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Abstract: 

In this project, the ability to identify the function of three unstudied Phospholipase A2 (PLA2) 

crotoxin-like subunits based on known PLA2 crotoxins was explored. PLA2s are found in many 

creatures, including mammals. PLA2s hydrolyze (break apart) phospholipids found in cell 

membranes at the sn-2 position of the glycerol backbone (R. M. Kini, 2003; J.M. Gutiérrez and B. 

Lomonte, 2012). In mammals, they aid in fertilization, smooth muscle contraction, cell 

proliferation or growth, and more (R. M. Kini, 2003). However, PLA2s found in snake venom 

(such as crotoxin) induce a variety of pharmacological effects due to a pharmacological site 

which is independent of the enzymatic catalytic site which is found in all PLA2s (R. M. Kini, 2003). 

There are a few locations in a PLA2 that have been connected to a function. In this case, 

asparagine as the 6th amino acid (N6) in a crotoxin B PLA2 generally indicates neurotoxicity (Chen 

et al., 2004). The transcripts used to explore this ability were sequence not from the protein 

itself, but from RNA coding for the protein. Therefore, this project also explored a fairly new 

technique. In the future, the ability to discover function independent of lethality and toxicity 

testing could lead to better anti-venoms and a greater understanding of how snake venom 

proteins work. 

Introduction: 

Snake venom has been a subject of great potential since its pharmacological properties were 

first discovered. The most obvious use is an anti-venom to counteract the venom itself; 

however, we’ve also begun to discover the details of how and why each protein in venom works. 

In turn, this has opened up a greater understanding of nerves, muscles, cell membranes, and cell 

communication—leading to numerous new pharmacological drugs and uses. For example, the 

ability of some snake venom proteins to target specific cell types holds promise for cancer 

treatment, (A. Bazaa et al., 2009).  

The first major breakthrough in the field of toxicology happened after the discovery that 

venom was primarily composed of proteins, thanks to Fancesco Redi and Felice Fontana. Using 

this information, Karl Slotta and Heinz Fraenkel discovered a method to extract and purify 
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venom proteins in 1938. In 1981, Philip Rosenberg and colleagues used that technique to extract 

a specific kind of protein: a phospholipase A2 (PLA2) (J.M. Gutiérrez and B. Lomonte, 2012). 

Venom is a very diverse substance. It is composed of many different compounds, depending 

on the species, which affects the venom’s impact on victims, also known as the toxicity. There 

are two main kinds of toxicity: neurotoxicity and myotoxicity. Neurotoxic components affect the 

nervous system, paralyzing or killing via inhibition of communication between neurons. One 

neurotoxic snake (Crotalus s. scutulatus) paralyzes the lungs, suffocating the victim. The most 

well-known neurotoxic protein is called a “three-fingered toxin,” found in Elapids (Elapidae), 

which is highly specialized to proteins found on its target neurons, located in specific areas of 

the body. Myotoxic components affect muscles. These are known to cause swelling (specifically 

edema which is due to fluid buildup), ecchymosis (bruising and discoloration), hypofibrinogema 

(inability to clot which causes a hemorrhagic—internal bleeding— state, ecchymosis, and 

edema), and mass necrosis (cell death). Some venoms contain a variety of the two, damaging 

tissue and causing involuntary muscle twitches (fasciculation), while others are painless but 

deadly—silently paralyzing victims like Dendroaspis polylepis, the Black Mamba, does.  

One of the most versatile classes of protein in snake venom is PLA2s. They are common 

throughout snake venom, yet are surprisingly varied. PLA2s can be neurotoxic or myotoxic or 

both, and exert both enzymatic and toxic effects. PLA2s also often interact with other proteins, 

often PLA2s themselves, in snake venom to increase toxicity compared to either on its own. The 

best examples are the crotoxin sub-units. Crotoxin is a type of PLA2, classified based on Crotalus 

durissus terrificus’s crotoxin, the first venom protein to be purified, (Chen et al., 2004). In mildly 

neurotoxic snakes, the crotoxin subunit B is present. In highly neurotoxic snakes, the crotoxin 

subunit A is also found. Crotoxin A is not toxic at all; it’s a helper protein, magnifying subunit B’s 

neurotoxicity, but exerting no toxicity itself. It does so by preventing crotoxin B from binding 

non-specifically to cells that are not neurons, (Chen et al., 2004). Thus, the study of PLA2s is a 

wealth of opportunity. 

In 1981, Rosenberg discovered that even though PLA2s have both enzymatic activity and 

toxicity, the effects were due to different characteristics. After modifying PLA2s drastically 

around the catalytic site, they discovered enzymatic activity was unaffected and, therefore, 
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almost completely independent of phospholipid hydrolysis (cell membrane destruction), and 

potentially due to molecular regions other than the catalytic site (active site where an enzymes 

bind to substrates) (J.M. Gutiérrez and B. Lomonte, 2012).  Later, in 1989, R. Manjunatha Kini 

and H. J. Evans discovered several ‘toxic’ sites on various PLA2s, where they interact with other 

proteins, initiating their specialized functions. They also discovered that PLA2s’ ability to disrupt 

membranes came not from enzymatic phospholipid hydrolysis, but from binding to a protein in a 

cell membrane and then affecting the cell’s processes through other means (J.M. Gutiérrez and 

B. Lomonte, 2012). This explained both how PLA2s worked and how they targeted specific kinds 

of cells. This was clarified further in 1990 by David Scott, S.P. White, Z. Otwinowski, and several 

others (J.M. Gutiérrez and B. Lomonte, 2012).  

It remained a mystery as to why PLA2s were so different, even within species and sub-

species, until 1993. A group from Kyushu University in Japan was one of the first to look into the 

genome of the PLA2s and other proteins for answers. Kin-ichi Nakashima and colleagues 

analyzed PLA2 isoenzyme sequences from individuals of the species Protobothrops flavoviridis. 

The observation they made was surprising: except for the codon (group of three base pairs) that 

initiates translation on the first exon (gene), the introns (unimportant “junk” between exons) 

were more similar between individuals than the exons (J.M. Gutiérrez and B. Lomonte, 2012). 

This was very abnormal. In humans, if we had no introns, our DNA would be practically identical 

because we all produce the same proteins and substances, and have few genes that make us 

look unique. Our introns are what allow our genetic material to be as unique as a fingerprint; 

introns mutate more and have more variation between individuals because mutations are not 

harmful when they code for nothing. However, in snake venom, introns (which make us unique) 

are more similar than exons (which, if mutated, can change the entire structure of a protein). 

This explained the great variation in PLA2s and other snake venom proteins. This study 

introduced the idea of “accelerated evolution” which was later confirmed by additional studies 

with other enzyme sequences, which coded for proteins such as metalloproteinases and serine 

proteinases (J.M. Gutiérrez and B. Lomonte, 2012). One such study was done by Montonori 

Ohno in 2003. On the subject of accelerated evolution, José María Gutiérrez and Bruno Lomonte 

write in their 2012 PLA2 literature review in the Toxicon, “The evolutionary implications of this 
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basic concept… provide a fundamental insight to better understand how the key molecular 

scaffolds recruited by the ancestors of venomous reptiles were gradually—but rapidly—

converted into specific, diverse, and potent disruptors of physiological processes of their prey.” 

Another important fact to note is that different species of snakes with similar venom affects 

have key similarities in their PLA2 proteins. For example, all neurotoxic PLA2s share one key 

amino acid which is indicative of neurotoxicity: asparagine (Asn, N) at location 6 (Chen et al, 

2003). 

The implications of these discoveries eventually echo into a single point. PLA2s are versatile, 

contributing greatly to venom toxicity, are wildly different, yet share similar structures when 

performing similar actions. If the effects of an unknown venom could be determined by merely 

analyzing the PLA2 protein transcript (translated from the gene sequence), much more could be 

learned, and more preventive measures could be taken earlier. The PLA2 sequences of interest 

are from two fairly unstudied pit vipers. The two snakes of interest were Crotalus simus tzabcan 

and Crotalus basiliscus. Not much is known about either species. The first purification, analysis 

and partial sequencing of a C. basiliscus PLA2 was performed in 2004 (Chen et al., 2004). The 

discoveries included the fact that C. basiliscus venom contained what appeared to be an N6 

(neurotoxic PLA2), and a small amount of a crotoxin A-like protein. They also recovered a partial 

sequence: HLLQFNKMIKFETRKNAIPFYAF... Beyond that, not much is known. In addition, nothing 

has been done with C. s. tzabcan PLA2s, besides a study on lethal dose variation in the simus sub-

species, (E. N. Castro, 2013). 

The hypothesis states, upon comparing sequences from these snakes to known neurotoxic 

and known myotoxic PLA2 sequences it can be determined what kind of toxicity the obscure 

venoms have. Similar PLA2 transcripts will mean the proteins have similar effects. 

Method/Procedure: 

It should be noted immediately that several of the protocols are innovative and the research 

project is ground breaking in several ways. It is necessary the research first be published in a 

professional journal so and the primary researcher may be appropriately recognized for her 

contributions to the field.  If any part of this section is vague, it is due to this fact. 
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The first step to sequence the PLA2 gene was to extract RNA from the sample. The extraction 

of RNA is a very sensitive process because RNases (enzymes that break down RNA) are naturally 

occurring in our environment, constantly destroying traces of the molecule. It is critical to not 

contaminate the sample before it can be converted into a more stable form. A Laminar Flow 

Hood (sanitary work environment with constantly moving filtered air) and RNase inhibitors were 

used to insure the safety of the samples.  

To do the actual extraction of the molecule, two processes were used. One followed the 

TRIzol kit from Life Technology’s manufacture’s protocol. The other method followed the 

instructions and used the materials from the Zymo Research’s Direct-zol MiniPrep kit. In the 

former protocol, RNA is separated via various layers of chemicals. RNA prefers the top, clear 

layer of TRIzol. The RNA was easily pulled off the top. The latter protocol used Zymo-spin IIC 

Columns that bound to the RNA, allowing other material, such as Direct-zol, ethanol, and various 

other compounds, to flow freely through during centrifuging, and into a collection tube. The 

RNA remained to be flushed out by a different compound. 

Following extraction of RNA, the sample was taken to a Nanodrop. By Nanodroping the 

sample, its contents were analyzed. The Nanodrop uses wavelengths of light to measure said 

concentrations. The wavelengths of interest were 230 nanometers (nm), 260nm, and 280nm. 

RNA is measured by 260nm, proteins by 280nm, and contaminant chemicals by 230nm. The 

generated numbers of interest are the concentration of RNA (nanograms to microliters), 260 to 

280 ratio, and 260 to 230 ratio. The ideal ratios for both 260/230 and 260/280 is around 2.0.  

Following Nanodrop confirmation of successful RNA extraction, it was needed to convert the 

samples into a more long-lasting form. However, because the exact sequence of the PLA2 RNA 

strand was unknown, it was necessary to convert all RNA strands into DNA. To do this, oligo(dT) 

primers were used to select for messenger RNA. All mRNA strands have a “poly-A tail”, meaning 

that every mRNA strand ends with around 18 adenine. Adenine is a nitrogenous base, such as 

cytosine, thymine, guanine, and uracil. They are the building blocks of RNA and DNA. The 

problem is that this poly-A tail is at the end of the mRNA sequence, while polymerase (the 

enzyme that builds RNA and DNA) works in the opposite direction. When converting the 

samples, Reverse-transcriptase, which builds in the opposite direction as polymerase, was used 
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instead. To help the enzyme carry out the task, an adaptor primer that contained a sequence of 

18 thymine and a unique sequence to select for the poly tail was used. The primer gives the 

enzyme something to bind to in order to carry out the task. For the synthesis of cDNA 

(complementary DNA; DNA that contains only exons), Invitrogen’s 3’RACE System for Rapid 

Amplification of cDNA Ends kit was used. 

Once cDNA is produced, there is still a low concentration in the sample. In order to produce 

enough DNA to insert into E. coli for replication, the sample must go through a polymerase chain 

reaction (PCR). Invitrogen’s 3’RACE System for Rapid Amplification of cDNA Ends kit was used 

again, with a unique primer used in addition to AUAP (abridged universal amplification primer), 

the provided primer. In PCR, a special polymerase enzyme from a thermophilic bacteria (lives at 

extreme temperatures) was used to allow the sample to be replicated as it cycles through 

various temperatures, all well above human body temperature. During the cycle, the DNA 

strands untangled and separated for easy access, the primers bound to the DNA, and 

polymerase made hundreds of copies. The primers used to aid in the replication were of two 

kinds. The first was “degenerate”, meaning they were not specific to a certain sequence, but 

grabbed all PLA2 transcripts. Since they can vary, there were several different specially designed 

primers. The second kind of primer, AUAP, targets the poly tail and unique sequence that was 

added in the cDNA synthesis step. Between the two kinds, the desired DNA is replicated 

thousands of times over in a machine called a “thermocycler”, which cycles through different 

temperatures extremely quickly. 

The next step was gel electrophoresis. The sample is composed of a great quantity of DNA 

after PCR, however, it also contains other components still, such as enzymes, chemicals, and 

primers. However, only DNA is desired for sequencing. Gel electrophoresis was used to both 

insure the DNA synthesis and amplification worked, and to separate the DNA from other 

substances. Gel electrophoresis pulled molecules through a spider-web like gel; the smaller 

molecules travel farther. Molecules of like size create a band, allowing extraction after 

separation. DNA is negatively charged, so it travels toward the side of the gel that is closest to 

the positive node. After the gel ran, with live electrical current, for 50-60 minutes, it was 

examined under UV light to see the DNA bands.  
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The gel, a mixture of agarose (1% of total volume), 1X TAE buffer, and GelGreen DNA staining 

dye, was heated (2-4 min in 1 min intervals), cooled slightly, poured, and left to set for twenty 

minutes. A “comb” was inserted into the gel to form wells (rectangular insets where samples are 

loaded). As the gel hardens, it formed a milky color, due to the DNA staining dye. The dye is 

inserted directly into the gel so the gel doesn’t need to be soaked later. Each sample, before 

being loaded, was mixed with loading dye. Loading dye is visible to the naked eye, and is a good 

way to estimate if the gel has run long enough, but not too long. For example, it is undesirable 

that the farthest band from the well disappears off of the gel itself. The first well was loaded 

with DNA ladder (a standard mix of various sizes of DNA, used to identify the size of the samples 

placed in the other wells. The PLA2 samples should be around 600 base pairs (bp) long, so they 

were compared to the corresponding band on the DNA ladder to confirm that the correct 

sequence was replicated. When loading the gel, 6 microliters of the DNA ladder/loading dye mix, 

and 8 microliters of the sample/loading dye mixes were used. 

Once the gel ran, and pictures were taken of it, each sample band was cut out using a UV 

back-lighted surface. Each band, once removed, was placed in a DNase free tube. To purify the 

band, Zymo Research’s Gel DNA Recovery kit was used. Using spin columns again, the gel was 

stripped away, leaving only the DNA. 

Following purification, the DNA was inserted into competent DH5α E. coli in the form of a 

plasmid to be replicated with a greater accuracy rate. While polymerase in PCR is good for a 

quick concentration boost, it tends to make errors more frequently than  polymerase does in 

normal cellular replication. E. coli is better for slightly longer, more accurate replication. 

Plasmids are rings of DNA that E. coli and other bacteria absorb from their environment and use, 

provided they code for something that can be expressed. Promega’s pGEM-T Easy Vector System 

was used to insert the DNA samples into plasmids. The plasmid that the sequences were 

inserted into coded for ampicillin resistance (“Amp”, allows selection for E. coli that successfully 

take up the plasmid), and the ability to process a complex sugar (“lac2” gene), X-gal (also known 

as BCIG or 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside). When a cell processes X-gal, it 

turns blue. The insertion of the sequence disturbs the X-gal gene, rendering desired cells 

incapable of processing the sugar, and therefore white. This allows for further selection. 
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In parallel, the E. coli cells and materials for the insertion were prepared. 200 mL of Luria 

broth (LB), 250 mL of LB agar, a stir bar (magnetic, moves when it is placed on a stir plate) placed 

in the agar, 100 mM CaCl2, micropipette tips, 1.5 mL Eppendorf tubes, an extra 250 mL glass 

flask, and glass beads were autoclaved. An autoclave heats to over 100°C to kill off any biological 

contaminants to ensure the purity of the E. coli cultures. The agar, once cooled, was mixed with 

X-gal (50mg/mL concentration, 25 microliters added), ampicillin (100mg/mL concentration, 25 

microliters added), and IPTC (Isopropyl β-D-1-thiogalactopyranoside, 100 mM in distilled water, 

12.5 microliters added). The agar was then poured into petri dishes, in which the bacteria were 

later cultured. The E. coli were originally gathered from a pre-cultured dish of purchased 

“competent” cells. A pipette tip was swiped across the surface, added to a vial of 2mL of LB 

broth, and left to grow overnight in a 37°C water bath. That bacteria was then added to the 

250mL flask of LB broth and incubated for 2 hours in a shaking 37°C bath. 

The E. coli cells, before they take up the plasmid, must be made “competent”, or more likely 

to take up additional genetic information. This is done by stressing the cell out and making the 

plasmids more accessible. CaCl2 and heat shock were used to perform this task. CaCl2, being 

ionic, binds to the cell membrane; the plasmids, in turn, bind to the CaCl2. This proximity aids in 

the absorption of the plasmid. Once 1.5 mL of E. coli LB broth was added to an Eppendorf tube 

(one for each sample), spun down (10 minutes, 4,000 rpm, 4°C), and dumped (leaving only the E. 

coli, no broth), 300 microliters of ice cold CaCl2 were added. The tubes were centrifuged (10 

minutes, 4,000 rpm, 4°C). Then, 250 microliters of each sample’s plasmid was introduced into 

the appropriately labeled vial. The cells were then placed in a 42°C environment for 90 seconds, 

then immediately placed on ice to stiffen the membranes. This heat shock increases plasmid 

intake. The samples were left on ice for two minutes, had 1 mL of LB broth added, and were left 

in a 37°C shaking bath for 30 minutes. 250 microliters of each sample was plated on the 

appropriately labeled plate and spread using 7-10 glass beads. They were left to grow overnight 

at 37°C, then stopped at 4°C. 

The following day, white colonies were picked from each plate using a pipette tip, and placed 

in 2mL of LB Amp (1 microliters of each) broth. After the cells incubated overnight in a 37°C 

shaking bath, the plasmids were purified from the E. coli using GenScript’s Quickclean 5M 



9 

Miniprep kit protocol and materials. Using various solutions and a spin column, all the other 

compounds in the cell—including the genomic DNA—were removed. The resulting plasmid 

samples were nanodroped to identify concentrations (nanograms/microliter). Based on the 

concentration, 200 ng of each sample were placed in special tubes and shipped off to Arizona 

State University to be sequenced using Big Dye v3.1 chemistry and an Applied Biosystems 

3730XL Sequence Analysis Instrument. 

The sequences were produced using Sanger Sequencing. In Sanger sequencing, special 

chemicals are used to halt the reaction, and thus the DNA chain grows by one nucleotide each 

time. Once there are as many strands as there are nucleotides in the sequence, the fragments 

are run on a small gel, similar to the one used in gel electrophoresis, only much more sensitive. A 

laser is then used to read the fragments, recording the identity of the last amino acid in the 

sequence. In this way, a sequence is produced. 

Once the sequences were received, the transcript quality was evaluated using Chromas LITE, 

a program that can read the files produced by sequencers. These files include the computer 

generated sequence and the peaks the computer extrapolated from. By going through and 

evaluating the peaks and PHRED quality scores, a section of the genetic code is chosen. A 

threshold score of 30 PHRED was used. This piece was plugged into BLAST (Basic Local Alignment 

Search Tool) on the NCBI (National Center for Biotechnology Information) database. BLAST finds 

similar sequences. BLASTx was used first to convert the nucleotide sequence into an amino acid 

sequence and find similar proteins. This was then double checked by running the same 

nucleotide sequence (starting with “ATG”) into ExPASy’s (the SIB Bioinformatics Resource Portal) 

translation tool, copying the complete protein sequence, and running it through protein BLAST. 

It should be noted that not all of the sequences were of a high enough quality to use at all. 

Sometimes the sequencing process goes wrong. 

Following sequencing and identification, certain sequences from the snakes of interest and 

other known snake sequences were aligned. To do so the information was reformatted to FASTA 

format and entered into the European Bioinformatics Institute’s ClustalW2 Multiple Sequence 

Alignment program. The program identifies areas of difference between the sequences. This 

allows the categorization of the PLA2s. 



10 

The final step taken was to prove that there are, in fact, proteins in the snakes of interest 

that corresponds to the sequence that was analyzed. This also confirms that a protein exists in 

the snake of interest that is in the same class as the protein sequences from the NCBI. To do so, 

a one-dimensional PAGE was run. Venom samples are run on a precast NuPAGE 12% Bis-Tris 

polyacrylamide gel. The manufacture’s protocol was followed.  In this process, the various 

proteins and compounds in the crude venom were separated out. In order to do so, the polarity 

of the protein is evened out to one universal charge, using LDS loading buffer, so the protein can 

be pulled in one direction. DTT (Dithiothreitol) was also used in order to unravel the protein so it 

travels according to its length, much like DNA in gel electrophoresis. The bands can then be 

examined in relation to the protein ladder to determine if they are the right size to correspond 

to the sequences of interest. 

Results/Conclusion: 

The gel electrophoresis for Crotalus simus tzabcan and Crotalus basiliscus yielded clear bands 

of DNA. (See Figure 1, The DNA ladder is labled with base pair, bp, length). The DNA strands for 

both samples are about 600 base pairs long, which is the right size for a PLA2 sequence. This is 

evidence that the DNA extracted does indeed correlate to a PLA2 in the venom.  

The protein gel that was run for both snakes also turned out well. (See Figure 2, The protein 

ladder is labled similarily to the DNA ladder). The crude venoms both produced PLA2 equivilant 

proteins around the 14 kDa (kilodalton) area. It is evident that C. s. tzabcan has three distinct 

bands in the area, while C. basiliscus has one clear band. 
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Figure 1: Gel electrophoresis 

displaying the cDNA bands from the 

snakes of interest. The bands are 

around 600 base pairs long, the 

expected length for PLA2 sequences. 

Figure 2: A protein gel displaying 

crude venom proteins from the snakes of 

interest. PLA2 homologous bands 

appeared as expected around 14 

kilodaltons for both samples.

 

The recovered sequences from C. basiliscus displayed an acidic PLA2 similar to that of 

Crotalus durissus cascavella, an acidic PLA2 similar to that of Crotalus atrox, and a crotoxin 

subunit B homolog. The C. s. tzabcan sequences included an acidic PLA2 similar to that of 

Crotalus atrox, a crotoxin subunit B homolog, and a crotoxin subunit A homolog. It was decided 

to focus on the crotoxin homologs for analysis.  

In the crotoxin A sequence alignments, two rattlesnakes, Crotalus durissus terrificus and 

Sistrurus catenatus tergeminus, were compared to Crotalus simus tzabcan. C. s. tzabcan and 

Crotalus basiliscus were compared to Crotalus viridis viridis, Bothriechis schlegelii, Crotalus 

durissus terrificus and Sistrurus catenatus tergeminus. The only pit viper used which was not a 

rattlesnake was B. schlegelii. All of the protein transcripts used in the alignments came from pit 

vipers, and have 138 amino acids. (See Figure 3). 
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Figure 3:  
(A)  Crotoxin A homologs (C. d. terrificus confirmed Crotoxin A, S. c. termingus 

confirmed Sistruxin A) 

 

C. s. tzabcan  MRALWIVAVLLVGVEGSLVEFETLMMKIAGRSGISYYSSYGCYCGAGGQGWPQDASDRCC 60 
C. d. terrificus   ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

S. c. tergeminus   ∙∙∙∙∙∙∙∙∙∙∙L∙∙∙∙∙∙∙∙∙∙∙∙I∙∙∙∙∙∙∙∙VW∙∙∙∙∙∙∙∙∙∙T∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

 

C. s. tzabcan     FEHDCCYAKLTGCDPTTDVYTYRQEDGEIVCGGDDPCGTQICECDKAAAICFRNSMDTYD 120 

C. d. terrificus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙E∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 120 

S. c. tergeminus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙I∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙E∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙D∙∙∙∙∙N 120 

       % Identity 

C. s. tzabcan     YKYLQFSPENCQGESQPC 138       100      

C. d. terrificus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 138       99 

S. c. tergeminus  H∙∙WR∙∙L∙∙∙∙∙∙∙∙∙∙ 138       91 

 
(B) Crotoxin B homologs (C. d. terrificus confirmed Crotoxin B, S. c. termingus 

confirmed Sistruxin B, C. v. viridis and B. schlegelii confirmed N6-PLA2s) 

 

C. s. tzabcan  MRALWIVAVLLVGVEGHLLQF N KMIKFETRKNAIPFYAFYGCYCGWGGRGRPKDATDRCC 60 

C. basiliscus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

C. d. terrificus   ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

S. c. tergeminus   ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙N∙∙∙∙ ∙∙∙∙∙∙∙∙N∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

B. schlegelii      ∙∙T∙∙∙∙∙∙∙∙∙∙∙∙∙N∙∙∙∙ ∙∙∙∙∙IM∙∙∙∙G∙∙Y∙SS∙∙∙∙∙∙∙∙∙Q∙Q∙L∙∙∙∙∙∙∙ 60 

C. v. viridis      ∙∙TF∙∙∙∙L∙∙∙∙∙∙∙N∙∙∙∙ ∙∙∙∙∙MM∙K∙∙∙F∙∙∙TS∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 60 

 

C. s. tzabcan     FVHDCCYGKLAKCNTKWDIYPYSLKSGYITCGKGTWCEEQICECDRVAAECLRRSLSTYK 120 

C. basiliscus     ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 120 

C. d. terrificus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 120 

S. c. tergeminus  ∙∙∙∙∙∙∙∙∙∙PN∙D∙∙∙∙∙∙S∙∙∙∙∙∙F∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 120 

B. schlegelii     ∙∙∙∙∙∙∙E∙∙TD∙SP∙T∙∙∙S∙∙W∙∙∙V∙I∙∙E∙∙P∙∙K∙∙∙∙∙∙∙∙∙∙V∙FGAN∙G∙∙∙ 120 

C. v. viridis     ∙∙∙∙∙∙∙E∙∙TN∙SP∙T∙∙∙S∙∙W∙R∙V∙I∙∙∙∙∙P∙∙K∙∙∙∙∙∙∙A∙∙V∙F∙EN∙P∙∙∙ 120 

       % Identity 

C. s. tzabcan     YGYMFYPDSRCRGPSETC 138       100 

C. basiliscus     ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 138       100 

C. d. terrificus  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 138       100 

S. c. tergeminus  ∙∙∙∙∙∙L∙∙∙∙K∙∙∙∙Q∙ 138       93 

B. schlegelii     KS∙∙∙∙∙∙FL∙TE∙∙∙K∙ 138       73 

C. v. viridis     KR∙∙∙∙L∙FL∙TD∙∙∙K∙ 138       73 

 

Bolded are the two snakes of interest. In the above alignments, the dots indicate a location identical to C. s. 

tzabcan, the underlined sections indicate the signal peptide, and the boxed area (B) indicates the N6 amino acid 

 that indicates neurotoxicity. Also indicated is the percent identity, meaning the percent of matching amino acids.

 

In Figure 3, it is noted to what respect the transcripts used are related to the category. 

Sistruxin is a PLA2 that is similar to crotoxin in function, but is found distinctly in another genus. 

We compared Sistruxin A and B from Sistrurus catenatus tergeminus to our transcripts. The N6-

PLA2s refer to the critical location in a crotoxin B transcript, the sixth amino acid after the signal 

peptide (underlined; tells the cell to excrete the protein). If asparagine (Asn, N) is found in the 

sixth location of a PLA2 protein, it indicates neurotoxicity. This location is boxed off. Also 
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indicated are the differing amino acids and percent Identity, which indicates how many amino 

acids are identical to the first sequence listed. 

C. s. tzabcan displayed distinct PLA2 bands on the protein gel, so the extraction of several 

differing transcripts was expected. The fact that this was confirmed supports the evidence that 

the transcripts correspond to the PLA2s in the venom. Examining the crotoxin homolog 

sequences from C. s. tzabcan identified the function of the PLA2s as neurotoxic. The crotoxin A 

homolog shares 99% identity with C. d. terrificus, suggesting that it functions as a support for a 

crotoxin B in a similar way. The crotoxin B homolog from C. s. tzabcan is the same crotoxin that 

is found in C. d. terrificus, sharing every amino acid. Included in this crotoxin is an N6. Thus, C. s. 

tzabcan should exhibit similar neurotoxic effect that C. d. terrificus displays. 

C. basiliscus displayed one very prominent PLA2 protein band and produced PLA2 transcripts 

as expected. Of the transcripts produced, the crotoxin B homolog matches the partial sequence 

produced in 2004 (Chen et al., 2004). This supports the conclusion that the sequence is accurate. 

This crotoxin homolog matches, with 100% identity the crotoxin found in C. d. terrificus. This 

means C. basiliscus venom is at least slightly neurotoxic. None of the sequences extracted was a 

crotoxin A homolog, indicating limited neurotoxity. It should also be noted that a crotoxin A 

homolog may exist in C. basiliscus, as demonstrated in Yi-Hsuan Chen’s 2004 study, but it has 

never been specifically identified, purified, or had its sequence extracted successfully in other 

studies. 

It was an interesting discovery that the newly sequenced proteins were so similar to each 

other and Crotalus durissus terrificus. It may be suggested that this similarity may be due to 

hybridization. This, however, is not an option. As you can see in Figure 4, C. s. tzabcan and C. 

basiliscus do not live in overlapping areas. C. d. terrificus also lives in a completely different 

location in South America, while C. s. tzabcan and C. basiliscus live in Mexico. 
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Figure 4: A 

locality map of C. 

s. tzabcan and C. 

basiliscus, 

indicating that the 

two species live in 

different areas. 

The map is based on 

maps found at 

toxicology.com 

(Clinical 

Toxicology 

Resources). The 

figure was made by 

Rebecca Zimmerle. 

 

Using key identifiers and overall similarity, the crotoxin sequences extracted from Crotalus 

simus tzabcan and Crotalus basiliscus were successfully matched to a function hypothesis. The 

effects of a venom that have never been explored before were extrapolated from the transcript 

itself. From here, the next step would be to purify and sequence the PLA2s found in crude 

venom, confirm the match, and confirm their function. This would either support or reject the 

conclusion made based on the transcript. 

Once this method is perfected, it can open doors to further exploration of the function of 

PLA2s and other proteins. By determining which parts of an amino acid transcript correspond to 

which functions, we can identify unknown venoms with greater detail than simply observing the 

most obvious impacts. This may also solve the problem of testing toxicity on mice and other 

animals. It is often found that the toxin has different effects on mice than humans. If we 

understand what parts of the amino acid sequence correspond to which effect, there would be 

much more certainty to what the venom would do to a human. This, in turn, could lead to a 

wealth of anti-venoms and artificial proteins to help better pharmaceutical technology. For 

example, the specificity of snake venom targeting processes are leading to new ideas for cancer 

treatment. There are many opportunities that understanding structure function relationships 

can reveal. 
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