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Abstract

Botulinum neurotoxins (BoNTs) are a family of protein toxins consisting of seven known 

serotypes (BoNT/A—BoNT/G) and multiple subtypes within the serotypes, all of which cause the 

disease botulism; a disease of great public health concern. Accurate detection of BoNTs in human 

clinical samples is therefore an important public health goal. To achieve this goal, our laboratory 

developed a mass spectrometry-based assay detecting the presence of BoNT via its enzymatic 

activity on a peptide substrate. Recently, publications reported the use of new peptide substrates to 

detect BoNT/A and /B with improved results over other peptide substrates. However, the authors 

did not provide results of their peptide substrate on multiple subtypes of BoNT. In this work, we 

describe the results of testing the new substrates with multiple BoNT/A and /B subtypes and find 

that the substrates cannot detect many subtypes of BoNT/A and /B.
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Introduction

Botulism is a disease characterized by flaccid paralysis and is potentially lethal. Botulism is 

caused by exposure to botulinum neurotoxins (BoNTs), protein neurotoxins produced by 

Clostridium botulinum and related Clostridia. BoNTs cause flaccid paralysis by cleaving 

proteins needed for acetylcholine release into the neuromuscular junction. This paralysis can 

affect respiration, lasts from weeks to months, and often requires ventilator support for the 

patient (1). Due to its toxicity, accurate detection of BoNT in human clinical samples is an 

important public health goal.
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There are seven confirmed serotypes of BoNT, A-G, which are classified by their antitoxin 

neutralization ability. Serotypes A, B, E, and F are of greatest public health concern because 

these serotypes are known to cause botulism in humans. BoNTs are 150 kDa proteins 

consisting of a heavy chain needed for receptor binding and a light chain which has 

enzymatic activity. It is the enzymatic activity of the light chain which causes paralysis as 

BoNTs cleave proteins in the Soluble NSF Attachment Protein Receptor (SNARE) complex. 

BoNT/A, /C, and /E cleave SNAP (synaptosomal-associated protein)-25 (2–7) and 

BoNT/B, /D, /F, and /G cleave synaptobrevin-2 (also known as VAMP-2) (8–13). BoNT/C 

also cleaves syntaxin (14, 15). Cleavage of any of these SNARE complex proteins results in 

paralysis.

Adding to the diversity of BoNTs, many serotypes also contain amino acid sequence 

variation in the toxin. These variations, resulting from protein sequence changes, have led to 

the designation of subtypes of BoNT. Historically, subtypes have been defined based on 

unique and differing biochemical characteristics (16), enzyme functional differences (17), or 

differential binding to monoclonal antibodies (mAbs) (18–20). More recently, it was 

recommended that subtypes be designated based on an amino acid variance of greater than 

2.6% (21). Some of the enzyme functional differences between the subtypes can be quite 

pronounced, as exemplified by the discovery that BoNT/F5 cleaves its substrate in a 

different location than the other BoNT/F subtypes (8). Whereas only certain subtypes of 

BoNT are used for commercial purposes, detection of BoNT for public health purposes 

needs to encompass all subtypes, as all of the subtypes of BoNT/A, /B, /E, and /F can cause 

human botulism.

Various assays exist to detect BoNT in clinical samples in order for a laboratory to confirm a 

suspected case of botulism. One assay developed in our laboratory at the CDC, called 

Endopep-MS, detects the toxin based on its enzymatic activity. The assay uses magnetic 

beads coated with serotype specific monoclonal antibodies to extract the toxin from a 

clinical sample. Following extraction and washing of the beads, a reaction buffer and peptide 

substrate are added. The peptide substrate is an optimized, shortened mimic of SNAP-25 or 

VAMP-2 which are cleaved by BoNT. Cleavage of the substrate is detected by mass 

spectrometry, which can detect both cleavage of the substrate as well as the location of 

cleavage.

The composition of the peptide substrate is a critical factor for success of the Endopep-MS 

method. Because of this, several publications detail the discovery of modifications to the 

peptide substrates which improve BoNT detection, either by lowering the limit of detection 

or by decreasing the possibility of a false positive through creating more rugged substrates 

that are more stable and resistant to proteases common to clinical matrices such as serum 

and stool. Most of the publications also report on the use of a new peptide substrate with 

multiple subtypes of BoNT (22–25). This is crucial for public health detection as it is known 

that not all peptide substrates can be cleaved by all subtypes of BoNT. One important 

example details the addition of a five amino acid N-terminal extension for the detection of 

BoNT/F7 produced by C. baratii (26). Prior to this extension, the peptide substrate in use for 

Endopep-MS could not be used for detection of BoNT/F7, although it worked for detection 
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of all other subtypes. BoNT/F7 causes human botulism (27–30), therefore, it is imperative 

that any assay designed for public health purposes can detect this subtype.

The peptide substrates for the detection of BoNT/A and /B used in the validated Endopep-

MS assay are Ac-(Nal)(Nal)EKAPARGFNKPKIDAGNGRATR(Nle)LGGR-amide (Aval) 

and LSELDDRADALQAGASQFESSAAKLKRKYWWKNLK (Bval) (31). Recently, new 

substrates with the sequences RTRIDEGNQRATR(Nle)LG (Anew) and 

LSELDDRADALQAGASQFETSAAKLKRK (Bnew) were reported for the detection of 

BoNT/A and /B (32, 33). The A substrate is significantly shortened at the N-terminus and 

the B substrate is 7 amino acids shorter on the C-terminus with other mutations in both 

substrates. The authors reported a 5-fold increase in sensitivity for the detection of BoNT/B 

with this substrate using the BoNT/B1 subtype(32). However, the authors did not indicate 

that data was obtained on the use of these new substrates for multiple subtype detection. 

Because our laboratory uses the validated Endopep-MS assay for BoNT/A and /B detection 

in human clinical specimens, we were optimistic that the use of these substrates might 

improve our ability to detect BoNT/A and /B in human clinical samples. This study 

describes our testing of Anew and Bnew with multiple subtypes of BoNT/A and /B and 

provides data on the ability of Aval and Bval to detect the known subtypes for BoNT/A 

and /B.

Experimental

Materials

Botulinum neurotoxin is extremely toxic and therefore necessitates appropriate safety 

measures. BoNT was handled in a class 2 biosafety cabinet equipped with HEPA filters. 

BoNT/A1 and /B1 complex toxins were purchased (Metabiologics, Madison, WI, USA). 

Monoclonal antibodies RAZ1, CR2, 2B18.2 and B12.1 were acquired from Dr. James Marks 

at the University of California at San Francisco. Dynabeads® (M-280/Strepavidin) were 

purchased (Invitrogen, Carlsbad, CA, USA). Sulfo-NHS-Biotin was purchased from Thermo 

Fisher Scientific (Waltham, MA). Human serum and stool were purchased from BioIVT 

(Westbury, NY). All chemicals were from Sigma-Aldrich (St. Louis, MO, USA) except 

where indicated.

Production of BoNT culture supernatants

Crude culture supernatants were produced by incubating subcultures of each strain for 5 

days at 30−35°C. After centrifugation, supernatants were removed and filtered through 0.22 

μm filters. Supernatants were stored at −70°C until needed. Information on the strains used 

in these studies is listed in Table 1.

Peptide Synthesis

Aval, Anew, Bval and Bnew peptide substrates were prepared in house by a solid phase 

peptide synthesis method using Fmoc chemistry on a Liberty Blue automated microwave 

peptide synthesizer (CEM, Matthews, NC, USA). Protected peptides were cleaved and 

deblocked using a reagent mixture of 92.5% trifluroacetic acid (TFA):2.5% water: 2.5% 3, 

6-dioxa-1, 8-octanedithiol:2.5% triisopropylsilane and purified on an semi preparative 
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reversed-phase HPLC using a water:acetonitrile:0.1% TFA gradient. All peptides were 

dissolved in deionized water as a 0.5 mM stock solution for Aval and Anew and a 1 mM 

stock solution for Bval and Bnew and were stored at −70°C until further use. The amino acid 

sequences of all substrates, their respective cleavage products, and the subsequent m/z of all 

peptides are listed in Table 2.

Preparation of mAb-coated beads and neurotoxin extraction

Monoclonal antibodies RAZ1 and CR2 bind the heavy chain of BoNT/A and 1B18 and 

B12.1 bind the heavy chain of BoNT/B and were previously shown to bind multiple 

subtypes of BoNT/A and /B for use in the Endopep-MS assay [33]. The mAbs were 

biotinylated in a fresh solution of 300 μM sulfo-NHS-biotin in water. A ratio of 4 μL of the 

300 μM biotin was added to 20 μg of total mAb. The mixtures were incubated overnight at 

room temperature with no mixing. The biotinylated mAbs were bound to streptavidin beads 

after being rinsed three times with phosphate buffered saline with 0.01% Tween (PBST) 

buffer. A 20 μg aliquot of biotinylated antibody was used per 1 mL of beads. A standard 

orbital shaker was used to bind antibody onto the beads for 1 h. Following washing three 

times with PBST, the mAb-coated beads were stored at −20°C until needed.

For the BoNT extraction assay, an aliquot of 20 μL of antibody-coated beads was mixed for 

1 h with either 2 μL of BoNT/A1 or /B1 complex toxin corresponding to 100 mouse LD50 

(mLD50) diluted in 500 μL of PBST or a solution of 100 μL of each culture supernatant of 

unknown toxin concentration and 400 μL of PBST buffer in a deep well plate, with the 

exception of the BoNT/A7 culture supernatant in which 100 mLD50 was diluted in 50% 

human serum and 50% PBST to a volume of 500 μL. The deep well plate was capped and 

placed on a plate shaker for 1 hr at the minimal speed needed to keep beads in solution. The 

deep well plate was then uncapped and placed into a KingFisher Flex magnetic particle 

processor (Thermo Fisher Scientific, Waltham, MA) for automated bead washing, which 

included two washes with 1 mL each of 2M NaCl followed by two washes with 1 mL each 

of 1× PBST. The beads were eluted from the KingFisher Flex into 80 μL of water and 

removed from the KingFisher Flex.

A negative control without toxin consisting of either 500 μL of PBST buffer (comparison to 

purified toxin or to blank clinical matrix), 400 μL of PBST buffer and 100 μL of culture 

medium (comparison to culture supernatants) or 500 μL of 50% human serum and 50% 

PBST (comparison to BoNT/A7) was processed in parallel with all toxin containing samples 

with the remainder of the protocol as above. For the blank clinical matrix experiments, an 

aliquot of 20 μL of antibody-coated beads was mixed for 1 h with a mixture of either 500 μL 

of human serum and 50 μL of 10× PBST buffer or 100 μL of human stool extract, 100 μL of 

human serum, and 300 μL of PBST buffer in a deep well plate with the remainder of the 

protocol as above.

Endopep-MS Reaction with MALDI-TOF analysis

The water was removed from the beads by pipetting, and the beads were reconstituted in 

reaction buffer consisting of 0.05 M Hepes (pH 7.3), 25 mM dithiothreitol, and 20 μM 

ZnCl2 and peptide substrate Aval, Anew, Bval or Bnew at a final concentration of 50 μM for 
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Aval and Anew and 100 μM for Bval and Bnew. Samples then were incubated at 37°C for 4 

hr with no agitation except to study the effect of bead extraction and reaction buffer upon 

Anew and Aval as noted. A 2-μL aliquot of each reaction supernatant was mixed with 18 μL 

of matrix solution consisting of α-cyano-4-hydroxy cinnamic acid (CHCA) at 5 mg/mL in 

50% acetonitrile, 0.1% trifluoroacetic acid (TFA), and 1 mM ammonium citrate. A 0.5-μL 

aliquot of this mixture was pipeted onto one spot of a 384-spot matrix-assisted laser 

desorption/ionization (MALDI) plate (Applied Biosystems, Framingham, MA or Bruker, 

Billerica, MA). Mass spectra of each spot were obtained by scanning from 700 to 4500 m/z 
in MS-positive ion reflector mode on an Applied Biosystems 5800 Proteomics Analyzer 

(Framingham, MA) or a Bruker ultrafleXtreme (Billerica, MA) for BoNT/A7 analysis.

Results

Figure 1A depicts the mass spectrum generated by the reaction of Anew without toxin. The 

mass of the intact substrate is present at m/z 1857. For comparison, a mass spectrum was 

generated without toxin using Aval (Figure 1B), with the mass of the intact substrate of this 

peptide present at m/z 3287. Next, both substrates were incubated with BoNT/A1 complex. 

Cleavage of Anew by BoNT/A1 generated two cleavage products at m/z 787 and 1089 as 

seen in Figure 1C. Unfortunately, small peaks at m/z 787 and 1089 corresponding to the 

cleavage products are visible in the negative control (Figure 1A); however, it is apparent that 

these peaks dominate the spectrum of the sample containing the toxin and therefore can be 

considered to be a mark of toxin activity at these high intensities. Cleavage of Aval by 

BoNT/A1 also generated cleavage products at m/z 999 and 2307 (Figure 1D), and these 

peaks serve as markers of the presence of active BoNT/A in reactions with Aval.

Searching for a reason for the existence of small intensity cleavage products in the negative 

control with Anew, we repeated the negative controls consisting of just PBST buffer, but 

eliminated the incubation of substrate with the antibody-coated beads for 4 hours at 37°C. 

No cleavage products were visible either in the reaction with Anew or Aval (Figure 2). 

Wanting to understand the effect of clinical matrix on the substrates, we examined negative 

controls of the reaction of both substrates with human serum and human stool extract, absent 

of BoNT/A, but including the incubation of the substrate at 37°C for 4 hrs. Cleavage 

products were not visible with Aval; however significant levels of cleavage products were 

visible with Anew for both human serum and human stool extract (Figure 2).

Having characterized the negative controls, we focused on evaluation of multiple subtypes of 

BoNT/A with Anew and Aval. We tested Anew and Aval with BoNT/A2–A8, extracted from 

culture supernatant using mAbs previously demonstrated to extract these subtypes(22). The 

presence of peaks at m/z 787 and 1089 at levels exceeding those of the negative control 

indicate cleavage of Anew by these subtypes, and the presence of peaks at m/z 999 and 2307 

indicate cleavage of Aval. Absence of peaks at those m/z indicate no observable cleavage of 

Anew or Aval by those subtypes. Cleavage products were visible for all subtypes using Aval 

(Supplementary Figure 1) and cleavage products were visible for subtypes BoNT/A2–A7 

using Anew (Supplementary Figure 2). Figure 3 depicts the data generated by the reaction of 

no toxin, BoNT/A1, and BoNT/A8 with Aval. Cleavage of Aval is evident with incubation 

with BoNT/A1 and /A8. However, the reaction of BoNT/A8 with Anew (Figure 3B) 
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generated no increase in cleavage products at m/z 787 and 1089 compared to the negative 

control.

Figure 4A depicts the mass spectrum generated by the reaction of Bnew without toxin. The 

mass of the intact substrate is present at m/z 3021. For comparison, a mass spectrum was 

generated without toxin using Bval (Figure 4B), with the mass of the intact substrate at m/z 
4026. Next, both substrates were incubated with the same amount of BoNT/B1 complex. 

Cleavage of Bnew by BoNT/B1 generated two cleavage products at m/z 1279 and 1760, 

visible in Figure 4C. BoNT/B1 was also added to a reaction with Bval, producing cleavage 

products at m/z 1760 and 2284 (Figure 4D).

We next tested Bnew and Bval with BoNT/B2-/B7, extracted from culture supernatant using 

mAbs previously demonstrated to extract these subtypes (34). The presence of peaks at m/z 
1279 and 1760 indicate cleavage of Bnew by these subtypes, and the presence of peaks at 

m/z 1760 and 2284 indicate cleavage of Bval. Absence of peaks at those m/z indicate no 

observable cleavage of Bnew or Bval by those subtypes. Cleavage products were visible for 

all BoNT/B subtypes using Bval (Supplementary Figure 3) and cleavage products were 

visible for some subtypes of BoNT/B using Bnew (Supplementary Figure 4). Figure 5A 

depicts the data generated by the reaction of BoNT/B2 with Bnew. Cleavage products at m/z 
1279 and 1760 corresponding to the cleavage of Bnew by BoNT/B2 are not present. In 

contrast, cleavage products are present for the reaction of the same amount of BoNT/B2 with 

Bval (Figure 5B). Similarly, BoNT/B4 did not produce cleavage of Bnew as seen in the 

absence of cleavage products in Figure 5A, yet the same amount of BoNT/B4 produces 

cleavage products with Bval (Figure 5B). Lastly, when Bnew and Bval are used to test the 

same amount of BoNT/B6, cleavage products are not present in the reaction with Bnew 

(Figure 5A) yet are visible in the reaction with Bval (Figure 5B).

Discussion

During the incubation of substrate with beads, small amounts of cleavage products appeared 

in the Anew reaction without BoNT/A (Figure 1A). Because the cleavage products are not 

present in the reaction supernatant immediately upon mixing (Figure 2), Anew appeared to 

spontaneously dissociate at the site cleaved by BoNT/A with time and incubation at 37°C, 

creating small amounts of cleavage products in the absence of the toxin. This phenomenon 

has been reported before, especially with BoNT/A(22) and was a major consideration in the 

optimization of the Aval substrate. Instability of a BoNT/A substrate does not necessarily 

mean that this cannot be used as a substrate for BoNT/A; however, steps must be taken to 

ensure the absence of a false positive. Some remedies for this situation include a careful 

characterization of the negative control to select a positive threshold, or incubation at a lower 

temperature or for a shorter time.

In our experience with the design of substrates for BoNT detection, spontaneous dissociation 

of the substrate can sometimes increase upon exposure to more complex matrices. To test 

this, we studied the performance of Anew with the clinical matrices which our laboratory 

currently uses for laboratory confirmation of human botulism; specifically, human serum 

and human stool extract. Figure 2 shows that this substrate appears to have an increase in 
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dissociation at the BoNT cleavage site, particularly with human stool extract. Again, this 

does not necessarily eliminate this substrate as a possibility for BoNT/A detection; however, 

great care must be taken to ensure the absence of false positives. Higher blank signal levels 

also generally affect the sensitivity of the assay because the threshold for a positive result 

increases.

Upon testing Anew with multiple BoNT/A subtypes, cleavage products were visible in 

reactions with subtypes A1–A7, and therefore, Anew can be used to detect those subtypes of 

BoNT/A via their enzymatic activity upon the peptide substrate. However, the absence of 

cleavage products at levels above that of the negative control in the reaction with BoNT/A8 

indicates that this is not a good substrate choice for the detection of BoNT/A8 via its 

enzymatic activity upon a peptide substrate. The same amount of BoNT/A8 was easily 

detected using a different substrate for BoNT/A (Aval) with a longer N-terminus and amino 

acid mutations.

Although BoNT/A8 is not the most divergent of the BoNT/A subtypes, Anew was not 

cleaved by BoNT/A8 whereas it was cleaved by other, more divergent subtypes. A 

comparison of the amino acid differences unique to BoNT/A8 show that most of the unique 

residues and an amino acid insertion are located in the N-terminal portion of the receptor-

binding domain, HCN, a region of the toxin not responsible for enzymatic activity. It is 

possible that alterations in a remote region of the toxin are responsible for differences in 

substrate recognition. However, there are three unique residues in the light chain portion of 

BoNT/A8; perhaps one of these amino acids is responsible for the failure of BoNT/A8 to 

recognize and/or cleave Anew.

Cleavage products were visible in reactions with subtypes B1, B3, B5, and B7, indicating 

that Bnew could be used to detect those subtypes of BoNT/B via their enzymatic activity 

upon the peptide substrate. However, the absence of cleavage products in the reactions with 

BoNT/B2, /B4, and /B6 indicates that this is not a good substrate choice for the detection of 

those subtypes via their enzymatic activity upon a peptide substrate. Rather, a peptide 

substrate with the sequence of Bval, encompassing both a C-terminal extension of 7 amino 

acids as well as a substitution of S to T in the 20th position has been shown to be effective 

for detection of BoNT/B1–B7 (34, 35), and able to detect all seven BoNT/B subtypes tested 

in parallel with Bnew using the same levels of toxin for both substrates.

An examination of the amino acid sequence of BoNT/B subtypes (21) shows that the 

BoNT/B subtype most divergent from BoNT/B1 is BoNT/B4, which is 6.8% different. 

Subtypes BoNT/B2 and /B6 are 4.4% and 3.9% divergent, respectively. As the amino acid 

sequence of a protein changes, this can affect its interactions with other proteins, and in this 

case, although subtypes BoNT/B2, /B4, and /B6 all cleave VAMP-2 and the peptide 

LSELDDRADALQAGASQFESSAAKLKRKYWWKNLK (Bval), those subtypes do not 

cleave the peptide LSELDDRADALQAGASQFETSAAKLKRK (Bnew). It is often difficult 

to predict how two proteins will interact with amino acid changes in one of the proteins; 

Bnew may be used to detect the presence of BoNT/B3 which is 4.0% divergent from 

BoNT/B1, but may not be used to detect the presence of BoNT/B6 which is 3.9% divergent. 
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The location of amino acid change is often more important than the amount of amino acid 

change when examining protein-protein interaction.

An additional consideration in the design of an optimized peptide substrate for the detection 

of BoNT is the amount of cleavage of the substrate by each of the BoNT subtypes. 

Comparing the ratios of the substrate ions to the cleavage product ions for each subtype 

(Supplementary Figures 1 and 2) for Aval and Anew clearly show superior cleavage of Aval 

over Anew for each of the subtypes, especially A2, A6, and A7. These experiments were 

done with equal aliquots of toxin supernatants, on the same day at the same time. A similar 

comparison for BoNT/B cleavage of Bval and Bnew (Supplementary Figures 3 and 4) show 

a higher ratio of cleavage products to substrate for all subtypes of BoNT B especially B3. 

Again, these experiments were performed with equal aliquots of toxin and on the same day 

at the same time. This may partially be due to the ionization efficiencies of the two substrate 

peptides but careful examination of all the spectra in Supplementary Figures 1 – 4 show 

cleaner spectra and more easily detected cleavage products for BoNT/A cleavage of Aval 

over Anew and for BoNT/B cleavage of Bval over Bnew.

Conclusion

In summary, peptide RTRIDEGNQRATR(Nle)LG cannot be used to detect BoNT/A8 and 

peptide LSELDDRADALQAGASQFETSAAKLKRK cannot be used to detect 

BoNT/B2, /B4, or /B6, although all of these subtypes have been involved in botulism 

outbreaks. Furthermore, the validated peptides (Aval and Bval) in the Endopep-MS assay, in 

this study, gave superior performance to the recently proposed peptides (Anew and Bnew) 

for all toxin subtypes. Due to the inability to detect multiple subtypes of BoNT/A and /B, 

these peptides are therefore not a good choice for botulism investigations, where the subtype 

of toxin is not known. When designing a peptide substrate to be used for detection of BoNT 

when the subtype is not known, it is necessary to test the proposed peptide substrate against 

all available subtypes, to prevent false negative findings in botulism outbreaks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BoNT Botulinum Neurotoxin

SNARE Soluble NSF Attachment Protein Receptor

SNAP Synaptosomal-associated protein
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VAMP Vesicle-associated membrane protein

mAbs monoclonal antibodies

PBST phosphate buffered saline with 0.01% tween

TFA trifluroacetic acid
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Figure 1. 
Mass spectra from the reaction of no BoNT/A with Anew (1A), no BoNT/A with Aval (1B), 

BoNT/A1 with Anew (1C), and BoNT/A1 with Aval (1D). Cleavage products indicating the 

presence of BoNT/A are present at m/z 787 and 1089 for Anew and at 999 and 2307 for 

Aval. Substrate ions are at m/z 1857 and the doubly charged ion at m/z 929 for Anew in 1A 

and 1C and m/z 3287 and the doubly charged ion at m/z 1644 for Aval in 1B. No substrate 

ion was visible after cleavage reaction for Aval in spectrum 1D.

Kalb et al. Page 12

J Anal Toxicol. Author manuscript; available in PMC 2021 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Comparison of Anew and Aval after extraction from PBST following incubation for 4 hrs at 

37°C (negative control), after extraction from PBST with no reaction (No reaction), after 

extraction from serum (Serum) and after extraction from stool extract (Stool). Values are 

calculated from the ratio of the signal/noise of the sum of the cleavage products to the 

signal/noise of the intact substrate.
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Figure 3. 
Comparison of Aval (3A) and Anew (3B) to the negative control, BoNT/A1, and BoNT/A8. 

Values are calculated from the ratio of the signal/noise of the sum of the cleavage products 

to the signal/noise of the intact substrate.
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Figure 4. 
Mass spectra from the reaction of no BoNT/B with Bnew (4A), no BoNT/B with Bval (4B), 

BoNT/B1 with Bnew (4C), and BoNT/B1 with Bval (4D). Cleavage products indicating the 

presence of BoNT/B are present at m/z 1279 and 1760 for Bnew and at 1760 and 2284 for 

Bval. Intact substrate ions are at m/z 3021 and doubly charged at m/z 1511 for Bnew in 4A 

and 4C and at m/z 4026 and the doubly charged ion at m/z 2013 for Bval in 4B. No substrate 

ions were visible after cleavage reaction for Bval in spectrum 4D.
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Figure 5. 
Comparison of Bnew (5A) and Bval (5B) to the negative control, BoNT/B1, BoNT/B2, 

BoNT/B4, and BoNT/B6. Values are calculated from the ratio of the signal/noise of the sum 

of the cleavage products to the signal/noise of the intact substrate.
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Table 1.

Strain information on culture supernatants used for this study.

Sample Strain NCBI accession #

BoNT/A2 CDC2171 ADB85243

BoNT/A3 CDC 40234 AFM77661

BoNT/A4 and /B5 CDC 657 ABA29018/ABY56323

BoNT/A5 A661222 ADJ68240

BoNT/A6 CDC 41370 ACW83608

BoNT/A7 2008–148 AFV13854

BoNT/A8 Chemnitz AJA05787

BoNT/B2 CDC 1828 ABM73988

BoNT/B3 CDC795 ABM73977

BoNT/B4 Eklund 17B ABM73987

BoNT/B6 CDC 6291 ABM73978

BoNT/B7 NCTC3807 AEN25581

J Anal Toxicol. Author manuscript; available in PMC 2021 March 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kalb et al. Page 18

Table 2.

Information on peptide substrates used for this study where NT is the N-terminal cleavage product and CT is 

the C-terminal cleavage product.

Peptide Amino acid sequence m/z observed

Aval Ac-(Nal)(Nal)EKAPARGFNKPKIDAGNGRATR(Nle)LGGR-amide 3287

NT Aval Ac-(Nal)(Nal)EKAPARGFNKPKIDAGNG 2307

CT Aval RATR(Nle)LGGR-amide 999

Anew RTRIDEGNQRATR(Nle)LG 1857

NT Anew RTRIDEGNQ 1089

CT Anew RATR(Nle)LG 787

Bval LSELDDRADALQAGASQFESSAAKLKRKYWWKNLK 4026

NT Bval LSELDDRADALQAGASQ 1760

CT Bval FESSAAKLKRKYWWKNLK 2284

Bnew LSELDDRADALQAGASQFETSAAKLKRK 3021

NT Bnew LSELDDRADALQAGASQ 1760

CT Bnew FETSAAKLKRK 1279
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