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ABSTRACT 
 
This investigation focused on synthetic peptides derived from Conus magus as 

potential tools in drug discovery and as pharmacological agents themselves. The 

starting point was the previously discovered natural compound αM1. In addition 

the newly discovered αM1280 was also produced as weall as a novel hybrid 

intermediate αM1des[Gly]1. The αM1des[Gly]1 was designed as an intermediate 

differing by a sole amino acid at the N-terminus. These three peptides were 

successfully synthesized and tested with the major findings being that all three 

peptides bind nicotinic acetylcholine receptors (nAChR) of the muscular but not 

neuronal or adrenal subtypes. Moreover, these peptides showed differential 

toxicity. They were non-lethal to worms and snails. However the LD50 in fish 

showed graded responses at 18.5, 8.2 and 5.7 nmoL.g-1 for αM1280, αM1 and 

αM1des[Gly]1, respectively. The elucidation of specificity of receptor binding for 

these peptides provides tools for discovering new therapeutic leads. Additionally, 

the differential toxicity of the engineered peptides demonstrates that peptide 

truncation and base substitution are valid strategies for increasing toxicity in 

nature and may also provide leads for pharmacological research. The secondary 

objective of this thesis was also successful by establishing the differential toxicity 

(survival time) of variant peptides from another standard C. magus backbone, 

M2450; in fish. Time to lethality ranged from 10 seconds to non-lethal depending 

on backbone substitution of cysteines and their disulfide bridge connectivity. This 

secondary objective provides the foundation for future classification of novel 

conotoxins found in the milked-venom of C. magus. The third and final objective 

of this thesis was to determine optimized synthesis and oxidation properties of 

novel peptides from the M2450 backbone. This was successful in demonstrating 

that oxidation conditions are critical and by introducing urea and NH4HCO3 at 4oC 

to the synthetic peptide, four isomers are possible with the first being most potent. 



 iv 

 

Table of Contents 
ACKNOWLEDGMENTS ....................................................................................... ii 
ABSTRACT.......................................................................................................... iii 
LIST OF TABLES ................................................................................................vi 
LIST OF FIGURES..............................................................................................vii 
List of Abbreviation..........................................................................................viii 
Chapter 1. .............................................................................................................1 
INTRODUCTION...................................................................................................1 

1.1 NATURAL PRODUCTS RESEARCH ................................................................. 1 
1.2 CONOPEPTIDES IN NATURAL PRODUCT RESEARCH ................................. 3 
1.3 VENOM SOURCE DERIVITIZATION.................................................................. 5 
1.4 CONOPEPTIDE SYNTHESIS ............................................................................. 6 
1.5 CONOPEPTIDE PURIFICATION ...................................................................... 11 
1.6 CONOPEPTIDE CHARACTERIZATION........................................................... 12 
1.7 UNIQUE MILKED-VENOM CONSTITUENTS................................................... 15 
1.8     CONOPEPTIDES AND POST-TRANSLATIONAL MODIFICATION............... 19 
1.9     CONOPEPTIDES INTERACTION.................................................................... 23 
1.10  Conus magus MILKED-VENOM CONSTITUENTS ......................................... 29 

CHAPTER 2. .......................................................................................................31 
SPECIFIC AIMS AND OBJECTIVES .................................................................31 

2.1 PURPOSE............................................................................................................. 31 
2.2 HYPOTHESIS ....................................................................................................... 31 

CHAPTER 3. .......................................................................................................32 
MATERIALS AND METHODS............................................................................32 

3.1 SOLID-PHASE PEPTIDE SYNTHESIS OF M2450.............................................. 32 
3.2 CHARACTERIZATION OF M2450 ....................................................................... 33 
3.3 OXIDATION OF M2450 ........................................................................................ 33 
3.4 PURIFICATION AND QUANTIFICATION OF M2450 .......................................... 35 
3.5 NICOTINIC ACETYLCHOLINE RECEPTOR CLBA ............................................ 36 

   In Vitro Binding Studies........................................................................................ 36 
   Membrane preparation......................................................................................... 36 
   Radioligand Binding Assays................................................................................. 37 
   Data analysis........................................................................................................ 38 

3.6  LD50 α-CONTOXIN COMPARISON..................................................................... 38 
3.7  LD50 M2450 ISOMER COMPARISON ................................................................. 39 

CHAPTER 4 ........................................................................................................40 
RESULTS AND DISCUSSION............................................................................40 

4.1 Peptide synthesis and purification.................................................................... 40 
4.2 OXIDATION CONDITIONS OF M2450................................................................. 41 



 v 

4.3 NICOTINIC AChR COMPETITIVE LIGAND BINDING ASSAY........................... 46 
4.3 LD50 comparison of α-conotoxins ..................................................................... 47 
4.6 LD50 COMPARISON M2450 ................................................................................. 47 
4.7 DISCUSSION........................................................................................................ 50 

CHAPTER 5 ........................................................................................................62 
CONCLUSIONS FUTURE WORK......................................................................62 

5.1 CONCLUSION...................................................................................................... 62 
References .........................................................................................................64 
LIST OF PRESENTATIONS AND PUBLICATIONS ..........................................67 
 
 
 



 vi 

LIST OF TABLES 
 

 

Table 1.0 M2450 and Patent Comparison……………………………...….........16 

Table 1.1 Comparison α-Conotoxin MI and α-Conotoxin M1280...…………18 

Table 1.2 Classification characteristics in Conus families…….………..…..22 

Table 1.3 Conotoxins of α-subtype………………………………………..……..24 

Table 1.4 Post-translational modifications……………………….……..26,27,28 

Table 3.0 M2450 Experimental Oxidation conditions………………………....34 

Table 4.0 Nicotine Acetyl Choline Receptor CLBA………………..……….….46 

Table 4.1 Lethal Dosage Toxicity Test on α-conotoxin variants.……….…..47 

Table 4.2 Lethal Dosage Bioassay in Fish…………….……………….…….….49 

Table 4.3 Summary of investigated α-Conotoxin interactions………….…...52 

Table 4.4 Effect of N-terminal truncation…………………………..…………....56 

Table 4.5 C-terminal truncation of α-conotoxins GI and GIA………………...58 

Table 4.6 Comparison of M2450 and αMI conopeptides………………………60 

 
 
 
 
 
 
 
 
 



 vii 

LIST OF FIGURES 

Figure 1.0 Example of PTM……………………………………………………..…20 

Figure 4.0 Reduced Un-oxidized crude M2450…………….…..……..……… 40 

Figure 4.1 Oxidation Condition 1…….…………………………………….…….41 

Figure 4.2 Oxidation Condition 2……..…………………………………….…....42 

Figure 4.3 Oxidation Condition 3………………………………………………...42 

Figure 4.4 Oxidation Condition 4…………………………………………………43 

Figure 4.5 Oxidation Condition 5…………………………………………………43 

Figure 4.6 Oxidation Condition 6……………………………………………...…44 

Figure 4.7 Oxidation Condition 7…………………………………………...……44 

Figure 4.8 Oxidation Condition 8……………………………………………...…45 

Figure 4.9 Oxidation Condition 9………………………………………...………45 

Figure 4.10 Pure M2450 Isomer A………………………………………….….....48 

Figure 4.11 Pure m2450 Isomer B………………………………………….…….48 

Figure 4.12 Pure m2450 Isomer C……………………………………….……….49 

Figure 4.13 Phylogenetic tree of α-conotoxin………….…………………….. 58 

 

 

 



 viii 

List of Abbreviations 
 
  

 

 

cDNA, complimentary DNA; CHCA, α-Cyano-4-hydroxycinnamic acid; DCM, 

Dichloromethane; DIEA, N,N-diisopropylethylamine; DMF, Dimethylformamide; 

DV, Duct venom; ESMS, Electro spray mass spectrometry; FDA, Food and Drug 

Administration; Fmoc, 9-Fluorenylmethyloxycarbonyl; Fmoc-Asn(Trt)-OH, N-

alpha-9-Fluorenylmethoxycarbonyl-N-beta-Trityl-L-Asparagine; Fmoc-Asp(OtBu)-

OH, 9-Fluorenylmethoxycarbonyl-L-Aspartic Acid-beta-t-Butyl Ester; Fmoc-

Arg(Pbf)-OH, N-alpha-9-Fluorenylmethoxycarbonyl-N-g-2,2,4,6,7-

Pentamethyldihydrobenzofuran-5-Sulfonyl-L-Arginine; Fmoc-Cys(Acm)-OH, 9-

Fluorenylmethoxycarbonyl-S-Acetamidomethyl-L-Cysteine;   

 

 

 

 

 

 

 

 

 



 ix 

 

 

Fmoc-Cys(Trt)-OH, 9-Fluorenylmethoxycarbonyl-S-Trityl-L-Cysteine; Fmoc-

Gla(otBu)2-OH, N-Fmoc-L-g-Carboxyglutamic Acid g,g-Di-t-Butyl Eester;  Fmoc-

Gln(Trt)-OH, N-alpha-9-Fluorenylmethoxycarbonyl-N-gamma-Trityl-L-Glutamine; 

Fmoc-His(Trt)-OH, N-alpha-9-Fluorenylmethoxycarbonyl-Nim-Trityl-L-Histidine; 

Fmoc-Hyp(tBu)-OH, 9-Fluorenylmethoxycarbonyl-O-t-Butyl-L-Hydroxyproline;  

(Gla), g-carboxyglutamic acid; HCTU, 1H-Benzotriazolium-1-

[bis(Dimethylamino)Methylene]-5-Chloro-Hexafluorophosphate-(1-),3-Oxide; HTS, 

High throughput screeing; IC50, 50% concentration for maximal inhibition of a 

particular biological function; LD50, 50% concentration for lethality of a particular 

population MS, Mass spectrometry; MV, Milked venom; m/z ; Mass to charge 

ratio; nAChR, Nicotinic acetylcholine receptor; NP, natural products; PTM, Post-

translational modification; RP-HPLC, Reverse phase - High performance liquid 

chromatography; Rt, Retention time; ; SPPS, Solid phase peptide synthesis; 

TCEP, Tris(2-carboxyethyl)phosphine; TFA, Trifluoroacetic acid; UV, Ultra-violet;  

TIPS, Triisopropylsilane.





 1 

Chapter 1.  

INTRODUCTION 
 
 

1.1 NATURAL PRODUCTS RESEARCH 
 

Natural product (NP) research has played a foundational role in not only 

contemporary, but also historic social and technological advancements.  Some of 

the greatest known medical contributions to the human condition have been 

derived from molecules produced by nature.  The “discovery” of Penicillin by 

Fleming in 1928 revolutionized drug discovery and contemporary medicinal 

research (Butler, 2004).  At the turn of the 21st century, NP and NP-derived drugs 

remain well represented in top 35 worldwide selling ethical drug sales illustrating 

their value as not only novel drug leads, but also as significant contributors 

towards the profitability of pharmaceutical research (Butler, 2004). 

 

With the steady introduction of NP and NP-derived drugs in the US, Europe and 

Japan from 2000 to 2003, 15 novel NP drugs were launched including 

antimalarial Arteether® (Cragg, 1997), antifungal Caspofungin® (Grual, 2002), 

anti-Alzheimer Galathamine® (Grual, 2004), and antibacterial lipopeptide 

Daptomycin® (PharmaMar, 2003).   
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Despite NP research and its pivotal role in delivering effective means of 

pharmaceutical advancement, with the unveiling of the human genome and the 

development of newer technologies such as high-throughput screening (HTS) 

much of today’s big pharmaceutical companies have opted to direct less 

attention towards the already proven technology (Butler, 2004). 

 

Many big pharmaceutical companies argue that the recent decline in the output 

of newly launched products against their exceeding cost for effective research 

methods has shifted investigation techniques away from NP discovery (Bulter, 

2004).  Fifteen years ago, many pharmaceuticals switched to combinatorial 

chemistry, which is founded upon the assumption that it would provided 

investigators with libraries, consisting of millions of compounds, that could been 

screened by HTS and produce drug leads by mathematical computations (Butler, 

2004).  These synthetic compounds would also avoid many of the intellectual 

property (IP) issues that are associated with NP (Harvey, 1999).  Though the 

introduction of these methods would reduce the intensity of NP research within 

industry, NP remained a vital contributor towards pharmaceutical innovation.  
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This may be a due to the fact that much of the lead compounds today, natural or 

synthetic, that look to target therapeutic areas such as anti-infectives, 

immunosuppression, oncology and metabolic diseases are specific in chemical 

space they occupy (Henkle et. al, 1999).  The difference in chemical interactions 

continues to attract researchers to NP especially in areas where there are limited 

known lead compounds (Butler, 2004).  According to Schreiber (2002), many 

groups have now employed the method of diversity oriented synthesis (DOS), 

which marries both NP and combinatorial chemistry by utilizing NP as 

foundational compounds, which can then be processed into relevant chemical 

libraries (Horton, 2003).  Though the priority of current NP research in industry 

has shifted, its presence as a significant contributor towards pharmaceutical 

advancement remains relevant. 

 

 

1.2 CONOPEPTIDES IN NATURAL PRODUCT RESEARCH 
 

 
With over 500 species of Conus known today, these highly venomous predatory 

marine gastropods feed on fish, worms and mollusks (Olivera et. al, 1985).  

Through the use of a highly specialized harpoon like apparatus, the introduction 

of Conus sp. venom delivers hundreds of highly selective small peptide 

molecules into its prey (Olivera et. al, 1985).  These small molecules act 

selectively on ligand gated channels of fish, mollusks, worms as well as 

mammals. The potency of these small molecules, or conotoxins/conopeptides, 

are likely to be explained as evolutionary adaptations that compensate for the 



 4 

relatively low mobility of the organism (Mari et. al, 2003).  Conopeptides have 

shown to have highly selective interactions with nicotinic acetylcholine receptors 

(nAChR), voltage-gated sodium (Nav), potassium (Kv), calcium (Cav) channels, 

and N-methyl-D-aspartate receptors providing investigators with useful 

information regarding these targets at either the pharmacological, physiological 

or structural level (Olivera et. al, 1990).  

 

Typically classified by their cysteine residue framework and unique 

pharmacological interactions, the potential for conopeptides as viable means of 

pharmaceutical targets has already been validated by the 2005, the Food and 

Drug Administration (FDA) approval of the highly selective N-type calcium 

channel antagonist.  Conotoxin ω-MVIIA, more commonly known as Prialt® (Jazz 

Pharmaceuticals), is located within the native milked-venom of Conus magus and 

has shown to possess not only high selectivity for its target calcium receptor, but 

does so 100 times more potently than morphine and is without the harmful 

addictive side effects (Staats et. al, 2004).   

 

Other conopeptides such as AM336/Leconotide/CNSB004 (Relevare 

Pharmaceuticals), also known as ω-conotoxin CVIA is derived from the venom of 

Conus catus and has been investigated by AMRAD Operations, now Zenyth, in 

Australia under the license of the University of Queensland as a remedy for 

severe morphine–resistant pain.  The selectivity of AM336 is higher than Prialt™ 

for N-type calcium channels over the P/Q-type and is similar in potency when 
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inhibiting current through central spine variants of rat N-type calcium channels 

(Andrews, 2000).  ACVI, more commonly known as α-conotoxin Vc.1.1, is 

derived from Conus victoriae and is currently being investigated as a neuronal 

regeneration therapeutic based on its extremely high selectivity towards nicotine 

acetylcholine receptors (Mari et. al, 2003).  At the University of Melbourne, 

Australia, ACVI is being explored for its functionality in damaged nerve recovery 

systems and may prove to be a viable alternative to more common pain 

analgesics (Adams, 2003).  Collectively, conotoxins are viable and unique targets 

for NP research.  

 

1.3 VENOM SOURCE DERIVITIZATION 
 
 

Traditionally, most conopeptides are obtained from crude venom dissection 

extracts taken from the organism’s venom duct gland resulting in the death of the 

organism (Dutertre, 2010).  Though this method has proved to be successful, 

many contaminants are present which include cellular debris and metabolic 

impurities (Dutertre, 2010).  An alternative method to animal venom duct 

extraction can also be employed.  The “milking” of cone snails has been taken up 

by few labs, despite the high yields of fully processed venom without 

contamination and cellular debris (Dutertre, 2010). 

 

According to studies by Bingham (1999), as well as Jakubowski (2005), many of 

the conopeptides expressed in the duct gland are not expressed in the milked 

venom at all.  Aside from the differences in conopeptide concentration between 
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venoms, there is also a clear distinction between the chemical composition of 

duct and milked derived venoms (Bingham, 1999; Chun et al. 2012).  It is 

proposed that post-translational events occur outside of the venom duct, thereby 

changing the composition and concentration of milked-venom from its storage in 

the duct gland (Bingham, 1999).  Apart from avoiding animal sacrifice, the 

utilization of conopeptides derived from the milked-venom of Conus provides 

investigators with accurate representations of what the organism’s energetic 

investments are.  Though these valuable natural leads can be acquired from the 

organism itself, a much less ecologically invasive alternative can be explored.  

 

1.4 CONOPEPTIDE SYNTHESIS 

 
The conopeptide derived from the milked-venom of Conus can be synthesized in-

vitro by peptide synthesis.  The synthesis of these conopeptides can be defined 

by the ability to artificially create the small single-stranded amino acid chains by 

synthetically forming the peptide bonds expressed by each conopeptide’s unique 

amino acid sequence.  Typically, synthesis occurs by coupling the carboxyl group 

of an incoming activated amino acid to the N-terminus of the growing peptide 

chain.  This elongation from the C-terminus to the N-terminus is opposite from 

normal protein biosynthesis observed in-vivo (Lehninger, 2008).  Because of 

specific interactions observed during the chemical bond formation of a growing 

peptide chain, certain steps are required when coupling adjacent amino acids. 
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With the multiple reactive groups associated with amino acids, peptide synthesis 

must avoid reactions that reduce the length or cause nonspecific binding during 

elongation.  To ensure the proper formation of the peptide with minimal side 

reactions, chemical groups have been developed to bind and block side amino 

acid reactive groups (Lloyd-Williams et. al, 1997).  Individual pure amino acids 

that are used in peptide construction are exposed to amino acid side group 

protecting agents prior to synthesis.  Usually there are three forms of protecting 

agents on the amino acid. N-terminal amino acid protecting agents are often 

called “temporary” protecting groups because of their continuous addition and 

removal. There are two common N-terminal protecting groups.  One is called tert-

butoxycarbonyl (Boc), which is removed from the N-terminus by a strong acid 

such as trifluoracetic acid (TFA). The other N-terminal protecting agent is 9-

fluorenylmethoxycarbonyl (Fmoc), which is removed from the newly added amino 

acid by a mild base such as piperidine (Lloyd-Williams et. al, 1997).  Fmoc 

peptide chemistry is used more frequently in commercial settings because of the 

higher quality and yield it provides without the use of harmful acids such as TFA. 

Boc peptide chemistry is used more for peptides with greater complexities or 

when non-natural analogs or peptides may be sensitive to bases (Lloyd-Williams 

et. al, 1997). 

 

The type of C-terminal protecting groups of peptide synthesis depends the 

method of synthesis.  Liquid-phase peptide synthesis requires the N-terminus of 
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the first amino acid to be protected, but Solid-phase peptide synthesis (SPPS) 

does not because the C-terminus is attached to a solid support resin.  

 

The side chains or residues of amino acids include a broad range of functional 

groups requiring unique consideration in regards to peptide combination and 

coupling.  As a result of the large amounts of amino acid residue reactivity, many 

different protecting groups are used and usually include benzyl (Bzl) or tert-butyl 

(tBu) derivatives (Merrifield, 1963).  Side chain protecting agents are known as 

permanent protecting groups because are not affected by the multiple cycles of 

chemical treatments used to remove temporary protecting groups.  These 

permanent protecting groups are eventually removed with stronger chemicals at 

the end of the synthesis (Merrifield, 1963). 

 

Since there are multiple reactive groups on the growing peptide, it is imperative 

to allow for controlled deprotection of certain groups and not the others when 

synthesizing.  Protecting schemes are often developed so that the deprotection 

of one protecting group doesn’t interact with another group.  Because N-terminal 

deprotection is constant throughout the synthesis process, side chains are also 

protection groups such as Bzl or tBu are matched with Boc or Fmoc respectively 

(Merrifield, 1963).  

 

One protects the side chain reactive residues on the amino acid, and the other 

protects the N-terminus.  Before the new amino acid is added to the synthesis 
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reaction, a step called deprotection removes the protecting group on the N-

terminus of the growing peptide allowing for the C-terminus of the incoming 

amino acid to couple and form the peptide bond with the developing peptide.  A 

final deprotection stage is performed on the final synthesized peptide removing 

all side chain protecting groups from the nascent conotoxin.  Depending on the 

type of peptide synthesis performed different protectional groups is utilized 

(Carpino, 1957).  When protectional groups are removed, especially in acidic 

conditions, cationic species typically alkylate resulting in the formation of 

scavengers such as water.  Anisole or thiol derivatives can also added to these 

free reactive species during the deprotection step (Carpino, 1957). 

 

Prior to coupling, the C-terminal carboxylic acid of the incoming amino acid is 

usually activated by carbodiimides such as dicyclohexylcarbodiimide, (DCC), or 

diisopropylcarbodiimide, (DIC).  These coupling reagents react with the carboxyl 

group forming a highly reactive O-acylisourea intermediate that is displace by a 

nucleophilic attack from the deprotected primary amino group on the N-terminus 

of the growing peptide chain. A peptide bond is formed as a result of this reaction 

(Carpino, 1957). 

 

The addition of Carbodiimides sometimes results in racemization due to the high 

levels of reactivity during the activation step.  Other reagents are also used such 

as 1-hydroxybenzotriazole (HOBt) to decrease intermediate reactivity, lowering 

the occurrence of racemization.  Carbodiimides may also form side reactions. 
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Reagents such as benzotriazol-1-yl-oxy-tris (dimethylamino)phosphonium 

dexaflourophoshpate (BOP) and 1-(1H-benzotriazol-1yl)-1,1,3,3-

tetramethyluronium hexafluorophosphate (HBTU), which require activating bases 

to mediate amino acid coupling, are also used to overcome the problems 

associated with Carbodiimides as activators (Anderson,1957). 

 

Solid-phase peptide synthesis (SPPS) is one of the most common methods of 

peptide synthesis (Anderson, 1957).  The C-terminus of the first amino acid is 

coupled to an already activated solid resin, providing the growing peptide chain 

with a C-terminal protecting group as well as a allowing the peptide to be 

separated from different reaction mixtures during synthesis.  

 

Upon completion of the final cycle of amino acid deprotection and coupling, all 

remaining protectional groups must be removed from the nascent peptide. 

Acidolysis is used to cleave off these protecting agents.  Strong acids such as 

hydrogen fluoride (HF), hydrogen bromide (HBr), or trifluoromethane sulfonic 

acid (TFMSA) are used to cleave Boc and Bzl groups.  Milder acids such as TFA 

are used to cleave Fmoc and t-Butyl groups.  Acidolysis results in the removal of 

the N-terminal protecting group, the C-terminal protecting group (chemical or 

resin) and any side-residue protecting groups.  Despite being tedious and labor 

intensive, SPPS by hand yields relatively large amounts of pure peptide in 

comparison to automated peptide synthesis (Anderson 1957). 
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Despite having optimized effective and efficient methods of peptide synthesis, 

the resulting peptides solvents are riddled with synthesis impurities.  Incomplete 

deprotection and reaction, isomer formation, as well as unintentional deletion or 

addition of amino acids to a particular sequence are all observed in the final 

synthesis product.  Purity quality can be controlled through the use of Ninhydrin 

tests throughout the experiment (Sarin et al, 1981), but the peptide yield is 

inversely proportional to the peptide length and purification must be performed in 

order for further investigation of each peptide (Merrifield 1963). 

 

1.5 CONOPEPTIDE PURIFICATION 
 

There are many different methods of purification, which include and are not 

limited to size-exclusion chromatography, ion exchange chromatography (IEC), 

partition chromatography, high-pressure liquid chromatography (HPLC), and 

reverse-phase high-pressure liquid chromatography (RP-HPLC).  As used in this 

investigation, RP-HPLC is one of the most versatile and most widely used 

methods of peptide purification.  RP-HPLC can be separated in to stationary and 

mobile phase of peptide-column interaction.  The stationary phase captures 

hydrophobic molecules based on unique hydrophobic interactions to C4, C8, or 

C18 n-alkyl hydrocarbon ligands, while the mobile phase describes the elution of 

those molecules based on a concentration gradient change of non-polar solvents. 

The retention time is a function of the unique hydrophobic interactions of 

molecules within the mobile phase (Carpino, 1972). 



 12 

 

RP-HPLC can be utilized to separate out target peptides or conopeptides from 

their impurities created during the synthesis providing products free of isomers, 

deletion products, and synthesis scavenger molecules.  The purity of peptide 

yield can be measured as a percentage of products that absorbs light at 

wavelengths 210-220 nm, which suggest peptide bonds. 

 

1.6 CONOPEPTIDE CHARACTERIZATION 
 

 
The characterization of small molecules including conotoxins can be established 

through biochemical means such as mass spectrometry.  Mass spectrometry 

coverts individual molecules to ions so that they can be moved and manipulated 

by external electric and magnetic fields.  After ionization the molecules are sorted 

and separated according to their mass and charge.  The separated ions are then 

measured by a detector and then analyzed.  The reactivity of these ions are 

relatively short and they require a vacuum environment if they are to be 

manipulated.  The pressure of the vacuum in which the ions are handle is 

approximately 10-5 to 10-8 torr (Busch, 1989).  

 

The sample molecules are first bombarded with electrons issued from a heated 

filament.  This is the electron impact source.  Gases and volatile liquid samples 

are allowed to leak into the ion source from a reservoir.  There may also be the 

indirect introduction of non-volatile liquid and solids.  Cations are formed by the 

electron bombardment and a charged repellor plate pushes the cations across 
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the apparatus.  These molecules are then accelerated towards the electrodes.  A 

perpendicular magnetic field deflects the ion beam in an arc that has a radius, 

which is inversely proportional to the mass of each ion.  Deflection affects lighter 

ions more intensely than heavier ions (McCloskey, 1997).  By varying the 

magnetic field strength, ions of different masses can be focused progressively on 

a detector fixed at the end of the curved vacuum (Cotter, 1997). 

 

An alternative form of mass spectrometry is electrospray mass spectrometry 

(ESMS).  A liquid containing the molecules of interest is dispersed by 

electrospray into an aerosol.  Ions are formed by extensive solvent evaporation 

by the incorporation of volatile organics such as methanol or acetonitrile.  

Compounds that increase conductivity such as formic acid may also be sued to 

decrease initial droplet size.  Large-flow electrosprays benefit from nebulization 

by inert gasses such as nitrogen.  The aerosol is sampled into a vacuum stage of 

the mass spectrometer through a capillary that can be heated to aid further 

solvent evaporation from charged droplets.  The solvent evaporates from a 

charged droplet until it becomes unstable.  At that point, the droplet deforms and 

emits charged jets in a process known as coulomb fission. During this event, the 

droplet loses a small percentage of its mass along with approximately 10-18% of 

its charge (Stewart, 1999). 

 

Molecules that are observed by ESMS may be quasimolecular ions, which are 

ions that are created by the addition of a proton and denoted [M + H]+.  Multiples 
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of charged ions such as [M + H] n+ are seen as well. In the case as some 

molecules such as conopeptides, there may be many charge states that result in 

the characteristic charge state envelope.  Molecules may also be involved in 

electrochemical processes that shift corresponding peaks in the mass spectrum 

(Stewart, 1999). 

 

The molecular masses of small peptide such as conopeptides can be confirmed 

based on their presence on a mass spectrometer profile.  By utilizing biochemical 

techniques such as mass spectrometry, the oxidative states of molecules such 

as conopeptides can be observed by subtle shifts in atomic mass.  Natively, 

Conus utilizes post-translational modifier enzymes to properly process pre-

mature peptides into fully functional conopeptides.  Current in-vitro conopeptide 

synthesis protocols, that incorporate SPPS, lack the necessary modifying 

enzymes to properly re-establish intramolecular interactions such as thiol-thiol 

disulfide bridges.  To over come this dilemma, different oxidation agents can be 

introduced to conopeptide molecules in the efforts to remove non-essential 

molecular bonds and reestablish necessary intramolecular interactions (Bingham, 

1999). 
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1.7 UNIQUE MILKED-VENOM CONSTITUENTS 
 

 
Within the milked-venom of C. magus, there are approximately 30-50 known and 

unknown conopeptides (Bingham, 1999).  With a lack of research performed on 

the milked-venom profile and associated molecules, much of the minor 

conopeptide constituents have been neglected.  Making up approximately 3.4% 

of the total C. magus milked-venom profile, a unique and pharmacologically 

unclassified 22 amino acid conotoxin has been identified (Bingham, 1999).  

Conotoxin M2450 [MCCGEGSSCPKYFRNSQICHCC*], with an observed 

molecular mass of 2450 Daltons, has shown to possess a unique cysteine 

backbone framework as well as an interesting N-terminus.  At this time, it is the 

first milked-venom observed conotoxin that possesses a methionine at the N-

terminus and has highly conserved mature sequence region of a patented 

Sequence 141 peptide obtained from cDNA library derivatization (Table 1.0), 

[MMSLLGVLLTICLLLFPLTALPRDGDQSVDDPAGRMQDDISSELHPLSIRDRMC

CGESAPCPSTFRDSQICHCCGR] (Olivera, 2005). 
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Table 1.0 M2450 and Patent Comparison 

Material Prepro region 

 

Predicted mature form 

M2450 Undefined MCCGEGSSCPKYFRNSQICHCC* 

Seq.141 MMSLLGVLLTICLLLFPLT

ALPRDGDQSVDDPAGR

MQDDISSELHPLSIRDRa 

 

MCCGESAPCPSTFRDSQICHCC* 

a(Olivera, 2005); *amidation at C-terminal 
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Another unique and pharmacologically unclassified conotoxin also observed in 

the milked-venom of C. magus, is M1280 [CCHPACGKNYSC*], which makes up 

approximately 6.2% of the venom profile (Bingham, 1999).  Interestingly, this 

small 12 amino acid, conotoxin is closely related to an already pharmacologically 

classified conotoxin known as αMI [GRCCHPACGKNYSC*] differing only by a 

glycine and arginine residue and stems from the same gene as M1280 (Table 

1.1) [SDGRDDEAKDERSDMYDSKNRGRCCHPACAKNYSCGR](Bingham, 

1999).  
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Table 1.1 Comparison of α-Conotoxin MI and α-Conotoxin M1280  

Material PrePro 

 

Mature Peptide  Target  

α-Conotoxin MI SDGRDDEAKDERSDMYDSKNR GRCCHPACGKNYSC*  nAChR 

α-Conotoxin M1280 SDGRDDEAKDERSDMYDSKNR      CCHPACGKNYSC* Undefined 

*C-terminal amidation 
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1.8 CONONTOXINS AND POST-TRANSLATIONAL MODIFICATION 
 
 
Diversity of toxins found in the venom of the marine snail Conus increases the 

predatory success of these organisms. This adaptive advantage also provides 

researchers with a plethora of novel compounds that can be isolated and 

investigated for pharmacological potential. One of the mechanisms selectively 

increasing the bioactivity and diversity of venoms is post-translational 

modification (PTM). Much like many other organisms, the genes that code for the 

unique venom constituents found in the milked-venom of Conus are segregated 

into three distinct genetic regions which are typically processed through PTM. A 

signal sequence region starts off the genetic product, which is later cleaved, 

followed by a precursor region, which is subsequently removed, allowing for the 

production of a conotoxin peptide product. The conotoxin may be further 

processed through excessive rounds of PTM such as γ-glutamate carboxylation 

as illustrated by Figure 1.0. 
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Figure 1.0 Example of Post-translational modification in producing mature 

Conopeptide 

 

 

 

(Buckzec, 2005) 
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A PTM event known as N-terminal truncation has not been previously 

documented in Conus venoms, but is a logical mechanism by which the animal 

may produce a broad array of venoms with varying toxic targets.  By investigating 

the biological relationships between closely related N-terminally truncated 

conopeptides, a greater understanding in regards to venom bioselectivity and 

biodiversity can be achieved.   

 

The genes of conotoxins have a precursor signal region, a pre-propeptide region 

and mature conotoxin coding at the C-terminus (Liu et al, 2007).  Based on the 

region of the gene precursor, conotoxins have been classified into several 

distinct groups (Table 1.2).  The superfamilies identified thus far include: A-, O-, 

M-, P-, I-, S- and T and each has unique peptide sequences, including a diverse 

arrangement of cysteine residue framework and molecular interaction (Arius et 

al., 2000).  Many of the mechanisms and processes, in regards to gene 

translational and modifications, which ultimately conserve conotoxin signal 

peptides and final products, have yet to be fully understood (Liu et al., 2007). 
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Table 1.2. Classification characteristics in Conus families 

Superfamily Disulfide framework Family 
Target 

(receptor/channel) 
 

A CC-C-C a nAChR 
  r nAChR 
  aA nAChR 
    kA KV 

M CC-C-C-C-C m NaV 
  y nAChR 
    kM KV 
O C-C-CC-C-C mO NaV 
  d NaV 
  w CaV 
  k KV 

    g Voltage-gated 
pacemaker 

P C-C-C-C-C-C Spastics Undetermined 
S C-C-C-C-C-C-C-C-C-C s  5-HT3 
T CC-CC t CaV 

    c Norepinephrine 
transporter 

I C-C-CC-CC-C-C Excitatory Undetermined 
No 

assignment C-C Conopressins Vasopressin 

    Contryphans L-type CaV 
Linear No cysteines Conantokins Glutamate (NMDA) 

  Conorfamide RF amide 
  O-linked Contulakins Neurotensin 

(Adapted from Bingham et. al, 2010) 
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1.9 CONOTOXIN INTERACTION 
 
 
Conotoxin superfamilies can be characterized by their unique and highly 

selective interactions with various ligand gated ion channels (Table 1.3).  For 

instance, A-superfamily conotoxins are comprised of three pharmacological 

families including α-, αA-, and κA-conotoxins (Ashcom et. al, 2007).  These 

conotoxins are commonly observed in Conus venom and are classified based on 

their antagonistic interactions with nicotine acetylcholine receptors (nAChR). 

Subfamilies of α3/5, α4/3, and α4/7 conotoxins typically display a unique cysteine 

residue framework of CCX3CX5C, CCX4CX3C, and CCX4CX7C where X 

represents any amino acid (Liu, 2007). 

 

The α3/5 conotoxin subfamily conotoxins, found in piscovorous cone snails, are 

nAChR antagonists, disrupting neuromuscular transmission resulting in the 

immobilization of prey.  Interestingly, α-conotoxins can distinguish between two 

muscular ligand-binding subtype sites found interfacing the α-g or α-δ subunits 

(Liu, 2007).  For example; the α conotoxin MI, derived from C. magus, has 

approximately a 104 times preference for the α1- g subunit within mammalian 

receptors (Liu, 2007). In the α1 subunit of torpedo fish muscle-type nAChRs two 

adjacent cysteines at residue 192 and 193 are involved in recognizing the 

binding of cholinergic agonists as well as competitive antagonists (Arias, 2000).  
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Table 1.3. Conotoxins of α-subtype with associated selectivity and potency 

α-Conotoxin Neuronal AChR Subtype IC50 nM 

MII α3β2 

α4β2 

3.5 

8.0 

EpI α3β2/α3β4 1.6 

PnIA α7 

α3β2 

14 

9.56 

PnIB α7 33 

ImI α7 220 

(adapted from Arias, 2000) 

 

Another way of determining and comparing bioactivity and potency within and 

across venom constituents is lethal dose toxicity testing.  Intra-venous (i.v.), intra-

cranial (i.c.), intrathecal (T), intra-muscular (i.m.), and intra-peritoneal (i.p.) 

parenteral administration methods have all been utilized to study lethality and 

bioactivity within animal models.  Although larger sample size increases the 

statistical strength of these assays, alternative investigations into the reduction of 

test subjects resulting lethality testing, has been explored.  According to Meir et 

al (1986), a population as small as 8-10 test individuals can provide accurate 

LD50 data.  This consistency is observed when weight and injection volumes are 

held constant and data is expressed in dosage and as a function of the 

coefficient dosage and survival time (Meir et al., 1986). 



 25 

Collectively, conopeptides have some of the highest levels of PTM in their gene 

products yet known.  Understanding PTM of these peptides provides 

investigators with valuable insight towards understanding the unique biology of 

Conus species as well as of other venomous animals.  As seen in Table 1.4, 

previously demonstrated PTMs include: pryroglutamylation, disulfide bridge 

formation, amidation, hydroxylation, glycosylation, carboxylation, bromination, 

epimerization, sulfonation, and proteolytic cleavage of propeptide (Buczek et. al, 

2005).  Disulfide bond formation is a defining modification at Cys residues in 

many conopeptides and each formation results in a shifting of 2 Da.  The 

establishment of thiol-thiol interaction stabilizes the conopeptide and gives the 

molecule its defining 3-D structure.  Amidation is a modification occurring at the 

C-terminus after the removal of Gly-Lys or Gly-Arg.  This modification affects 

conopeptide target affinities as well as stabilizes them from carboxyl-peptidases. 

Epimerization modifications don’t result in a mass shift, but occur at Val, Trp, or 

Phe residues increasing the stability and resistance to peptidases.  Hydroxylation 

results in a mass shift of 16 Da and increases the H-bonding, stability and 

binding of conopeptides.  These modifications occur at either Pro or Val amino 

acid residues.  Carboxylation occurs as the Glu residue resulting in a mass shift 

of 44 Da and is a stabilizing modification of the α-helix.  Bromination modification 

results in a molecular shift of 78 Da.  Though the specific consequences of 

bromination are unclear, increased bioactivity levels of conopeptides have been 

observed when modification occurs at Trp residues.  Sulfonation at Tyr residues 

increases not only solubility, but also stability of conopeptides and causes a 
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mass shift of 80 Da.  Glycoslyation modifications at O-linked residues result in a 

shift of either 162 Da or 203 Da depending if a hexose or N-acetyl-hexosamine is 

added respectively.  This stabilizes and facilitates toxin transport of the 

conopeptide (Jabuwaski, 2005).  

 

Table 1.4. Post-translational modifications observed in Conus species 

Modification 
Mass 

shift, Da 
Site Structure 

Primary 

function(s) 

Pyroglutamylation -17(-18) Gln(Glu) 

 

Stability through 

N-terminal 

blocking 

Resistance to 

amino-peptidase 

activity 

Disulfide bond 

formation 
-2 Cys 

 

Stability 

Defined 3-D 

peptide 

conformation 

Amidation -1 

C-terminus 

following 

removal of 

Gly-Lys or 

Gly-Arg 

 Affects binding 

affinity 

Resistance to 

carboxyl-

peptidase 

activity 
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L- to D- 

epimerization 
0 Trp, Phe, Val 

 

Stability and 

resistance to 

enzymatic 

degradation 

Hydroxylation +16 

Pro (4-trans); 

Val (g-

position) 

 Increases 

hydrogen-

bonding for 

enhanced 

binding and 

stability 

Carboxylation +44 
Glu (g-

position) 

 

Stabilizes α-

helix formation; 

Ca2+ ligand 

Bromination +78 
Trp (6-

position) 

 

Confers 

bioactivity 

through 

undefined 

function 
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Sulfation +80 Tyr 

 

Stability; 

solubility  

Glycosylation 

Varies; 

hexose 

(+162) or 

N-acetyl-

hexosami

ne (+203) 

units 

O-linked to 

Ser, Thr 

 

Stability; 

facilitates toxin 

transport to 

target 

(Jabuwoski, 2005) 

 

 

Since Conus snails have evolved into between five- and seven hundred species, 

it is likely that enzymes promoting venom modification were most likely 

evolutionarily recruited to be highly expressed venom ducts, increasing venom 

diversity and improving the survival of the animal.  Hence, the combination of 

rapidly diverging amino acid sequences and a high frequency of PTM as seen in 

Conus venoms, has been said to mirror drug discovery strategies involving 

library construction with sophisticated medicinal chemistry (Buczek, 2005). 
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1.10 Conus magus MILKED-VENOM CONSTITUENTS 
 
Among the different classes of PTM found in Conus, there is one specific event 

that occurs which has not previously been demonstrated to have an effect on 

bioactivity and biodiversity of the venom N-terminal truncation.  First evidence for 

this PTM in the species C. magus, is provided by two native α-conotoxins, αMI 

(GRCCHPACGKNYSC*) and αM1280 (CCHPACGKNYSC*), that are both 

derived from the same gene but differ only by two amino acids at the N-terminus. 

It is evident that N-terminal truncation is responsible for two distinct and separate 

cleavages at both arginine21 and arginine23 from a single premature gene product 

to produce the final peptides. 

 

We hypothesized that this N-terminal truncation PTM event would affect both 

bioactivity and biodiversity of the venom of C. magus.  This was investigated by 

studying the bioactivity of three closely related α-conotoxins, which are derived 

from a single gene and subjected to N-terminal cleavage (Fig. 1.2).  These three 

conotoxins were variously purified in their native form from snail venom [α-MI 

(GRCCHPACGKNYSC*), native α-M1280 (CCHPACGKNYSC*)], and in addition, 

an artificial non-native variant, designated des[Gly]1α-MI (RCCHPACGKNYSC*), 

was synthesized that represents an intermediate structure between the two 

native, N-terminal cleaved conotoxins.  All three were tested for neuronal and 

muscular nAChR receptor binding to determine the effects on N-terminal 

truncation on target specificity.  Additionally, acute toxicity testing was also 

performed in three distinct animal species: green swordtail fish Xiphorous hellerii, 
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golden apple snail Pomacea diffusa, and blue-Indian earthworm Perionyx 

excavatus.  These three species were chosen to represent distinct phyla that can 

best represent the biodiversity of toxic effects.  Data demonstrates that N-

terminal modifications affect the nAChR binding ability of α-conotoxins and are 

therefore a mechanism for producing selective toxic agents.  Moreover, since fish 

animal models were killed by α-conotoxins, but snail and worms were not, it was 

demonstrated that N-terminal truncation adds to the diversity of toxic effects.  We 

believe that Conus venoms may represent a natural source of novel therapeutic 

agents.  Additionally, the mechanisms by which the cone snail increases 

selectivity and toxicity of its venoms may also be useful for producing novel 

chemicals and peptides for drug discovery. 

 

Figure 1.2. N-terminal Truncation of α-Conontoxin MI  
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CHAPTER 2.  

SPECIFIC AIMS AND OBJECTIVES 

2.1 PURPOSE 

 
The purpose of this investigation is to characterize unique minor venom 

constituents in C. magus and to also validate a PTM event known as N-terminal 

truncation, as a critical means of affecting both venom bioactivity and biodiversity.  

 

2.2 HYPOTHESIS 

 

1.  If varied bioactivity levels of α- MI, α- M1280, and α- MI des[gly]1 are 

observed, then N-terminal truncation is a form of PTM that increases milked-

venom bioselectivity and diversity 

 

2.  If the investigated α-conotoxins are phyla selective, then it can be 

demonstrated through a comparative LD50 bioassay in fish, worms, and snail 

 

3.  If the novel peptide M2450 possesses pharmaceutical worth, it can be further 

understood by investigating its unique oxidation conditions and potency 

through LD50 
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CHAPTER 3.  

MATERIALS AND METHODS 
 

3.1 SOLID-PHASE PEPTIDE SYNTHESIS OF M2450 

Peptides were manually assembled on pre-loaded (H-Cys(trt)-2Cl-Ttrt) Rink-

amide resin (0.47 meq/g) using 9-fluorenylmethoxycarbonyl (Fmoc) chemistry in 

the following manner.  MBHA Rink-Amide resin (0.5 mMole scale) was swelled 

overnight in 4 mL DMF.  The resin was washed three times with DMF (5 mL), 

deprotected twice with 50% (v/v) piperidine (5 mL, 2x 1 min.), and then re-

washed two times with 5 mL DMF.  Fmoc amino acids 4 Mol excess (2 mMol) 

was activated in-situ using 2 mL 0.4 M HBTU/DMF.  After 20 min. of coupling 

Ninhydrin test was performed (Sarin et al. 1981).  If the coupling percentage was 

≥ 99.5% the N-terminus was deprotected with piperidine, DMF washed  (5 mL 

DMF, x2) and the next amino acid in sequence was activated and coupled.  If the 

coupling % was ≤99.5 % then the same amino acid was activated and recouped.  

Side chain protecting groups were: Cys(Trt), Lys(Boc), Arg(Pbf), Tyr(tBu), 

Asn(Trt). Upon completion of synthesis the resin was washed with DMF (2x, 5 

mL) followed by DCM (10mL) and dried under N2. 

 

Assembled Fmoc peptides were cleaved using Reagent K [TFA (82.5% v/v), 

phenol (5% v/v), water (5% v/v), thioanisole (5% v/v), and triisopropylsilane 

(TIPS) (2.5% v/v)].  40 mL of Reagent K per gram of resin-peptide was mix for 2 
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hours at 24oC.  Cleaved peptide slurry was vacuum filtered into liquid N2 chilled 

tert-butyl methyl ether.  Peptide precipitate was pelleted by centrifugation (3000g, 

10 min.) and washed twice with chilled tert-butyl methyl ether.  The resulting 

peptide pellet was suspended in 25% v/v acetic acid, freeze-dried to form a 

powder and stored at -20oC until required. 

 

3.2 CHARACTERIZATION OF M2450 
 

 
AB/MDS-Sciex API 3000 triple quadrupole mass spectrometer  (Thornhill, 

Ontario, Canada) was used in this investigation to characterize molecular mass 

of conotoxins M2450, α-conotoxin MI, des[Gly]1α-conotoxin MI and α-M1280. .  

For direct ESI-MS infusion samples were delivered to the atmospheric pressure 

ionization (API) source of the ESI-MS via a 30 cm, 50 µm i.d. fused silica 

capillary (Polymicro Technology Inc., Phoenix, AZ, USA) interfaced with 

Rheodyne 8125 Injector (20 µL external loop; Rheodyne, Cotati, CA, USA).  

Carrier solvent (50/50% v/v of a 0.09% v/v aq. Formic acid and 90/10% v/v 

CH3CN/0.09% v/v aq. Formic acid) was provided by an ABI 140B Dual Syringe 

Pump, which allowed for varying flow rates (5–200 µL min.-1). 

 

3.3 OXIDATION OF M2450 
 
Nine different experimental condition solutions in 500 mL volumes (Table 3.0), 

were used to oxidize 50 mg of crude synthetic conopeptide M2450 in its reduced 

form.  
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Table 3.0. M2450 Experimental Oxidation conditions 
 Oxidation Agents Temperature Time 
Condition 1 0.1 M NH4HCO3 

pH 8 
 

25oC 3 days 

Condition 2 0.33 M NH4OAc 
0.5 GnHCl 
pH 7.5 
 

25oC 3 days 

Condition 3 2 M urea 
0.1 M NaCl 
0.1 M Glycine 
50% Propanol 
pH 7.8 
 

25oC 3 days 

Condition 4 0.1 M NH4HCO3 
pH 8 
 

4oC 5 days 

Condition 5 0.33 M NH4OAc 
0.5 GnHCl 
pH 7.5 
 

4oC 5 days 

Condition 6 0.33 M NH4OAc 
0.5 GnHCl 
pH 7.5 
50% Propanol 
 

4oC 5 days 

Condition 7 2M Urea 
0.1 M NaCl 
0.1 Glycine 
pH 7.8 
 

4oC 5 days 

Condition 8 2M urea 
0.1 M NaCl 
0.1 Glycine 
pH 7.8 
50% Propanol 
 

4oC 5 days 

Condition 9 6M urea  
50% propanol  
0.1M NH4HCO3 
pH 7.5 

4oC 5 days 
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3.4 PURIFICATION AND QUANTIFICATION OF M2450 
 
 
Synthetic peptides were separated with various scales of RP-HPLC/UV for 

various different purposes.  Capillary Scale (Phenomenex; C18, 5 µm, 250 x 1.00 

mm, flow 100 µL min-1) was used for comparative RP-HPLC/UV profiling, peptide 

quantification, and to confirm the purity and quality of individual peptides.  

Analytical Scale (Vydac; C18, 5 µm, 4.6 x 250 mm, flow 1 mL min-1) was used for 

isolation and purification of synthetic peptides.  Preparative Scale (Vydac; C18, 10 

µm, 22 x 250 mm, flow 8 mL min-1) was used for desalting and preparative 

separation of synthetic peptides. 

 

Capillary and Analytical Scale RP-HPLC/UV used a Waters 2695 Alliance HPLC 

System interfaced with a 996 Waters Photo Diode Array Detector for automated 

sample analysis and detection.  Data was acquired and analyzed using Waters 

Millennium32 (v3.2) software.  Samples were eluted using a linear 1% min-1 

gradient of organic (Solvent B) against aqueous (Solvent A) at a flow rate of 100 

µL min-1 (capillary) or 1 mL min-1 (analytical-bore).  Eluents were typically 

extracted at 214 nm. 

 

Preparative Scale RP-HPLC/UV used a 625 Waters HPLC pump and controller 

interfaced with a 996 Waters Photo Diode Array Detector.  Both gradient control 

and data acquisition were facilitated by Waters Millennium32 (v3.2) software. 

Fractions were collected manually and stored at –20°C or freeze-dried until 

further use.  
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3.5 NICOTINIC ACETYLCHOLINE RECEPTOR COMPETITIVE LIGAND 
BINDING ASSAY 
 

In Vitro Binding Studies 
 
(±)-[3H]Epibatidine (56.3 Ci/mMol) was obtained from PerkinElmer (Boston, MA, 

U.S.A) All other chemicals used were obtained from Sigma-Aldrich (St. Louis, 

MO, U.S.A.). Frozen Sprague-Daley rat brains and pig adrenals were purchased 

from Pel-Freez Biologicals (Rogers, AR, U.S.A.).  Torpedo Californica electroplax 

tissue was obtained from Dr. Chuck Winkler, Aquatic Research Consultants, San 

Pedro, CA, U.S.A 

 

Membrane preparation 
 
Frozen organs were thawed at 22°C for 30 to 60 min before membrane 

preparation.  After the determination of the wet weight the tissue was cut and 

homogenized in HSS (pH 7.4, ice-cold) using a motor-driven polytron IKA 

ultraturrax (setting 6 / rpm = 24,000, 10 sec.).  The homogenate was centrifuged 

(14,000 x g, 10 min, 4°C), the pellets were collected and washed.  This 

procedure was repeated 3-5 times.  Obtained crude membrane fractions were 

suspended in HEPES-salt solution (HSS) containing HEPES (15 mM), NaCl (120 

mM), KCl (5.4 mM), MgCl2 (0.8 mM), and CaCl2 (1.8 mM), and were stored in 

aliquots at -80°C.  On the day of assay, pellets were thawed, homogenized in 

HSS, and centrifuged at 14,000 g for 10 min.  The resultant pellets were 

resuspended in a freshly prepared HSS and used for binding assays.  
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Radioligand Binding Assays 
 
For α4β2* nAChR: Rat brain membranes (60-70 µg of protein) were incubated at 

22°C for 90 min in 0.5 mL HSS containing 0.5 nM (±)-[3H]epibatidine and 

concentrations of conotoxins α-MI, des[Gly]1α-MI , and α-M1280 accordingly.  

Non-specific binding was determined using 300 µM (-)-nicotine hydrogen tartrate.  

For α3β4* nAChR: Membranes derived from pig adrenals (60-70 µg of protein) 

were incubated at 22°C for 90 min in 0.5 mL HSS containing 0.5 nM (±)-

[3H]epibatidine and different concentrations of of conotoxins α-MI, des[Gly]1α-MI , 

and α-M1280 accordingly.  Non-specific binding was determined using 600 µM (-

)-nicotine hydrogen tartrate.  For muscle type nAChR: Membranes (60-70 µg of 

protein) from Torpedo Californica electroplax were incubated for 90 min in 0.5 mL 

HSS containing 2 nM (±)-[3H]epibatidine and of conotoxins α-MI, des[Gly]1α-MI , 

and α-M1280 accordingly.  Non-specific binding was determined using 600 µM (-

)-nicotine hydrogen tartrate.  
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The incubations were terminated by vacuum filtration through Whatman GF/B 

glass fiber filters, presoaked in 1% poly(ethylenimine) using a Brandel 48-

channel cell harvester.  The radioactivity was measured using a liquid scintillation 

counter (Tri-Carb 2910 TR, PerkinElmer, Shelton, CT, U.S.A.).  Protein 

measurements were performed using the Bradford method (Bio-Rad assay kit) 

and bovine serum albumin, diluted in HSS, as a standard. 

 

Data analysis 
 
Competition binding data were analyzed using nonlinear regression methods.  Ki 

values were calculated by the Cheng-Prusoff equation, Ki= IC50 / [(1+ {L}/ Kd)], 

 based on the measured IC50 values and Kd = 8±0.3 pM for binding of (±)-

[3H]epibatidine to α4β2*, Kd = 50±2.3 pM for binding of (±)-[3H]epibatidine to 

α3β4*, Kd = 2±0.3 nM for binding of (±)-[3H]epibatidine to muscle type receptor, 

The Kd values were obtained from 3-5 independent experiments performed on 

the same membrane preparations that were used for the competition assays. 

 

3.6 LD50 α-CONTOXIN COMPARISON 
 
 
The synthesized and folded α-MI, des[Gly]1αMI and αM1280 variant conotoxins 

were dissolved in diH2O for the lethal dosage measurement.  Concentrations of 

20, 15, 12, 10, 8, 6, 2, and 1 nmol.g-1 α-conotoxin in 1µL volume were injected 

intramuscularly by use of Hamilton mirco-litre syringes into 0.3-0.4 g Xiphophorus 

hellerii, green swordtail.  LD50 injections were also carried out on Perionyx 

excavatus, Indian Blue worms and Pomacea diffusa, golden apple snail.  Dosage 
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and survival times up to 4 hours were recorded and plotted in a fashion of dose 

as a function of dose/survival time.  An estimated LD50 value was determined 

based on the y-intercept (Meir et al., 1986).  

 

Fish were obtained from Dr. Clyde Tamaru from the Windward Community 

College aquaculture facility.  Snails were obtained from Haleiwa taro farm. 

Worms were obtained from Dr. Ted Radovich at the University of Hawai‘i at 

Mānoa. 

 
 

3.7 LD50 M2450 ISOMER COMPARISON 
 
 
The synthesized and 3 folded M2450 isomer conotoxins were dissolved in diH2O 

for the lethal dosage measurement.  Approximately 15 nmol.g-1 of conotoxin 1µL 

volume were injected intramuscularly by use of Hamilton microlitre syringes into 

0.3-0.4 g Xiphophorus hellerii, green swordtail (n=3).  Dosage and survival times 

up to 4 hours were recorded and used to calculate the LD50 values based on a 

mean survival rate. 
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A214 

 

CHAPTER 4  

RESULTS AND DISCUSSION 
 

4.1 Peptide synthesis and purification 
 
Pure isolated synthetic M2450 (Fig 4.10-4.12), a sequence originally derived 

from the native milked venom of Conus magus was purified from synthetic crude 

unoxidized M2450 (Fig. 4.0). 

 

Figure 4.0. Reduced Un-oxidized crude M2450 

 

 
 

Min. 
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A21

4 

Min. 

 

 

4.2 OXIDATION CONDITIONS OF M2450 
 
RP-HPLC chromatogram profiles were obtained after each experimental 

oxidation condition was performed (Fig 4.1-4.9). Only experimental oxidation 

condition 9 (Fig. 4.9) provided enough oxidized material to support further 

purification procedures.  

 
 
 
Figure 4.1. Oxidation Condition 1; 0.1M NH4HCO3, pH 8.0 at 25oC for 3 days 
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A21

4 

Min. 
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Figure 4.2. Oxidation Condition 2; 0.33 M NH4OAc, 0.5 GnHCl, pH 7.5 at 
25oC for 3 days 
 

 
 
 
 
 
Figure 4.3. Oxidation Condition 3; 2 M urea, 0.1 M NaCl, 0.1 M Glycine, 50% 
Propanol, pH 7.8 at 25oC for 3 days 
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Figure 4.4. Oxidation Condition 4; 0.1 M NH4HCO3, pH 8 at 4oC for 5 days 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5. Oxidation Condition 5; 0.33 M NH4OAc, 0.5 GnHCl, pH 7.5 at 4oC 
for 5 days 
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Figure 4.6. Oxidation Condition 6; 0.33 M NH4OAc, 0.5 GnHCl, 50% Propanol, 
pH 7.5 at 4oC for 5 days 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7. Oxidation Condition 7; 2M Urea, 0.1 M NaCl, 0.1 Glycine, pH 7.8 
at 4oC or 5 days 
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Figure 4.8. Oxidation Condition 8; 2M urea, 0.1 M NaCl, 0.1 Glycine, 50% 
Propanol, pH 7.8 at 4oC for 5 days 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4.9. Oxidation Condition 9; 6M urea, 50% propanol, 0.1M NH4HCO3, 
pH 7.5 at 4oC for 5 days 
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4.3 NICOTINIC AChR COMPETITIVE LIGAND BINDING ASSAY 
 

The competitive ligand binding assay performed on nAChR muscular subtypes 

provided results showcasing approximately 3 times greater Ki binding affinity of 

a-MI (89.1 nM) against its aM1280 (248.7 nM) counterpart.  Synthetically derived 

des[Gly]1a-conotoxin MI also displayed a much greater binding affinity Ki value of 

73.3 nM than the α-M1280 conotoxin. All three conotoxin variants showed no 

competitive binding activity when tested against [3H]Epibatidine in the α4/β2* 

nAChR  SD rat brain and α3β4 nAChR pig adrenal subtypes (Table 4.0). 

 
 
Table 4.0. Nicotine Acetyl Choline Receptor Competitive Ligand Binding 
Assay 
 
Material Ki values (nM) 

α4/β2 nAchR a 
Ki values (nM) 

(α1)2β1γδ nAChR
b
 

 

Ki values in (nM) 

α3β4 nAChR
c
 

 
αM1280 >10,000 248±10.9 >5,000 
des[Gly]1αMI  >10,000 73.3±5.8 >5,000 
αMI  >10,000 89.1±9.1 >5,000 
a [3H]Epibatidine (KD=0.1 nM) SD rat brain (P1 membrane fractions); 
b [3H]Epibatidine (KD=2.0 nM) Torpedo californica electroplax (P1 membrane fractions); 
c
 [

3
H]Epibatidine (KD = 0.05 nM) Pig adrenals (P1 membrane fractions); 

Ki values represent means ± s.e.m. obtained from 5 experiments 
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4.3 LD50 comparison of α-conotoxins 

 
Lethal injections below 20 nmoL.g-1 produced lethality only in fish models 

providing estimated LD50 values of 18.5 nmoL.g-1 of α-M1280.  An LD50 of 8.2 

nmoL.g-1 was obtained from α-conotoxin MI fish injections.  Synthetically derived 

des[Gly]1α-conotoxin MI produced an LD50 value of 5.7 nmoL.g-1.  Lethality was 

not observed in worm or snail animal models up to 20 nmoL.g-1 (Table 4.1). 

 
Table 4.1. Lethal Dosage Toxicity Test on α-conotoxin variants 
 
Material  Fish (nmoL.g-1) Worm (nmoL.g-1) Snail (nmoL.g-1) 
αM1280 18.5 n.l. n.l. 
des[Gly]1αMI  5.7 n.l. n.l. 
αMI  8.2 n.l. n.l. 
n.l. no lethality up to 20 nmoLg-1 
 
 
 

4.6 LD50 COMPARISON M2450 
 

 
Within fish animal models, 15.7±1.3 nmoL.g-1 of conotoxin M2450 isomer A 

induced an observed survival rate of 10±2.9 sec.  A concentration of 16.8±1.4 

nmoL.g-1 of conotoxin M2450 isomer B showed to be non-lethal when observed 

up to 4 hours.  Conotoxin M2450 isomer C, with a calculated injection 

concentration of 15.0±0.7 nmoL.g-1, displayed a lethal survival rate of 88±6.2 

seconds (Table 4.2). 
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Figure 4.10. Pure M2450 Isomer A 

 
 
 
Figure 4.11. Pure M2450 Isomer B 
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Figure 4.12. Pure M2450 Isomer C 

 
 
 
 
 
 
Table 4.2. Lethal Dosage Bioassay in Fish Animal Models 
 
M2450 Isomer (n=3) Dosage (nmoL.g-1) Survival Time (sec) 

A 15.7±1.3 10±2.9 
B 16.8±1.4 No activity 
C 15.0±0.7 88±6.2 
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4.7 DISCUSSION 
 
 
The findings from these studies showcase that the PTM event, known as N-

terminal truncation, is a valid means of increasing the biodiversity of C. magus 

milked-venom.  This research has provided investigators with newly classified 

and novel pharmacological research tools that can be used to further understand 

nAChR and potentially contribute new therapeutic leads.  Other data collected 

has allowed for the better understanding of minor venom constituents, which will 

ultimately help for the future classification of novel conotoxins found in the 

milked-venom of C. magus.  

 

The competitive ligand binding assays performed on nAChR have provided 

information regarding the target affinities of the previously unclassified α-M1280 

conotoxin.  These pharmacological studies demonstrate conclusively that α-

M1280 is a α-conotoxin that targets muscular subtypes.  This increases our 

understanding of the complexity and diversity of conotoxins derived from the 

milked venom of C. magus. Moreover, since specific binding of α-M1280 to the 

nAChR has been determined, this may now be developed as a useful tool for 

exploring ligand-receptor interactions and pharmacological investigations in the 

autonomic nervous system. In particular the utility of α-M1280 for muscular 

subtypes of the nAChR make this a prime candidate for future investigations of 

motor activity.  
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Similar to a-M1280, des[Gly]1α-conotoxin MI, target interactions were not 

understood prior to this investigation.  Unlike a-M1280, des[Gly]1α-conotoxin MI 

is not naturally derived from the milked-venom of C. magus.  This latter synthetic 

peptide variant had approximately three times greater binding affinity than the α-

M1280 endogenous conotoxin for muscular nAChRs.  Such high affinity means 

that derived synthetic compound will be more specific and sensitive for in-vitro 

investigations particularly for investigators interested in sympathetic motor 

activity as muscular subtypes of nAChR have direct effects on this system.  

 

Several other nAChR subtypes were also investigated.  Data indicates that these 

three α-conotoxins have little-to-no interaction with neuronal or adrenal nAChR 

subtypes.  Hence these conotoxins are considered a selective as well as 

sensitive tool for studying sympathetic motor activity, but not useful for neural or 

adrenal studies. 

 

Closer examination of the differences in binding affinity between α-

conotoxin MI, des[Gly]1α-conotoxin MI and a-M1280 in relation to their peptide 

sequences, reveals that the positively charged arginine residue present on the N-

terminus of both  des[Gly]1α-conotoxin MI and α-conotoxin MI is critical for the 

higher sensitivity of the peptide and higher affinity binding to muscular nAChR 

(Table 54.3).  More than simply providing tools for further research these data 

have, elucidated some of the structural and functional requirements for binding to 

muscular nAChR.  Specifically, the N-terminal arginine present in α-conotoxin MI 
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is a critical residue for interfacing with nACh binding sites on the g-subunit.  This 

provides vital structural information about the size, charge and other 

physicochemical properties for small molecules that may be developed targeting 

nAChRs. 

 

Table 4.3. Summary of investigated α-Conotoxin interactions  

Material Sequence nAchR Ki (nM) LD50 (n=8) 

αM1280      CCHPACGKNYSC* 248.7 18.5 

αMI GRCCHPACGKNYSC* 89.1 8.2 

des[Gly]1α-MI   RCCHPACGKNYSC* 73.3 5.7 

*C-terminal amidation 

 

Existing drugs that interact with the nAChR include Anectine™, Miostat™, 

Nicorette™, and Nivalin® (Hoffmann, 2004).  These drugs treat a wide variety of 

syndromes and diseases including Alzheimer's disease, schizophrenia, attention-

deficit hyperactivity disorder (ADHD), and nicotine addiction (Rollema et. al, 

2007).  Currently drug developments in the field of autonomic pharmacology are 

trending towards investigations of cardiovascular, respiratory and genitourinary 

diseases (Hoffmann, 2004).  The results of these studies can advance these 

fields by providing novel and important structural information about the nAChRs 

themselves as well as for structural requirements of small molecule agonists or 

antagonists designed to target these receptors.    
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In addition to direct nAChR binding, the in-vitro investigations performed here 

have determined several novel aspects of the bioactivity of these closely related 

α-conotoxins.  These novel aspects can provide insight not only into drug or 

scientific tool development, but also into the ecological diversity of cone snails 

and their evolution as a species.  Specifically, the natural event defined by this 

study as N-terminal truncation, which differentiates the two closely related α-

conotoxin MI and a-M1280, not only results in the production of two peptides with 

similar amino acid composition, but also produces a difference in conotoxin 

bioactivity. This statement supports the hypothesis that N-terminal truncation 

affects the bioactivity of venom molecules in turn resulting in the increase of 

peptide biodiversity within the organism’s venom.  From an evolutionary 

standpoint, increasing venom biodiversity is a critical adaptation necessary for 

the survival of one of the ocean’s least mobile predators. Increasing the potential 

of venom to target interactions, while expending minimal metabolic energy, has 

ensured the evolutionary success of the cone snail.  By having a large diversity 

of conopeptides, the snail can gain biological advantages over other predators in 

that they have a large range of potential targets within single envenomation event. 

 

In order to further characterize the biological significance of these molecular and 

biochemical assays, we performed several studies characterizing the in-vivo 

lethality of the three peptides.  These toxicity studies demonstrate that N-terminal 

truncation affects the toxicity of venom peptides and also assists to differentiate 

species-specific toxicity. In a X. hellerii model, α-conotoxin MI has a 3-times 
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greater lethality than α-conotoxin M1280. Similar to the in-vitro studies, des[Gly]1 

α-conotoxin MI shows similar bioactivity to α-conotoxin MI, suggesting the N-

terminal arginine plays a role beyond simple binding affinity and functionally 

affects muscular nAChR activation, thereby increasing the lethality of the toxin.  

 

To further determine their biological specificity, several other nAChR were also 

investigated and it appears that all three closely related α-conotoxins have little to 

no interaction with neuronal or adrenal subtypes.  

 

Different animal models were investigated to tested to the lethality using the 

various α-conotoxins.  The species Xiphophorus hellerii, Perionyx excavatus, and 

Pomacea duffusa were tested which covers interactions among four distinct 

phyla that may presumably be targets for C. magus venom toxicity.  The 

reasoning behind for testing a diverse animal target was to help to further 

develop our understanding to pinpoint the biological and evolutionary role(s) 

explaining the reason for N-terminal truncation.  It was hypothesized that C. 

magus produces highly conservative conotoxins with PTMs that increase venom 

effectiveness in target animal food sources.  Since C. magus is a known 

piscovore it as logical that the natural toxin would be most toxic to fish.  The data 

gained suggests that the a-M1280 as well as α-conotoxin MI were lethal to fish, 

but has no toxicity for worms or snails.  Similarly, the synthetic des[Gly]1 α-

conotoxin MI was not lethal to worms or snails at concentrations below 20 

nMol.g-1. Therefore, it was inferred that post-translational N-terminal truncation, 
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although increasing the biodiversity within the venom of C. magus, does not 

broaden phyla available as food sources for C. magus, at least not at the same 

venom concentrations that kill fish.  

 

Other similar results have been reported by Liu et. al. (2007).  These authors 

reported that a single amino acid substitution drastically affected binding affinities 

of α-conotoxins to muscular nAChR.  However, in this study, two α-conotoxins 

differing only by a glycine and arginine at the N-terminus displayed no significant 

affect on bioactivity.  Thus, these authors claimed that N-terminal truncation had 

no significant biological effects on muscular nAChR for the two α-conotoxins 

Ac1.1b and Ac1.1bΔN derived from Conus achatinus.  In contrast, N-terminal 

truncation is showcased as a mechanism that does have biological effects, when 

the venom of C. magus is used as the model backbone, and taking into account 

our specifically engineered sequences that differ greatly from the published study. 
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Table 4.4. Effect of N-terminal truncation on different α-Conotoxins Species 

Material Peptide Sequence Biological Activity 

α-Conotoxin M1280      CCHPACGKNYSC* 248.7±10.9a 

α-Conotoxin MI GRCCHPACGKNYSC* 89.1±9.1a 

Ac1.b NGRCCHPACGKHFSC* 25.8±5.9b 

Ac1.1bΔN         CCHPACGKHFSC* 27.0±7.1b 

a Ki (nM) Torpedo californica muscle nAchR; b IC50 (nM) mouse muscle nAchR; *C-
terminal amidation 
 

An explanation for the discontinuity of results between conotoxins studied by Liu 

et. al. (Table 4.4) and those of this study may be explained in the source of 

conotoxin derivatization.  The α-conotoxins derived from C. achatinus by the Liu 

et al. were obtained through cDNA cloning libraries, which may not be an 

accurate representation of the true peptide chemical composition.  By simply 

removing two amino acids from the N-terminus of a peptide not natively found in 

the milked-venom of an organism, one may not see a biological difference in 

activity.  The truncated version of previously studied Ab1.1ΔN has not been 

reported as being a native conotoxin.  α-M1280, the truncated version of α-

conotoxin MI, is found in the native milked venom of our studied organism.  The 

mouse derived nAChR muscle subtypes investigated by Liu et. al possesses 

different subunits from the nAChR Torpedo californica.  Discontinuity may be 

corrected by investigating α-conotoxin from C. achatinus and testing their binding 

affinities in T. californica nAChR muscle subtypes. 
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This investigation supports that the post-translational event come to be defined 

as N-terminal truncation is a highly sophisticated mechanisms to which C. magus 

can increase the biodiversity of its venom.  The explanation regarding the 

reasons behind this event can only be hypothesized at this point.  Perhaps 

evolution has resulted in C. magus incorporating an arginase-like enzyme that 

may be present somewhere between the venom duct gland and the radula that 

processes peptides allowing for the snail to use minimal metabolic energy while 

producing multiple active toxins from a single gene translation.  It remains 

unclear whether an arginase-like enzyme acts non-specifically or not, but what is 

proven by the study of α-M1280, is the mechanism of N-terminal truncation 

affecting venom bioactivity is present.  By determining biological differences and 

similarities to α-conotoxin MI and proving the nAChR muscular subtype 

pharmacological interactions of α-M1280, this newly discovered conopeptide can 

now be classified and promoted as novel peptide α-conotoxin MIC (Fig 4.1). 

Based on previous studies, which link similar α-conotoxins (found in the milked-

venom of Conus geographus, Bingham et al., 2012 – in press) α-conotoxins GI 

and GIA represent C-terminal truncated variants (Table 4.5), the newly classified 

α-conotoxin MIC has been appropriately applied to an updated version of the 

following α-conotoxin phylogenetic tree further establishing its a-conotoxin 

stature (Figure 4.13). 
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Table 4.5. C-terminal truncation of α-conotoxins GI and GIA 

Material  Mature Sequence 

GI ECCNPACGRHYSC* 

GIA ECCNPACGRHYSCGK 

*C-terminal amidation 

(Adapted from Gray et. al, 1981) 

Figure 4.13. Phylogenetic tree of α-conotoxins 
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Novel peptide M2450 derived from the same milked-venom of α-conotoxin MI 

and α-M1280 may also be processed by an arginase like enzyme that interacts 

with C. magus α-conotoxins.  The DNA from a mu-conotoxin patent suggests a 

gene sequence: 

[MMSLLGVLLTICLLLFPLTALPRDGDQSVDDPAGRMQDDISSELHPLSIRDRMC

CGESAPCPSTFRDSQICHCC] for the M2450 conotoxin molecule (Olivera, 2004).  

It is important to note that the native M2450 sequence 

[MCCGEGSSCPKYFRNSQICHCC] is on the C-terminus of an arginine in the 

suggested gene sequence.  It can be hypothesized that the same enzyme that 

cleaves the α-conotoxins MI and α-M1280 may also cleave the M2450 parent 

primary product connecting the three conotoxins despite belonging to separate 

pharmacological classes (Table 4.6).   
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Table 4.6. Comparison of M2450 and αMI conopeptides 

Material Prepro Sequence Mature Sequence 

M2450 SVDDPAGRMQDDISSELHPLSIRDR MCCGESAPCPSTFRDSQICHCC* 

αMI SDGRDDEAKDERSDMYDSKNR GRCCHPACGKNYSC*  

*C-terminal amidation 
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Initial approaches to the synthesis and oxidation of novel peptide M2450 has 

provided further information regarding the appropriate activating protocols and 

isomer selection in order to obtain pure product.  The oxidation conditions 

illustrates that by introducing urea and NH4HCO3 at 4oC to synthetic peptide, four 

isomers present themselves (Figure 4.9). It has been illustrated by Dalton et. al, 

(2005) that differences in thiol-thiol intramolecular interactions may provide 

increases bioactivity.  In- vitro studies provided clear indications of which isomers 

had greater bioactivity.  Isomer A has shown to be the most bioactive, but it 

remains unclear whether this is the native conformation of the M2450 conotoxin. 

Typically single oxidized conformations are observed as in the case with the α-MI 

conopeptides, but as in this case with the optimum conditions, multiple dominant 

peaks are seen.  Therefore, future studies focusing on M2450 with or without N-

terminal truncation and isomerization will be useful for further understanding the 

principles discussed above. 
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CHAPTER 5  

CONCLUSIONS FUTURE WORK 
 

5.1 CONCLUSION 
 
 
This thesis contributes knowledge of the specific engineered structures and 

synthesis of toxin-derived peptide compounds.  More than a Bioengineering 

design study, determining differential receptor binding for neural, adrenal and 

muscular nAChR subtypes in-vitro as well species differences in lethality in-vivo 

across several representative phyla functionalized these peptides. The results 

gained improve our understanding of the structural requirements for binding and 

activation of nAChR.  Additionally, differences in structural selectivity and 

sensitivity for activation between the peripheral motor nervous system (muscular 

nAChRs), central nervous system (neuronal nAChRs) and hormonal axes 

(adrenal nAChRs) have been discovered.  Such information contributes 

immensely to pharmacology, for example it can help guide the rational design of 

novel therapeutics such as Chantix®, which is the newest nAChR drug on the 

market regarding smoking cessation (Rigotti, 2010).  These data also have 

relevance for toxicology such as for understanding the mechanisms of toxin 

effects and/or development of selectively toxic compounds for pest control.  The 

knowledge gained from these studies contributes to the natural sciences of 

Zoology and Ecology, since the mechanisms by which the C. magus adapts and 

evolves its venom strategies to become more successful, are becoming clearer.  
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In conclusion, this study effectively showcases that the milked-venom of C. 

magus, as a natural investigational resource, can provide immense 

pharmacological and ecological contributions further supporting the validity of 

natural product research.  The critical findings from this thesis showcase that the 

PTM event known as N-terminal truncation, is a successful strategy for the 

carnivorous marine snail C. magus to increase the biodiversity of its milk venom. 

Novel conopeptides such as M2450 can now also be extracted and tested for 

potential Na+ channel pharmacological interactions based on studies of patented 

homologous conopeptides investigated (Olivera, 2005).  More than this, the work 

presented demonstrates that successful synthesis of synthetic variants of C. 

magus venom peptides, can be useful tools in drug discovery and also have 

potential as pharmacological agents. 
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