
Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 151 
 

Bibliography 

[1]  Fry, B.G., & Wu, W. Assembling an Arsenal : Origin and Evolution of the 

Snake Venom Proteome Inferred from Phylogenetic Analysis of Toxin 

Sequences, Mol Biol Evol. 21 (5), 870–883, 2004. 

[2]  Mackessy, S.P., & Baxter, L.M. Bioweapons synthesis and storage: The 

venom gland of front-fanged snakes, Zool Anz. 245 (1&2), 147–159, 2006. 

[3]  Mackessy, S.P. Biochemistry and Pharmacology of Colubrid Snake Venoms, 

J. Toxicol. 21 (1&2), 43–83, 2002. 

[4]  Sajevic, T. et al. Haemostatically active proteins in snake venoms, Toxicon 57 

(5), 627–645, 2011. 

[5]  Birrell, G.W. et al. The diversity of bioactive proteins in Australian snake 

venoms, Mol Cell Proteomics. 6 (6), 973–986, 2007. 

[6]  Berling, I., & Isbister, G.K. Hematologic Effects and Complications of Snake 

Envenoming, Transfus Med Rev 29 (2), 82–89, 2015. 

[7]  Ferreira, S.H. et al. Isolation of bradykinin-potentiating peptides from 

Bothrops jararaca venom, Biochemistry 9 (13), 2583–2593, 1970. 

[8]  Cushman, D.W., & Ondetti, M.A. History of the design of captopril and 

related inhibitors of angiotensin converting enzyme, Hypertension 17 (4), 

589–592, 1991. 

[9]  BL, D., & PR., S. Snake venom derived molecules in tumor angiogenesis and 

its application in cancer therapy; an overview, Curr Top Med Chem. 15 (7), 

649–657, 2015. 

[10]  Wisner, A. et al. Snake venom proteinases as tools in hemostasis studies: 

structure-function relationship of a plasminogen activator purified from 

Trimeresurus stejnegeri venom, Haemostasis 31 (3-6), 133–140, 2001. 

[11]  Andrews, R.K. et al. The use of snake venom toxins as tools to study platelet 

receptors for collagen and von Willebrand factor, Haemostasis 31 (3-6), 155–

172, 2001. 

[12]  Marsh, N.A. Diagnostic uses of snake venom, Haemostasis 31 (3-6), 211–217, 

2001. 

[13]  Volkers, N. Venom anyone? Researchers tweak ―bad‖ compounds into good 

medicines, J Natl Cancer Inst. 91 (8), 667–668, 1999. 

[14]  Kasturiratne, A. et al. The global burden of snakebite: A literature analysis and 

modelling based on regional estimates of envenoming and deaths, PLoS Med. 

5 (11), e1604, 2008. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 152 
 

[15]  Khandelwal, G. et al. Naja kaouthia: Two cases of Asiatic cobra 

envenomations, J Emerg Med 32 (2), 171–174, 2007. 

[16]  Wüster, W. Taxonomic changes and toxinology: Systematic revisions of the 

asiatic cobras (Naja naja species complex), Toxicon 34 (4), 399–406, 1996. 

[17]  Moore, C.B. America‘s mythical snakes, The Scientific monthly 68 (1), 52–58, 

1949. 

[18]  Jakes, L. Mythic Creatures—the Snake, 2011. 

[19]  Rieppel, O., & Kearney, M. The origin of snakes: Limits of a scientific debate, 

Biologist 48 (3), 110–114, 2001. 

[20]  Jonniaux, P., & Kumazawa, Y. Molecular phylogenetic and dating analyses 

using mitochondrial DNA sequences of eyelid geckos (Squamata: 

Eublepharidae), Gene 407 (1-2), 105–115, 2008. 

[21]  Siler, C.D., & Brown, R.M. Evidence for repeated acquisition and loss of 

complex body-form characters in an insular clade of southeast Asian semi-

fossorial skinks, Evolution 65 (9), 2641–2663, 2011. 

[22]  Caldwell, M.W. et al. The oldest known snakes from the Middle Jurassic-

Lower Cretaceous provide insights on snake evolution, Nature commun. 6, 

5996, 2015. 

[23]  Rauhut, O.W.M. et al. A New Rhynchocephalian from the Late Jurassic of 

Germany with a Dentition That Is Unique amongst Tetrapods, PLoS ONE 7 

(10), 46893–46908, 2012. 

[24]  Evans, S.E. At the feet of the dinosaurs: the early history and radiation of 

lizards, Biol Rev Camb Philos Soc. 78 (4), 513–551, 2003. 

[25]  Spinner, M. et al. Snake velvet black: hierarchical micro- and nanostructure 

enhances dark colouration in Bitis rhinoceros, Sci Rep. 3, 1833–1846, 2013. 

[26]  Spinner, M. et al. Non-contaminating camouflage: Multifunctional skin 

microornamentation in the West African Gaboon viper (Bitis rhinoceros), 

PLoS ONE 9 (3), 91087–91099, 2014. 

[27]  Alibardi, L. Differentiation of snake epidermis, with emphasis on the shedding 

layer, J Morphol. 264 (2), 178–190, 2005. 

[28]  Close, M., & Cundall, D. Snake lower jaw skin: Extension and recovery of a 

hyperextensible keratinized integument, J Exp Zool A Ecol Genet Physiol. 321 

(2), 78–97, 2014. 

[29]  Chen, Q. et al. Reduced performance of prey targeting in pit vipers with 

contralaterally occluded infrared and visual senses, PLoS ONE 7 (5), 34980–

34989, 2012. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 153 
 

[30]  Bolívar-G, W. et al. Discovery of a novel accessory structure of the pitviper 

infrared receptor organ (Serpentes: Viperidae), PLoS ONE 9 (3), 90609–

90622, 2014. 

[31]  Vilela, B. et al. Body Size, Extinction Risk and Knowledge Bias in New 

World Snakes, PLoS ONE 9 (11), 113418–113429, 2014. 

[32]  Rial, R. V. et al. Evolution of wakefulness, sleep and hibernation: From 

reptiles to mammals, Neurosci Biobehav Rev. 34 (8), 1144–1160, 2010. 

[33]  Sivan, J. et al. Temporal activity and dietary selection in two coexisting desert 

snakes, the Saharan sand viper (Cerastes vipera) and the crowned leafnose 

(Lytorhynchus diadema), Zoology 116 (2), 113–117, 2013. 

[34]  Rugiero, L. et al. Climate-change-related shifts in annual phenology of a 

temperate snake during the last 20 years, Acta Oecol. 51, 42–48, 2013. 

[35]  Huang, S. et al. What are the closest relatives of the hot-spring snakes 

(Colubridae, Thermophis), the relict species endemic to the Tibetan Plateau?, 

Mol Phylogenet Evol. 51 (3), 438–446, 2009. 

[36]  Lourdais, O. et al. Cold climate specialization: Adaptive covariation between 

metabolic rate and thermoregulation in pregnant vipers, Physiol Behav. 119, 

149–155, 2013. 

[37]  Tan, T.L. et al. Bitten by the ―flying‖ tree snake, Chrysopelea paradisi, J 

Emerg Med. 42 (4), 420–423, 2012. 

[38]  Boyd, J.J. et al. Venomous snakebite in mountainous terrain: prevention and 

management, Wilderness Environ Med. 18 (3), 190–202, 2007. 

[39]  Lane, A., & Shine, R. Phylogenetic relationships within laticaudine sea snakes 

(Elapidae), Mol Phylogenet Evol. 59 (3), 567–577, 2011. 

[40]  Brooks, S.E. et al. Vulnerability of Cambodian water snakes: Initial 

assessment of the impact of hunting at Tonle Sap Lake, Biol Conserv. 139, 

401–414, 2007. 

[41]  Ismail, M., & Memish, Z. a. Venomous snakes of Saudi Arabia and the 

Middle East: A keynote for travellers, Int J Antimicrob Agents. 21 (2), 164–

169, 2003. 

[42]  Uetz, P., & Jirí, H. Reptile database, 2014. 

[43]  Steve Csurhes and Paul Fisher. Pest animal risk assesment, Cobra (all 

species), 2010. 

[44]  Wüster, W., & Thorpe, R.S. Asiatic cobras: systematics and snakebite., 

Experientia 47 (2), 205–209, 1991. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 154 
 

[45]  Ahmed, F.A. et al. Amphibians and Reptiles of North East India; A 

photographic guide, Guwahati, India, 2009. 

[46]  Sinha, K. Snake bites kill 46K in India yearly, The Times of India 2011. 

[47]  Mebs, D. Venomous and Poisonous Animals: A Handbook for Biologists, 

Toxicologists and Toxinologists, Physicians and Pharmacists, CRC Press, 

Boca Raton, FL, 2002. 

[48]  Drabeck, D.H. et al. Why the honey badger don‘t care: Convergent evolution 

of venom-targeted nicotinic acetylcholine receptors in mammals that survive 

venomous snake bites, Toxicon 99, 68–72, 2015. 

[49]  Fry, B.G. et al. Evolution of an arsenal: structural and functional 

diversification of the venom system in the advanced snakes (Caenophidia), 

Mol Cell Proteomics. 7 (2), 215–46, 2008. 

[50]  Jouiaei, M. et al. Evolution of an ancient venom: recognition of a novel family 

of cnidarian toxins and the common evolutionary origin of sodium and 

potassium neurotoxins in sea anemone, Mol Biol Evol. 32 (6), 1598–1608, 

2015. 

[51]  Fry, B.G. et al. Isolation of a neurotoxin (alpha-colubritoxin) from a 

nonvenomous colubrid: evidence for early origin of venom in snakes, J Mol 

Evol. 57 (4), 446–52, 2003. 

[52]  Thomas, F. et al. Kelps feature systemic defense responses: insights into the 

evolution of innate immunity in multicellular eukaryotes, New Phytol. 204 (3), 

567–576, 2014. 

[53]  Weinstein, S.A. et al. Handbook of Venoms and Toxins of Reptiles, CRC 

Press, New york, (US states), 2010. 

[54]  Kardong, K. v., & Lavln-Murcio, P.A. Venom delivery of snakes as high-

pressure and low-pressure systems, Copeia 1993 (3), 644–50, 1993. 

[55]  Kochva, E. Atractaspis (Serpentes, Atractaspididae) the burrowing asp; a 

multidisciplinary minireview, Bull. Nat. Hist. Mus. Lond. 68 (28), 91–99, 

2002. 

[56]  Young, B.A. et al. The buccal buckle: the functional morphology of venom 

spitting in cobras, J Exp Biol. 207 (20), 3483–3494, 2004. 

[57]  Rosenberg, H. 1. Histology, histochemistry, and emptying mechanism of the 

venom glands of some elapid snakes, J. Morphol. 123 (2), 133–56, 1967. 

[58]  Young, B.A. et al. Functional subdivision of the venom gland musculature and 

the regulation of venom expulsion in rattlesnakes, J Morphol. 246 (3), 249–

259, 2000. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 155 
 

[59]  Kuch, U. et al. Snake fangs from the Lower Miocene of Germany: 

Evolutionary stability of perfect weapons, Naturwissenschaften 93 (2), 84–87, 

2006. 

[60]  Casewell, N.R. et al. Dynamic evolution of venom proteins in squamate 

reptiles, Nat Commun. 3, 1066, 2012. 

[61]  Fry, B.G. et al. The toxicogenomic multiverse: convergent recruitment of 

proteins into animal venoms, Ann. rev. genom. human gen. 10, 483–511, 2009. 

[62]  Liu, S. et al. ―Anatomical‖ View of the Protein Composition and Protein 

Characteristics for Gloydius shedaoensis Snake Venom via Proteomics 

Approach, Anat Rec (Hoboken). 294 (2), 273–282, 2011. 

[63]  Hider, R.C. et al. Separation and purification of toxins from snake venoms.RC, 

Pergamon Press, New york, (US states), 1991. 

[64]  Calvete, J.J. Snake venomics: From the inventory of toxins to biology, 

Toxicon 75, 44–62, 2013. 

[65]  Koh, D.C.I. et al. Snake venom components and their applications in 

biomedicine, Cell. Mol. Life Sci. 63 (24), 3030–3041, 2006. 

[66]  Vejayan, J. et al. Comparative analysis of the venom proteome of four 

important Malaysian snake species, J. Venom. Anim. Toxins incl. Trop. Dis. 20 

(1), 6, 2014. 

[67]  Laustsen, A.H. et al. Snake venomics of monocled cobra (Naja kaouthia) and 

investigation of human IgG response against venom toxins, Toxicon 99, 23–

35, 2015. 

[68]  Tan, K.Y. et al. Venomics, lethality and neutralization of Naja kaouthia 

(monocled cobra) venoms from three different geographical regions of 

Southeast Asia, J Proteomics. 120 (2), 105–125, 2015. 

[69]  Pradniwat, P., & Rojnuckarin, P. The structure-function relationship of 

thrombin-like enzymes from the green pit viper (Trimeresurus albolabris), 

Toxicon 100, 53–59, 2015. 

[70]  Rajesh, R. V. et al. High aryl acylamidase activity associated with cobra 

venom acetylcholinesterase: Biological significance, Biochimie 91 (11-12), 

1450–1456, 2009. 

[71]  Nanjaraj Urs, A.N. et al. Local and systemic toxicity of Echis carinatus 

venom: neutralization by Cassia auriculata L. leaf methanol extract, J Nat 

Med. 69 (1), 111–122, 2015. 

[72]  Costa, T.R. et al. Snake venom L-amino acid oxidases: an overview on their 

antitumor effects, J Venom Anim Toxins Incl Trop Dis. 20, 23, 2014. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 156 
 

[73]  Bordon, K.C.F. et al. Bordonein-L, a new L-amino acid oxidase from Crotalus 

durissus terrificus snake venom: isolation, preliminary characterization and 

enzyme stability, J Venom Anim Toxins Incl Trop Dis. 21, 26, 2015. 

[74]  Kini, R.M. Excitement ahead: Structure, function and mechanism of snake 

venom phospholipase A2 enzymes, Toxicon 42 (8), 827–840, 2003. 

[75]  Jridi, I. et al. Hemilipin, a novel Hemiscorpius lepturus venom heterodimeric 

phospholipase A2, which inhibits angiogenesis in vitro and in vivo, Toxicon 

105, 34–44, 2015. 

[76]  Herrera, C. et al. Tissue localization and extracellular matrix degradation by 

PI, PII and PIII snake venom metalloproteinases: clues on the mechanisms of 

venom-induced hemorrhage, PLoS Negl Trop Dis. 9 (4), e0003731, 2015. 

[77]  Oyama, E., & Takahashi, H. Purification and characterization of two high 

molecular mass snake venom metalloproteinases (P-III SVMPs), named SV-

PAD-2 and HR-Ele-1, from the venom of Protobothrops elegans (Sakishima-

habu), Toxicon 103, 30–8, 2015. 

[78]  Osipov, A. V. et al. Cobra Venom Contains a Protein of the CRISP Family, 

Russian J Bioorganic Chem. 27, 198–199, 2001. 

[79]  Yamazaki, Y. et al. Wide distribution of cysteine-rich secretory proteins in 

snake venoms: Isolation and cloning of novel snake venom cysteine-rich 

secretory proteins, Arch. Biochem. Biophys. 412 (1), 133–141, 2003. 

[80]  Mukherjee, A.K., & Mackessy, S.P. Pharmacological properties and 

pathophysiological significance of a Kunitz-type protease inhibitor 

(Rusvikunin-II) and its protein complex (Rusvikunin complex) purified from 

Daboia russelii russelii venom, Toxicon 89, 55–66, 2014. 

[81]  Trummal, K. et al. Molecular diversity of snake venom nerve growth factors, 

Toxicon 58 (4), 363–368, 2011. 

[82]  Sartim, M.A. et al. Galatrox is a C-type lectin in Bothrops atrox snake venom 

that selectively binds LacNAc-terminated glycans and can induce acute 

inflammation, Glycobiology 24 (11), 1010–1021, 2014. 

[83]  Arruda Macêdo, J.K. et al. Disintegrins from snake venoms and their 

applications in cancer research and therapy, Curr Protein Pept Sci. 16 (6), 

532–548, 2015. 

[84]  Jackson, T.N.W. et al. Venom down under: Dynamic evolution of Australian 

elapid snake toxins, Toxins 5 (12), 2621–2655, 2013. 

[85]  Kini, R.M., & Doley, R. Structure, function and evolution of three-finger 

toxins: Mini proteins with multiple targets, Toxicon 56 (6), 855–867, 2010. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 157 
 

[86]  Nirthanan, S. et al. Non-conventional toxins from Elapid venoms, Toxicon 41 

(4), 397–407, 2003. 

[87]  Mukherjee, A.K. et al. Two acidic, anticoagulant PLA2 isoenzymes purified 

from the venom of monocled cobra Naja kaouthia exhibit different potency to 

inhibit thrombin and factor Xa via phospholipids independent, non-enzymatic 

mechanism, PLoS ONE 9 (8), e101334, 2014. 

[88]  Doley, R., & Mukherjee, A.K. Purification and characterization of an 

anticoagulant phospholipase A2 from Indian monocled cobra (Naja kaouthia) 

venom, Toxicon 41 (1), 81–91, 2003. 

[89]  Kumar, J.R. et al. Biochemical and pharmacological characterization of three 

toxic phospholipase A2s from Daboia russelii snake venom, Comp Biochem 

Physiol C Toxicol Pharmacol 168 (1), 28–38, 2015. 

[90]  Doley, R., & Kini, R.M. Protein complexes in snake venom, Cell. Mol. Life 

Sci. 66 (17), 2851–2871, 2009. 

[91]  Schaloske, R.H., & Dennis, E. a. The phospholipase A2 superfamily and its 

group numbering system, Biochim Biophys Acta. 1761 (11), 1246–1259, 2006. 

[92]  Gutiérrez, J.M., & Lomonte, B. Phospholipases A2: Unveiling the secrets of a 

functionally versatile group of snake venom toxins, Toxicon 62, 27–39, 2013. 

[93]  Debashree, S. et al. Mechanism of in vivo anticoagulant and haemolytic 

activity by a neutral phospholipase A(2) purified from Daboia russelii russelii 

venom: correlation with clinical manifestations in Russell‘s Viper envenomed 

patients, Toxicon 15 (76), 291–300, 2013. 

[94]  Chaisakul, J. et al. Hypotensive and vascular relaxant effects of phospholipase 

A2 toxins from Papuan taipan (Oxyuranus scutellatus) venom, Euro J 

Pharmacol. 723, 227–233, 2014. 

[95]  Kini, M. Structure-Function Relationships of Phospholipases, J Biol Chem 

262 (30), 14402–14407, 1987. 

[96]  Doley, R. et al. Differential hydrolysis of erythrocyte and mitochondrial 

membrane phospholipids by two phospholipase A2 isoenzymes (NK-PLA2-I 

and NK-PLA2-II) from the venom of the Indian monocled cobra Naja 

kaouthia., Archives of biochemistry and biophysics 425 (1), 1–13, 2004. 

[97]  Mukherjee, A.K. Correlation between the phospholipids domains of the target 

cell membrane and the extent of Naja kaouthia PLA(2)-induced membrane 

damage: evidence of distinct catalytic and cytotoxic sites in PLA(2) 

molecules, Biochim Biophys Acta. 1770 (2), 187–195, 2007. 

[98]  Izidoro, L.F.M. et al. Snake venom L-amino acid oxidases: Trends in 

pharmacology and biochemistry, Biomed Res Int. 2014. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 158 
 

[99]  Sakurai, Y. et al. Inhibition of human platelet aggregation by L-amino acid 

oxidase purified from Naja naja kaouthia venom, Toxicon 39 (12), 1827–

1833, 2001. 

[100]  Tan, N.H., & Swaminathan, S. Purification and properties of the L-amino acid 

oxidase from monocellate cobra (Naja naja kaouthia) venom, Int J Biochem. 

24 (6), 967–973, 1992. 

[101]  Markland, F.S., & Swenson, S. Snake venom metalloproteinases, Toxicon 62, 

3–18, 2013. 

[102]  Jiang, Y. et al. Venom gland transcriptomes of two elapid snakes ( Bungarus 

multicinctus and Naja atra ) and evolution of toxin genes, BMC Genomics 12 

(1), 2011. 

[103]  Matsui, T. et al. Snake venom proteases affecting hemostasis and thrombosis, 

Biochim Biophys Acta. 1477 (1-2), 146–156, 2000. 

[104]  Ferrer, V.P. et al. A Novel Hyaluronidase from Brown Spider (Loxosceles 

intermedia) Venom (Dietrich‘s Hyaluronidase): From Cloning to Functional 

Characterization, PLoS Negl Trop Dis. 7 (5), 2013. 

[105]  Harrison, R.A. et al. Identification of cDNAs encoding viper venom 

hyaluronidases: Cross-generic sequence conservation of full-length and 

unusually short variant transcripts, Gene 392 (1-2), 22–33, 2007. 

[106]  Kemparaju, K., & Girish, K.S. Snake venom hyaluronidase: A therapeutic 

target, Cell Biochemi. Funct. 24 (1), 7–12, 2006. 

[107]  Rusmili, M.R.A. et al. Proteomic characterization and comparison of 

Malaysian Bungarus candidus and Bungarus fasciatus venoms, J Proteomics. 

10, 122, 2014. 

[108]  Tan, C.H. et al. Venom-gland transcriptome and venom proteome of the 

Malaysian king cobra (Ophiophagus hannah), BMC Genomics. 16 (1), 687, 

2015. 

[109]  Robaire, B., & Kato, G. Acetylcholinesterase and alpha-bungarotoxin: a study 

of their possible interaction, FEBS lett. 46 (1), 218–223, 1974. 

[110]  Bourne, Y. et al. Crystal structure of snake venom acetylcholinesterase in 

complex with inhibitory antibody fragment Fab410 bound at the peripheral 

site: evidence for open and closed states of a back door channel, J Biol Chem. 

290 (3), 1522–35, 2015. 

[111]  Sunagar, K. et al. Molecular evolution of vertebrate neurotrophins: Co-option 

of the highly conserved nerve growth factor gene into the advanced snake 

venom arsenalf, PLoS ONE 8 (11), e81827, 2013. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 159 
 

[112]  Wijeyewickrema, L.C. et al. Nerve growth factor inhibits metalloproteinase-

disintegrins and blocks ectodomain shedding of platelet glycoprotein VI, J 

Biol Chem. 285 (16), 11793–11799, 2010. 

[113]  Osipov, A. V. et al. Cobra venom contains a pool of cysteine-rich secretory 

proteins, Biochem Biophys Res Commun. 328 (1), 177–182, 2005. 

[114]  Wang, Y.L. et al. Cobra CRISP functions as an inflammatory modulator via a 

novel Zn 2+- and heparan sulfate-dependent transcriptional regulation of 

endothelial cell adhesion molecules, J Biol Chem. 285 (48), 37872–37883, 

2010. 

[115]  Lecht, S. et al. Anti-angiogenic activities of snake venom CRISP isolated from 

Echis carinatus, Biochim Biophys Acta. 1850 (6), 1169–1179, 2015. 

[116]  Fukuhara, H. et al. New binding face of C-type lectin-like domains, Structure 

22 (12), 1694–6, 2014. 

[117]  Klein, R.C. et al. A C-type lectin from Bothrops jararacussu venom disrupts 

Staphylococcal biofilms, PLoS ONE 10 (3), e0120514, 2015. 

[118]  Mukherjee, A.K. et al. A new C-type lectin (RVsnaclec) purified from venom 

of Daboia russelii russelii shows anticoagulant activity via inhibition of FXa 

and concentration-dependent differential response to platelets in a Ca
2+

-

independent manner, Thromb Res. 134 (5), 1150–6, 2014. 

[119]  García-Fernández, R. et al. Three-dimensional Structure of a Kunitz-type 

Inhibitor in Complex with an Elastase-like Enzyme, J Biol Chem. 290 (22), 

14154–65, 2015. 

[120]  Calvete, J.J. et al. Snake venom disintegrins: novel dimeric disintegrins and 

structural diversification by disulphide bond engineering, Biochem J. 372 (Pt 

3), 725–734, 2003. 

[121]  Okuda, D. et al. A new gene structure of the disintegrin family: A subunit of 

dimeric disintegrin has a short coding region, Biochemistry 41 (48), 14248–

14254, 2002. 

[122]  Moiseeva, N. et al. Structure of acostatin, a dimeric disintegrin from Southern 

copperhead (Agkistrodon contortrix contortrix), at 1.7 A resolution, Acta 

Crystallogr D Biol Crystallogr. 64 (Pt 4), 466–470, 2008. 

[123]  Ruoslahti, E., & Pierschbacher, M.D. Arg-Gly-Asp: a versatile cell 

recognition signal, Cell 44 (4), 517–518, 1986. 

[124]  McLane, M.A. et al. New insights on disintegrin-receptor interactions: 

eristostatin and melanoma cells, Haemostasis 31 (3-6), 177–182, 2001. 

[125]  McLane, M.A. et al. Disintegrins in health and disease, Front Biosci. 13, 

6617–6637, 2008. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 160 
 

[126]  Da Silva, M. et al. Anti-platelet effect of cumanastatin 1, a disintegrin isolated 

from venom of South American Crotalus rattlesnake, Thromb Res. 123 (5), 

731–739, 2009. 

[127]  Sánchez, E.E. et al. Colombistatin: A disintegrin isolated from the venom of 

the South American snake (bothrops colombiensis) that effectively inhibits 

platelet aggregation and SK-Mel-28 cell adhesion, Arch Toxicol. 83 (3), 271–

279, 2009. 

[128]  Ito, M. et al. Complete amino acid sequence of kaouthiagin, a novel cobra 

venom metalloproteinase with two disintegrin-like sequences, Biochemistry 40 

(14), 4503–11, 2001. 

[129]  McGivern, J.J. et al. RNA-seq and high-definition mass spectrometry reveal 

the complex and divergent venoms of two rear-fanged colubrid snakes, BMC 

Genomics 15, 1061, 2014. 

[130]  Pawlak, J., & Kini, R.M. Unique gene organization of colubrid three-finger 

toxins : Complete cDNA and gene sequences of denmotoxin , a bird-specific 

toxin from colubrid snake Boiga dendrophila ( Mangrove Catsnake ), 

Biochimie 90 (6), 868–877, 2008. 

[131]  Doley, R. et al. Accelerated exchange of exon segments in Viperid three-

finger toxin genes (Sistrurus catenatus edwardsii; Desert Massasauga), BMC 

Evol Biol. 8, 196, 2008. 

[132]  Girish, V.M. et al. Identification and Structural Characterization of a New 

Three-Finger Toxin Hemachatoxin from Hemachatus haemachatus Venom, 

PLoS ONE 7 (10), e48112, 2012. 

[133]  Chang, C.C., & Lee, C.Y. Isolation of neurotoxin from the venom of 

Bungarus Multicinctus and their modes of neuromuscular blocking action, 

Arch. Int. Pharmacodyn. Ther. 144, 241–257, 1963. 

[134]  Heyborne, W.H., & Mackessy, S.P. Identification and characterization of a 

taxon-specific three-finger toxin from the venom of the Green Vinesnake 

(Oxybelis fulgidus; Family Colubridae), Biochimie 95 (10), 1923–1932, 2013. 

[135]  Nirthanan, S. et al. Neuromuscular effects of candoxin , a novel toxin from the 

venom of the Malayan krait ( Bungarus candidus ), Br. J. Pharmacol. 139 (4), 

832–844, 2003. 

[136]  Pawlak, J. et al. Denmotoxin, a three-finger toxin from the colubrid snake 

Boiga dendrophila (mangrove catsnake) with bird-specific activity, J Biol 

Chem. 281 (39), 29030–29041, 2006. 

[137]  Rajagopalan, N. et al. Beta-cardiotoxin: a new three-finger toxin from 

Ophiophagus hannah (king cobra) venom with beta-blocker activity, FASEB 

J. 21 (13), 3685–3695, 2007. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 161 
 

[138]  Banerjee, Y. et al. Biophysical Characterization of Anticoagulant Hemextin 

AB Complex from the Venom of Snake Hemachatus haemachatus, Biophys J. 

93 (11), 3963–3976, 2007. 

[139]  Roy, A. et al. Structural and functional characterization of a novel 

homodimeric three-finger neurotoxin from the venom of Ophiophagus hannah 

(King cobra), J Biol Chem. 285 (11), 8302–8315, 2010. 

[140]  Pawlak, J. et al. Irditoxin, a novel covalently linked heterodimeric three-finger 

toxin with high taxon-specific neurotoxicity, FASEB J. 23 (2), 534–545, 2009. 

[141]  Chanda, C. et al. Anti-platelet activity of a three-finger toxin (3FTx) from 

Indian monocled cobra (Naja kaouthia) venom, Biochem Biophys Res 

Commun. 441 (3), 550–554, 2013. 

[142]  Tsetlin, V. Snake venom alpha-neurotoxins and other ―three-finger‖ proteins, 

FEBS J. 264 (2), 281–286, 1999. 

[143]  Dryer, S.E., & Chiappinelli, V.A. Kappa-bungarotoxin: an intracellular study 

demonstrating blockade of neuronal nicotinic receptors by a snake neurotoxin, 

Brain res. 289 (1-2), 317–321, 1983. 

[144]  Jolkkonen, M. et al. Muscarinic toxins from the black mamba Dendroaspis 

polylepis, Eur J Biochem 585 (2), 579–585, 1995. 

[145]  Bourne, Y. et al. Acetylcholinesterase Inhibition by Fasciculin : Crystal 

Structure of the Complex, Cell 83 (3), 503–512, 1995. 

[146]  Kini, R.M. et al. Flanking proline residues identify the L-type Ca2+ channel 

binding site of calciseptine and FS2, Biochemistry 37 (25), 9058–9063, 1998. 

[147]  Nguyen, T.T.N. et al. Cardiotoxin-I: An Unexpectedly Potent Insulinotropic 

Agent, ChemBioChem 13, 1805–1812, 2012. 

[148]  Wu, P.L. et al. Non-cytotoxic cobra cardiotoxin A5 binds to αvβ3 integrin and 

inhibits bone resorption: Identification of cardiotoxins as non-rgd integrin-

binding proteins of the Ly-6 family, J Biol Chem. 281 (12), 7937–7945, 2006. 

[149]  Cheng, C.H. et al. Dynamics and functional differences between dendroaspin 

and rhodostomin: Insights into protein scaffolds in integrin recognition, 

Protein Sci. 21 (12), 1872–1884, 2012. 

[150]  Banerjee, Y. et al. Hemextin AB Complex – A Snake Venom Anticoagulant 

Protein Complex That Inhibits Factor VIIa Activity, Pathophysiol Haemost 

Thromb. 543 (4-5), 184–187, 2005. 

[151]  Koivula, K. et al. The three-finger toxin MTalpha is a selective alpha(2B)-

adrenoceptor antagonist, Toxicon 56 (3), 440–447, 2010. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 162 
 

[152]  Quinton, L. et al. Isolation and pharmacological characterization of AdTx1, a 

natural peptide displaying specific insurmountable antagonism of the α 1A- 

adrenoceptor, Br J Pharmacol. 159 (2), 316–325, 2010. 

[153]  Doley, R. et al. Role of accelerated segment switch in exons to alter targeting 

(ASSET) in the molecular evolution of snake venom proteins, BMC Evol Biol. 

9, 146, 2009. 

[154]  McDowell, R.S. et al. Mambin, a potent glycoprotein IIb-IIIa antagonist and 

platelet aggregation inhibitor structurally related to the short neurotoxins, 

Biochemistry 31, 4766–4772, 1992. 

[155]  Wang, C.I. et al. Isolation and structural and pharmacological characterization 

of alpha-elapitoxin-Dpp2d, an amidated three finger toxin from black mamba 

venom, Biochemistry 53 (23), 3758–3766, 2014. 

[156]  Fujimi, T.J. et al. Molecular evolution and diversification of snake toxin 

genes, revealed by analysis of intron sequences, Gene 313, 111–8, 2003. 

[157]  Kini, R.M. Evolution of three-finger toxins - A versatile mini protein scaffold, 

Acta Chim Slov. 58 (4), 693–701, 2011. 

[158]  Kini, R.M. Molecular moulds with multiple missions: Functional sites in 

three-finger toxins, Clin Exp Pharmacol Physiol. 29, 815–822, 2002. 

[159]  Mori, N., & Tu, A.T. Isolation and primary structure of the major toxin from 

sea snake, Acalyptophis peronii, venom, Arch Biochem Biophys. 260 (1), 10–

17, 1988. 

[160]  Dewan, J.C. et al. Crystal structure of kappa-bungarotoxin at 2.3-A resolution, 

Biochemistry 33 (44), 13147–13154, 1994. 

[161]  Stewart, C.S. et al. Isolation, characterization and pentamerization of alpha-

cobrotoxin specific single-domain antibodies from a naïve phage display 

library: preliminary findings for antivenom development, Toxicon 49 (5), 699–

709, 2007. 

[162]  Osipov, A. V. et al. The first representative of glycosylated three-fingered 

toxins: Cytotoxin from the Naja kaouthia cobra venom, Eur J Biochem. 271 

(10), 2018–2027, 2004. 

[163]  Pahari, S. et al. The venom gland transcriptome of the Desert Massasauga 

rattlesnake (Sistrurus catenatus edwardsii): towards an understanding of 

venom composition among advanced snakes (Superfamily Colubroidea), BMC 

Mol Biol. 8, 115, 2007. 

[164]  Utkin, Y.N. et al. ―Weak Toxin‖ from Naja kaouthia is a Nontoxic Antagonist 

of alpha7 and Muscle-type Nicotinic Acetylcholine Receptors, J Biol Chem. 

276 (19), 15810–15815, 2001. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 163 
 

[165]  Kasheverov, I.E. et al. A model for short alpha-neurotoxin bound to nicotinic 

acetylcholine receptor from Torpedo californica: comparison with long-chain 

alpha-neurotoxins and alpha-conotoxins, 29, 398–411, 2005. 

[166]  Scherf, T. et al. Three-dimensional solution structure of the complex of alpha-

bungarotoxin with a library-derived peptide, Proc Natl Acad Sci 94 (12), 

6059–6064, 1997. 

[167]  Osipov, A. V. et al. Dimeric alpha-Cobratoxin X-ray structure: Localization of 

intermolecular disulfides and possible mode of binding to nicotinic 

acetylcholine receptors, J Biol Chem. 287 (9), 6725–6734, 2012. 

[168]  Endo, T., & Tamiya, N. Snake toxin, Pergamon Press, New york, (US states), 

1991. 

[169]  Trémeau, O. et al. Genetic engineering of snake toxins: The functional site of 

erabutoxin A, as delineated by site-directed mutagenesis, includes variant 

residues, J Biol Chem. 270 (16), 9362–9369, 1995. 

[170]  Antil, S. et al. Variability among the sites by which curaremimetic toxins bind 

to Torpedo acetylcholine receptor, as revealed by identification of the 

functional residues of α-cobratoxin, J Biol Chem. 274 (49), 34851–34858, 

1999. 

[171]  Fiordalisi, J.J. et al. Site-directed mutagenesis of kappa-bungarotoxin: 

implications for neuronal receptor specificity, Biochemistry 33 (13), 3872–7, 

1994. 

[172]  Grant, G.A., & Chiappinelli, V.A. kappa-Bungarotoxin: complete amino acid 

sequence of a neuronal nicotinic receptor probe, Biochemistry 24 (6), 1532–7, 

1985. 

[173]  Sue, S. et al. Structures of Heparin-Derived Disaccharide Bound to Cobra 

Cardiotoxins : Context-Dependent Conformational Change of Heparin upon 

Binding to the Rigid Core of the Three-Fingered Toxin, Biochemistry 40 (36), 

10436–10446, 2001. 

[174]  Konshina, A.G. et al. Snake cytotoxins bind to membranes via interactions 

with phosphatidylserine head groups of lipids, PLoS ONE 6 (4), e19064, 2011. 

[175]  Bilwes, A. et al. X-ray structure at 1.55 A of toxin gamma, a cardiotoxin from 

Naja nigricollis venom. Crystal packing reveals a model for insertion into 

membranes, J Mol Biol. 239 (1), 122–136, 1994. 

[176]  Kini, R.M. et al. Non-enzymatic inhibitors of coagulation and platelet 

aggregation from Naja nigricollis venom are cardiotoxins, Biochem Biophys 

Res Commun. 150 (3), 1012–1016, 1988. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 164 
 

[177]  Kini, R.M., & Evans, H.J. Mechanism of platelet effects of cardiotoxins from 

Naja nigricollis crawshawii (spitting cobra) snake venom, Thromb Res. 52 (3), 

185–95, 1988. 

[178]  Kini, R.M., & Evans, H.J. A common cytolytic region in myotoxins, 

hemolysins, cardiotoxins and antibacterial peptides, Int J Pept Protein Res. 34 

(4), 277–86, 1989. 

[179]  Kini, R.M., & Evans, H.J. Role of cationic residues in cytolytic activity: 

modification of lysine residues in the cardiotoxin from Naja nigricollis venom 

and correlation between cytolytic and antiplatelet activity, Biochemistry 28 

(23), 9209–15, 1989. 

[180]  Kini, R.M., & Banerjee, Y. Dissection approach: a simple strategy for the 

identification of the step of action of anticoagulant agents in the blood 

coagulation cascade, J Thromb Haemost. 3 (1), 170–171, 2004. 

[181]  S, S. et al. The inhibition of clotting complexes of the extrinsic coagulation 

cascade by the phospholipase A2 isoenzymes from Naja nigricollis venom, 

Thromb Res 55, 481–491, 1989. 

[182]  Le Du, M.H. et al. Structure of fasciculin 2 from green mamba snake venom: 

evidence for unusual loop flexibility, Acta Crystallogr D Biol Crystallogr. 52 

(Pt 1), 87–92, 1996. 

[183]  Marchot, P. The fasciculin-acetylcholinesterase interaction, J Soc Biol. 193 

(6), 505–508, 1999. 

[184]  Adem, A. et al. Toxins from the venom of the green mamba Dendroaspis 

angusticeps that inhibit the binding of quinuclidinyl benzilate to muscarinic 

acetylcholine receptors, Biochim Biophys Acta. 968 (3), 340–5, 1988. 

[185]  Karlsson, E. et al. Snake toxins with high selectivity for subtypes of 

muscarinic acetylcholine receptors, Biochimie 82 (9-10), 793–806, 2000. 

[186]  Carsi, J.M. et al. m2-toxin: A selective ligand for M2 muscarinic receptors, 

Mol Pharmacol. 56 (5), 933–7, 1999. 

[187]  Ségalas, I. et al. Solution structure of a green mamba toxin that activates 

muscarinic acetylcholine receptors, as studied by nuclear magnetic resonance 

and molecular modeling, Biochemistry 34 (4), 1248–60, 1995. 

[188]  Bradley, K.N. Muscarinic toxins from the green mamba, Pharmacol Ther. 85 

(2), 87–109, 2000. 

[189]  Näreoja, K. et al. Adrenoceptor activity of muscarinic toxins identified from 

mamba venoms, Br J Pharmacol. 164 (2b), 538–550, 2011. 

[190]  Servent, D., & Menez, A. Handbook of Neurotoxicology, Massaro, E. Human 

Press, Humana, Totowa, NJ, 2001. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 165 
 

[191]  Joubert, F.J., & Taljaard, N. Snake venoms. The amino acid sequences of two 

Melanoleuca-type toxins, Hoppe Seylers Z Physiol Che. 361 (3), 425–436, 

1980. 

[192]  Utkin, Y.N. et al. First tryptophan-containing weak neurotoxin from cobra 

venom, Toxicon 39 (7), 921–927, 2001. 

[193]  Chang, L. et al. Structure-function studies on Taiwan cobra long neurotoxin 

homolog, Biochim Biophys Acta. 1480 (1-2), 293–301, 2000. 

[194]  Poh, S.L. et al. A synthetic weak neurotoxin binds with low affinity to 

Torpedo and chicken α7 nicotinic acetylcholine receptors, Eur J Biochem. 269 

(17), 4247–4256, 2002. 

[195]  Aird, S.D. et al. Primary structure of γ-bungarotoxin, a new postsynaptic 

neurotoxin from venom of Bungarus multicinctus, Toxicon 37, 609–625, 1999. 

[196]  Torres, A.M. et al. NMR structure of bucandin, a neurotoxin from the venom 

of the Malayan krait (Bungarus candidus), Biochem J. 360 (Pt 3), 539–548, 

2001. 

[197]  Antil-delbeke, S. et al. Protein structure and folding: molecular Determinants 

by Which a Long Chain Toxin from Snake Venom Interacts with the Neuronal 

α 7-Nicotinic Acetylcholine Receptor, J Biol Chem. 275 (38), 29594–29601, 

2000. 

[198]  Chiappinelli, V.A. et al. Binding of native kappa-neurotoxins and site-directed 

mutants to nicotinic acetylcholine receptors, Toxicon 34 (11-12), 1243–56, 

1996. 

[199]  Paterson, D., & Nordberg, A. Neuronal nicotinic receptors in the human brain, 

Prog Neurobiol. 61 (1), 75–111, 2000. 

[200]  Lindstrom, J. Nicotinic acetylcholine receptors in health and disease, Mol 

Neurobiol. 15 (2), 193–222, 1997. 

[201]  Wu, J., & Lukas, R.J. Naturally-expressed nicotinic acetylcholine receptor 

subtypes, Biochem Pharmacol. 82 (8), 800–807, 2011. 

[202]  De Weille, J.R. et al. Calciseptine, a peptide isolated from black mamba 

venom, is a specific blocker of the L-type calcium channel, Proc Natl Acad 

Sci 88 (6), 2437–40, 1991. 

[203]  Yasuda, O. et al. FS2. a mamba venom toxin, is a specific blocker of the L-

type calcium channels, Artery 21, 287–302, 1994. 

[204]  Kini, R.M., & Evans, H.J. Prediction of potential protein-protein interaction 

sites from amino acid sequence. Identification of a fibrin polymerization site, 

FEBS Lett. 385 (1-2), 81–6, 1996. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 166 
 

[205]  Watanabe, T.X. et al. Smooth muscle relaxing and hypotensive activities of 

synthetic calciseptine and the homologous snake venom peptide FS2, Jpn J 

Pharmacol. 68 (3), 305–13, 1995. 

[206]  Gatineau, E. et al. Role of tyrosine and tryptophan residues in the structure-

activity relationships of a cardiotoxin from Naja nigricollis venom, 

Biochemistry 26 (25), 8046–8055, 1987. 

[207]  Waldo, A.L. et al. Effect of d-sotalol on mortality in patients with left 

ventricular dysfunction after recent and remote myocardial infarction. The 

SWORD Investigators. Survival With Oral d-Sotalol, Lancet 348 (9019), 7–

12, 1996. 

[208]  Joubert, F.J., & Taljaard, N. Some properties and the complete primary 

structures of two reduced and S-carboxymethylated polypeptides (S5C1 and 

S5C10) from Dendroaspis jamesoni kaimosae (Jameson‘s mamba) venom, 

Biochim Biophys Acta 579 (1), 228–33, 1979. 

[209]  Williams, J.A. Disintegrins: RGD-containing proteins which inhibit 

cell/matrix interactions (adhesion) and cell/cell interactions (aggregation) via 

the integrin receptors, Pathol Biol (Paris). 40 (8), 813–21, 1992. 

[210]  Wattam, B. et al. Arg-Tyr-Asp (RYD) and Arg-Cys-Asp (RCD) motifs in 

dendroaspin promote selective inhibition of beta1 and beta3 integrins, 

Biochem J. 356 (1), 11–17, 2001. 

[211]  Lu, X. et al. The effect of the single substitution of arginine within the RGD 

tripeptide motif of a modified neurotoxin dendroaspin on its activity of platelet 

aggregation and cell adhesion, Cell Commun Adhes. 13 (3), 171–183, 2006. 

[212]  Schleifer, K.J. Comparative molecular modelling study of the calcium channel 

blockers nifedipine and black mamba toxin FS2, J Comput Aided Mol Des. 11 

(5), 491–501, 1997. 

[213]  Shiu, J.-H. et al. Solution structure of gamma-bungarotoxin: the functional 

significance of amino acid residues flanking the RGD motif in integrin 

binding, Proteins 57 (4), 839–49, 2004. 

[214]  Sutcliffe, M.J. et al. Three-dimensional structure of the RGD-containing 

neurotoxin homologue dendroaspin, Nat Struct Biol. 1 (11), 802–7, 1994. 

[215]  Pu, X.C. et al. A novel analgesic toxin (Hannalgesin) from the venom of king 

cobra (Ophiophagus hannah), Toxicon 33 (11), 1425–1431, 1995. 

[216]  Nei, M., & Rooney, A.P. Concerted and birth-and-death evolution of 

multigene families, Annu rev genet 39, 121–52, 2005. 

[217]  Fry, B.G. et al. Molecular evolution and phylogeny of elapid snake venom 

three-finger toxins, J Mol Evol. 57 (1), 110–129, 2003. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 167 
 

[218]  Daltry, J.C. et al. Diet and snake venom evolution, Nature 379, 537–540, 

1996. 

[219]  Sekhar, C.C., & Chakrabarty, D. Fibrinogenolytic toxin from Indian monocled 

cobra (Naja kaouthia) venom, J Biosci. 36 (2), 355–361, 2011. 

[220]  Mukherjee, A.K. Phospholipase A2-interacting weak neurotoxins from venom 

of monocled cobra Naja kaouthia display cell-specific cytotoxicity, Toxicon 

51, 1538–1543, 2008. 

[221]  Debnath, A. et al. A lethal cardiotoxic-cytotoxic protein from the Indian 

monocellate cobra (Naja kaouthia) venom, Toxicon 56 (4), 569–579, 2010. 

[222]  Mackessy, S.P. Venom ontogeny in the Pacific rattlesnakes Crotalus viridis 

helleri and C. v. oreganus, Copeia 92–101, 1988. 

[223]  Lowry, O.H. et al. Protein measurement with the Folin phenol reagent, J Biol 

Chem. 193 (1), 265–275, 1951. 

[224]  Laemmli, U.K. Cleavage of structural proteins during the assembly of the 

head of bacteriophage T4, Nature 227 (5259), 680–685, 1970. 

[225]  Hendrickson, H.S. et al. Chiral synthesis of a dithiolester analog of 

phosphatidylcholine as a substrate for the assay of phospholipase A2, J Lipid 

Res. 24 (11), 1532–1537, 1983. 

[226]  Reynolds, L.J. et al. Analysis of human synovial fluid phospholipase A2 on 

short chain phosphatidylcholine-mixed micelles: development of a 

spectrophotometric assay suitable for a microtiterplate reader, Anal Biochem. 

204 (1), 190–197, 1992. 

[227]  Joubert, F.J., & Taljaard, N. Naja haje haje (Egyptian cobra) venom. Some 

properties and the complete primary structure of three toxins (CM-2, CM-11 

and CM-12), Eur J Biochem. 90 (2), 359–367, 1978. 

[228]  Meier, J., & Theakston, R.D. Approximate LD50 determinations of snake 

venoms using eight to ten experimental animals, Toxicon 24 (4), 395–401, 

1986. 

[229]  Yamakawa K, Nozaki M, and H.Z. Animal, Plant, and Microbial Toxins, 

Springer New York, 1976. 

[230]  Vishwanath, B.S., & Gowda, T. V. Interaction of aristolochic acid with Vipera 

russelli phospholipase A2: its effect on enzymatic and pathological activities, 

Toxicon 25 (9), 929–937, 1987. 

[231]  Vishwanath, B.S. et al. Purification and partial biochemical characterization of 

an edema inducing phospholipase A2 from Vipera russelli (Russell‘s viper) 

snake venom, Toxicon 26 (8), 713–720, 1988. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 168 
 

[232]  Kondo, H. et al. Studies on the quantitative method for determination of 

hemorrhagic activity of Habu snake venom, Jpn J Med Sci Biol. 13, 43–52, 

1960. 

[233]  Parasuraman, S. et al. Blood sample collection in small laboratory animals, J 

Pharmacol Pharmacother. 1 (2), 87–93, 2010. 

[234]  McQueen, M.J. True Arrhenius relationships of human lactate dehydrogenase, 

J. Clin. Chem. Clin. Biochem 13 (1), 17–19, 1975. 

[235]  Witt, I., & Trendelenburg, C. Joint study to establish reference values for 

clinical chemical parameters in childhood (author‘s transl), J. Clin. Chem. 

Clin. Biochem 20 (4), 235–242, 1982. 

[236]  Hohorst, H.J. et al. Studies on the creatine kinase equilibrium in muscle and 

the significance of ATP and ADP levels, Biochem Biophys Res Commun. 7, 

142–146, 1962. 

[237]  Turner, D.C. et al. A protein that binds specifically to the M-line of skeletal 

muscle is identified as the muscle form of creatine kinase, Proc Natl Acad Sci 

70 (3), 702–705, 1973. 

[238]  Konttinen, A., & Somer, H. Specificity of serum creatine kinase isoenzymes 

in diagnosis of acute myocardial infarction, Br Med J. 1 (5850), 386–389, 

1973. 

[239]  Ferlitsch, A. et al. The diagnostic value of CK-isoenzymes in suspected acute 

myocardial infarction (author‘s transl), Dtsch Med Wochenschr. 101 (9), 312–

317, 1976. 

[240]  Somer, H. et al. Creatine kinase isoenzymes in neuromuscular diseases, J 

Neurol Sci. 29 (2-4), 129–136, 1976. 

[241]  Mukherjee, A.K., & Maity, C.R. Biochemical composition, lethality and 

pathophysiology of venom from two cobras - Naja naja and N. kaouthia, 

Comp Biochem Physiol. 131 (2), 125–132, 2002. 

[242]  Ouyang, C., & Teng, C.M. Fibrinogenolytic enzymes of Trimeresurus 

mucrosquamatus venom, Biochim Biophys Acta. 420 (2), 298–308, 1976. 

[243]  Eagle, H. Studies on blood coagulation: II. Te formation of fibrin from 

thrombin and fibrinogen, J Gen Physiol. 18 (4), 547–555, 1935. 

[244]  Henschen, A. et al. Covalent structure of fibrinogen, Ann N Y Acad Sci. 408, 

28–43, 1983. 

[245]  Mosesson, M.W. Fibrinogen and fibrin structure and functions, J Thromb 

Haemost. 3 (8), 1894–1904, 2005. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 169 
 

[246]  Iwanaga, S. Structure and function of fibrinogen, Tanpakushitsu kakusan koso. 

14 (3), 175–195, 1969. 

[247]  Lang, T. et al. Multi-centre investigation on reference ranges for ROTEM 

thromboelastometry, Blood Coagul Fibrinolysis. 16 (4), 301–310, 2005. 

[248]  Niemi, T.T., & Kuitunen, A.H. Artificial colloids impair haemostasis. An in 

vitro study using thromboelastometry coagulation analysis, Acta Anaesthesiol 

Scand. 49 (3), 373–378, 2005. 

[249]  Steer, P.L., & Krantz, H.B. Thromboelastography and Sonoclot analysis in the 

healthy parturient, J Clin Anesth. 5 (5), 419–424, 1993. 

[250]  LaForce, W.R. et al. Evaluation of the SonoClot Analyzer for the 

measurement of platelet function in whole blood, Ann Clin Lab Sci. 22 (1), 

30–33, 1992. 

[251]  Gutiérrez, J.M. et al. Impact of regional variation in Bothrops asper snake 

venom on the design of antivenoms: Integrating antivenomics and 

neutralization approaches, J Proteome Res. 9 (1), 564–577, 2010. 

[252]  Katsuki, R. et al. Tramadol, but not its major metabolite (mono-O-demethyl 

tramadol) depresses compound action potentials in frog sciatic nerves, Br J 

Pharmacol. 149 (3), 319–327, 2006. 

[253]  Edman, P. A method for the determination of amino acid sequence in peptides, 

Arch Biochem. 22 (3), 475, 1949. 

[254]  Mukherjee, A.K. Non-covalent interaction of phospholipase A(2) (PLA(2)) 

and kaouthiotoxin (KTX) from venom of Naja kaouthia exhibits marked 

synergism to potentiate their cytotoxicity on target cells, J venom res. 1, 37–

42, 2010. 

[255]  Yamaguchi, Y. et al. Characterization, amino acid sequence and evolution of 

edema-inducing, basic phospholipase A2 from Trimeresurus flavoviridis 

venom, Toxicon 39 (7), 1069–1076, 2001. 

[256]  Reali, M. et al. Neurotoxic and myotoxic actions of Naja naja kaouthia venom 

on skeletal muscle in vitro, Toxicon 41, 657–665, 2003. 

[257]  Persson, B. et al. Elapid venom toxins : multiple recruitments of ancient 

scaffolds, Eur J Biochem. 234 (1-2), 225–234, 1999. 

[258]  Nanjaraj Urs, A.N. et al. Progressive Hemorrhage and Myotoxicity Induced by 

Echis carinatus Venom in Murine Model: Neutralization by Inhibitor Cocktail 

of N,N,N‘,N'-Tetrakis (2-Pyridylmethyl) Ethane-1,2-Diamine and Silymarin, 

PLoS ONE 10 (8), e0135843, 2015. 

[259]  Teixeira, C.F.P. et al. Inflammatory effects of snake venom myotoxic 

phospholipases A2, Toxicon 42 (8), 947–962, 2003. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 170 
 

[260]  Uma, B., & Veerabasappa Gowda, T. Molecular mechanism of lung 

hemorrhage induction by VRV-PL-VIIIa from Russell‘s viper (Vipera 

russelli) venom, Toxicon 38 (8), 1129–1147, 2000. 

[261]  Saravia, P. et al. Geographic and ontogenic variability in the venom of the 

neotropical rattlesnake Crotalus durissus: Pathophysiological and therapeutic 

implications, Rev Biol Trop. 50 (1), 337–346, 2002. 

[262]  Chippaux, J.P. et al. Snake venom variability: Methods of study, results and 

interpretation, Toxicon 29 (11), 1279–1303, 1991. 

[263]  Leong, P.K. et al. Cross neutralisation of Southeast Asian cobra and krait 

venoms by Indian polyvalent antivenoms, Trans R Soc Trop Med Hyg. 106 

(12), 731–737, 2012. 

[264]  Sells, P.G. Animal experimentation in snake venom research and in vitro 

alternatives, Toxicon 42 (2), 115–133, 2003. 

[265]  Kuruppu, S. et al. Neurotoxins from Australo-Papuan elapids: a biochemical 

and pharmacological perspective, Crit Rev Toxicol. 38 (1), 73–86, 2008. 

[266]  Hodgson, W.C., & Wickramaratna, J.C. In vitro neuromuscular activity of 

snake venoms, Clin Exp Pharmacol Physiol. 29 (9), 807–814, 2002. 

[267]  Chen, K.C. et al. The mechanism of cytotoxicity by Naja naja atra 

cardiotoxin 3 is physically distant from its membrane-damaging effect, 

Toxicon 50 (6), 816–824, 2007. 

[268]  Symer, D.E. et al. A requirement for membrane-associated phospholipase A2 

in platelet cytotoxicity activated by receptors for immunoglobulin G and 

complement, J Exp Med. 177 (4), 937–947, 1993. 

[269]  Vulfius, C.A. et al. Inhibition of nicotinic acetylcholine receptors, a novel 

facet in the pleiotropic activities of snake venom phospholipases A2, PLoS 

ONE 9 (12), e115428, 2014. 

[270]  Chiou, Y.-L. et al. Modulated mechanism of phosphatidylserine on the 

catalytic activity of Naja naja atra phospholipase A2 and Notechis scutatus 

scutatus notexin, Toxicon 92, 113–22, 2014. 

[271]  Kini, R.M. Structure-function relationships and mechanism of anticoagulant 

phospholipase A2 enzymes from snake venoms, Toxicon 45 (8), 1147–1161, 

2005. 

[272]  Dutta, S. et al. Anticoagulant mechanism and platelet deaggregation property 

of a non-cytotoxic, acidic phospholipase A2 purified from Indian cobra (Naja 

naja) venom: Inhibition of anticoagulant activity by low molecular weight 

heparin, Biochimie 110, 93–106, 2015. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 171 
 

[273]  Wijeyewickrema, L.C. et al. Fractionation of snake venom metalloproteinases 

by metal ion affinity: A purified cobra metalloproteinase, Nk, from Naja 

kaouthia binds Ni2+-agarose, Toxicon 50 (8), 1064–1072, 2007. 

[274]  Dufton, M.J., & Hider, R.C. Structure and pharmacology of elapid cytotoxins, 

Pharmacol Ther. 36 (1), 1–40, 1988. 

[275]  Kumar, T.K. et al. A case study of cardiotoxin III from the Taiwan cobra 

(Naja naja atra). Solution structure and other physical properties, Adv Exp 

Med Biol. 391, 115–129, 1996. 

[276]  Feofanov, A. V et al. Cancer cell injury by cytotoxins from cobra venom is 

mediated through lysosomal damage, Biochem J. 390 (Pt 1), 11–18, 2005. 

[277]  Debnath, A. et al. Venom of Indian monocellate cobra and Russell’s viper 

show anticancer activity in experimental models, J Ethnopharmacol. 111 (3), 

681–684, 2007. 

[278]  Gutiérrez, J.M., & Rucavado, A. Snake venom metalloproteinases: their role 

in the pathogenesis of local tissue damage, Biochimie 82 (9-10), 841–850, 

2000. 

[279]  Hamako, J. et al. Purification and characterization of kaouthiagin, a von 

Willebrand factor-binding and -cleaving metalloproteinase from Naja 

kaouthia cobra venom, Thromb Haemost. 80 (3), 499–505, 1998. 

[280]  Chen, L.W. et al. Bactericidal effect of Naja nigricollis toxin γ is related to its 

membrane-damaging activity, Peptides 32 (8), 1755–1763, 2011. 

[281]  Chen, L.W. et al. Membrane-damaging activity of Taiwan cobra cardiotoxin 3 

is responsible for its bactericidal activity, Toxicon 58 (1), 46–53, 2011. 

[282]  Xu, C. et al. A bactericidal homodimeric phospholipases A2 from Bungarus 

fasciatus venom, Peptides 28 (5), 969–973, 2007. 

[283]  Mordvintsev, D.Y. et al. Behavioural effects in mice and intoxication 

symptomatology of weak neurotoxin from cobra Naja kaouthia, Basic Clin 

Pharmacol Toxicol. 100 (4), 273–278, 2007. 

[284]  Behrooz Fathi, H. et al. The facilitatory actions of snake venom phospholipase 

A2 neurotoxins at the neuromuscular junction are not mediated through 

voltage-gated K+ channels, Toxicon 39, 1871–1882, 2001. 

[285]  Shashidharamurthy, R. et al. Variations in biochemical and pharmacological 

properties of Indian cobra (Naja naja naja) venom due to geographical 

distribution, Mol Cell Biochem. 229 (1-2), 93–101, 2002. 

[286]  Shashidharamurthy, R., & Kemparaju, K. Region-specific neutralization of 

Indian cobra (Naja naja) venom by polyclonal antibody raised against the 

eastern regional venom: A comparative study of the venoms from three 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 172 
 

different geographical distributions, Int Immunopharmacol. 7 (1), 61–69, 

2007. 

[287]  Calvete, J.J. et al. Snake venomics. Strategy and applications, J Mass 

Spectrom. 42 (11), 1405–1414, 2007. 

[288]  Vonk, F.J. et al. Snake venom: From fieldwork to the clinic: Recent insights 

into snake biology, together with new technology allowing high-throughput 

screening of venom, bring new hope for drug discovery, BioEssays 33 (4), 

269–79, 2011. 

[289]  Warrell, D.A. Snake bite, The Lancet 375, 77–88, 2010. 

[290]  Gutiérrez, J.M. et al. Confronting the neglected problem of snake bite 

envenoming: The need for a global partnership, PLoS Med. 3 (6), 0727–0731, 

2006. 

[291]  Uetz., P., & Hosek, J. The Reptile Database, 2015. 

[292]  Wallach, V. et al. In praise of subgenera: taxonomic status of cobras of the 

genus Naja Laurenti (Serpentes: Elapidae), Zootaxa 2236, 26–36, 2009. 

[293]  Kulkeaw, K. et al. Proteome and immunome of the venom of the Thai cobra, 

Naja kaouthia, Toxicon 49 (7), 1026–1041, 2007. 

[294]  Earl, S.T.H. et al. Post-translational modification accounts for the presence of 

varied forms of nerve growth factor in Australian elapid snake venoms, 

Proteomics 6 (24), 6554–6565, 2006. 

[295]  Malih, I. et al. Proteomic analysis of moroccan cobra naja haje legionis 

venom using tandem mass spectrometry, J Proteomics. 96, 240–252, 2014. 

[296]  Chem, J.J.B. et al. Characterization of Elapidae Snake Venom Components 

Using Optimized Reverse-Phase High-Performance Liquid Chromatographic 

Conditions and Screening Assays for Neurotoxin and Phospholipase A2 

Activities, Biochemistry 25 (22), 7235–7243, 1986. 

[297]  Takacs, Z. et al. Cobra ( Naja spp . ) Nicotinic Acetylcholine Receptor 

Exhibits Resistance to Erabu Sea Snake ( Laticauda semifasciata ) Short-

Chain alpha Neurotoxin, J Mol Evol. 58 (5), 516–526, 2004. 

[298]  Tsetlin, V.I. Three-finger snake neurotoxins and Ly6 proteins targeting 

nicotinic acetylcholine receptors: pharmacological tools and endogenous 

modulators, Trends Pharmacol Sci. 36 (2), 109–23, 2015. 

[299]  Utkin, Y.N. Three-finger toxins, a deadly weapon of elapid venom - 

Milestones of discovery, Toxicon 62, 50–55, 2013. 

[300]  Batuwangala, T. et al. Structure of the snake-venom toxin convulxin, Acta 

Crystallogr D Biol Crystallogr. 60 (Pt 1), 46–53, 2004. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 173 
 

[301]  Blanchet, G. et al. Polypharmacology pro fi les and phylogenetic analysis of 

three- fi nger toxins from mamba venom : Case of aminergic toxins, Biochimie 

103, 109–117, 2014. 

[302]  Fruchart-gaillard, C. et al. How Three-Finger-Fold Toxins Interact With 

Various Cholinergic Receptors, J Mol Neurosci. 30 (1), 7–8, 2006. 

[303]  Gasanov, S.E. et al. Snake Venom Cytotoxins, Phospholipase A2s, and Zn2+-

dependent Metalloproteinases: Mechanisms of Action and Pharmacological 

Relevance, J Clin Toxicol. 4 (1), 1000181, 2014. 

[304]  Qian, Y.C. et al. cDNA sequence analysis and expression of four long 

neurotoxin homologues from Naja naja atra, Biochim Biophys Acta. 1443 (1-

2), 233–238, 1998. 

[305]  Dufton, M.J., & Hider, R.C. Conformational properties of the neurotoxins and 

cytotoxins isolated from Elapid snake venoms, CRC Crit Rev Biochem. 14 (2), 

113–171, 1983. 

[306]  Endo, T., & Tamiya, N. Current view on the structure-function relationship of 

postsynaptic neurotoxins from snake venoms, Pharmacol Ther. 34 (3), 403–

451, 1987. 

[307]  Pillet, L. et al. Genetic engineering of snake toxins: Role of invariant residues 

in the structural and functional properties of a curaremimetic toxin, as probed 

by site-directed mutagenesis, J Biol Chem. 268 (2), 909–916, 1993. 

[308]  Nirthanan, S., & Gwee, M.C.E. Critical Review Three-Finger -Neurotoxins 

and the Nicotinic Acetylcholine Receptor , Forty Years On, J. Pharmacol. Sci. 

17 (1), 1–17, 2004. 

[309]  Dubovskii, P. V et al. Cobra cardiotoxins: membrane interactions and 

pharmacological potential, Curr Med Chem. 21 (3), 270–287, 2014. 

[310]  Armugam, A., & Jeyaseelan, K. Cytotoxic potency of cardiotoxin from Naja 

sputatrix: develoment of a new cytolytic assay, Biochem. J. 43, 35–43, 2002. 

[311]  Chu, N.-S. Contribution of a snake venom toxin to myasthenia gravis: the 

discovery of alpha-bungarotoxin in Taiwan, J Hist Neurosci. 14 (2), 138–148, 

2005. 

[312]  Rogers, C.M., & Brown, E.R. Differential sensitivity to calciseptine of L-type 

Ca2+ currents in a ―lower‖ vertebrate (Scyliorhinus canicula), a protochordate 

(Branchiostoma lanceolatum) and an invertebrate (Alloteuthis subulata), Exp 

Physiol. 86 (6), 689–694, 2001. 

[313]  Tsetlin, V.I. et al. Conformational studies of neurotoxin II from Naja naja 

oxiana. Selective N-acylation, circular dichroism and nuclear-magnetic-

resonance study of acylation products, Eur J Biochem. 94 (2), 337–346, 1979. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 174 
 

[314]  Roly, Z.Y. et al. A comparative in silico characterization of functional and 

physicochemical properties of 3FTx (three finger toxin) proteins from four 

venomous snakes, Bioinformation 10 (5), 281–287, 2014. 

[315]  Blanchet, G. et al. Polypharmacology profiles and phylogenetic analysis of 

three-finger toxins from mamba venom: Case of aminergic toxins, Biochimie 

103, 109–117, 2014. 

[316]  Ã, K.J. et al. Structurally conserved K -neurotoxin genes encode functionally 

diverse proteins in the venom of Naja sputatrix 1, 553, 333–341, 2003. 

[317]  Chang, L. et al. Purification and characterization of a neurotoxin from the 

venom of Ophiophagus hannah (king cobra), Biochem Biophys Res Commun. 

294 (3), 574–578, 2002. 

[318]  Achyuthan, K.E., & Ramachandran, L.K. Cardiotoxin of the Indian cobra ( 

Naja naja ) is a pyrophosphatase, 3 (2), 149–155, 1981. 

[319]  Krarup, C. Compound sensory action potential in normal and pathological 

human nerves, Muscle Nerve. 29 (4), 465–483, 2004. 

[320]  Katoh, E. et al. Structural basis for the biological activity of dendrotoxin-I, a 

potent potassium channel blocker, Biopolymers 54 (1), 44–57, 2000. 

[321]  Mukherjee, A.K. Correlation between the phospholipids domains of the target 

cell membrane and the extent of Naja kaouthia PLA2-induced membrane 

damage: Evidence of distinct catalytic and cytotoxic sites in PLA2 molecules, 

Biochim Biophys Acta. 1770 (2), 187–195, 2007. 

[322]  Fletcher, J.E. et al. Similarities and differences in mechanisms of cardiotoxins, 

melittin and other myotoxins, Toxicon 34 (11-12), 1301–1311, 1996. 

[323]  Vincent, J.P. et al. Properties of association of cardiotoxin with lipid vesicles 

and natural membranes. A fluorescence study, FEBS Lett. 85 (1), 103–108, 

1978. 

[324]  Aripov, T.F. et al. Central Asian cobra venom cytotoxins-induced aggregation, 

permeability and fusion of liposomes, Gen Physiol Biophys. 8 (5), 459–473, 

1989. 

[325]  Chien, K.Y. et al. Fusion of sphingomyelin vesicles induced by proteins from 

Taiwan cobra (Naja naja atra) venom. Interactions of zwitterionic 

phospholipids with cardiotoxin analogues, J Biol Chem. 266 (5), 3252–9, 

1991. 

[326]  Carbone, M.A., & Macdonald, P.M. Cardiotoxin II segregates 

phosphatidylglycerol from mixtures with phosphatidylcholine: (31)P and (2)H 

NMR spectroscopic evidence, Biochemistry 35 (11), 3368–78, 1996. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 175 
 

[327]  Aripov, T.F. et al. The influence of cytotoxins from Central Asian cobra 

venom and melittin from bee venom on the thermodynamic properties of 

phospholipid bilayer, Gen Physiol Biophys. 6 (4), 343–57, 1987. 

[328]  Lee, S.C. et al. Endocytotic routes of cobra cardiotoxins depend on spatial 

distribution of positively charged and hydrophobic domains to target distinct 

types of sulfated glycoconjugates on cell surface, J Biol Chem. 289 (29), 

20170–20181, 2014. 

[329]  Chien, K.Y. et al. Two distinct types of cardiotoxin as revealed by the 

structure and activity relationship of their interaction with zwitterionic 

phospholipid dispersions, J Biol Chem. 269 (20), 14473–83, 1994. 

[330]  Konshina, A.G. et al. Interaction of cardiotoxin A5 with membrane: Role of 

conformational heterogeneity and hydrophobic properties, Bioorg Khim. 29 

(6), 523–533, 2003. 

[331]  Lu, X. et al. Preferential antagonism of the interactions of the integrin alpha 

IIb beta 3 with immobilized glycoprotein ligands by snake-venom RGD (Arg-

Gly-Asp) proteins. Evidence supporting a functional role for the amino acid 

residues flanking the tripeptide RGD in , Biochem J. 304 (Pt 3), 929–936, 

1994. 

[332]  Shiu, J.H. et al. Solution structure of gamma-bungarotoxin: The functional 

significance of amino acid residues flanking the RGD motif in integrin 

binding, Proteins 57 (4), 839–849, 2004. 

[333]  Ferraro, E. et al. Molecular control of neuromuscular junction development, J 

Cachexia Sarcopenia Muscle 3, 13–23, 2012. 

[334]  Ogay, A.Y. et al. Weak neurotoxin from Naja kaouthia cobra venom affects 

haemodynamic regulation by acting on acetylcholine receptors, Toxicon 45 

(1), 93–99, 2005. 

[335]  Chang, L. Sen et al. Structure-function studies on Taiwan cobra long 

neurotoxin homolog, Biochim Biophys Acta. 1480 (1-2), 293–301, 2000. 

[336]  Chang, L.S. et al. Characterization and gene organization of Taiwan banded 

krait (Bungarus multicinctus) γ-bungarotoxin, J Protein Chem. 21 (4), 223–

229, 2002. 

[337]  Mordvintsev, D.Y. et al. Weak toxin WTX from Naja kaouthia cobra venom 

interacts with both nicotinic and muscarinic acetylcholine receptors, FEBS J. 

276 (18), 5065–5075, 2009. 

[338]  Goldstein, S.A.N. et al. The charybdotoxin receptor of a Shaker K+ channel: 

Peptide and channel residues mediating molecular recognition, Neuron 12, 

1377–1388, 1994. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 176 
 

[339]  Miller, C. et al. Charybdotoxin, a protein inhibitor of single Ca2+-activated 

K+ channels from mammalian skeletal muscle, Nature 313 (6000), 316–318, 

1985. 

[340]  Floriano, R.S. et al. The neuromuscular activity of Bothriopsis bilineata 

smaragdina (forest viper) venom and its toxin Bbil-TX (Asp49 phospholipase 

A) on isolated mouse nerve-muscle preparations, Toxicon 96C, 24–37, 2015. 

[341]  Stahl, W.L. (Na+ + K+)-ATPase: function, structure, and conformations., 

Annals of neurology 16 Suppl, S121–S127, 1984. 

[342]  Werman, R. The specificity of molecular processes involved in neural 

transmission, J Theor Biol. 9 (3), 471–477, 1965. 

[343]  Kostial, K. The role of sodium, potassium, calcium, magnesium and lead ions 

in synaptic transmission, Arhiv za higijenu rada 6 (3), 193–200, 1955. 

[344]  Dreyer, F. Peptide toxins and potassium channels, Rev Physiol Biochem 

Pharmacol. 115, 93–136, 1990. 

[345]  Rettig, J. et al. Inactivation properties of voltage-gated K+ channels altered by 

presence of beta-subunit, Nature 369 (6478), 289–294, 1994. 

[346]  Morales, M.J. et al. A novel β subunit increases rate of inactivation of specific 

voltage-gated potassium channel α subunits, J Biol Chem. 270 (11), 6272–

6277, 1995. 

[347]  Majumder, K. et al. Molecular cloning and functional expression of a novel 

potassium channel beta-subunit from human atrium, FEBS Lett. 361 (1), 13–

16, 1995. 

[348]  Dufton, M.J. Proteinase inhibitors and dendrotoxins. Sequence classification, 

structural prediction and structure/activity, Eur J Biochem. 153 (3), 647–654, 

1985. 

[349]  Harvey, A.L., & Anderson, A.J. Dendrotoxins: snake toxins that block 

potassium channels and facilitate neurotransmitter release, Pharmacol Ther. 

31 (1-2), 33–55, 1985. 

[350]  Aneiros, A. et al. A potassium channel toxin from the secretion of the sea 

anemone Bunodosoma granulifera. Isolation, amino acid sequence and 

biological activity, Biochim Biophys Acta. 1157 (1), 86–92, 1993. 

[351]  Castañeda, O. et al. Characterization of a potassium channel toxin from the 

Caribbean sea anemone Stichodactyla helianthus, Toxicon 33 (5), 603–613, 

1995. 

[352]  Schwartz, E.F. et al. OcyKTx2, a new K+-channel toxin characterized from 

the venom of the scorpion Opisthacanthus cayaporum, Peptides 46, 40–46, 

2013. 



Studies on the crude venom and purified three finger toxin of Naja kaouthia from North East India 

 

Das, D., Ph.D. Thesis, 2015 Page 177 
 

[353]  Rauer, H. et al. Structure-guided transformation of charybdotoxin yields an 

analog that selectively targets Ca2+-activated over voltage-gated K+ channels, 

J Biol Chem. 275 (2), 1201–1208, 2000.  

 

 


