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Botulinum type A toxin (BoNT/A) is defined by its specific endopeptidase cleavage of SNAP25 between
GIn'¥7 and Arg'®® under reducing conditions. The neurotoxin is widely used for therapeutic or cosmetic
purposes, but should not contain other toxin serotypes or unwanted protease activities. Using a neoepi-
tope endopeptidase immunoassay, additional cleavage between Arg!%8 and Ala'®° was detected with a
range of therapeutic BONT/A products confirming an earlier report of an unidentified proteolytic com-
ponent. By developing the assay and making it insensitive to BoNT/C1, any activity due to the type C1

Ilffg :ZZ?ZS: toxin was excluded. Therapeutic preparations consist of ng quantities of toxin protein which are typi-
Botulinum cally stabilised by 0.125-30 mg of HSA. An excellent correlation (R? =0.993) between HSA content per
Toxin vial and measured activity was obtained within the therapeutic BONT/A products tested. No activity was
Neurotoxin detected in any of the non-albumin formulated preparations, thereby identifying HSA as the source of
Albumin the unknown protease for the first time. To investigate the cause of this activity, either as an intrinsic

molecular activity of albumin or due to an albumin-associated purification contaminant, further stud-
ies on a variety of commercial plasma-derived HSA products or recombinant HSA materials free from
potential plasma contaminants were carried out. The measured proteolytic levels were highly consis-
tent amongst preparations, and could all be partially inhibited by the presence of zinc and blocked by
PKSI-527 and aprotinin. By contrast, the data did not support the role of plasmin, kallikrein, trypsin,
az-antiplasmin-plasmin complexes or HSA purification contaminants, PKA (prekallikrein activator) or
kallikrein-like activity. Taken together, these findings indicate a new intrinsic proteolytic activity of the
albumin molecule revealed under reducing conditions as the source of the unexpected Arg-Ala cleaving
activity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Low doses of botulinum toxin are widely used therapeutically
to locally paralyse specific muscles for clinical or cosmetic bene-
fit. The purified toxin is now considered the treatment of choice
for disorders such as blephrospasm, strabismus and dystonia [1].
Botulinum type A toxin (BoNT/A) is the most widely used thera-
peutic serotype, and these products are highly regulated to ensure
their consistency and safety in the clinical setting. Furthermore,

Abbreviations: HSA, human serum albumin; BSA, bovine serum albumin; PKA,
prekallikrein activator; BONT/C1, botulinum type C1 toxin; BoNT/A, botulinum type
A toxin; DTT, pL-dithiothreitol.
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new retargeted botulinum toxin LHn fragments are being devel-
oped to target pain, respiratory diseases, neuroendocrine cancer
and obesity, which also require consistency testing [2].

The light chain component of botulinum toxins is a zinc
dependent metalloprotease that specifically cleaves soluble SNARE
proteins following reduction within the nerve terminal [3-5].
A single amino acid separates the SNAP251-296 (synaptosomal-
associated protein 25) cleavage points of type A (between GIn'97
and Arg!98) and C1 (between Arg!98 and Ala!9?) toxins [6]. Despite
these similarities, a new highly specific neoepitope endopeptidase
immunoassay has recently been described for botulinum type C1
toxin (BoNT/C1) [7]. As well as not recognising the intact substrate,
the neoepitope detecting antibody has outstanding specificity and
the BoNT/C1 cleavage site antibody (anti-SNAP25198) fails to cross-
react or recognise the BoNT/A cleavage product SNAP251-197 [7].
Likewise, type A cleavage site-specific antibody (anti-SNAP25197)
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fails to recognise the C1 cleaved peptide SNAP25!-198 [8]. Using
fluorescently labelled SNAP25 and reverse phase chromatography
separation, Hunt et al. [9] detected an unexpected cleavage product
in a therapeutic botulinum type A toxin, corresponding to cleavage
between Arg!9® and Ala'®? by either trypsin, a trypsin-like enzyme
or BoNT/C1; however, they were unable to conclusively identify
its source. These findings led them to speculate the presence of
either damaged BoNT/A or a contaminating protease due to poor
processing or storage [10].

The current study describes the development and novel appli-
cation of a highly specific neoepitope endopeptidase immunoassay
to detect a new proteolytic activity released under reducing con-
ditions and consistently found in a range of BoNT/A therapeutic
products containing HSA as an excipient. For this purpose, an anti-
SNAP25'98 assay insensitive to BONT/C1 whilst more sensitive for
the novel protease activity was developed and the source of this
activity, either as an intrinsic albumin molecule activity or albumin
purification contaminant, investigated.

2. Materials and methods
2.1. Test samples

Frozen aliquots of control purified BoNT/A, complex free (Hall
strain) and BoNT/C1 haemagglutinin complex (Brazil strain) at
20,000 mouse LD5g/mLin gelatine (2 mg/mL) phosphate (50 mM di-
sodium hydrogen orthophosphate) buffer pH 6.5 (GPB) were used
as indicated. A range of freeze-dried therapeutic BONT/A products
from six manufacturers from around the world were donated for
use plus a in-house toxin (A/23 containing 0.5 mg HSA/vial [11]).
A range of seven anonymously labelled therapeutic HSA liquid
preparations (batches #1 and #2 from manufacturer A, batches
#3 and #4 from manufacturer B and batches #5-#7 from other
manufacturers) were diluted as required in the experiments from
their 200 or 250 mg/mL formulations. A highly purified BSA powder
(A3059, ~99% pure by electrophoresis), Cellastim™ recombinant
human serum albumin (rHSA, A9731, expressed in rice >90%),
Albucult™ rHSA (A6608, expressed in Saccharomyces cerevisiae and
supplied as a 100 mg/mL solution >99%), trypsin (T-8642, from
bovine pancreas, TPCK treated), kallikrein (K1004, 2.4U/mg), and
plasmin purified from human plasma (P1867, 3.8 U/mg) were all
purchased from Sigma-Aldrich Ltd. (Dorset, UK). CellPrime™ AF-S
rHSA at 100 mg/mL was purchased from Novozymes Ltd. (9501-20,
expressed in S. cerevisiae, Nottingham, UK).

2.2. SNAP25 peptide substrate

A 70 aa. SNAP25137-206 peptide (VTNDA-RENEM-DENLE-
QVSGI-IGNLR-HMALD-MGNEI-DTQNR-QIDRI-MEKAD-SNKTR-
IDEAN-QRATK-MLGSG) was synthesised as previously described
[8].

2.3. Primary detecting antibodies

SNAP25191-198 wijth a cysteine tag (C-RIDEANQR) was custom
synthesised by Immune Systems Ltd. (Paignton, UK) and coupled to
KLH via the cysteine tag. Antibodies to the peptide were then raised
in sheep (MicroPharm Ltd./Ig-Innovations Ltd., Llandysul, Wales,
UK) to provide SNAP25'98 neoepitope-specific antibodies. Serum
taken at 18 weeks post primary immunisation was subsequently
used throughout in these studies without further purification [7].

2.4. Neoepitope endopeptidase immunoassay under reducing
conditions

Polystyrene 96 well plates (Nunc Maxisorp, VWR Interna-
tional Ltd., Leicestershire, UK) were coated with 100 wL/well of

3 wg/mL SNAP25137-206 sybstrate in 50 mM carbonate buffer (pH
9.6) overnight at room temperature (RT), decanted and blocked
with 300 pL/well of 50 mg/mL skimmed milk powder in phos-
phate buffered saline, 0.05% (v/v) Tween 20 (PBST) for 90 min at
RT. Plates were then washed three times with distilled water and
dried. These could then be stored for up to 3 months with a dry
desiccator capsule at —20°C. Test samples were suitably diluted
in either reaction buffer A (50 mM HEPES, 20 uM ZnCl,, pH 7.0,
0.5% (v/v) Tween 20, 5mM DTT), or B (buffer A containing 86 mM
NaCl), or C (buffer B without zinc), as indicated and serial dilu-
tions (either 1in 2 or 1 in 1.278) performed on a substrate-coated
plate in reaction buffer. Plates were then individually sealed and
incubated at 37°C (without stacking) for 18 h. These were then
washed three times with PBST, blot dried, and 100 wL/well of
neoepitope-specific detecting antibody (sheep anti-SNAP25198 at a
1in 800 dilution) in antibody buffer (25 mg/mL skimmed milk pow-
der in PBST) added, sealed and incubated at RT for 90 min without
stacking. Plates were washed again and 100 p.L/well of rabbit anti-
sheep-HRP (31480, Perbio Science UK Ltd., Northumberland, UK, 1
in 4000 dilution in antibody buffer) added and plates incubated as
before. After washing, 100 p.L/well substrate solution (50 mM citric
acid pH 4.0, 0.91 mM ABTS 2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt, and 0.05% (v/v) of a 30% (w/v)
hydrogen peroxide solution) was added and the colour allowed to
develop at RT for 30 min. Following development, the plates were
briefly shaken and absorbance read at 405 nm using a suitable plate
reader.

2.5. Comparison of albumin-associated proteolytic activity in
BoNT/A and HSA products under reducing conditions

Using aliquots of HSA (#5) as an internal reference, various
batches of BONT/A or HSA products were diluted and tested in either
reaction buffer B or C. Six replicates were performed for both test
and reference, on a single substrate-coated plate and the relative
activity expressed following probit parallel line analysis [12]. For
the sake of clarity an arbitrary value of 100 proteolytic Units/mL
(0.5U/mg HSA) was assigned to the internal reference HSA (#5) in
reaction buffer C.

2.6. Enzyme inhibitors

Enzyme inhibitor studies were typically performed in reac-
tion buffer C unless otherwise indicated. The plasma kallikrein
inhibitor PKSI-527 (trans-4-aminomethylcyclohexanecarbonyl-
phenylalanyl-4-carboxymethylanilide) was purchased from
Enzo Life Sciences UK Ltd. (PI-147, Exeter, UK). Aprotinin
(A1153, 3900-10,400KIU/mg purified from bovine lung),
ay-macroglobulin  (M6159) and «j-antiplasmin  (A8849,
9.8U/mg) were purchased from Sigma-Aldrich Ltd. (Dorset,
UK). Enzyme-inhibitor complex formation was optimised in the
absence of DTT and the following proportions used: 400 pg/mL
oy-macroglobulin/6 pg/mL plasmin mixed and incubated for 2h
at 37°C, or 30 pg/mL ay-antiplasmin/15 pg/mL plasmin mixed
and incubated for 2 h at RT.

2.7. Measurement of contaminating PKA activity using a
chromogenic substrate under non-reducing conditions

Prekallikrein activator (PKA), otherwise known as factor
Xlla, or activated Hagman factor, was assayed using the Euro-
pean Pharmacopoeia method by its activation of added plasma
prekallikrein [13,14]. The liberated kallikrein activity subsequently
being determined by its ability to cleave a specific chromogenic
substrate (H-D-Pro-Phe-Arg-pNA.2HCI, S2302, Quadratech Ltd.,
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Epsom, Surrey, UK) and measuring the colour change. Test sam-
ples and reference (2nd International Standard for PKA, 02/168, at
291U/ampoule, obtained from NIBSC, UK) were diluted in buffer
(0.05M Tris-HCl, 0.02M NaCl, pH 8.0) and tested in replicate as
previously described [15]. The relative amount of PKA in each test
sample was then calculated by parallel line analysis [12].

2.8. Contaminating kallikrein-like protease activity measured
using the neoepitope immunoassay in the absence of DTT

To determine the contribution of contaminating proteases
cleaving between Arg!98 and Ala'?? under non-reducing conditions
the endopeptidase immunoassays were performed as described
above (see Section 2.4) except utilising reaction buffer D (buffer
C without DTT).

3. Results

3.1. BoNT/C1-like activity detected within therapeutic botulinum
type A toxin products

Avariable and unexpected BoNT/C1-like activity was found with
the therapeutic BoNT/A products containing different amounts of
HSA (Fig. 1) using a previously described neoepitope endopeptidase
immunoassay developed for measuring BoNT/C1 activity [7]. This
activity was not directly related to the products BoNT/A activity
as a control non-therapeutic albumin-free formulation of purified
BoNT/A expressed no activity.

3.2. Neoepitope endopeptidase immunoassay optimisation

Effects of sodium chloride on the proteolytic activities under
reducing conditions were investigated. An increasing sodium
chloride concentration in the presence of zinc was shown to pro-
gressively inhibit the sensitivity of the assay to BoNT/C1, with no
activity detected at concentrations of 86 mM sodium chloride and
above (Fig. 2a). This represents a greater than 100-fold decrease
in sensitivity between buffer A and B. A similar inhibitory effect
was also seen with trypsin activity (30 pg/mL, data not shown).
By contrast, a 5-6-fold increase in HSA-associated activity was
achieved with 86 mM sodium chloride (Fig. 2b). Therefore, in all
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Fig. 1. Use of an established neoepitope endopeptidase immunoassay to mea-
sure an unexpected BoNT/C1-like activity within therapeutic botulinum type A
toxin products. Assay performed under reducing conditions in buffer A. Therapeutic
BoNT/A from three manufacturers with formulations containing different amounts
of HSA (solid lines: triangle 0.5 mg/vial; upside-down triangle 1 mg/vial; square
0.125 mg/vial). Positive control BoNT/C1 (broken line) and control BoNT/A (solid
line, open circles). Controls were free from albumin. Mean (range, n=2).
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Fig. 2. Effect of sodium chloride concentration on proteolytic activity under reduc-
ing conditions. The inhibitory actions of sodium chloride in reaction buffer A seen
with BoNT/C1 (a), and contrasting potentiating effect with HSA-associated activity
(b), within the neoeptitope endopeptidase immunoassay. Sodium chloride concen-
trations: 0 mM (solid circle, broken line), 9 mM (square), 17 mM (triangle), 34 mM
(upside-down triangle), 86 mM (diamond), 171 mM (open circle) mean (range,n=2).

subsequent experiments a sodium chloride concentration of 86 mM
was utilised to give a more specific and sensitive assay for the
albumin-associated activity.

3.3. Limit of detection

A 3-fold increase in activity was obtained in the absence of zinc
(buffer C), applying these optimal conditions (buffer C), a limit of
detection of 20 pg/mL (or 0.002%) was obtained with HSA (#5). The
cut-off for the limit of detection being determined by the mean
negative control (n=24), plus three times the standard deviation.

3.4. Correlation between albumin content in therapeutic BONT/A
products and measured activity under reducing conditions

The new modified neoepitope immunoassay allowed the con-
sistent detection of HSA-associated proteolytic activity in all the
BoNT/A products which contained HSA as an excipient. No activity
could be detected in either the single therapeutic product which did
not contain HSA as a stabiliser (data not shown) or other albumin-
free toxin preparations. The internal reference HSA (#5) had an
assigned value of 100 proteolytic Units/mL in buffer C, with a linear
range between 0.09 and 0.25 mg/mL necessitating the use of serial
dilutions as low as 1 in 1.278. Due to the decreased activity and
non-parallel dose-response curve of the reference with zinc con-
taining buffer B, the titre corresponding to 50% proteolytic activity
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Fig. 3. Correlation between albumin content in dried BoNT/A products and the rel-
ative proteolytic activity per vial under reducing conditions. The new modified
neoepitope immunoassay performed in the absence (broken line, circle, buffer C)
or presence (solid line, triangle, buffer B) of zinc. Six BONT/A therapeutic products
containing HSA were tested with two batches of one product, and the in-house toxin
(A/23). Activities were expressed relative to HSA product (#5) taken as the reference
with assigned values of 100 or 32.3 Units/mL in buffer C or B, respectively.

of HSA (#5) was read-off and a value of 32.3 proteolytic Units/mL
in the presence of zinc (buffer B) assigned. A linear dose-response
range was obtained in buffer B between 0.22 and 0.43 mg/mL again
necessitating the use of 1 in 1.278 serial dilutions. Relative prote-
olytic activity was then expressed following parallel line analysis
against the respective reference value for HSA (#5). In the pres-
ence (buffer B) or absence of zinc (buffer C) 95% confidence limits
were less than or equal to +4.1% or +6.0% of the determined values,
respectively.

When BoNT/A products were tested, both in the presence
(R2=0.993) and absence (R2 =0.993) of zinc (buffer B or C), excel-
lent correlations between the measured relative activities and
known HSA concentrations were obtained, together with consis-
tently lower activities in the presence of zinc (Fig. 3). This data
confirmed albumin as the source of this proteolytic activity within
BoNT/A products.

3.5. Consistency of the proteolytic activities within a range of
plasma-derived liquid therapeutic HSA products under reducing
conditions

Using the optimum neoepitope immunoassay conditions the
new HSA-associated proteolytic activities were measured. As
shown in Table 1, a highly consistent proteolytic activity was mea-
sured for all the HSA products (#1-#7) tested. In the presence
(buffer B) or absence of zinc (buffer C) 95% confidence limits were
less than or equal to £3.7% or +4.5% of the determined values,
respectively. In the presence of zinc (buffer B) a maximal differ-
ence of just 30% was observed between the lowest (#3) and highest
(#2) activities with an even smaller difference amongst the other
therapeutic samples. However, in the absence of zinc (buffer C) a
slightly increased maximal variability (up to 40%) between the low-
est (#1) and highest (#6) activities was observed. Again activities
were consistently higher in buffer free from zinc. A similar spread of
activities was also seen with the range of BoNT/A products (Fig. 3).

3.6. Consistency between recombinant and plasma-purified
albumin preparations

A highly conserved activity was obtained with both plasma-
purified HSA and recombinant HSA products which were expressed

Table 1

Consistency of the proteolytic activities within a range of plasma-derived liquid HSA
therapeutic products under reducing conditions. The new albumin-specific neoepi-
tope immunoassay performed in the absence (buffer C) or presence (buffer B) of
zinc. Activities were calculated by parallel line analysis relative to HSA product (#5)
taken as the reference with assigned values of 100 or 32.3 Units/mL in buffer C or B,
respectively.

HSA product no. New albumin-associated proteolytic
activity (U/g)
Without zinc With zinc

#1 352 156

#2 467 207

#3 446 147

#4 376 152

#5 500 162

#6 583 167

#7 530 159

in yeast or rice and therefore free from potential plasma contam-
inants (see Table 2). Proteolytic activity was observed in both the
presence and absence of zinc, although a 3-4-fold decrease was
consistently seen in the former case (Table 2). Lower values were
obtained with a BSA preparation (data not shown).

3.7. Effect of pH on the new HSA-associated proteolytic activity

Optimal HSA-associated proteolytic activity was obtained at pH
7.0 (pH 6.0=28%, pH 6.5=79%, pH 7.0=100%, pH 7.5 =62%, and pH
8.0=39%) and therefore either characterises the intrinsic molecular
activity or eliminates contaminating proteases which work under
acidic or basic conditions. Assay performed in reaction buffer C.

3.8. Effects of DTT on proteolytic activity

In order to investigate the possible contribution of a contaminat-
ing protease various purified enzymes or unpurified human serum
were tested. Using the neoepitope immunoassay, a large decrease
in the proteolytic activities of trypsin, plasmin and kallikrein was
caused by the presence of DTT (Fig. 4a). By contrast, reducing con-
ditions (buffer C) exposed a partial proteolytic activity from the
inert ay-antiplasmin-plasmin complex (Fig. 4b), but did not have
any effect on the o-macroglobulin-plasmin complex (data not
shown). In the presence of DTT, largely increased proteolytic activ-
ities were measured with both human serum and HSA, although
a less steep dose-response curve was obtained with the crude
serum, which also contains large quantities of non-albumin protein
(Fig. 4c). The less steep curve is likely a result of non-albumin-
associated proteases with alternative cleavage points.

3.9. Effects of enzyme inhibitors under reducing conditions

A range of enzyme inhibitors were screened against the
albumin-associated proteolytic activity to identify an inhibitor and

Table 2

Proteolytic activities of recombinant HSA under reducing conditions. Neoepitope
immunoassays performed in the absence (buffer C) or presence (buffer B) of zinc.
Relative activities were calculated from the concentrations giving 50% maximal
absorbance values.

HSA product New albumin-associated proteolytic
activity (U/g)
Without zinc With zinc
Cellastim™ rHSA 411 116
Albucult™ rHSA 445 142
CellPrime™ rHSA 667 162
Control HSA#5 500 162
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provide evidence as to the source of this activity. Aprotinin (MW
6511 Da) produced a 50% reduction of HSA activity at ~380nM
before a sharp increase in background adversely affected the assay
at higher enzyme inhibitor concentrations (data not shown). This
inhibitory effect took place despite the presence of reducing condi-
tions which are known to be unfavourable for aprotinin whose full
activity depends on the presence of its disulfide bonds [16]. The low
molecular weight (474 Da) plasma kallikrein inhibitor PKSI-527
was, however, found to completely inhibit HSA-associated activity
at high molar concentrations (data not shown). PKSI-527 produced
a 50% inhibition at ~500 .M on a range of albumin materials (HSA,
rHSA and BSA). By contrast, a much shallower inhibition curve was
obtained with the a;-antiplasmin-plasmin complex, with a 50%
block at approximately 1TmM PKSI-527. The assay buffer pH was
not adversely affected by either aprotinin or PKSI-527 over the
inhibitory range.
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Fig. 5. Contaminating kallikrein-like protease activities of albumin preparations
under non-reducing conditions. Neoepitope immunoassays performed in the
absence of DTT (buffer D). Albumin preparation: Cellastim™ rHSA (x), HSA#1
(solid circle), HSA#6 (square), HSA#7 (triangle), BSA (upside-down triangle), HSA#4
(open square), HSA#2 (diamond), HSA#3 (open circle), HSA#5 (open triangle), mean
(range, n=3). No activity was detected with either CellPrime™ rHSA or Albucult™
rHSA at up to 90 mg/mL (data not shown).

3.10. Contaminating PKA activity under non-reducing conditions

The contaminating PKA activity was measured for plasma-
derived liquid therapeutic HSA products (#1-#7) and the following
results obtained: 6.0, <2.5, <2.5, 6.0, <2.5, 9.9, <2.5 IU/mL for prepa-
rations #1-#7, respectively. No apparent correlation could be
found between these PKA values and the modified neoepitope
endopeptidase values described in Section 3.5.

3.11. Contaminating kallikrein-like proteolytic activity under
non-reducing conditions

Low levels of contaminating kallikrein-like proteolytic activity
in the absence of reducing conditions (buffer D) could be clearly
detected in HSA products (#1), (#6) and (#7) and was barely
detected in both the Sigma “protease free” BSA and HSA product
(#4)(Fig.5). Levels were undetectable in the other products (#2, #3,
#5) at albumin concentrations up to 180 mg/mL. An exceptionally
high level of kallikrein-like activity was, however, detected with
the lower purity Cellastim™ rHSA; this was almost three orders of
magnitude higher than the highest HSA preparation (#1). No activ-
ity was detected with the purer rHSA preparations CellPrime™ or
Albucult™ up to 90 mg/mL, or with a therapeutic grade rHSA (data
not shown).

The same order of potency values was also obtained with
the therapeutic HSA products when kallikrein activity was deter-
mined with the chromogenic substrate (see Section 2.7) without
prekallikrein addition (data not shown). No correlations could be
found between these kallikrein-like activities and the new HSA-
associated proteolytic activity values described in Section 3.5.

4. Discussion

Clinical BoNT/A products are well characterised highly purified
materials. They should not contain other neurotoxin serotypes and
be free from unwanted protease activities as this could present
a concern for batch consistency, stability and safety. An earlier
study reported an unidentified proteolytic component in a BONT/A
product which cleaved at the additional Arg!?8-Ala'®® position
[9]. Using a neoepitope endopeptidase immunoassay, we were
able to confirm the previous findings and characterise this unex-
plained protease activity in a wide range of therapeutic BoNT/A
products. Further assay development and modification ruled out
any contamination due to BoNT/C1 and provided an assay with
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increased sensitivity to this mysterious activity. The uncharacter-
istically high endopeptidase levels measured in the absence of zinc
further distinguished this activity from that of botulinum toxins.
Therapeutic botulinum preparations consist of ng quantities of
toxin protein which are typically stabilised by mg amounts of HSA.
When the BoNT/A therapeutic samples were tested by the mod-
ified endopeptidise immunoassay, the specified HSA content per
vial gave an excellent correlation with the measured protease lev-
els. No activity was detected in any of the non-albumin formulated
BoNT/A preparations, thereby identifying HSA as the source of the
unknown protease for the first time. Activity under reducing con-
ditions was measured in all HSA-containing therapeutic products
tested (e.g. HSA or BoNT/A products: Botox®, Dysport®, Xeomin®
and Neuronox®). The extra Xeomin® cleavage product reported
by Hunt et al. [9] under reducing conditions could therefore be
explained by its HSA content. This highlights the importance of
having sufficiently sensitive and specific botulinum toxin endopep-
tidase assays for product characterisation, such as the previously
reported neoepitope immunoassays [7,8], that allow the HSA or
other potentially interfering excipients to be diluted out during in
vitro testing.

There are two possible sources for this newly described activity:
(a)anintrinsic proteolytic activity of the albumin molecule or (b) an
albumin purification contaminant. To investigate this hypothesis,
a wide range of albumin products, including commercial plasma-
derived albumin and recombinant HSA free from potential plasma
contaminants, were tested under various conditions. The strongest
evidence for an intrinsic molecular mechanism was obtained from
the highly consistent activities measured amongst HSA and rHSA
products with varying purities. Zinc was found to have a consistent
~3- to 4-fold inhibitory effect on all the HSA and rHSA activities
tested, again indicating a highly conserved cause. Lower activity
levels were, however, found with a purified BSA preparation, a
result that could be explained by a species difference between the
bovine and human albumin molecules [17]. We have also identified
two enzyme inhibitors PKSI-527 and aprotinin that block the newly
discovered HSA activity. Full inactivation was attained with the
enzyme inhibitor PKSI-527 using HSA, rHSA and BSA preparations;
this again highlighted the similarities. An inherent esterase-like
activity in HSA has previously been described using p-nitrophenyl
ester substrates under non-reducing conditions [18-20]; this is,
however, distinct from a true proteolytic activity capable of cleav-
ing large polypeptide substrates.

Pasteurised albumin solutions prepared from fractionated
plasma are known to be contaminated with low levels of plasma
impurities which may include prekallikrein activator (PKA), its
product kallikrein, and/or possible traces of other proteolytic
enzymes [15,21-26]. PKA has a very specific cleavage site between
Arg-Ile and would, therefore, not be directly detected by the
neoepitope immunoassay [27]; this was confirmed by the absence
of any correlation with the new exposed proteolytic activities in
the HSA products. The Arg-Ala substrate cleavage point recog-
nised by our neoepitope antibody is, however, shared by various
enzymes, including plasma kallikrein, tissue kallikreins, plasmin,
factor Xla, and trypsin. In direct contrast to that seen with human
serum or HSA materials, all the purified enzymes tested (plasmin,
kallikrein and trypsin), with the exception of BoNT, paradoxically
had less activity under reducing conditions. This ruled-out plasmin,
kallikrein and trypsin as contributory factors. On the other hand,
when ay-antiplasmin, a known HSA contaminant [22], formed an
inert complex with plasmin, proteolytic activity could be detected
under reducing conditions; this indicated the possible involve-
ment of naturally occurring enzyme inhibitor complexes. Despite
the partial activity revealed by the a;-antiplasmin-plasmin com-
plex under reducing conditions, identical contaminants would not
be found in yeast- or rice-derived recombinant albumin and is

therefore, insufficient to fully explain the HSA activity. It how-
ever, remains a remote possibility that other inert serpin-enzyme
contaminants also susceptible to DTT activation could be found in
all the different albumin preparations from the range of different
sources.

Despite many therapeutic HSA products containing unde-
tectable levels of contaminating kallikrein-like activity measured
in the absence of reducing conditions, a variable low level was
detected in a few of the HSA products by assays utilising either
low molecular weight chromogenic or high molecular weight (70
a.a.) SNAP25 substrates. However, these values failed to correlate
with the new proteolytic activity exposed under reducing condi-
tions. Interestingly, one rHSA product tested had a much higher
kallikrein-like proteolytic activity than any other product. Although
the other purer recombinant products had undetectable kallikrein-
like proteolytic activity levels, caution should be exercised by
manufacturers of therapeutic products in considering switching
stabilisers from HSA to rHSA because of the potential for introduc-
ing immunogenic non-human contaminating proteins or enzymes.
With an extensive track record of high dosage use, human albu-
min solution prepared from plasma has gained a reputation as
an extremely safe product with fewer side-effects than artificial
plasma substitutes [21,28]. Plasma-purified HSA is also widely used
as an effective BoNT stabiliser under non-reducing conditions; in
fact, some freeze-dried products containing HSA as stabiliser are
stored at room temperature for the full 3 year shelf life with no loss
of activity [29-31].

After weighing up all the evidence, the consistency of our data
across a wide range of HSA and rHSA products indicates a new
intrinsic proteolytic activity of the albumin molecule in the pres-
ence of DTT. The normal physiological relevance of these findings
currently remains unclear. However, this may shed some light on
the ability of albumin to activate microglia or its presence within
the intracellular reducing environment of the developing ner-
vous system [3,32,33]. The sensitivity of the new HSA-associated
endopeptidase assay could be further increased (~doubled) using
higher 50 mM DTT concentrations, if required (data not shown).
Using this assay unknown HSA concentrations could potentially be
measured in un-licensed or counterfeit BONT products or as a novel
method of characterising HSA products.

In conclusion, we have confirmed the presence of an unex-
pected Arg-Ala cleaving proteolytic component within therapeutic
BoNT/A product formulations containing HSA as an excipient.
Our findings are consistent with and highly suggestive of an
intrinsic proteolytic activity of the albumin molecule exposed
under reducing conditions. This novel activity is optimal at pH
7.0 in the presence of 86 mM NaCl, 50 mM DTT and absence of
zinc.
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