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BOTULINUM NEUROTOXINS 
 

Clostridium botulinum neurotoxins (BoNTs) block the release of acetylcholine from peripheral cholinergic nerve endings1 causing 
botulism in man and animals.2,3  Seven immunologically distinct serotypes of neurotoxin, designated types A through G, have been 
identified.4  Each is synthesized as a single polypeptide chain (MW 150,000), the holotoxin.5  These holotoxins become embedded in a 
complex formed from hemagglutinins and non-hemagglutinating proteins, which enhance oral toxicity by stabilizing the neurotoxins.1  
When botulinum neurotoxin is exposed to proteases, either during cultivation or subsequent to purification of the toxin, specific peptide 
bonds are cleaved or “nicked” resulting in the formation of a dichain molecule.4,6  Dichain neurotoxin is composed of a light chain 
region (MW 50,000) linked by a single disulfide bond and non-covalent interactions to a heavy chain (MW 100,000).7  Conversion of 
the single chain form of a neurotoxin to its dichain form generally results in increased toxicity.7  When the light and heavy chains of 
botulinum toxin are separated from one another, neither is capable of blocking neurotransmitter release in unaltered cells.  However, 
the light chain alone is capable of blocking acetylcholine release if injected directly into the cell cytosol.8,9 
 
All serotypes of botulinum neurotoxin are zinc-dependent proteases.  Enzymatic activity resides exclusively in the light chain of the 
molecules.  These enzymes cleave SNARE proteins (synaptobrevin-2, syntaxin or SNAP-25), which form the core of a complex 
involved in the fusion of transmitter-containing vesicles with the plasma membrane.10  Prior to fusion, the SNARE proteins in the 
vesicle and plasma membrane interact forming a complex which contracts with an increase in the intracellular calcium concentration, 
pulling the vesicle close to the plasma membrane.  Interaction between lipids in the two membranes allows the vesicle and nerve 
terminal active zone to fuse.13,14  During this fusion, the contents of the vesicles, mainly neurotransmitters, are released, and the inner 
surface of the vesicles are exposed to the synaptic cleft.  If one of the SNARE proteins is cleaved by a neurotoxin, SNARE complex 
formation cannot occur and fusion is interrupted.  Botulinum toxins type B, D, F and G cleave synaptobrevin-2 (MW 19,000) which is 
located in vesicular membranes.10  Syntaxin (MW 36,000) and SNAP-25 (MW 25,000) are attached to the inner surface of the plasma 
membrane in nerve endings close to the active zone.  Syntaxin is cleaved by botulinum neurotoxin type C1, and SNAP 25 by 
botulinum neurotoxins type A, C1 and E.15,16,17 
 
Blockage of acetylcholine release from nerve endings by botulinum toxin proceeds through a multi-step process that includes binding, 
receptor-mediated internalization, translocation across a membrane, reduction and proteolysis of substrates.11,12  Toxins must pass 
through the plasma membrane of nerve cells to gain access to their intracellular targets.  A thirty-four amino acid sequence on the C-
terminal of both botulinum toxins type A and type B binds to specific types of gangliosides with low affinity.1  In addition, a motif within 
the C-terminal half of the heavy chain is thought to bind to a protein, representing the high affinity binding site.10  In the case of 
BoNT/B, synaptotagmin, a protein spanning the vesicular membrane, was shown to function as the receptor.18,26  The protein receptor 
for BoNT/A has been identified as the SV2 protein.27,28  Presentation of the binding protein allows the toxin to attach to the membrane. 
Following endocytosis the protein-bound toxin molecules are trapped in vesicles, where the contents are acidified by an ATP-driven 
proton carrier.19  The N-terminal half of the heavy chain may undergo conformational changes at low pH allowing its insertion into and 
penetration through the endosomal membrane.20  As neurotoxin enters the cytosol, the disulfide link between light and heavy chains is 
reduced.7,21  At this point, light chains are active and able to cleave SNARE proteins which are not complexed.  This multistep process 
is similar to the intoxication with tetanus toxin, another closely related clostridial neurotoxin.1,22 
 
Botulinum neurotoxins are valuable research tools in studies aimed at elucidating the mechanisms involved in vesicle trafficking, and 
in gaining an understanding of the underlying events of synaptic transmission.23,24  Botulinum neurotoxins are the most deadly 
bacterial toxins known because of their ability to cause cessation of neurotransmitter release at the neuromuscular junction and 
autonomic nerve endings leading to disturbances as well as to fatal paralysis.  Ironically, it is this property of botulinum toxin which has 
been successfully harnessed and used clinically to treat certain neuromuscular disorders in humans, such as blepharospasm, 
strabismus, and torticollis.25 

 
List Biological Laboratories, Inc. (List Labs) provides highly purified preparations of botulinum neurotoxin and complex from 
Clostridium botulinum types A, B, D and E.  Botulinum neurotoxin Type A is “nicked” during cultivation.  Serotype A is also provided 
with more testing and documentation as QD grade Botulinum Toxin Type A.  Both the complex and holotoxin for the Type B and E are 
nicked after purification and are available as the activated forms.  The Type D neurotoxin is recombinantly expressed in, and purified 
from, E. coli and is also activated by nicking.  Toxoids derived from botulinum neurotoxin types A and B are also available.  In addition, 
List Labs offers recombinantly produced light chains from types A, B, C, D, E and F.  These light chains are non-toxic proteins that 
retain the enzymatic activity encoded by the holotoxin.  They lack any binding domain and are unable to gain access to intracellular 
targets without microinjection.  Light chain from types A, C and E are capable of cleaving the eukaryotic substrate SNAP-25 (#500A).  
Light chain A is also highly active with the quenched fluorogenic peptide substrates, SNAPtide® (#520, 521 and 523), developed by 
List Labs.  The light chains from type B, D and F are capable of cleaving the eukaryotic substrate synaptobrevin-2 (#510A).  Light 
chain from type B also efficiently cleaves the quenched fluorogenic peptide substrates, VAMPtide® (#540, 541 and 542).  We have 
available SNAP Etide® (#550), a quenched fluorogenic substrate for light chain type E and SYNTAXtide® (#560) a fluorogenic 
substrate for light chain type C.  Heavy chain binding domains for serotypes A and B are available with and without a GST tag.  A GST 
fusion protein containing the luminal domain loop of SV2c is also available, #690B (U.S. Patent #8,476,024).26,27,28  IgY antibodies 
against the heavy chain binding domain of botulinum neurotoxins types A and B and a mouse monoclonal to botulinum neurotoxin 
type A light chain are available (#730, 731, and 736). These products are intended for research purposes only and are not 
intended for use in humans or as diagnostic agents.  For further information, please contact List Biological Laboratories, Inc.  
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Ordering Information

Product No. Description Sizes 

Clostridium Botulinum Neurotoxins 
128 A,C Botulinum Neurotoxin Type A Complex 10 µg, 100 µg 
130 A,B Botulinum Neurotoxin Type A 10 µg, 100 µg 
9130A QD grade Botulinum Neurotoxin Type A 10 µg 
133L Botulinum Neurotoxin Type A Toxoid, Liquid 10 µg 
136 A,B Botulinum Neurotoxin Type B, Nicked 10 µg, 100 µg 
138 A,B Botulinum Neurotoxin Type B Complex, Nicked 10 µg, 100 µg 
139 Botulinum Neurotoxin Type B Toxoid 10 µg 
140 A,B Botulinum Neurotoxin Type E Complex, Nicked 10 µg, 100 µg 
141A Botulinum Neurotoxin Type E, Nicked 10 µg 
146A Botulinum Neurotoxin Type D, Nicked, Recombinant 10 µg 
 

Clostridium Botulinum Neurotoxin Native Substrates 
500A SNAP-25 Recombinant Protein 100 µg 
 Substrate for C. botulinum Types A and E Neurotoxin  
510A GST Synaptobrevin-2 Recombinant Protein 100 µg 
 Substrate for C. botulinum Types B, D, F and tetanus toxin  
 

Clostridium Botulinum  Neurotoxin FRET Peptide Substrates 
 FRET peptide substrates for C. botulinum Type A neurotoxin  
520 SNAPtide® (oAbz/Dnp) Peptide Substrate 200 nmoles 
521 SNAPtide® (FITC/DABCYL) Peptide Substrate 200 nmoles 
523 SNAPtide® flP6 (DABCYL/5-IAF) Peptide Substrate 200 nmoles 
 FRET peptide substrate for C. botulinum Type B neurotoxin  
540 VAMPtide ® (oAbz/Dnp) Peptide Substrate 200 nmoles 
541 VAMPtide ® (FITC/DABCYL) Peptide Substrate 200 nmoles 
542 VAMPtide ® (PL 150, Pya/Nop) Peptide Substrate 200 nmoles 
 FRET peptide substrate for C. botulinum Type E neurotoxin  
550 SNAP Etide® (oAbz/Dnp) Peptide Substrate 100 nmoles 
 FRET peptide substrate for C. botulinum Type C neurotoxin  
560 SYNTAXtide® (oAbz/Dnp) Peptide Substrate 200 nmoles 
 

Recombinant Light and Heavy Chains from Clostridium Botulinum Neurotoxins 
 Recombinant Light Chains  
610A Type A Light Chain 10 µg 
611A Type A Light Chain, GST fusion 15 µg 
620A Type B Light Chain 10 µg 
625A Type C Light Chain 10 µg 
630A Type D Light Chain 10 µg 
635A Type E Light Chain 10 µg 
640 A,B Type F Light Chain 10 µg, 100 µg 
 Recombinant Heavy Chains  
612A Type A Heavy Chain Binding Domain 50 µg 
613A Type A Heavy Chain Binding Domain, GST fusion 50 µg 
622A Type B Heavy Chain Binding Domain 50 µg 
623A Type B Heavy Chain Binding Domain, GST fusion 50 µg 
 

Antibodies  
730A Anti-Botulinum Neurotoxin Type A, lgY from chicken 0.1 mg/ml 

 
Raised against the heavy chain binding domain of botulinum Type A neurotoxin,  
Product #612 

 

731L Anti-Botulinum Neurotoxin Type A (mouse IgG monoclonal F1-40) 0.1 mg/ml 
 Monoclonal antibody binds the light chain of botulinum neurotoxin Type A  
736A Anti-Botulinum Neurotoxin Type B, IgY from chicken 0.1 mg/ml 

 
Raised against the heavy chain binding domain of botulinum Type B neurotoxin,  
Product #622 

 

 
Receptor 

690B GST-SV2c, Receptor for Botulinum Neurotoxin Type A 100 µg 
 Luminal domain loop of SV2c (U.S. Patent #8,476,024)  

See how others have used List Labs’ products on our citations page: https://www.listlabs.com/citations 

 

https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-complex-from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-from-clostridium-botulinum-or-qd-botulinum-neurotoxin-type-a-from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-from-clostridium-botulinum-or-qd-botulinum-neurotoxin-type-a-from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-toxoid-from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-nicked,from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-complex-nicked,from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-toxoidfrom-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-e-complex-nicked,from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-e-nicked,from-clostridium-botulinum
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-d-nicked-recombinantfrom-clostridium-botulinum
https://www.listlabs.com/products/buy-snap-25-recombinant-protein-substratefor-c.-botulinum-types-a-and-e-neurotoxin
https://www.listlabs.com/products/buy-gst-synaptobrevin-2-protein-substratefor-c.-botulinum-types-b-d-and-f
https://www.listlabs.com/products/buy-snaptide-peptide-substrate-o-abzdnpfor-c.-botulinum-type-a-neurotoxin
https://www.listlabs.com/products/buy-snaptide-peptide-substrate-fitcdabcyl-for-c.-botulinum-type-a-neurotoxin
https://www.listlabs.com/products/buy-snaptide-peptide-substrate-flp6dabcyl5-iaffor-c.-botulinum-type-a-neurotoxin
https://www.listlabs.com/products/buy-vamptide-peptide-substrate-o-abzdnp-substratefor-c.-botulinum-type-b-neurotoxin
https://www.listlabs.com/products/buy-vamptide-peptide-substrate-fitcdabcyl-substratefor-c.-botulinum-type-b-neurotoxin
https://www.listlabs.com/products/buy-vamptide-pyanop-peptide-substratefor-botulinum-neurotoxin-type-b
https://www.listlabs.com/products/buy-snap-etide-peptide-substrate-o-abzdnpfor-c.-botulinum-type-e-neurotoxin
https://www.listlabs.com/products/buy-syntaxtide-o-abzdnp-peptide-substratefor-c.-botulinum-type-c-neurotoxin
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-light-chain-recombinant-gst-fusion
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-c-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-d-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-e-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-f-light-chain-recombinant
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-heavy-chain-recombinant-binding-domain
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-a-heavy-chain-recombinant-binding-domain-gst-fusion
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-heavy-chain-recombinant-binding-domain
https://www.listlabs.com/products/buy-botulinum-neurotoxin-type-b-heavy-chain-recombinant-binding-domain-gst-fusion
https://www.listlabs.com/products/buy-anti-botulinum-neurotoxin-type-a-chicken-lgy
https://www.listlabs.com/products/buy-anti-botulinum-neurotoxin-type-amouse-lgg-monoclonal-f1-40-frozen-liquid
https://www.listlabs.com/products/buy-anti-botulinum-neurotoxin-type-b-chicken-lgy
https://www.listlabs.com/products/buy-receptor-forclostridium-botulinumtype-a-neurotoxin-gst-sv2c-luminal-domain
https://www.listlabs.com/citations


 

 

 

 

References 

 

1. Bigalke H, Shoer LF.  Clostridial Neurotoxins in Handbook of Experimental Pharmacology. 1999; 45:407-443. 

2. Attygalle D, Karalliedde L. Unforgetable tetanus. Eur. J. Anaesthesiol. 1997; 14(2):122-133. PMID: 9088810 

3. Niemann, H. Molecular Biology of Clostridial Neurotoxins in Sourcebook of Bacterial Protein Toxins (J.E. Alouf 

and J.H. Freer, ed.) Academic Press. 1997; 303-348. 

4. Simpson LL, Schmidt JJ, Middlebrook JL. Isolation and characterization of the Botulinum neurotoxins. Methods 

Enzymol. 1988; 165:76-85. PMID:3068491 

5. Hatheway CL. Bacterial Sources of Clostridial Neurotoxins in Botulinum Neurotoxin and Tetanus Toxin (L.L. 

Simpson, ed.) Academic Press. 1989; 4-24. 

6. Weller U, Mauler F, Haberman E. Tetanus toxin: biochemical and pharmacological comparison between its protoxin 

and some isotoxins obtained by limited proteolysis. Naunyn Schmiedebergs Arch Pharmacol. 1988; 338(2):99-106. 

PMID:3054567 

7. Kistner A, Habermann E. Reductive cleavage of tetanus toxin and botulinum neurotoxin A by the thioredoxin system 

from brain. Evidence for two redox isomers of tetanus toxin. Naunyn Schmiedebergs Arch. Pharmacol. 1992; 

345(2):227-334. PMID:1570025 

8. Ahnert-Hilger G, Bader MF, Bhakdi S, Gratzl M. Introduction of macromolecules into bovine adrenal medullary 

chromaffin cells and rat pheochromocytoma cells (PC12) by permeabilization with streptolysin O: inhibitory effect of 

tetanus toxin on catecholamine secretion. J. Neurochem. 1989; 52(6):1751-1758. PMID:2723634 

9. Simpson LL. The origin, structure, and pharmacological activity of botulinum toxin. Pharmacol. Rev. 1981; 

33(3):155-188. PMID:6119708 

10. Montecucco C, Schiavo G. Structure and function of tetanus and botulinum neurotoxins. Q. Rev. Biophys. 1995; 

28(4):423-472. PMID:8771234 

11. Schmitt A, Dreyer F, John C. At least three sequential steps are involved in the tetanus toxin-induced block of 

neuromuscular transmission. Naunyn Schmiedebergs Arch. Pharmacol. 1981; 317(4):326-330. PMID:6119629 

12. Simpson LL. Botulinum Toxin as a Tool in Neurobiology in Methods in Neurosciences. (P.M. Conn, Ed.) 

Academic Press, San Diego. 1992; 8. 

13. Calakos N, Scheller RH. Synaptic vesicle biogenesis, docking, and fusion: a molecular description. Physiol. Rev. 

1996; 76(1):1-29. PMID:8592726 

14. Jahn R, Südhof TC. Membrane fusion and exocytosis. Ann. Rev. Biochem. 1999; 68:863-911. PMID:10872468 

15. Vaidyanathan VV, Yoshino K, Jahnz M, Dorries C, Bade S, Nauenburg S, Niemann H, Binz T. Proteolysis of 

SNAP-25 isoforms by botulinum neurotoxin types A, C, and E: domains and amino acid residues controlling the 

formation of enzyme-substrate complexes and cleavage. J. Neurochem. 1999; 72(1):327-337. PMID:9886085 

16. Blasi J, Chapman ER, Link E, Binz T, Yamasaki S, DeCamilli P, Südhof TC, Niemann H, Jahn R. Botulinum 

neurotoxin A selectively cleaves the synaptic protein SNAP-25. Nature. 1993; 365(6442):160-163. PMID:8103915 

17. Südhof TC. The synaptic vesicle cycle: a cascade of protein-protein interactions. Nature. 1995; 375(6533):645-

653. PMID:7791897 

18. Nishiki T, Kamata Y, Nemoto Y, Omori A, Ito T, Takahashi M, Kozaki S. Identification of protein receptor for 

Clostridium botulinum type B neurotoxin in rat brain synaptosomes. J. Biol. Chem. 1994; 269(14):10498-10503. 

PMID:8144634 

19. Simpson LL, Coffield JA, Bakry N. Inhibition of vacuolar adenosine triphosphatase antagonizes the effects of 

clostridial neurotoxins but not phospholipase A2 neurotoxins. J. Pharmacol. Exp. Ther. 1994; 269(1):256-262. 

PMID:8169833 

http://assistly-production.s3.amazonaws.com/196521/kb_article_attachments/121449/Botulinum_Neurotoxin_Ref_1_original.pdf?AWSAccessKeyId=AKIAJNSFWOZ6ZS23BMKQ&Expires=1505857495&Signature=7MUSc2SSlrn65Oyaqavtu4fLD8Y%3D&response-content-disposition=filename%3D%22Botulinum_Neurotoxin_Ref_1.pdf%22&response-content-type=application%2Fpdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=PMID%3A+9088810
http://assistly-production.s3.amazonaws.com/196521/kb_article_attachments/121188/Botulinum_Neurotoxin_Ref_3_original.pdf?AWSAccessKeyId=AKIAJNSFWOZ6ZS23BMKQ&Expires=1505840283&Signature=WZLS7p0QM%2FyFCf%2FDttor1gL8Dw4%3D&response-content-disposition=filename%3D%22Botulinum_Neurotoxin_Ref_3.pdf%22&response-content-type=application%2Fpdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=3068491
http://assistly-production.s3.amazonaws.com/196521/kb_article_attachments/121450/Botulinum_Neurotoxin_Ref_5_original.pdf?AWSAccessKeyId=AKIAJNSFWOZ6ZS23BMKQ&Expires=1505857565&Signature=CevX3uFyYEIr7e3c5aVoY4xJ68A%3D&response-content-disposition=filename%3D%22Botulinum_Neurotoxin_Ref_5.pdf%22&response-content-type=application%2Fpdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1988)+Naunyn+Schmiedebergs+Arch+Pharmacol+338%2C+99-106.
https://www.ncbi.nlm.nih.gov/pubmed/?term=1570025
https://www.ncbi.nlm.nih.gov/pubmed/?term=2723634
https://www.ncbi.nlm.nih.gov/pubmed/6119708
https://www.ncbi.nlm.nih.gov/pubmed/?term=8771234
https://www.ncbi.nlm.nih.gov/pubmed/?term=6119629
http://assistly-production.s3.amazonaws.com/196521/kb_article_attachments/121451/Botulinum_Neurotoxin_Ref__12_original.pdf?AWSAccessKeyId=AKIAJNSFWOZ6ZS23BMKQ&Expires=1505857637&Signature=dSfaJhj3JxfroPWcgYYIq9cD1vI%3D&response-content-disposition=filename%3D%22Botulinum_Neurotoxin_Ref__12.pdf%22&response-content-type=application%2Fpdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=8592726
https://www.ncbi.nlm.nih.gov/pubmed/?term=10872468
https://www.ncbi.nlm.nih.gov/pubmed/?term=9886085
https://www.ncbi.nlm.nih.gov/pubmed/?term=8103915
https://www.ncbi.nlm.nih.gov/pubmed/?term=7791897
https://www.ncbi.nlm.nih.gov/pubmed/?term=8144634
https://www.ncbi.nlm.nih.gov/pubmed/?term=8169833


 

 

20. Lacy DB, Tepp W, Cohen AC, DasGupta BR, Stevens RC. Crystal structure of botulinum neurotoxin type A and 

implications for toxicity. Nat. Struct. Bio. 1998; 5(10):898-902. PMID:9783750 

21. Erdal E, Bartels F, Binscheck T, Erdmann G, Frevert J, Kistner A, Weller U, Wever J, Bigalke H. Processing of 

tetanus and botulinum A neurotoxins in isolated chromaffin cells. Naunyn Schmiedebergs Arch. Pharmacol. 1995; 

351(1):67-78. PMID:7715744 

22. Binz T, Kurazono H, Wille M, Frevert J, Wernars K, Niemann H. The complete sequence of botulinum neurotoxin 

type A and comparison with other clostridial neurotoxins. J. Biol. Chem. 1990; 265(16):9153-9158. PMID:2160960 

23. Jahn R, Südhof TC. Synaptic vesicles and exocytosis. Synaptic Vesicles and Exocytosis in Annual Rev. 

Neuroscience. 1994; 17:219-246. PMID:8210174 

24. Scheller RH. Membrane trafficking in the presynaptic nerve terminal. Neuron. 1995; 14(5):893-897. PMID:7748557 

25. Scott, A.B. Clostridial Toxins as Therapeutic Agents in Botulinum Neurotoxin and Tetanus Toxin (LL Simpson, 

ed.) Academic Press. 1989; 399-409.  

26. Rummel A, Eichner T, Weil T, Karnath T, Gutcaits A, Mahrhold S, Sandhoff K, Proia RL, Acharya KR,  

Bigalke H, Binz T. Identification of the protein receptor binding site of botulinum neurotoxins B and G proves the 

double-receptor concept. PNAS. 2007; 104(1):359-364. PMID:17185412 

27. Dong M, Yeh F, Tepp WH, Dean C, Johnson EA, Janz R, Chapman ER. SV2 is the protein receptor for botulinum 

neurotoxin A. Science. 2006; 312(5773):592-596. PMID:16543415 

28. Mahrhold S, Rummel A, Bigalke H, Darletov B, Binz T. The synaptic vesicle protein 2C mediates the uptake of 

botulinum neurotoxin A into phrenic nerves. FEBS Letters. 2006; 580(8):2011-2014. PMID:1654537 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=9783750
https://www.ncbi.nlm.nih.gov/pubmed/?term=7715744
https://www.ncbi.nlm.nih.gov/pubmed/?term=2160960
https://www.ncbi.nlm.nih.gov/pubmed/?term=8210174
https://www.ncbi.nlm.nih.gov/pubmed/?term=7748557
http://assistly-production.s3.amazonaws.com/196521/kb_article_attachments/121194/Botulinum_Neurotoxin_Ref_25_original.pdf?AWSAccessKeyId=AKIAJNSFWOZ6ZS23BMKQ&Expires=1505924490&Signature=ojLoFdGbciduAfWrDhdRPDsYt%2Fg%3D&response-content-disposition=filename%3D%22Botulinum_Neurotoxin_Ref_25.pdf%22&response-content-type=application%2Fpdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=17185412
https://www.ncbi.nlm.nih.gov/pubmed/?term=16543415
https://www.ncbi.nlm.nih.gov/pubmed/?term=16545378


 

 

 

 


