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Cone snails are predatory marine mollusks that utilize their peptide rich venom to capture 

prey, deter competitors and defend themselves. Each of the 1000 known species 

expresses over 100 conotoxins with little overlap between species. Most of these 

conotoxins selectively target a specific neuronal ion-channel or receptor. Because of their 

unprecedented diversity and specificity, they hold enormous potential as 

neuropharmacological agents, and as neuroscience research tools. In this study, the 

venom of a common shallow water cone snail that thrives in the Indo-Pacific to the 

Panamic region, Conus tessulatus, was analyzed; conopeptide components ofthe venom 

were isolated and investigated by high performance liquid chromatography, nuclear 

magnetic resonance, mass spectrometry, and automated Edman degradation sequencing. 

Five new peptide sequences are herein reported, among which there are three members of 

theM superfamily, one a conotoxin, and a conophan. The novel peptides comprise a 

partial peptide library of this particular cone. 
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Introduction 

Cone snails within the genus Conus are venomous marine gastropods that utilize 

modified peptide toxins in an effective biochemical campaign to capture prey, deter 

competitors, defend against predators, and possibly in other biological functions (Terlau 

and Olivera 2004). These modified peptides (conopeptides) that make up the venom of 

the snails are fast acting neuroactive compounds that immobilize the target by affecting 

the victims' neurophysiology. When envenomed, a cone's prey is rapidly subdued by the 

concerted, high-affinity binding of the venom's protein and peptide toxins to voltage and 

ligand gated ion channels essential for the proper function of the prey's nervous and 

muscular systems (Newcomb and Miljanich 2001). Since the first conopeptides were 

isolated a few decades ago, extensive systematic investigation has been conducted on 

these promising ion channel targets. This research has shown that each species among 

the hundreds of species has its own distinct complex cocktail of 20-200 pep tides that 

comprises its venom. 

Every Conus species captures their prey by envenomation via a highly efficient venom 

apparatus and delivery system (Figure 1 ). The venom apparatus in all cone snails consists 

of a venom bulb (vb) which pushes the venom out; the venom duct (vd) where the venom 

is synthesized by epithelial cells lining the duct and stored; a radula sac (rs) where the 

harpoon-like teeth (h) are kept; proboscis (pr), which is used to deliver the harpoon and 



venom to the prey. At the end of the secretory pathway, which is mainly unknown, 

conotoxins are packed into secretory granules that are secreted into the duct lumen (Cruz 

et a!. 1992). Each harpoon is used only once and they act as disposable hypodermic 

needles to eject the venom (Olivera 1997). 

Figure 1- Stucture of a Typical Conus Venom Apparatus from Conus purpurascens 
(Olivera 1997) 

Cone snails can be broadly characterized by their choice of prey. Mulluscivorous Conus 

prey on other gastropods, vermivorous Conus feed on small polychaete worms, and 

piscivorous Conus prefer small fish. Because they live in a hostile marine environment 

and exhibit a general lack of mobility, the need for fast acting venom to paralyze their 

agile prey becomes a demanding necessity in order to quickly immobilize their target 

(Terlau and Olivera 2004). Hence, the major components of the cone snail venom have 

been found to target key cell surface-signaling components of nervous systems such as 

ion channels and receptors. 

2 



Conus tessulatus is a common Indo-Pacific cone snail that feeds on polychaete wonns, 

and whose venom scarcely affects mollusks and small fishes. All Conus predatory 

gastropods hunt prey from one of five different phyla, and all of these preys have 

cholinergic synapses (Cartier et al. 1996). Vennnivorous cones have not been well 

charachterized to date. Conus tessulatus is from the class gastropoda, order 

caenogastropoda, superfamily conacea, and family conidae. It is a nocturnal shallow 

water species found buried in sand with grass. They thrive in intertidal and subtidal 

regions usually up to 40 meters. The cone resides in the entire Indo-Pacific and also in 

the East Pacific Region (Rockel et al., 1995). Figure 2 shows a photograph of a Conus 

tessulatus shell. 

Figure 2 -Picture of a Conus tessulatus Shell from 
http://www.active.net.gr/aegeanshells/conus/c-tessulatus.htm 
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Conus Venom Diversity 

The genus Conus is one of the largest and most successful living genuses of marine 

animals, comprised of about 1000 different species (Mari and Fields 2003). Each species 

of Conus exhibits its own distinct repertoire of conopeptides, different from those of all 

other species. This difference is thought to arise from divergent biotic interactions within 

the tropical marine habitats in which cone snails thrive, that give rise to a corresponding 

divergence of cone snail venoms. Each Conus species has a unique set of biotic 

interactions characteristic of that species that helps to rationalize why each one has a 

different stock of 2-200 venom peptides (Bulaj et al. 2003). Although the specific 

detailed interactions between any Conus species with other animals within its 

environment is unknown, the fact that there are about 100 conopeptides per species and 

thus over 50,000 unique active conotoxins remains clear (Terlau and Olivera 2004). 

Moreover, each species is believed to express only a subset of all of its pep tides at one 

time. This diversity in the venom has given rise to much interest in their highly selective 

biological activity. 

Extensive research has shown these Conus venoms contain various small structured 

peptides, many with post translational modifications, which specifically target different 

ion channels and receptors. Conopeptides is the broad definition given to all peptide 

components of the venom. Conopeptides are biosynthesized as larger precursor peptides, 

consisting of theN-terminal signal sequence, intervening propeptide, and a mature toxin 

(Garrett et al. 2005). There are two major classes of conopeptides: non-disulfide rich and 

disulfide rich, a term indicating the relative number of cystine amino acids within the 
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primary sequence. Conophans and contryphans are linear peptides with no disulfide 

bridges, while conopressins have one disulfide bride due to the presence of two cysteines. 

The general term conotoxins refers to disulfide rich peptides that contain two or more 

disulfide bridges. The conotoxins are sub-divided into super families in accordance with 

their cysteine residue backbone arrangement. The precursors of super family members 

share a highly conserved signal sequence in their precursors and a characteristic cysteine 

backbone in mature peptides. The cysteines form the disulfide bridges which stabilize 

and structure the conotoxins. 

Many super families have already been identified and named, such as the 0, M, A, S, T, 

P, and I superfamilies, and many others have been found but remain nameless to date. 

Sub classifications within superfamilies are based on relative arrangement and number of 

cysteine residues, the number of residues between these cysteines, and on the particular 

molecular target of the family (Figure 3). 
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Figure 3 - Classification of Conopeptides by Molecular Target and Loop Pattern (Terlau 
and Olivera 2004) 
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Another characteristic feature of conotoxins that yields even more diversity is the 

remarkable number of post-translational modifications, such as 0-glycosylation, 

bromination of tryptophan, y-carboxylation of glutamate residues, hydroxylation of 

prolines, or L- to D-epimerization that appears in many of the peptides (Craig et al. 

1999). Some of these modifications are quite common while others are unusual, and 

some were first discovered in Conus peptides. 

Neurophysiology and Neuropharmacology of Venom 

Due to the diverse nature of cone snail peptides, they exhibit a huge assortment of 

Chanrti:ls 

pharmacological activity even within a given superfamily. The diversity is ascribed to 

differences in primary structure of the peptides, which give rise to variability in charge, 

structure and characteristics of each unique peptide. Molecular targets are functionally 
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diverse and include G-protein coupled receptors, neurotransmitter transporters, ligand -

gated ion channels, and voltage- gated ion channels, the latter two being the better 

known categories. Over the last 50 years, the concept ofNa and K channels as 

components of action potential generation has given way to an intricate molecular 

complexity characterized by the fact that the K channel actually consists of over 80 genes 

that can arrange in a variety of combinations to yield an overwhelming diversity of 

tetrameric isoforms ofK channels. These diverse ion channel substrates have been 

effective molecular targets for conopeptides because of the very diversity of targets that 

yield so many biological activities. 

Although there are a variety of different peptides in the venom of any given cone, each 

peptide acts synergistically with the other peptides in order to accomplish some goal. For 

example, the first set ofpeptides injected into the prey acts to immediately immobilize 

the victim by inhibiting voltage gated Na channel inactivation and blocking K channels. 

This type of activity leads to mass depolarization of axons in the vicinity of the site of 

venom injection resulting in a tetanic state. The second set ofpeptides works to 

completely inhibit neuromuscular transmission. These peptides must be transported to 

sites, such as neuromuscular junctions, that are away from the site of venom injection, 

and are therefore more slow acting. They inhibit presynaptic Ca channels, postsynaptic 

nicotinic receptors, and Na channels involved in the muscle action potential (Terlau and 

Olivera 2004).Table 1 shows a listing of molecular targets and therapeutic potentials of 

different classes of peptides. 
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Table 1 - Targets and Therapeutic Potential of Different Classes of Conopeptides 
(Alonso et al. 2003) 

Class Tareet Therapeutic Potential 
Contulakins - Linear Neurotensin receptors Neuropathic pain 
Conatokins - Linear NMDA receptors Epilepsy, Parkinson's 
Conopressins- CC Vasopressin receptors Regulates blood pressure 
x-Conotoxins - CC-CPC Neuropathic pain Neuropathic pain 
ffi-Conotoxins- C-C-CC-C-C Ca channels Analgesic, Stroke 
K-Conotoxins - C-C-CC-C-C K channels Arrhythmia, Hypertension 
J.!-Conotoxins - CC-C -C-CC Skeletal muscle Na Neuromuscular block 

channels 
\jf-Conotoxins- CC-C-C-CC Skeletal muscle nACh Analgesic, Parkinson' s, 

channels Hypertension 
a-Conotoxins - CC-C-C Skeletal muscle nACh Analgesic, Parkinson ' s, 

receptor Hypertension 

From the above described actions of the different peptides in the venom, one can clearly 

see that the venom requires a variety of peptides with different targets and activities to 

achieve these means . This type of highly assorted toxin repertoire is a perfect 

biochemical strategy to advance the needs of the snail that has generated an enormous 

conopeptide library with unfathomable potential for neuroscience. One of the first of 

these conopeptides to be used therapeutically was Ziconotide, a ffi-conotoxin now known 

as Prialt™. This toxin was isolated from Conus magus and has obtained FDA-approval 

and is currently one of the strongest analgesics on the market (Heading 2002).0ther 

therapeutic toxins being tested to date include the following as shown in Table 2 (Alonso 

et al, 2003). 
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Table 2- Potential Therapeutic Conopeptides (Alonso et al. 2003, Mari and Fields 2003) 

Name of Class of Species Therapeutic Mode of Company Stage of 
Toxin Toxin Interest Action Development 

MriAJB X c. Neuropathic Targets Xenome Preclinical 
marmoreus pam noradrenaline 

transporter 
AM336 (J) C. cactus Morphine Inhibit Ca Amrad Phase II 

resistant channel 
pam 

ACYl a c. Neuropathic Nicotinic Metabolic Preclinical 
victoriae pain/ Nerve receptor 

0 0 

agonist InJury 
recovery 

Contulakin- Contulakin C. Chronic pain Targets Cognetix Phase II 
G geographus neurotensin 

receptor 

Conatokin- Conatokin C. Antiepileptic NMDA Cognetix Preclinical 
G geographus agent receptor 

antagonist 

This study was undertaken because of this huge diversity in potential uses of 

conopeptides. These marine drugs may one day be the key to elucidating several neuronal 

processes and to cure or treat a variety of neurological disorders. The goal of this study 

was to isolate and characterize several conopeptides from this previously untapped cone 

in order to develop a partial peptide library to be later submitted for biological assays to 

determine function and uses. 
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Materials and Methods 

Specimen Collection 

To initiate the study, living samples of Conus tessulatus were obtained from their natural 

habitat. In order to acquire the specimens, a shallow water dive into the Red Sea was 

conducted at night, and several cones were obtained from the rocks, coral or sand. Once 

the cones were obtained, they were immediately placed in a salt water tank where they 

were kept while being fed worms. The cones were kept in this condition until further use. 

In preparation for the extraction of the venom, the cones were placed in a -80°C freezer 

and stored there until further use. 

Extraction of Crude Venom 

The frozen specimens were thawed, removed from their shell, and dissected in order to 

acquire the venom ducts, where the crude venom is located. A small needle was inserted 

lengthwise between the shell and body and gently turned in the direction of the shell 

opening and the body removed. The duct is highly coiled and found embedded within the 

soft tissues. It is easily dissected from the rest of the body, with dissecting pins or 

needles, under a magnifying lens. The ducts were then uncoiled and measured for length. 

This process was done on ice to protect the contents of the ducts. The venom ducts were 

subsequently lyophilized. The venom was extracted from the lyophilized ducts with a 
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0.1% trifluoroacetic acid (TF A) solution to maximize dissolution. The extracts were 

centrifuged at 10,000 x g for 20 min, at 4°C, and the pellets were washed three times with 

0.1% TF A and re-centrifuged in the same manner. The supernatants with the soluble 

peptides were pooled, lyophilized, and stored at -80°C until further use. The extracted 

venom was then subject to various purification steps. Approximately 65.4 mg of crude 

venom was extracted from eight cones. 

Purification of Peptides 

The first purification step was conducted via a pre-equilibrated size exclusion high 

perforn1ance liquid chromatography (HPLC) column (Pharrnacia Superdex-30, 2.5 x 100 

em from Thermo Separation Products) to separate the venom components based on size. 

Elution of compounds was done with a 0.1 M NH4HC03 mobile phase at 1.5 ml/min in 

an isocratic manner. These fractions were monitored at wavelengths of220, 250 and 280 

nm. The range for all three wavelengths was 2 in most cases unless otherwise specified. 

Collected fractions from each peak were pooled, lyophilized, and stored at -40°C until 

further use. Fractions containing lower molecular weight components characteristic of 

peptides were chosen for further separation in another pre-equilibrated size exclusion 

HPLC column, (Tricorn Superdex™ Peptide 10/300 GL) . Lyophilized fractions were 

dissolved in 0.1 M NH4HC03 and elution was done with a 0.1 M NH4HC03 mobile phase 

at a rate of 0.3 mllmin. Again, fractions were pooled, lyophilized and stored at -40°C 

until further use. 
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Fractions coming from the Superdex peptide column were then subject to separation in a 

reverse-phase HPLC column to separate the peptides according to hydrophobicity. The 

first reverse-phase HPLC column, a C18 semi-preparative column (Vydac, 218TP51 0, 10 

x 250 mrn; 5~m particle diameter; 300 A pore size) equipped with a CIS guard column 

(Upchurch Scientific, AC-43 4.6 mm), allowed for better separation of single 

components and analysis of relative quantity. The lyophilized fractions were dissolved in 

0.1% TFA and eluted with a linear gradient of 0.1% TFA (buffer A) and 0.1% TFA in 

60% acetonitrile (buffer B) at a flow rate of 3.5 mllmin with a 1% buffer B increase/min. 

Absorbance was monitored at wavelengths of 220 and 280 nm. Major peaks were 

lyophilized, stored at -40°C, then re-dissolved in 0.1% TF A for further purification in an 

analytical reverse-phase C18 column (Vydac, 238TP54, 4.6 x 250 mm; 5J-lm particle 

diameter; 300 A pore size), with a flow rate of 1 mllmin. Elution was also done with the 

same buffers as described for the semi-preparative column, and absorbance was 

monitored likewise. Fractions were manually collected, lyophilized and kept at -40°C 

until further use. The purity and molecular weight of the separated peptides were 

analyzed using mass spectrometry. Impure samples were subject to an additional 

analytical run when necessary. Pure samples were subject to other experiments. 

Determination of Molecular Mass 

Molecular mass was determined by positive ion matrix laser desorption ionization-time 

of flight (MALDI-TOF) mass spectrometry as detected by a Voyager-DE STR (Applied 

Biosystems ). Samples were dissolved in 0.1% TF A, 50% acetonitrile, and applied 

between two layers of a a-cyano-4-hydroxycinnamic acid matrix (Acros Organics) onto a 
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magnetic plate. Spectra were acquired in either linear or reflector mode. Calmix 1 and 

Calmix 2 (Applied Biosystems) were used as external calibration standards. 

Nuclear Magnetic Resonance Spectra 

Pure samples were subject to one dimensional NMR experiments to detern1ine relative 

peptide concentration, and to identify characteristics of the peptide. The NMR spectra 

were obtained by a Varian !nova 500 MHz instrument equipped with pulse field 

gradients, three radiofrequency channels and waveform generators . Pure peptide samples 

were dissolved in high purity water (Fisher) containing 38 pmol oftrimethyl silyl 

propionic acid (TSP) (Aldrich) as an internal reference and 10% D20 (Aldrich). The total 

volume of samples, 40 J.ll at a pH of ~3.6, was placed in 1. 7 mm NMR capillary tube 

(Wilmad), and spectra were acquired at 25°C and 0 °C. If the sample had a high enough 

concentration, then two dimensional NMR experiments, namely NOESY and TOCSY, 

were performed which aided in confirming the presence of certain amino acids in 

sequence. 

Reduction and Alkylation of Pep tides 

Once the NMR experiments were concluded, part of each sample was subject to 

reduction and alkylation of disulfide bonds (if any are present). This procedure allows for 

determination of the number of cysteines in the peptide by mass spectrometry. Samples 

were lyophilized then re-dissolved in 0.1 M Tris-HCl (pH 6.2), and reduced with 20 mM 

dithiothreitol (DTT). Upon a 30 minute incubation period at 60°C, the peptides were 
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alkylated with 50 mM Iodoacetamide (lAM) and 3 J .. tl ofNH40H (pH 1 0.5) for one hour 

at room temperature in the dark. The reduced and alkylated peptides were recovered and 

purified using a pre-equilibrated Zip Tip (C18, size PlO, Millipore) with a 0.1% TFA in 

60% acetonitrile solution and 0.1% TF A solution. 

Peptide Sequencing 

The reduced and alkylated peptides were subsequently subject to sequencing by 

automated Edman Degradation. Alkylated peptides were adsorbed onto Biobrene-treated 

glass fiber filters and subsequently sequenced by Edman degradation using an Applied 

Biosystems Procise model491A Sequencer equipped with a micro gradient delivery 

system, model610A model 785A UV detector, and data analysis software model140C. 

This model causes theN-terminal amino acid to react with phenylisothiocyanate (PITC) 

in basic conditions forming a phenylthiocarbamyl derivative (PTC-protein).The first 

amino acid is then cleaved by trifluoroacetic acid forming its anilinothialinone derivative 

(AZT -amino acid) and leaving behind the next amino acid for degradation in the next 

cycle. The newly formed AZT-amino acid is extracted with N-butyl chloride and 

converted to a phenylthiohydantoin derivative (PTH-amino acid) that is transferred to a 

reverse-phase HPLC C-18 column for detection at 270 nm. For cross referencing, a 

standard mixture ofPTH-amino acids is injected onto the column for separation and 

detection, providing a standard elution profile for comparison with unknowns. The 

sequences are then confirmed by matching the expected molecular weight of the peptide 

with the molecular weight obtained via mass spectrometry. 
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Results and Discussion 

Purification of Peptides 

The first step in the purification process of the crude venom was the dissolution of the 

lyophilized crude venom into 1 00011L of 0.1 M NH4HC03 The sample was then eluted 

through the Superdex 30 column for 266 minutes. This initial separation by size 

exclusion yielded 9 fractions that showed absorbance at 220 nm, six fractions showed 

absorbance at 280 nm suggesting the presence of aromatic amino acids, and six fractions 

showed absorbance at 250 nm signaling the presence of cysteine bonds, all fractions 

showing clear overlap among absorbance spectra. Moreover, the profiles show the 

possibility of overlap between adjacent peaks. Figure 4 and table 3 shows the elution 

profile and retention times for this run. Each run was recorded at range 2 due to the 

speculated quantities of crude venom. 

Tessulatus _B was the designation given to this batch of crude venom, and Tes _ B is the 

abbreviation for this designation. The nomenclature assigned from here on in is as 

follows: Superdex 30 fractions are labeled as numbers in numerical order such as Tes_B 

01, Tes_B 02, and Tes_B 03 and so on. Superdex Peptide fractions are labeled as 

consecutive letters in front of the number from the Superdex 30 fractions such as Tes_B 

02a, Tes_B 02b, and so on. The semi-preparative fractions then take a number after the 

letter from the Superdex Peptide aliquots such as Tes_B 02b04, Tes_B 02b05 and so on. 
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The analytical fractions take a letter after the semi-preparative column number such as 

Tes _ B 02b04a, Tes _ B 02b04b and so on. 

Figure 4- Elution Profile ofTessulatus B Crude Venom in the Superdex 30 
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Table 3- Elution Times ofTes B Crude Venom Fractions from Superdex 30 

Peak# Elution Time (Minutes) 
1 56.53- 75.50 
2 75.50 - 90.30 
3 90.30- 125.21 
4 125.21 -138.22 
5 138.22- 163.03 
6 163.03 - 171.24 
7 171.24 - 185.30 
8 185.30 - 204.29 
9 204.29 - 229.73 
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Fractions 5, 6, and 7 were subsequently pooled together since there was much overlap 

between the peaks in order to assure that like peptides were kept together in order to 

obtain higher purified quantities. These peaks were the first to be chosen for further 

purification since they were the three major peaks that fell within the molecular weight 

range ofpeptides (as determined by their elution times relative to the other peaks in the 

size exclusion column).The combined peaks were renamed Tes_B 05 , lyophilized, then 

re-dissolved in two batches of 500 f.!L of 0.1 M NH4HC03 for further separation in the 

Superdex Peptide column. Figure 5 and table 4 shows the chromatography profile and 

retention times of this run. Each run of both batches was recorded at range 2 and 280 nm 

(also 220 nm for batch 2). 

Figure 5- Elution Profile ofTes B 05, 06, 07 Combined Fractions (renamed 05) in 
Superdex Peptide 
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Table 4 - Elution Times ofTes B 05, 06, 07 Combined Fractions (renamed 05) in 
Superdex Peptide 

Batch 1 
Peak# Elution Time (minutes) 

a 24.30 
b 28.60 
c 31.81 
d 32.90 
e 35.60 
f 38.15 
g 40.90 

Batch 2 
Peak# Elution Time 

(minutes) 
a 17.01 
b 24.36 
c 30.70 
d 33.00 
e 35.40 
f 38.00 
g 41.10 

During the run of batch 1, the column exhibited several problems and the data for the run 

was not stored. Only the run monitored at 280 nm was salvaged. Fortunately, batch 2 ran 

smoothly and the two profiles closely resembled one another, therefore the batch 1 

fractions were still used by pooling with the batch 2 fractions. Batch 1 ran for 4 7 minutes 

while batch 2 ran for 45 minutes. Approximately seven peaks were present in both 

batches, and in both wavelengths of220 nm and 280 nm. Peak Tes_B 05d was chosen for 

further separation as it was the major peak. Upon being lyophilized, the sample was 

dissolved in 1000 flL of a 0.1% TF A solution, then subject to separation in the semi-

preparative column. Figure 6 shows the elution profile ofthis run which ran for 87 

minutes in batch one and for 98 minutes in batch 2, and yielded 11 collected peaks in 

batch 1 and 14 collected peaks in batch 2 under monitoring at 220 nm. The run was also 
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monitored under 280 run and yielded several peaks at this wavelength. Each run in both 

batches was recorded at range 2. 

Figure 6- Elution Profile ofTes B 05d in the Semi-preparative Column 
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Table 5 - Elution Times ofTes B 05d in the Semi-preparative Column 

Batch 1 
Peak# Elution Time (minutes) 

1 17.5 
2 35.0 
3 36.0 
4 36.7 
5 37.9 
6 38.8 
7 39.6 
8 43 .3 
9 44.8 
10 54.2 
11 64.8 

Batch 2 
Peak# Elution Time (minutes) 

1 17.80 
2 34.95 
3 36.10 
4 36.80 
5 38.00 
6 38.90 
7 39.70 
8 41 .30-41.65 
9 42 .50 
10 43 .37 
11 44.78 
12 47.85 
13 54.20 
14 64.75 

Once the major peaks (peaks 2 pooled from both batch 1 and 2, peaks 5, 6, 7 from batch 1 

and 2 all pooled together, peak 8 and 9 from batch 1 pooled with peak 10 and 11 from 

batch 1 (renamed Tes_B 05d1011), and peak 10 from batch 1 and 13 from batch 2 pooled 

together (renamed Tes_B 05d13)) had been lyophilized, they were re-dissolved in 20 flL 

of a 0.1% TF A solution and 0.3 flL of the sample was submitted to mass spectroscopy 

experiments. Figures 7- 12 show the mass spectra for these peaks. 

20 



Figure 7- TOF MS ofTes B 05d02 (MW= 1703.37 Da) 
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Figure 8- TOF MS ofTes B 05d05 (MW= 2435.81Da) 
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Figure 9 - TOF MS ofTes B 05d06 CMW= 1531.02 Da) 
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Figure 10- TOF MS ofTes B 05d07 CMW= 1655.50 Da) 
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Figure 11- TOF MS ofTes B 05dl0 (MW= 1809.54 Da) 
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Figure 12- TOF MS ofTes B 05dll (MW= 1736.72 Da) 
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The first peak to be further processed was peak Tes_B 05d02 since the mass spectra of 

this sample revealed a potentially pure compound with no need for further purification. 

The sample was lyophilized then dissolved in an NMR solution as previously described. 

The sample was thus subject to a 1D NMR experiment. However, a spectrum was not 

obtained for this sample due to insufficient concentration. Therefore, two thirds of the 

sample was then reduced and alkylated. The clean product of this reaction was submitted 

for a mass spectroscopy experiment that revealed the presence of six cysteine residues 

since the molecular weight of the compound increased from 1703.37 Da to 2051.58 Da. 

This indicated the presence of six cysteines since the reduction of each disulfide bond, 

which consists of two cysteines, and subsequent alkylation of each cysteine residue 

results in a 58 Da increase in molecular weight (2051.58 - 1703.37 = 348.21 and 

348.21/58 = 6). Figure 13 shows the mass spectrum of the reduced and alkylated peptide. 

Figure 13 - TOF MS ofthe Reduced and Alkylated Tes B 05d02 (MW= 2051.58 Da) 
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The entire reduced and alkylated sample was then loaded onto the peptide sequencer and 

yielded the following sequence: 

Sequence: CCSQDCRVCIOCCPY 

The measured molecular weight of this sequence corresponds to the theoretical molecular 

weight as determined by Protein Prospector MS-Product software with a 0.76 Da 

difference. This difference can be attributed to calibration errors or other minor 

experimental errors. This peptide corresponds to an M-conotoxin of the framework CC

C-C-CC. This type of conotoxin is a M-2 mini-M since the molecular weight is under 

2000 Da and there are two residues within the last loop. The target of mini-M's still 

remains unknown (McDougal et a!, 2004 ). 

The next peak to be further analyzed from the Tes_B 05d was combined peaks 10 and 11 

from batch 2, and 8 and 9 from batch 1 polled together (renamed Tes_B 05d1011). The 

peak was lyophilized and re-dissolved in 500 11L of a 0.1% TFA and subject to a run in 

the analytical reverse-phase column. This run yielded the following elution profile 

(Figure 14), which ran for 37 minutes at range 2 and absorbance of280 nm (220 was 

lost). 
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Figure 14 - Elution Profile of Tes B 05d 1 011 
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Upon analyzing this chromatogram, extensive work went into attempting to purify the 

major peak, D. However, this attempt was not successful, and the F fraction seemed to be 

relatively pure (as indicated by the mass spectrum in figure 15). Therefore, this peak was 

chosen for further analyses. 
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Figure 15- TOF MS ofTes B 05d1011f(MW= 1736.48 Da) 
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The sample was lyophilized and re-dissolved into an NMR solution as previously 

described. The following figure (Figure 16) shows the 1 dimensional NMR spectrum of 

this sample. 
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Figure 16 -1-D NMR Spectrum ofTes B 05dl0llf 
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The NMR spectrum shows several characteristics of the peptide. Initially, the TSP peak is 

sharp and strong, and smaller than the amino acid hydrogen resonances, indicating that 

the peptide has a concentration that is suitable for the 1-D experiment, and possibly for 2-

D experiments. Moreover, the region between 6-10 ppm indicates that there are aromatic 

amino acids present. The region between 1 and 1.5 ppm is highly crowded, indicating the 

presence of aliphatic residues, corresponding to the Ile residue. The doublet of doublets 

characteristic of Tyr that resonates around 7 ppm is seen here. The spectrum is 

problematic in that there appears to be two Trp resonating around 10 ppm that do not 

correspond to the sequence data. The reason for the presence of these peaks is not yet 

known. 
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Once the NMR spectrum had been acquired, an attempt was made to obtain a 2-D 

spectrum. Unfortunately, concentration did not permit, and the spectrum was not 

acquired. Therefore, one third of the sample was subject to reduction and alkylation 

(figure 17). 

Figure 17- TOF MS of the Reduced and Alkylated Tes B 05d 1 011f (MW= 1968.76 Da) 
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The molecular weight of the reduced and alkylated peptide signaled the presence of four 

cysteine residues (1968.73- 1736.48 = 232.25. 232.25/58 = 4.00). The sample was then 

subject to sequencing. 

Sequence: GGCCSYOPCIANNPFCG 

This sequence yielded a theoretical molecular weight of approximately 1714.65 Da as 

calculated by Protein Prospector MS-product software. This weight represents an 
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approximate 21.83 Da difference from the mass spectrum of the peptide, a difference 

corresponding to an ion ofNa with minor experimental errors . Moreover, the framework 

of this peptide corresponds to the A superfamily as a 4/6 a-conotoxin because ofthe 

number of residues in the loop. The peptide has sequences of 4 and 6 non Cys amino 

acids in the format CC----C------C. 

This type of conotoxin is known to be a competitive antagonist of acetylcholine in 

nicotinic acetylcholine receptors, which are found in the central and peripheral nervous 

system (neuronal type) and in the neuromuscular junctions (neuromuscular type).These 

receptors are ligand gated channels embedded in the membrane that have five 

homologous subunits that allow for the movement of Na and K ions across the 

membrane. The binding of acetylcholine causes opening of the channel, thus 

acetylcholine agonists such as the a-conotoxins prevent channel opening. Each a

conotoxin is specific for a different type and subunit of the nACh receptor that it binds. 

Further work on this compound will be aimed at elucidating the specific target and action 

of the toxin. 
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Figure 18- Theoretical Structure of the nACh Receptor from 
http://indigo 1.biop.ox.ac. uk/graham/work.html 
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The next sample to be further purified was the Tes_B 05d050607 peak that had 

previously been pooled together. This peak was re-dissolved in 500 J.!L of a 0.1% TF A 

solution and ran on the analytical reverse phase column for 34 minutes at range 1 in both 

220 nm and 280 nm. Figure 19 shows this elution profile. 
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Figure 19- Elution Profile ofTes B 05d050607 in the Analytical Column 

Tessulatus_B 050050607 Analytical RP 
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Table 6- Elution times ofTes B 05d050607 in the Analytical Column 

Peak# Elution Time (minutes) 

a 17.0 

b 17.8 

c 18.1 

d 18.4 

e 18.8 

Once again efforts were made to further purify the biggest peak, peak a. The mass 

spectrum of the native peptide is the following: 
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Figure 20- TOF MS of Tes B 05d050607a CMW = 2435.00 Da) 
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The sample then underwent the following NMR experiments to yield the following 

results (Figure 21 and 22): 

Figure 21- 1-D NMR Spectrum ofTes B 05d050607a 
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The NMR spectrum shows characteristics of several residues and shows that there are 

sufficient quantities of the peptide to run 2-D NMR experiments. The peptide is actually 

very concentrated compared to many native samples from this study. The most obvious 

residue is that of Trp near 10 ppm and the presence of aliphatic residues, maybe Ile or 

Leu or Val, under 1 ppm. This peptide has several residues, about 22 since there are so 

many NH peaks between 6 and 10. There appears to be slight impurities as well. 

Figure 22- TOCSY Spectrum ofTes B 05d050607a 
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The TOCSY spectrum revealed information about some residues, but the information was 

not sequence dependent. Namely, the presence of the Tyr residue is confirmed. However, 

assignments of residues without the sequence information are difficult and futile. 

Once the TOCSY spectrum had been acquired attempts to run other 2-D NMR 

experiments were undertaken but proved unsuccessful due to insufficient quantities. The 

sample was then reduced and alkylated, yielding the following mass spectrum: 

Figure 23- TOF MS ofReduced and Alkylated Tes B 05d050607a (MW = 2806.31) 
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The data suggests that there are probably six cysteine residues in this peptide (2806.31-

2mmo 

2435.00 - 22 (Na) = 349.31. 349.31 /58 = 6.03). Unfortunately, upon two attempted trials 
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of sequencing, no sequence data was obtained. Although the reason that this peptide was 

unable to be sequenced is not known, it is presumably blocked at theN-terminus and 

therefore not prone to Edman degradation. The peptide is most likely an M-conotoxin, if 

indeed there are six cysteines present. However, at this point, speculation is futile without 

a sequence. 

Since these efforts were unsuccessful, we chose to further analyze the next major peak, 

peak b. This peak was once again run in the analytical column yielding the following 

spectrum at range 0.2 in both wavelengths of220 nm and 280 nm (figure 24): 

Fieure 24- Elution Profile ofTes B 05d050607b in the Analytical Column 

Tessulatus_B 0500506078 Analytical RP 
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Table 7- Elution times ofTes B 05d050607b in the Analytical Column 

Peak# Elution Time (minutes) 
1 15.2 
2 28.2 
3 34.8 
4 35 .7 

A mass spectrum was acquired for the major peak, peak 4 (figure 25): 

Figure 25- TOF MS ofTes B 05d050607b4 (MW= 1531.08 Da) 
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We acquired a 1-D NMR spectrum and a TOCSY spectrum for this sample. 
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Figure 26- 1-D NMR Spectrum ofTes B 05d050607b 
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The 1-D spectrum lacks a proper TSP peak; therefore no estimates on concentration can 

be accurately made, however the sample does appear concentrated enough to run 2-D 

experiments. The obvious residue seen in this spectrum is that of Trp around I 0 ppm. 

There is also a double of doublets around 7 ppm that is characteristic of Tyr residues ring 

protons. The two His show peaks around 7 and 8 ppm for the ring protons, which slightly 

overlap with the Tyr. The two Ala show peaks around 1.39 ppm for the ~H's. The Val 

peaks around 0.5 ppm are downshifted, as characteristic of conophans due to the presence 

of the neighboring Trp ring causing shielding. 
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Figure 27- TOCSY Spectrum ofTes B 05d050607b 

TES_B05D_050607 _B_ph3. 6_25C_l. 7JIItl_wgTOCS~ 
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This spectrum confirms the presence of the Trp residue at I 0 ppm. Otherwise, the 

spectrum is not intense enough to make accurate assignments. Additionally, without a 

NOESY spectrum, assignments cannot be confirmed. 

About one third of the sample was reduced and alkylated yielding the following mass 

spectrum (figure 28): 
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Figure 28- TOF MS ofthe Reduced and Alkylated Tes B 05d050607b4 (MW= 1531.06 
Da) 
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The reduced and alkylated mass spectrum revealed that there are no cysteines present in 

this peptide. This peptide is therefore a linear conopeptide. The sequence analysis of the 

peptide yielded the following results: 

Sequence: VYHAHPYSNA VWS 

The expected molecular weight of this peptide as calculated by Protein Prospector MS-

Product software is 1530.71 Da, yielding a 0.38 Da difference in MW as calculated by 

the mass spectrum. This conopeptide is a conophan that closely resembles a conophan 

that was recently discovered in Conus gladiator, gld-V. The sequence homology is quite 

striking: 
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Tes B 05d050607b: 

gld-V: 

VYHAHPYS "-.: -A-'! \\ S 

AOA'\ -S- \ ' \\ S 

The gld-V peptide exhibits aD-Val in a homology site of the Tes_B 05d050607b peptide 

raising the possibility that the tessulatus peptide may have a D-Val as well. The 

homology also extends to the Pro and Hyp that are in adjacent sites of the two peptides. 

The homology is convincing evidence for the argument that this peptide may indeed be a 

conophan. 

The following peptide peak to be analyzed was Tes_B 08 from Superdex 30. The peak 

was dissolved in 500 JlL of 0.1 M NH4HC03 and ran through the Superdex Peptide 

column for 68 minutes at range 2 in wavelengths 220 nm, 280 nm, and 250 nm. Figure 29 

shows the elution profile for this run. 
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Figure 29 - Elution Profile ofTes B 08 in the Superdex Peptide Column 

Tessulatus_B 08 Superdex Peptide 
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Table 8 - Elution Times ofTes B 08 in the Superdex Peptide Column 

Peak# Elution Time (minutes) 
a 12.77 
b 16.66 
c 18.86 
d 23.70 
e 33.10 
f 39.58 
g 47.45 

From this separation, the major peak, peak f, was chosen for further separation in the 

semi-preparative column. The sample was dissolved in 1000 I-lL of 0.1% TF A and 
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yielded the following chromatogram at range 1 and wavelengths 220 nm, 280 nm (figure 

30): 

Figure 30 - Elution Profile of Tes B 08f in the Semi-preparative Column 

Tessulatus_B 08f RP Semi-Prep 
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Table 9 - Elution Times ofTes B 08fin the Semi-preparative Column 

Peak# Elution Time (minutes) 
1 12.70 
2 13 .15 
3 14.13 
4 16.80 
5 18 .17 
6 20.30 
7 23 .38 
8 24.21 
9 26.66 
10 28.37 
11 29.10 
12 35.49 
13 47.40 

13(b) 48.41 
14 51.18 
15 52.22 
16 53.18 

Mass spectra were acquired for all these peaks. Figure 31- 33 show the spectra for the 

peaks that were later used in other experiments. 
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Figure 31- TOF MS ofTes B 08fl2 (MW = 1806.63 Da) 
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Figure 32- TOF MS ofTes B 08fl3 (MW = 1751 .65 Da) 
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Figure 33- TOF MS ofTes B 08f13(b) (MW = 1751.71 Da) 
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Peak Tes_B 08f12 was one of the peaks that were chosen for further analysis. The sample 

was dissolved in 500 )lL of 0.1% TFA and ran in the analytical column for 47 minutes at 

range 1 in wavelengths 280 nm and 250 nm, and 220 nm. Figure 34 shows this 

chromatogram: 
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Figure 34- Elution Profile ofTes B 08fl2 in the Analytical Column 

Tessulatus_B 08f12 RP Analytical 
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Table 10- Elution Times forTes B 08fl2 in the Analytical Column 

Peak# Elution Time (minutes) 
a 30.55 
b 31.90 

From this separation, peak a was chosen to be further analyzed as it was the more pure 

peak. A mass spectrum was taken of this peak (Figure 35): 

47 



Figure 35- TOF MS ofTes B 08f12b (MW = 1805.41 Da) 
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The sample was then subject to 1-D NMR experiments that did not work due to 

insufficient quantities. 

About one half of the sample was then reduced and alkylated revealing the following 

spectrum (Figure 36): 
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Figure 36- TOF MS of Reduced and Alkylated Tes B 08fl2b (MW = 2155 .20 Da) 
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This data revealed the presence of six cysteine residues (215 5.20 - 1805.41 = 349.67. 

349.67/58 = 6.03). The sample was then subject to sequencing revealing the following 

data: 

Sequence: CCSRYCWRCTOCCPN 

This peptide appears to be a mini-M as well. 

The Tes_B 08fl3 (combined with Tes_B 08fl3 (b)) peak was the next to be further 

analyzed since it was the major peak of the run. The sample was dissolved in 1000 ~-tL of 

0.1% TF A and ran in the analytical column for 65 minutes at range 1 in wavelengths 280 

nm and 250 nm, ant at range 1.5 at 220 nm. Figure 37 shows this chromatogram: 
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Figure 37- Elution Profile ofTes B 08f13 in the Analytical Column 

Tessulatus_B 08f13 RP Analytical 
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Table 11- Elution Times forTes B 08f13 in the Analytical Column 

Peak# Elution Time (minutes) 
a 31.20 
b 41.00 
c 41.37 
d 43.52 
e 44.20 

From this separation peak d was chosen for further analysis since it was the major peak. 

A mass spectrum of the sample was obtained (Figure 38): 
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Figure 38- TOF MS ofTes B 08fl3d (MW = 1752.31 Da) 
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The sample was subsequently subject to 1-D NMR experiments that revealed great 

concentrations (Figure 39): 
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Figure 39 -1-D NMR Spectrum ofTes B 08fl3d 

TES_B08fl3d_pH3. 6_25C_ l. ?mm 
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Tyr resonates at 7.15 and at 6.86 ppm with the ring protons, as seen in this spectrum. Ile 

shows peaks at 1.48 and 1.19 ppm for the yH's, at 1.90 ppm for the ~H, at 8.19 for the 

NH, and at 0.89 for the 8H's. An Arg peak is seen around 6.6 characteristic of that NH. 

lie peaks are shown below 1 ppm for the methyl groups. The sample also has slight 

impurities. This experiment revealed enough quantities, in comparison to the TSP peak, 

to run 2-D NMR experiments as well, so a TOCSY spectrum was taken of this compound 

(Figure 40). 
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Figure 40- TOCSY Spectrum ofTes B 08fl3d 
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Unfortunately, upon close examination of this data, we determined that the sample was 

not pure since the chromatography peak was so broad. Therefore we decided to run it 

through the analytical column one more time. The sample was lyophilized and dissolved 

in 500 ~-tL of0.1% TFA and ran isocraticaly at 33% ofthe 60% ACN in the analytical 

column for 35 minutes at range 2 at 220 nm and range 1 at 280 nm and 250 nm. Figure 

41 shows the elution profile for this run. 
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Figure 41- Elution Profile forTes B 08fl3d in the Analytical Column 
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Table 12- Elution Times ofTes B 08fl3d in the Analytical Column 

Peak# Elution Time (minutes) 
1 4.22 
2 12.19 

Several fractions were taken from peak two of this run in an attempt to separate 

components that elute very closely together. Seven 30 second fractions were taken 

altogether. The broadness of the peak indicates that more than one peptide is present in 
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this peak. Mass spectra and sequences were taken for both fractions 1 and 7, as they were 

the furthest apart (Figure 42 and 43). 

Figure 42- TOF MS ofTes B 08fl3d2(1) (MW = 1751.47 Da) 
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Figure 43- TOF MS ofTes B 08fl3d2(7) (MW = 1751.69 Da) 
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Both samples were reduced and alkylated yielding the following mass spectra (Figure 44 
and 45): 

Figure 44- TOF MS ofReduced and Alkylated Tes B 08fl3d2(1) (MW = 2101.98 Da) 
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Figure 45- TOF MS of Reduced and Alkylated Tes B 08f13d2(7) (MW = 2101.98 Da) 
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Each peptide had a mass increase of about 349 Da indicating the presence of six cysteine 

residues (2101.98- 1752.97 = 349.62. 349.62/58 = 6.02). 

They were individually sequenced yielding the following results: 

Sequence: CCSRYCYICIOCCPN 

Sequence: CCSRYCYICIOCCPN 

Since both sequences were identical, and both of their calculated masses closely matched 

the expected masses, one conclusion that can be drawn from the fact that they did not co

elute is that an amino acid in one of the peptides may be an epimerized D-amino acid. 

This would explain the identical sequences but different elution times. However, further 

work is required before this conclusion could be drawn. Synthesis of the peptide may aid 

in elucidating the reason behind this discrepancy. 

This peptide also appears to be a mini-M. 

Another peak that was analyzed was the Tes_B 08fl4 peak from the same semi

preparative run as the previous peptide. The mass spectrum of this peak and the 

chromatography profile of this run in the analytical column are shown in figure 46 and 

47. 
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Figure 46- TOF MS ofTes B 08f14 (MW = 1735.65 Da) 
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Figure 47- Elution Profile ofTes B 08f14 in the Analytical Column 

Tessulatus_B 08f14a RP Analytical 
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Table 13- Elution Times ofTes B 08fl4 in the Analytical Column 

Peak# Elution Time (minutes) 
a 4.20 

The mass spectrum of this peak is shown in figure. 

Figure 48- Mass Spectrum ofTes B 08fl4a (MW = 1735.40 Da) 
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Figure 49- 1-D NMR Spectrum ofTes B 08f14a 
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The sample was then reduced and alkylated yielding the following mass spectrum (Figure 

50): 
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Figure 50 - TOF MS of the Reduced and Alkylated Tes B 08f14a (MW = 2086.01 Da) 
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The sequence for this peptide was not properly obtained. Further work is still needed in 

order to confirm the sequence. However, as evident from the mass spectrum, there are 

probably six cysteine residues present in the peptide (2086.01-1735.40 = 350.61. 

350.61/58 = 6.04) 

The next peak to be analyzed was Tes_B 09 from Superdex 30. This peak was dissolved 

in 500 J.!L of 0.1 M NH4HC03 and ran through the Superdex Peptide column for 70 

minutes at range 2 in 220 nm and 280 nm, and range 4 at 220 nm. The following 

chromatogram was obtained: 
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Figure 51- Elution Profile ofTes B 09 in the Superdex Peptide Column 

Tessulatus_B 09 Superdex Peptide 
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Table 14- Elution Times forTes B 09 Superdex Peptide Run 

Peak# Elution Time (minutes) 
a 4.20 
b 13.44 
c 16.77 
d 23.60 
e 24.97 
f 32.85 
g 39.00 
h 42.90 
1 48.75 

Peak Tes_B 09g was then chosen for further separation in the semi-preparative reverse 

phase column. This run lasted for 100 minutes at range 1 in 220 nm and 280 nm. 
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Figure 52- Elution Profile ofTes B 09g in the Semi-preparative Column 

Tessulatus_B 09g RP Semi-Prep 
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Table 15- Elution Times forTes B 09g in the Semi-preparative Column 

Peak# Elution Time (minutes) 
1 16.60 
2 20.76 
3 29.75 
4 31.60 
5 34.50 
6 36.85 
7 38.08 
8 39.50 
9 41.06 
10 47.76 
11 48.63 
12 49.43 
13 50.42 
14 54.33 
15 55.32 
16 67.65 
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Peak 13 was then chosen for further analysis as it was the major peak. A mass spectrum 

was taken for this compound (Figure 53): 

Figure 53 ~ TOF MS ofTes B 09g13 (MW = 1751.93 Da) 
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This peak was then furthered purified in the analytical column. This run lasted for 56 

minutes at range 1 in 220 nm and 280 nm (Figure 54) : 
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Figure 54- Elution Profile ofTes B 09g13 in the Analytical Column 

Tessulatus_B 09g13 RP Analytical 
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Table 16 - Elution Times forTes B 09gl3 in the Analytical Column 

Peak# Elution Time (minutes) 
a 4.10 
b 43.27 

A mass spectrum was obtained from peak b from this run (Figure 55): 
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Figure 55- TOF MS ofTes B 09g13b (MW = 1751.58 Da) 
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The sample was then subject to a 1-D NMR experiment that yielded the following spectra 

(Figure 56-57): 

Figure 56- 25"C 1-D NMR Spectrum ofTes B 09g13b 
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Figure 57- O"C 1-D NMR Spectrum ofTes B 09gl3b 

tes_B09g13b_pH3. 6_0C_l. 7mm 
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This NMR spectrum closely resembles the spectrum ofTes_B 08fl3d. There are no 

notable differences other than peak intensities. The two peptides have the same sequence. 

The only difference that may result in the difference in elution times is an L to D-

epimerization that cannot be detected by NMR. The 1-D in o·c is less structured that at 

25"C but shows basically the same peaks, give or take a few. This experiment revealed 

enough quantities for 2-D NMR experiments as well, so both a NOESY and a TOCSY 

spectrum were taken. 
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Figure 58- NOESY Spectrum ofTes B 09gl3b 

TES_B09ql3b_pH3. 6_25C_l. 7mm_wqNOESY 
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The NOESY spectrum would have been a key factor in making sequence specific 

assignments in conjunction with the TOCSY data; however, the spectrum is very weak 

due to lack of sufficient concentration, and is therefore of no use. And the TOCSY 

spectra do not provide enough information for making sequence specific assignments. 
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Figure 59- 25°C TOCSY Spectrum ofTes B 09gl3b 
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Figure 60- OT TOCSY Spectrum ofTes B 09gl3b 
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Once the NMR experiments had been conducted, about one third of the sample was 

reduced and alkylated yielding the following mass spectrum (Figure 61 ): 

Figure 61- TOF MS ofthe Reduced and Alkylated Tes B 09g13b (MW = 2101.07 Da) 
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This spectrum indicated the presence of six cysteine residues (21 01.07 - 1751.58 = 

349.49. 349.49/58 = 6.03). The sample was then sequenced yielding the following data: 

Sequence: CCSRYCYICIOCCPN 

This sequence is the same as that ofTes_B 08fd(l) and Tes_B 08fd(7). This occurrence 

further supports the theory that this peptide may have a D-amino acid and therefore is not 

co-eluting. Again, this peptide is a mini-M. 
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Peak 11 was then analyzed from the Tes_B 09g. Figure 62 show the elution profile ofthis 

peak in the analytical column at wavelengths 220 and 280 nm at range 1, and at 220 nm 

and range 0.5: 

Figure 62- Elution Profile ofTes B 09g11 in the Analytical Column 
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Table 17- Elution Times ofTes B 09g11 in the Analytical Column 

Peak# Elution Time (minutes) 
a 42.03 
b 44.02 

The mass spectrum ofthis sample indicated that the peak was still somewhat 

contaminated, but an NMR spectrum was acquired nonetheless (Figure 63 and 64). 
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Figure 63- TOF MS ofTes B 09g11a (MW = 1774.69 Da) 
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Figure 64- 1-D NMR Spectrum ofTes B 09g11a 

tes_ B09q11a_pH'3. 6 _ 25C __ l.. ?mm. 

Pul.ae Sequ111!!nce ; pre eat 

ppm 

72 



This spectrum clearly shows the presence of a Trp at 10 ppm, as well as the presence of 

aliphatic residues below 1 ppm. The doublet of doublets is also observed for Tyr around 7 

ppm. The TSP peak is much grater that the amino acid peaks, signaling a very dilute 

sample. Unfortunately there was insufficient concentration to run 2-D NMR experiments, 

so half the sample was thus reduced and alkylated, yielding the following spectrum 

(Figure 65): 

Figure 65- TOF MS Spectrum of the Reduced and Alkylated Tes B 09glla (MW 
=1891.91 Da) 
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The reduction and alkylation data suggests that there are two cysteines in this peptide 

(1891.91- 1774.69 = 117.22. 117.22/58 = 2.02). Regrettably, the sequence data is not 

clear, presumably due to the impurities in the sample, and no sequence has yet been 

obtained for this conopeptide. 
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Conclusions 

Several combinatory analytical techniques were employed in this study in order to 

elucidate structural data of some of the peptides present in the venom of the cone snail 

Conus tessulatus. These techniques included HPLC, mass spectrometry, NMR and 

peptide sequencing. By these techniques, five novel compounds were discovered and 

characterized. The literature does not indicate any reported sequences form Conus 

tessulatus. Therefore, these are the first conotoxins reported form this species. Among the 

reported peptides are three M-conotoxins, one a-conotoxin and one conophan. The 

sequences ofthese peptides are as follows: 

74 



Table 18- Conus tessulatus Partial Peptide Library 

Name and Seguence Mass Calculated Differenc Framework Su(!erfa 
S(!ec MW(Da} einMW mily 
MW 
(_Da_} 

1. Tes B05D1011F 1736.4 1714.65 21.83 = CC-C-C a 
8 Na 

GGCCSYOPCIANNPFC 
G 
2. Tes B05D050607B4 1531.0 1530.71 0.38 Linear Conophan 

8 
VYHAHPYSNA VWS 
3. Tes B05D02 1703.3 1702.61 0.76 CC-C-C-CC M 

7 
CCSQDCRVCIOCCPY 
4. Tes B08F12B 1805.4 1804.65 0.77 CC-C-C-CC M 

2 
CCSRYCWRCTOCCPN 
5. Tes_B08F13D(2)1 1751.4 1750.65 0.82 CC-C-C-CC M 

7 
CCSRYCYICIOCCPN 

6. Tes_B08F13D(2)7 1751.6 1750.65 1.04 CC-C-C-CC M 
9 

CCSRYCYICIOCCPN 

These findings support and show the extreme diversity of the venom components of 

Conus tessulatus. This work is the first step in determining the functionality and uses of 

these incredibly promising peptides. This work will continue in an effort to determine the 

molecular targets and mode of actions of these compounds. Once these goals have been 

established, the great therapeutic value of these peptides will be readily available for 

. . 
many uses m neuroscience. 

75 



References 

Adams DJ, P.F. Alewood, D.J. Craik, R.D. Drinkwater and R.J. Lewis. Conotoxins and 
their potential pharmaceutical applications. Drug Dev. Res., 46, (1999), pp. 219- 234. 

Alonso D., Khalil Z., Satkunanthan N., Livett BG., Drugs From the Sea: Conotoxins as 
Drug Leads for Neuropathic Pain and Other Neurological Conditions. Mini reviews in 
Medicinal Chemistry, 3, (2003), pp. 785-787. 

Balaji RA, A. Ohtake, K. Sato, P. Gopalakrishnakone, R.M. Kini, K.T. Seow and B.H. 
Bay, Lambda-conotoxins, a new family of conotoxins with unique disulfide pattern and 
protein folding. Isolation and characterization from the venom of Conus marmoreus, J 
Bioi. Chern. 275, Issue 50, (2000), pp. 39516- 39522. 

Bandyopadhyay PK, J.E. Garrett, R.P. Shetty, T. Keate, C.S. Walker and B.M. Olivera, 
Gamma-Glutamyl carboxylation: an extracellular posttranslational modification that 
antedates the divergence of mollusks, arthropods, and chordates. Proc. Nat!. A cad. Sci. 
USA 99 (2002), pp. 1264-1269. 

Bulaj G., 0. Buczek, I. Goodsell, E.C. Jimenez, J. Kranski, J.S. Nielsen, J.E. Garrett and 
B.M. Olivera, Efficient oxidative folding of conotoxins and the radiation of venomous 
cone snails. Proc. Nat!. Acad. Sci. USA 100, Suppl. 2, (2003), pp. 14562-14568. 

Bulaj G., R. De La Cruz, A. Azimi-Zonooz, P. West, M. Watkins, D. Yoshikami and 
B.M. Olivera, 8-Conotoxin structure/function through a cladistic analysis, Biochemistry 
40 (2001), pp. 13201-13208. 

Bulaj G et al, Novel Conotoxins from Conus striatus and Conus kinoshitai Selectively 
Block TTX-Resistant Sodium Channels. Biochemistry 44, Issue 19, (2005), pp. 7259-
7265. 

Cartier GE, Yoshikami D, Gray WR, Luo S, Olivera BM, and Mcintosh JM, A new 
alpha-conotoxin which targets alpha3beta2 nicotinic acetylcholine receptors. J Bioi Chern 
271, (1996), pp. 7522-7528. 

Craig AG, E.C. Jiminez, J. Dykert, D.B. Nielsen, J. Gulyas, F.C. Abogadie, J. Porter, J.E. 
Rivier, L.J. Cruz, B.M. Olivera and J.M. Mcintosh, A novel post-translational 
modification involving bromination oftryptophan. J Bioi. Chern. 272 (1997), pp. 4689-
4698. 

76 



Craig AG, P. Bandyopadhyay and B.M. Olivera, Post-translationally modified peptides 
from Conus venoms. Eur. J Biochem. 264, (1999), pp. 271-275. 

Cruz, L. J., Gray, W. R., Olivera, B. M. , Zeikus, R. D., Kerr, L., Yoshikami, D., and 
Moczydlowski, E., Conus geographus toxins that discriminate between neuronal and 
muscle sodium channels, J Bioi. Chern. 260, (1985), pp. 9280-9288. 

Cruz, L.J., Gray, W.R., Yoshikami, D. and Olivera, B.M., Conus venoms: a rich source 
of neuroactive peptides. J Toxicol.- Toxin Rev. 4, (1985), pp. 107-132. 

Cruz LJ, C.A. Ramilo, G.P. Corpuz and B.M. Olivera, Conus peptides: phylogenetic 
range ofbiological activity. Bioi. Bull. 183 (1992), pp. 159- 164. 

Cruz LJ, Gray WR, and Olivera B, Purification and properties of a myotoxin from Conus 
geographus venom. Arch Biochem Biophys 190, (1978), pp. 539-548. 

England LJ, J. Imperial, R. Jacobsen, A.G. Craig, J. Gulyas, M. Akhtar, J. Rivier, D. 
Julius and B.M. Olivera, Inactivation of a serotonin-gated ion channel by a polypeptide 
toxin from marine snails, Science 281 (1998), pp. 575-578. 

Fainzilber M, D. Gordon, A. Hasson, M.E. Spira and E. Zlotkin, Mollusc-specific toxins 
from the venom of Conus textile neovicarius. Eur. J Biochem. 202 (1991), pp. 589-595. 

Fan C, X.K. Chen, C. Zhang, L.X. Wang, K.L. Duan, L.L. He, Y. Cao, S.Y. Liu, M.N. 
Zhong, C. Ulens, J. Titian, J.S. Chen, C.W. Chi and Z. Zhou, A novel conotoxin from 
Conus betulinus, kappa-BtX, unique in cysteine pattern and in function as a specific BK 
channel modulator, J Bioi. Chern. 278 (2003), pp . 12624- 12633. 

Harvey et al., What can toxins tell us for drug discovery? Toxicon 36 (1998), pp. 1635-
1640. 

Heading, CE.,Curr.Opin. Investigational Drugs (Pharma Press Ltd.). 3 (2002), pp. 915-
920. 

Heinrich T and B M Oliveira, Conus Venoms: A Rich Source ofNovel Ion Channel
Targeted Peptides. Physiol. Rev. 84, (2004), pp. 41-68. 

Hillyard, B.M. Olivera, S. Woodward, W.R. Gray, G.P. Corpuz, C.A. Ramilo and L.J. 
Cruz, A molluscivorous Conus toxin: conserved frameworks in conotoxins, Biochemistry 
28 (1989), pp. 358-361. 

Hopkins, C., Grilley, M., Miller, C., Shon, K., Cruz, L.J., Gray, W.R., Dykert, J., Rivier, 
J., Yoshikami, D. and Olivera, B.M., A new family of Conus peptides targeted to the 
nicotinic acetylcholine receptor. J Bioi. Chern. 270, (1995) pp. 22361-22367. 

77 



Jimenez, R.P. Shetty, M. Lirazan, J. Rivier, C. Walker, F.C. Abogadie, D. Yoshikami, 
L.J. Cruz and B.M. Olivera, Novel excitatory Conus peptides define a new conotoxin 
superfamily, J Neurochem. 85 (2003 ), pp. 610- 621. 

Jones R. and G. Bulaj, Conotoxins- new vistas for peptide therapeutics. Curd. Pharm. 
Des. 6 (2000), pp. 1249- 1285. 

Kalume DE, J. Stenflo, E. Czerwiec, B. Hambe, B.C. Furie, B. Furie and P. Roepstorff, 
Structure determination of two conotoxins from Conus textile by a combination of 
matrix-assisted laser desorption/ionization time-of-flight and electrospray ionization mass 
spectrometry and biochemical methods. J Mass. Spectrom. 35 (2000), pp. 145-156. 

Loughnan ML, A. Nicke, A. Jones, D.J. Adams, P.F. Alewood and R.J. Lewis, Chemical 
and functional identification and characterization of novel sulfated alpha-conotoxins from 
the cone snail Conus anemone, J Med. Chern. 47 (2004), pp. 1234-1241. 

Luo, S., Kulak, J.M., Cartier, G.E., Jacobsen, R.B., Yoshikami, D., Olivera, B.M. and 
Mcintosh, J.M., a-Conotoxin AuiB selectively blocks o3.84 nicotinic acetylcholine 
receptors and nicotine-evoked norepinephrine release. J Neurosci. 18, (1998), pp. 8571-
8579. 

Mari, F., Fields, G., Conopeptides: Unique pharmacological agents that challenge current 
peptide methodologies. Peptides, (2003), pp.43-48. 

Martinez, J.S., Olivera, B.M., Gray, W.R., Craig, A.G., Groebe, D.R., Abramson, S.N. 
and Mcintosh, J.M., o:-Conotoxin EI, a new nicotinic acetylcholine receptor-targeted 
peptide. Biochemistry 34, (1995), pp. 14519- 14526. 

McDougal et al., 3-D structure of the mini-M conotoxin mr3a. Biochemistry 43, (2004), 
pp. 425-429. 

Mcintosh, L. Azam, S. Staheli, C. Dowell, J.M. Lindstrom, A. Kuryatov, J.E. Garrett, 
M.J. Marks and P. Whiteaker, Analogs of a-Conotoxin Mil are selective for a6-
containing nicotinic acetylcholine receptors, Molecular Pharmacology 65 (2004), pp. 
944-952. 

Mcintosh, J.M., Santos, A.D. and Olivera, B.M., Conus peptides targeted to specific 
nicotinic acetylcholine receptor subtypes. Annu. Rev. Biochem. 68, (1999), pp. 59-88. 

Mcintosh et al., Isolation and characterization of a novel Conus peptide with apparent 
antinociceptive activity. J Bioi. Chern. 275 (2000), pp. 32391-32397. 

Newcomb R., S. Gaur, J.R. Bell and L. Cruz, Structural and biosynthetic properties of 
pep tides in cone snail venoms. Peptides 16 ( 1995), pp. 1007- 1017. 

Newcomb R. and G. Miljanich, Neurotoxins of cone snail venoms. In: E.J. Massaro, 
Editor, Neurotoxicology Handbook 1, Humana Press (2001), pp. 617- 651. 

78 



Oliveira BM and L. Cruz, Conotoxins, in retrospect. Toxicon 39, Issue 1, (200 1 ), pp. 7-
14. 

Olivera BM, Conus venom peptides, receptor and ion channel targets and drug design: 50 
million years of neuropharmacology (EE Just Lecture, 1996). Mol Bioi CellS, (1997), pp. 
2101-2109. 

Olivera, B.M., Rivier, J., Clark, C., Ramilo, C.A., Corpuz, G.P., Abogadie, F.C., Mena, 
E.E., Woodward, S.R., Hillyard, D.R., Cruz, L.J., Diversity of Conus neuropeptides. 
Science 249, (1990), pp. 257-263. 

Olivera, B.M., Walker, C., Cartier, G.E., Hooper, D., Santos, A.D., Schoenfeld, R., 
Shetty, R., Watkins, M., Bandyopadhyay, P. and Hillyard, D.R., Speciation of cone snails 
and interspecific hyperdivergence of their venom peptides: potential evolutionary 
significance of introns. Ann. NY. A cad. Sci. 870, ( 1999), pp. 223-23 7. 

Rigby, A. C. et al., A conotoxin from Conus textile with unusual posttranslational 
modifications reduces presynaptic Ca2

+ influx. Neurobiology 96, Issue 10, (1999), pp. 
5758-5763 

Rockel, D., Korn, W., and Kohn, A. J., Manual of the Living Canidae/: Indo-Pacific 
Region. Verlag Christa Hemmen, Wiesbaden, Germany (1995), pp. 89-90. 

Safo, P., Rosenbaum, T., Shcherbatko, A., Choi, D., Han, E., Toledo-Aral, J., Olivera, B. 
M., Brehm, P., and Mandel, G., Distinction among neuronal subtypes of voltage
activated sodium channels by /J-conotoxin PillA. J Neurosci. 20, (2000), pp.76-80. 

Sharpe lA, J. Gehrmann, M.L. Loughnan, L. Thomas, A.D. Adams, A. Atkins, E. Palant, 
D.J. Craik, D.J. Adams, P.F. Alewood and R.J. Lewis, Two new classes of conopeptides 
inhibit the a 1-adrenoceptor and noradrenaline transporter, Nat. Neurosci. 4, Issue 9, 
(2001), pp. 902-907. 

Shon, K., Grilley, M., Jacobsen, R., Cartier, G.E., Hopkins, C., Gray, W.R., Watkins, M., 
Hillyard, D.R., Rivier, J., Torres, J., Yoshikami, D. and Olivera, B.M., A non-competitive 
peptide inhibitor of the nicotinic acetylcholine receptor from Conus purpurascens venom. 
Biochemistry 31, (1997), pp. 9581-9587. 

Shon, K., Olivera, B. M ., Watkins, M., Jacobsen, R. B., Gray, W. R., Floresca, C.Z., 
Cruz, L. J., Hillyard, D. R., Bring, A., Terlau, H., and Yoshikami, D. 1.1.-Conotoxin PillA, 
a new peptide for discriminating among tetrodotoxin-sensitive Na channel subtypes. J 
Neurosci. 18, (1998), pp. 4473-4481. 

Teichert RW, J. Rivier, J. Dykert, L. Cervini, J. Gulyas, G. Bulaj, M. Ellison and B.M. 
Olivera, alphaA-Conotoxin OIV A defines a new alphaA-conotoxin subfamily of 
nicotinicacetylcholine receptor inhibitors, Toxicon 44 (2004), pp. 207- 214. 

79 




	Cover_00
	Rn_0001
	Rn_0002
	Rn_0003
	Rn_0004
	Rn_0005
	Rn_0006
	Rn_0007
	Rn_0008
	Rn_0009
	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	Apx_0001
	Apx_0002
	Apx_0003
	Apx_0004
	Cover_01

