pg/mL, in an aspect 50 to 80 pg/mL, and in yet another aspect 69 pg/mL. In a further
aspect, the limit of detection may even be <30 pg/mL, <10 pa/mlL, <3 pg/mL, and, in an
aspect about or <1 pg/mL.

[0036] The antibody as referred to in the present invention can be manufactured by using
methods which are described, e.qg., in Harlow and Lane "Antibodies, A Laboratory Manual”,
CSH Press, Cold Spring Harbor, 1988. Monoclonal antibcdies can be prepared by the
techniques originally described in Kohler 1975, Nature 256, 495, and Galfre 1881, Meth

Enzymotl 73, 3. Said techniques comprise the fusion of mouse myeloma cells to spleen cells
derived from immunized mammals. Antibodies can be fturther improved by techniques weli

known in the art. For example, surface plasmon resonance as employed in the BIACORE®
system can be used to increase the efficiency of phage antibodies which bind to the
aforementioned epitope within proteoiytically unprocessed neurofoxin polypeptide, see
Schier 1996, Human Antibodies Hybridomas 7, 97; Malmborg 1995, J. Immuncl Methods

183, 7.

'0037] The term “ peptide immunogen” as used above refers to an oligopeptide having an
amino acid segquence as shown in SEQ ID NO: 1 which 1s provided in a manner as to allow
eliciting an immune response in a non-human animal.

[0038] In an aspect, said peptide having SEQ 1D NO: 1 is coupled to a carrier protein via
any linker or linking procedure known in the art.

(00391 In another aspect, said immunogen further comprises KLH. In a further aspect, said
KLH is linked to the peplide having SEQ ID NOQ: 1 wvia the linker N- [gamma-

maleimidobutyryloxy] succinimide ester (GMBS). In yet a further aspect, said KLH Is linked
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via a cysteine and, in an aspect a C-terminal cysteing, to the peptide having SEQ 1D NO: 1
via the linker GMBS. How to link KLH to a peptide by a linker molecule such as GMBS is
well known in the art or described in the accompanying Examples below.

[0040] In another aspect, ovalbumine can be used as an immunogen. The said ovalbumine
will be cross-linked via the linker sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-
carboxylate (sulfo-SMCC) to a cystein residue, in an aspect, to a C terminal cysteine
residue. In this aspect, it is envisaged to use a pentapeptide consisting of amino acids X to
Y of SQ ID NO: 1 to which the aforementioned cysteine is added C-terminally.

[0041] in another aspect the non-human animal is a mammal, in an aspect a rat, mouse,
rabbit, sheep or goat. Prior o carrying out the method of the invention, a non-human animal
which shall be the source of the polyclonal antiserum will be immunized using the
aforementioned peptide immunogen. How to immunize a non-human animal is weil known
in the art and described in the accompanying Examples, below. As a result of the said
immunization, the non-human animal will produce polyclonal antibodies against the peplide
immunogen.

[(0042] A polyclonal antiserum can be obtained from the non-human animal by various
techniques. In an aspect it is obtained from blood, serum or plasma by standard techniques
well known in the art and described in the accompanying Examples, below. The term
“ polyclonal antiserum” , thus, includes purified and partially purified sera from the satd
animal. Such a polyclonal antiserum is the starting material for the aforementioned method.
In addition to the desired one or more antibodies which specifically bind to unprocessed and
partially processed BoNT/A polypepiide, the polyclonal antiserum may comprise additional
antibodies which do not specifically bind to unprocessed and partially processed BoNT/A
polypeptide.

[0043] These undesired, cross-reactive antibodies are separated form the desired specific
antibodies by contacting the said polyclonal antiserum with the capture peptides SLD, LDK,
and YNK under conditions which allow for the formation of capture complexes comprising

unspecific antibodies comprised by the polyclonal antiserum and the capture peptides and
removing the capture complexes from the polyclonal antiserum in order to obtain a partially
ourified polyclonal antiserum. The aforementioned capture peptides can be applied in the
method, in an aspect, in the form of their derivatives disclosed in the accompanying
Examples, below.

10044] The said partially purified polyclonal antiserum is subsequently contacted with a
peptide also having an amino acid sequence as shown in SEQ ID NO: 1. In an aspect, said
neptide is immobilized on a carrier as described in detail eisewhere herein. As a result of
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the said contacting, a complex of the peplide and the specific antibodies is formed which
can subsequently be removed from the remaining polyclonal serum. The specific antibodies
than can be released from the removed complex. Suitable technigues for releasing
antibodies from such a complex are described elsewhere herein.

[0045] In an aspect, steps a) to e) of the method for obtaining the antibody are carried out
by means of affinity chromatography. Affinity chromatography as used In the present
invention refers to a technique for separating molecules in a mobile phase based on their
different affinities for a stationary phase used in the chromatography. In an aspect, the said
technique refers to selective adsorption and subsequent recovery of a compound from an
immobilized ligand. In another aspect, the said technique is designed for highly specific and
efficient purification of proteins and related compounds using appropriaie selective ligands
on beaded and porous matrices for binding target compounds, which can then be recovered
under mild conditions. The said technique is based on a highly specific interaction such as
that between antigen and antibody, enzyme and substrate, or receptor and ligand. In
another aspect said affinity chromatography is perform as column chromatography. Affinity
chromatography as characterized in detad above Is In one aspect, immunoabsorber
chromatography and, hydrophobic interaction chromatography (HIC), reverse phase
chromatography, and in another aspect, immunoaffinity chromatography applying the
binding agent which is in even a further aspect, the antibody of the present invention. A
stationary phase as referred to herein in an aspect consists of the aforementioned agent as
a solid matrix. Said agent is in one aspect, bound to a polypeptide carrier coupled fo a solid
matrix, and in another aspect, bound to Protein A coupled to a solid maifrix.

[0046] For carrying out the method of the invention, the capture antibody can be coupled
covalently or non-covalently to a solid support. Materials for such solid supports are well
known in the art and include, inter alia, commercially available polysaccharide matrices
selected from the group consisting of: sepharose, sephadex; agarose, sephacell, micro-
cellulose, and alginate-beads, polypeptide matrices, polystyrene beads, latex beads,
magnetic beads, colloid metal particles, glass, plastic and/or silicon chips and surfaces,
nitrocellulose strips, membranes, sheets, duracytes, wells and walls of reaction trays,
plastic fubes. In an aspect of the invention, said solid support is made of gamma-irradiated
polysterene. Dependent on the intended applications, the said solid support may be
comprised by or in form of separate vials. Alternatively, the solid support may be comprised
by or be in form of multi-well plates. Dependent on the solid support, it might be necessary
to carry out blocking steps prior to the application of the solid support in the method off the
present invention in order to block free binding sites of the salid support for peptides and
nroteins.
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[0047] Advantageously, the method of the present invention allows for the specific
determination of BoNT/A precursor molecules, 1.e. unprocessed, single chain BoNT/A

and/or partially processed BoNT/A. These precursor molecules are usually undesired
contaminants in BoNT/A preparations to be applied for therapeutic or cosmetic purposes.

Accordingly, their content shall be reduced to a minimum amount. The method of the
present invention allows establishing an efficient quality control and product safety
management for the manufacture of BoNT/A preparations. Moreover, the efficacy of
purification andf/or processing sfeps can be monitored when manufacturing BoNT/A
preparations. In the studies underiying the invention, a polyclonal serum was raised against
unprocessed Botulinum neurotoxin type A (BoNT/A), using the linker peptide coupled to
KILH as immunogen (anti-linker peptide scBoNT/A-serum) in goats. Even after affinity
purification, the serum showed cross-reactivity towards processed BoNT/A in a Western
blot analysis of SDS PAGE. |t was demonstrated that the cross-reactivity depended on the
recognition of tripeptides (SLD, LDK and YNK), which occurred in the linker peptide, as well
as, in the light and heavy chains of processed BoNT/A. A second batch of the goat
immunoserum was purified via two-step affinity chromatography, removing the cross-
reactive tripeptide-antibodies. The second anti-linker peptide scBoNT/A-serum displayed no
cross-reactivity against processed BoNT/A in a western blot.

[0048] In an aspect, the method of the present invention comprising the aforementioned
general steps comprises further the following specific steps.
1) Immobilizing on a solid support (e.g., a mulii well plate} the capture antibodies

obtained by the above mentioned method;
2) Removing non-immaobilized capture antibodies by washing;

3) Biocking of tree peptide/protein binding sites on the solid support by applying a
suitable blocking buffer (see Examples below);

4} Removing blocking butfer by washing;

5) Applying samples of solutions to be analyzed or of standard solutions used for
calibration under conditions which allow formation of the capture complex;

0) Removing the unbound sample material by washing;

7} Applying a detection agent (e.g., a first and, optionally, higher order detection
antibody which is directly or indirectly coupled to an enzyme such as peroxidase)
under conditions which allow for formation of a detection complex;

8) Remaving unbound detection agent by washing;

9) Determining the detection signal elicited by the detection agent {e.g., by applying a
chromogenic substrate to the detection complex and measuring the substrate
conversion by determining the optical density).
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it will be understood, however, that the method of the invention can aiso be implemented by
any other specific steps derivable from the above.

[0049] The present invention also contemplates a device for the determination of the
amount of partially processed and/or unprocessed neurctoxin A polypeptide (BoNT/A) in a
solution comprising processed and partially processed and/or unprocessed BoNT/A

polypeptides comprising:

) an analysis unit comprising a capture antibody as specified above wherein the
analysis unit allows tor contaclting a sample of said solution with the said capture
antibody, and

i) an evaluation unit comprising a reader system for determining the amount of the
complex formed in the analysis unit and a data processing system allowing for the
calculation of the amount of the partially processed and/or unprocessed BoNT/A
nolypeptides in said solution based on the determined amount of the complex.

[0050] The term “ device” as used herein relates to a system comprising at least the
aforementioned arrangement of an analysis unit and an evaluation unit operatively linked {o
each other as to allow the determination. [n an aspect, the arrangement can be a solid
support with immobilized capture antibodies as referred to above which may be present on
a solid support as specified above, e.g., in form of a vial, in order to allow contacting of a
sample of the solution and the capture antibody. Moreover, the device may comprse, in an
aspect, a reader system for the determination of the amount of the detection complexes.
Dependent on the Kind of detection agent to be used, such a system will comprise a
detector for the generated signals. Moreover, the unit can aisc comprise, In an aspect, a
computer-based algorithm for processing of the data obtained from the reader system. Said
algorithm shall allow for calculation of the amount of the desired polypeptides. In an aspect,
this is achieved by comparing the measured signais to the calibration standards in order {o

determine the amounts of the polypeptides present in a solution or a sample thereof,

[0051] Moreover, the present invention encompasses a kit for the determination of the
amount of partially processed and/or unprocessed neurotoxin A polypeptide {(BoNT/A) In a
solution comprising processed and partially processed and/or unprocessed BoNT/A
polypeptides comprising a capture antibody as specified above.

[0052] The term * kit” as used herein refers to a collection of the aforementioned capture
antibody and, in an aspect, a detection agent and/or one or more calibration standards as
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set forth elsewhere herein. The said components of the kit may or may not be packaged
together. The components of the kit may be comprised by separate vials (i.e. as a kit of
separate parts) or provided in a single vial. Moreover, it is to be understood that the kit of
the present invention is to be used for practicing the methods referred to herein above. In
one aspect, it is envisaged that all components are provided in a ready-to-use manner for
practicing the methods referred to above. In a further aspect, the kit contains instructions for
carrying out the said methods. The instructions can be provided by a user manual in paper-
or electronic form. For example, the manual may comprise instructions for interpreting the
results obtained when carrying out the aforementioned methods using the kit of the present
invention.

[0052.1] In an aspect of the kit of the invention, said kit further comprises at least one
detection agent for determining the amount of a complex comprising the capture antibody
and unprocessed and/or partially processed BoNT/A polypeptides.

EXAMPLES

Example 1: Generation of Immunogen and Antibodies

Generation of Immunogens

[(0053] 1. Linkerpeptide-Immunogen |: The peptide with the sequence NH2-TKSLDKGYNK-
Cys-COOH was generated by an external provider and then coupled by the linker GMBS to
the carrier-protein KLH.

[0054] 2. Linkerpeptide-Immunogen 1l a) Activation of ovalbumin; 2.18 mg sulfo-SMCC
(sulfosuccinimidyl-4(N-maleimidomethyl)cyclohexane-1-carboxylate) were solved in 50 plL
DMSO. Subsequently, 2.5 mL ovalbumin solution containing 7.5 mg/mL ovalbumin (buffer:
5 mM sodium phosphate; 0.9% NaCl) were added and the solution was incubated for 1 h at
room temperature with rotation. A buffer change was performed using PD10 columns,
activated ovalbumin was eluted in 3.5 mL buffer containing 10 mM sodium phosphate; 0.9%
NaCl. b) Coupling of the peptide to ovalbumin; 8 mg of the peptide Ac-DKGYN-Cys-COOH
were solved in 250 pL H20 and 2.5 pL 500 mM TCEP - HCI (tris[2-carboxethyl]phosphine
hydrochloride) and subsequently neutralized with 1 mM NaOH. Finally, activated ovalbumin
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was added and the reaction mixture was incubated at room temperature for 4.4 h with
rotation. By adding a 10 mM cysteine solution remaining reactive groups were blocked

by incubation for 1 h with rotation. A dialysis was performed using 10 mM sodium
phosphate; 0.9% NaCl.

Immunization
[0055] Antisera were obtained by immunization.

[0056] 1.) Anti-linkerpeptide scBoNT/A-serum [|: As immunogen the Linkerpeptide-
Immunogen | was used which was coupled by the linker GMBS to the carrier-protein KLH.
Two goats were immunized by subcutaneous injection of Linkerpeptide-Immunogen |, each
initially with 300 pg Linkerpeptide-Immunogen | dissolved in Freud's adjuvant and finally
immunized for four times in a 2 week rhythm with 100 ug Linkerpeptide-immunogen | in
incomplete Freud’ s adjuvant. Antisera were collected after 49, 63, 77 and 84 days. Affinity
chromatography was performed using the serum collected from the final bleeding on day 84.

[0057] 2.) Anti-linkerpeptide scBoNT/A-serum Il: As immunogen the Linkerpeptide-
Immunogen |l was used which was coupled to the carrier-protein ovalbumin by the linker
SMCC. Two rabbits were immunized by intradermal injection of Linkerpeptide-Immunogen |,
each initially with 300 pg Linkerpeptide-lmmunogen 1l in Freud’'s adjuvant and finally
immunized for five times in a 2 week rhythm with 150 ug Linkerpeptide-Immunogen Il in
Montanide ISA 206. Affinity chromatography was performed using the serum collected from
the bleeding on day 60 or 110, respectively.

Two step affinity chromatography of the sera

[0058] 1. Generation of the matrix: Two different ultra link iodoacetyl matrices containing
different peptides were generated for the two-step affinity chromatography.

[0059] On the one hand, the cross reactive peptides SLD, LDK and YNK were presented in
form of the following peptides Ac-ELDKYN-Cys-COOH (SEQ ID NO: 4), NH>-NISLDL-Cys-

COOH (SEEQ ID NO: 5) and NH,-YYNKF-Cys-COOH (SEQ ID NO: 6) and were coupled to
the matrix using the general description given below. On the other hand the linker peptide
(SEQ ID NO: 1) was coupled to the matrix using the general description given below in the
form of the following derivative: Ac-TKSLDKGYNKA-Cys-COOH.

[0060] General description:
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Coupling Buffer: 50 mM Tris, 5 mM EDTA-Na, pH 8.5. Prepare a volume of buffer equal to
20 times the volume of UltralLink® lodoacyl Gel to be used.

L -Cysteine HCI; Wash solution; 1 mM sodium chloride (NaCl).

Empty gravity-flow or spin column that may be capped both top and bottom.

10061] Prepare the Peptide or Protein Sample
Dissolve the peptide with Coupling Buffer.

[0062] Coupie to UltraLink® lodoacyl Gel:

1. With the bottom cap in place on a gravity-flow column, add the desired quantity of the
UltraLink® lodoacyl Gel slurry, aliow the gel to settle for 15 minutes.

2. Drain the liquid from the packed column and wash/equilibrate the Ultralink® lodoacyi Gel
with 5 gel-bed volumes of Coupling Buffer by adding buffer to the top of the gel bed allowing
to drain through the column. Do not allow the gel bed to run dry.

3. Replace bottom cap and add the prepared sulfhydryil-containing sample.

Approximately 1 mL of sample solution can be applied per mL of UltraLink® lodoacyl Gel.

4. Replace the top cap and mix column at RT for 15 minutes.

5. Stand the column upright and incubate at RT for 30 minutes without mixing.

6. Sequentially remove top and bottom column caps and allow the solutfion to drain.

7. Wash column with three gel-bed volumes of Coupling Buffer.

[0063] Block Nonspecific Binding Sites on (el.

1. Replace the bottom cap on column.

2. Prepare a solution of 50 mM L-Cysteine HCI in Coupling Buffer and add 1 mL of this
sotution to the column for each milliliter of gel.

3. Replace the top cap and mix for 15 minutes at RT, then incubate the reaction without
mixing for an additional 30 minutes at RT.

100641 2. Two step affinity chromatography: Sera to be purified are first separated from
blood. The crude serum is applied to the first column containing the cross reactive
tripeptides. The cross reactive antibodies bind to the tripeplides and are thus separated
from the crude serum. The flow-through of this first column is applied to the second column
containing the bound linkerpeptide. The linkerpeptide specific antibodies bind to the
inkerpeptide and are thus separated from the crude serum which is found in the second
flow-through of the second column. Low affinity anti-linkerpeptide scBoNT/A antibodies are

removed from the column by a high stringency wash with PBS buffer (0.5 M NaCl).
Subsequently, the bound high affinity anti linkerpeptide scBoNT/A antibodies are eluted and
concenirated. This concentrate corresponds to the used anti linkerpeptide scBoNT/A
serum.
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Example 2: Test and verification of antibody specificity

[0065] Reagents ELISA:

Coating buffer. 0.005 M — 1M Tris; 0.9 % NaCl, preferabie 0.01 M- 0.2 M Tris; 0.9 % NaCl, pH
= 8.5.

Capture antibody: anti-linkerpeptide scBoNT/A serum.

Blocking and antibody diluent buffer: 0.5 % - 5 % BSA in 0.01 M sodium phosphate; 0.8% NaCl,
pH =7.4.

Sample buffer: 0.5 % — 5 % BSA in 0.005 M — 1 M sodium phosphate; 0.1 - 0.5 M NaCl; 0.01
% — 1 % Tween 20, preferably 1 % — 3 % BSA in 0.005 — 0.1 M sodium phosphate; 0.15 M -
0.4 M NaCl; 0.05 % - 0.5 % Tween 20, pH =7.4.

Wash buffer: 0.01 M sodium phosphate; 0.9 % NaCl; 0.05 % Tween 20, pH =7.4.

Detection antibody: monoclonal antibody against BoONT/A.

Secondary antibody: A polyclonal anti mouse IgG (H&L) antibody conjugated to peroxidase.
Substrate: TMB, commercially available.

[0066] 2. Reagents Western Blot:

Denaturating sample buffer, commercially available,

SDS gel, commercially available.

MES running buffer (SDS PAGE): commercially available.

PVDF membrane; commercially available.

Transfer buffer (Western Blot). commercially available.

Sample: Botulinum Neurotoxin A with Dichain-BoNT/A and scBoNT/A.

Primary antibody: anti linkerpeptid scBoNT/A serum.

Secondary antibody: polyclonal donkey anti goat antibody 1gG (H&L) conjugated to alkaline
phosphatase.

Blocking and antibody diluent buffer: 0.5 % - 5 % BSA in 0.01 M- 0.1 M Tnis; 0.9 % NaCl; 0.05
% -5 % Tween 20, pH=7.4.

Washing buffer: 0.01 M - 0.1 M Tris; 0.9 % NaCl; 0.05 % - 5 % Tween 20, pH = 7.4.

Tris buffer: 0.025 M Tris, pH = 8.0.

Substrate: BCIP/NBT, commercially available.

[0067] a) Specificity of the antiserum with regard to BoNT/B and BoNT/E: To determine the
specificity of the antisera with regard to BoNT/B and BoNT/E, the recovery rate of substances
were analyzed in ELISA. Microtiter plates are incubated with 100 pL/well of coating buffer
containing 0.5 ug anti linkerpeptide scBoNT/A-serum/mL for 16 h at room temperature and
subsequently washed three times with washing buffer. 200 uL /well blocking solution is added
to the microtiter plates and incubated for 1 h at room temperature. The antigen sCBONT/A
(dilution series in sample buffer; pg/mL concentration) is used as a calibration standard,
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microtiter plates are incubated with 100 uL/well calibration standard. BoNT/B or BoONT/E,
respectively are diluted in sample buffer and applied to the microtiter plate in a volume of 100
ulL/well. Both substances are applied in excess, a dilution of 200 ng/mL is used. Samples and
standards are incubated for 2 h at 37°C. Microtiter plates are washed three times with washing
buffer. 100 uL of detection buffer/well are added and incubated for 1 h at room temperature.
Then microtiter plates are washed three times with washing buffer. Subsequently, the
incubation with 100 uL /well of the secondary antibody for 1 h at room temperature is
performed. Then microtiter plates are washed three times with washing buffer.

[0068] The detection reaction is started by adding 100 pL substrate/well. After incubation for 30
minutes at room temperature the reaction is stopped by adding 50 uL 2 M H,SO./well and the
absorbance is determined at 450 nm. For determination of specificity the concentrations of
BoNT/B and BoNT/E are calculated by standardization. By calculating the recovery rate the
specificity of the anti linkerpeptides scBoNT/A for sterotypes B and E can be determined. The
lower the recovery rate, the lower the cross reactivity and the better the specificity of the serum
In regard to scBoNT/A.

[0069] b) Specificity of the anti-linkerpeptide scBoNT/A with regard to Dichain BoNT/A: For
determination of specificity of the antiserum in regard to activated Dichain-BoNT/A an
immunohistological detection by Western blotting is performed. A NT sample (scBoNT/A at
least 50 ng, Dichain-BoNT/A dependent on the sample used) is separated under reducing
conditions by SDS-PAGE in accordance to their molecular weight into scBoNT/A, LC and HC
(Dichain-BoNT/A). The proteins are then blotted onto a PVDF membrane. The membrane Is
blocked with 20 mL blocking buffer for 1 h at room temperature. The blocking buffer is removed
and 20 mL of primary antibody solution containing 0.005 pg/mL anti linkerpeptide scBoNT/A
serum are added. The primary antibody is incubated over night at 4°C. The antibody containing
solution is removed and the membrane is washed three times for 30 minutes with 20 mL
washing buffer at 37°C. Subsequently, the membrane is incubated for 3 h at room temperature
with 20 mL of the secondary antibody in a concentration of 0.4 ug/mL. The secondary antibody
solution is removed and the membrane is washed three times for 30 minutes with 20 mL
washing buffer at 37°C. Additionally, the membrane is washed once with 20 mL of a 25 mM Tris

buffer for 5 minutes at room temperature.

[0070] The detection reaction is performed by adding the substrate. The substrate is incubated
for 15 minutes and the color reaction is stopped by adding water. The specificity is determined
by the staining of the scBoNT/A band at 150 kDa. Specificity of the anti linkerpeptide was
determined when only the 150 kDa specific band was detected but no band specific for Dichain

BoNT/A at 100 kDa (HC) and 50 kDa (LC).
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0071] scBoNT/A contents of different charges were determined using the ELISA conditions

refe

shown In the following table.

Table: scBoNT/A determined by SDS PAGE versus ELISA

rred to above and compared io the contents determined by SDS PAGE. The results are
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Claims

A method for the determination of the amount of partially processed and/or
unprocessed Botulinum neurotoxin serotype A (BoNT/A) polypeptides in a solution
comprising processed and partially processed and/or unprocessed BoONT/A
polypeptides, wherein said partially processed and unprocessed BoNT/A
polypeptides comprise a linker peptide which 1s not present in said processed
BoNT/A polypeptide, said method comprising the steps of:

)

1),

contacting a sample of said solution with a capture antibody which specifically
binds to the partially processed and unprocessed BoNT/A polypeptides under
conditions which allow for binding of the capture antibody to said partially
processed and unprocessed BoNT/A polypeptides, whereby a complex is
formed, and

determining the amount of the complex formed In step 1), whereby the amount
of the complex is indicative for the amount of the partially processed and/or
unprocessed BoNT/A polypeptides in said solution,

wherein the capture antibody is obtained by a method comprising:

a)

b)

contacting a polyclonal antiserum from an animal which has been
Immunized by a peptide immunogen comprising the amino acid
sequence as shown in SEQ D NO: 1 to the following capture peptides
SLD, LDK and YNK under conditions which aliow for the formation of
capture complexes comprising unspecific antibodies comprised by the
polyclonal antiserum and the capture peptides;

removing the capture complexes from the polyclonal antiserum,;

contacting the polyclonal antiserum from step b) to a peptide comprising
SEQ ID NO: 1 under conditions which allow for the formation of a
complex comprising the peptide comprising SEQ ID NO: 1 and an
antibody which specifically binds to unprocessed or partially processed
BoNT/A polypeptide;

removing the complex formed in step c¢) from the antiserum; and

releasing the antibody which specifically binds to unprocessed or
partially processed BoN /A polypeptide from the complex.

The method of claim 1, wherein said immunogen further comprises KLH.

The method of claim 2, wherein said KLH is linked to the peptide having SEQ ID
NO: 1 via the linker N- [gamma - maleimidobutyryloxy] succinimide ester (GMBS).

27734778 2017-10-17
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4. The method of any one of claims 1 to 3, wherein said conditions in step i) comprise
the presence of a detergent.

5.  The method of claim 4, wherein said detergent is polysorbate 20.

6. The method of claim 4 or 5, wherein said detergent is present at a concentration In
the range of 0.01% (v/v) to 10% (v/v).

7. The method of claim 6, wherein said concentration is in the range of 0.2% (v/v) to
0.8% (v/v) or in the range of 0.3% (v/v) to 0.6% (v/v).

8. The method of any one of claims 1 to 7, wherein said conditions in step i) comprise
the presence of a phosphate-buffered or tris-buffered saline solution.

9. The method of claim 8, wherein said solution comprises NaCl at a concentration in
the range of 150 to 350 mM.

10. The method of claim 9, wherein said concentration is in the range of 200 to 300
mM.

11. The method of any one of claims 1 to 10, wherein said step i) comprises comparing
the amount of the complex with a reference whereby the determined complex

amounts can be allocated to predefined amounts of unprocessed BoNT/A
polypeptide.

12. A device for the determination of the amount of partially processed and/or
unprocessed Botulinum neurotoxin serotype A (BoNT/A) polypeptides in a solution
comprising processed and partially processed and/or unprocessed BoNT/A
polypeptides, wherein said partially processed and unprocessed BoNT/A
polypeptides comprise a linker peptide which is not present in said processed
BoNT/A polypeptide, said device comprising:

) an analysis unit comprising the capture antibody as specified in any one of
claims 1 to 3 wherein the analysis unit allows for contacting a sample of said
solution with the capture antibody, and

CA 2773478 2017-10-17
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i)  an evaluation unit comprising a reader system for determining the amount of
the complex formed in the analysis unit and a data processing system
allowing for the calculation of the amount of the partially processed and/or
unprocessed BoNT/A polypeptides in said solution based on the determined
amount of the complex.

13. A package for the determination of the amount of partially processed and/or
unprocessed Botulinum neurotoxin serotype A (BoNT/A) polypeptides in a solution
comprising processed and partially processed and/or unprocessed BONT/A
polypeptides, wherein said partially processed and unprocessed BONT/A
polypeptides comprise a linker peptide which is not present In said processed
BoNT/A polypeptide, said package comprising the capture antibody as specified In
any one of claims 1 to 3.

14. The package of claim 13, wherein said package further comprises at least one
detection agent for determining the amount of a complex comprising the capture
antibody and unprocessed and/or partially processed BoNT/A polypeptides.

CA 2773478 2017-10-17
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