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Abstract

Snake venoms are known to have different venom compositions and toxicity, but differences can 

also be found within populations of the same species contributing to the complexity of treatment 

of envenomated victims. One of the first well-documented intraspecies venom variations comes 

from the Mohave rattlesnake (Crotalus scutulatus scutulatus). Initially, three types of venoms were 

described; type A venom is the most toxic as a result of ~45% Mojave toxin in the venom 

composition, type B lacks the Mojave toxin but contains over 50% of snake venom 

metalloproteases (SVMPs). Also, type A + B venom contains a combination of Mojave toxin and 

SVMP. The use of an anti-disintegrin antibody in a simple Enzyme-Linked Immunosorbent Assay 

(ELISA) can be used to identify the difference between the venoms of the type A, B, and A+B 

Mohave rattlesnakes. This study implements the use of an anti-recombinant disintegrin polyclonal 

antibody (ARDPA) for the detection of disintegrins and ADAMs (a disintegrin and 

metalloproteases) in individual crude snake venoms of Mohave rattlesnakes (Crotalus scutulatus 
scutulatus) of varying geographical locations. After correlation with Western blots, coagulation 

activity and LD50 data, it was determined that the antibody allows for a quick and cost-efficient 

identification of venom types.
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1. Introduction

Interspecific and intraspecific venom differences within and among populations of a single 

species are generally present in snakes around the world (Aguilar et al., 2007; Girón et al., 

2008; Alape-Girón et al., 2008; Gibbs and Mackessy, 2009; Massey et al., 2012). These 

venom differences may be a result of many factors such as geographic location (Barrio and 

Brazil, 1951; Glenn and Straight, 1978; Irwin et al., 1970; Schenberg, 1959), time of year 

(Gubensek et al., 1974), gender (Marsh and Latston, 1974), age (Fiero et al., 1972; Jimenez-

Porras, 1964), and conceivably diet (Pifano and Rodriguez-Acosta, 1996; Daltry et al., 

1996). Venom disparity may have serious implications for envenomed humans since 

antivenoms may have difficulty neutralizing the heterogeneous toxins described in the 

different venoms.

Geographical differences in the venom of the Mohave rattlesnakes have been found to 

associate with increased health severity outcomes (Massey et al., 2012). Type A Mohave 

venom contains Mojave toxin, a pre-synaptically active neurotoxin, displaying oral and 

facial paresthesias 5 min after a bite, then after 30 min, fasciculation and general weakness 

(arms, hands and legs) and dysphasia (Clark et al., 1997; Hardy, 1983) occur. This type of 

venom presents poor or non-proteolytic or hemorrhagic activities (Glenn et al., 1983), but 

serious rhabdomyolysis with myoglobinuric renal failure has been described (Jansen et al., 

1992). Type B venom does not contain Mojave toxin, but does have important proteolytic 

and hemorrhagic activities (Glenn et al., 1983) as a result of SVMPs (Massey et al., 2012). 

Patients bitten by this type of snakes present severe local pain in the bitten site (Rhoten and 

Gennaro, 1968), migrating edema through the affected extremities and to the thorax or 

abdomen, ecchymosis, blistering, necrosis (Hardy, 1983) and local adenomegaly (Rhoten 

and Gennaro, 1968; Clark et al., 1997). There are many implications that contribute to toxin 

composition in venoms (Calvete, 2011) and understanding its importance in antivenom 

preparation is essential for effective treatments of snakebite (Williams et al., 2011).

In the current work, anti-recombinant disintegrin polyclonal antibodies (ARDPAs) were 

produced against r-mojastin 1, a recombinant disintegrin cloned from the venom gland of a 

type B Mohave rattlesnake. These ARDPAs were able to recognize disintegrins and ADAMs 

(a disintegrin and metalloproteases) in venoms of 12 individual Mohave rattlesnake 

(Crotalus scutulatus scutulatus) venoms ranging from California to Texas using both 

Western blots and ELISAs. Metalloproteases are the most copious toxins found in venoms of 

the Viperidae family. These snake venom metalloproteases (SVMPs) are the main 

components responsible for the hemorrhage and the interference of the hemostatic system. 

The SVMPs are classified into P-I, P-II, and P-III classes. P-Is are the simplest classes 

containing only a metalloprotease domain; P-IIs have a metalloprotease domain followed by 

a disintegrin domain (ADAMs); and P-IIIs contain a metalloprotease, disintegrin-like and 

cysteine-rich domains. The P-IIIs are separated into subclasses P-IIIa to P-IIId centered on 

their distinct post-translational modification (Takeda et al., 2012). The disintegrins are 

produced as the C-terminal domain of the P-II class of metalloproteases and are released 

into the venom as an effect of proteolytic processing. The disintegrin name is used to 

describe a function of this domain, which is its association with integrins found on cell 

surfaces. Integrins are transmembrane receptors responsible for cell-cell and cell-
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extracellular matrix interactions. There are ~24 types of integrins, and different types can be 

found on a single cell surface. The integrin αIIbβ3 is a common target for snake venom 

disintegrins preventing the binding of fibrinogen or fibronectin thus inhibiting platelet 

aggregation, which contributes to the typical hemorrhagic effect related to snakebites (Fox 

and Bjarnason, 1995).

The correlation between toxicity and the presence of Mojave toxin, SVMPs and myotoxin-A 

was very well described by Massey et al. (2012). In that study, three venom phenotypes were 

identified by LC-MS and LD50s. The most common, types A, B, and A + B, as described by 

Glenn and Straight (1989) followed the simple tendency in which a low LD50 signifies type 

A, a high LD50 is type B, and an intermediate LD50 is type A + B. The new phenotypes 

involved the presence of myotoxin-A. The myotoxin-A has a tendency to decrease the LD50s 

of both type B and A + B venoms; however, type A containing myotoxin-A did not seem to 

have a decrease in venom potency.

In today's research endeavors involving snake comparative genomics and evolution of 

protein structure and function (Brust et al., 2013), there is an increased demand of individual 

snake venom and tissue. Phenotypically, one cannot determine a type A venom snake from a 

type B without doing mass spectrometry or LD50s on their venoms, which requires either 

expensive equipment or the use of live animals, respectively. The ARDPAs will allow to 

differentiate Mohave rattlesnake venoms as well as other venoms classified as types A and B 

(e.g. Southern Pacific rattlesnakes, Tiger rattlesnakes) by using a simple ELISA; thus, saving 

time, money, and animals. In addition to identifying these venoms by ELISA, disintegrin 

quantitation in other species of venoms or venom fractions also can be determined by 

Western blots allowing rapid identification and purification (Borja et al., 2016) of these 

therapeutically important molecules.

2. Materials and methods

2.1. Collection of crude venoms

Snakes were housed at the National Natural Toxins Research Center at Texas A&M 

University-Kingsville in compliance with IACUC (Approval # 2015-12-09-A3). Venom was 

extracted by allowing the snakes to bite into a para-film stretched over a disposable plastic 

cup. The venom sample was centrifuged (500g for 10 min), and filtered through 0.45 µm 

filter. The venoms were centrifuged for 5 min at 23 °C at 12,800g to remove cellular debris. 

The venom supernatant was then transferred to vials with the proper labels and stored 

individually at −90 °C until lyophilized.

2.2. Purification of r-mojastin 1 and production of the anti-r-mojastin 1 antibody

r-Mojastin 1 was purified according to the methods of Sánchez et al. (2010). Briefly, 

bacterial cells (BL21) expressing r-mojastin-1 were centrifuged at 3800g for 15 min (4 °C) 

and resuspended with 80 mL of ice cold 1× PBS buffer pH 7.4. Cell distribution was done 

with a Branson Sonifier 450. The cell debris was removed by centrifugation at 1200g for 10 

min at 4 °C. The crude lysate was incubated with 2 mL of 50% slurry glutathione Sepharose 

4B (GS4B) for 30 min at room temperature using gentle agitation. r-Mojastin 1 proteins 
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were cleaved and eluted from glutathione S-transferase (GST) bound to GS4B by thrombin 

cleavage. Thrombin was removed from r-mojastin 1 using a 1 mL HiTrap™ Benzamidine 

Sepharose 4 Fast Flow column. Four New Zealand rabbits housed at the National Natural 

Toxins Research Center (NNTRC) were immunized with r mojastin-1. A total of 7 

immunizations consisting of three doses of the antigen in different skin sites at 

concentrations of 67 µg/100 µL (0.67 mg/mL) were administered subcutaneously over a 

period of seven months. The primary immunization consisted of the GST fusion protein with 

complete Freund's adjuvant. Remaining booster injections were administered with 

incomplete Freund's adjuvant. The final two immunizations were done without the GST tag.

The antibody level in sera from the immunized rabbits was evaluated every first week after 

immunizations, with an indirect Enzyme-Linked Immunosorbent Assay. Briefly, 96-well 

plates (Corning) were coated with the antigens r-mojastin 1-GST, r-mojastin 1, native 

mojastin, and GST (0.5 µg/well) in phosphate buffer saline, pH 7.4 (PBS). The plate was 

incubated overnight at 4 °C. The plates were washed three times with PBS and blocked for 1 

h with 5% non-fat powdered milk in PBS at 37 °C. Individual rabbit serum samples were 

diluted 1:1000 with PBS and applied for 1 h at 37 °C. The plate was washed three times with 

PBS and a goat anti-rabbit antibody conjugated with alkaline phosphatase (SIGMA), diluted 

to 1:40,000 with PBS, was added for 1 h at 37 °C. The plates were washed with 0.05% 

Tween 20 in PBS and alkaline phosphatase yellow (pNPP) liquid (SIGMA) was added as a 

substrate and incubated for 30 min at 37 °C. The optical density was read at 405 nm using a 

microplate reader (Beckman, USA). All experiments were performed in triplicates.

2.3. Venoms

Twelve individual venoms from the species Crotalus scutulatus scutulatus from Texas, 

Arizona, and California (Fig. 1)were used to evaluate the validity of the anti-disintegrin 

polyclonal antibody. The venoms of this species vary quite significantly in that they are 

classified as type A (neurotoxic; ~46% Mojave toxin, <0.1% SVMP, 0% Myotoxin (Massey 

et al., 2012)), type B (hemorrhagic; ~56% SVMP, 0% Mojave toxin, and 0% Myotoxin) and 

type A + B (~13–53% SVMP, ~27–7% Mojave toxin, and 0–22% Myotoxin). Venoms 103 

(type B), 109 (type A + B) and 307 (type A) have been previously characterized by mass 

spectrometry and LD50 (Massey et al., 2012) and were used as controls.

2.4. Protein concentration

Protein concentration of venoms was spectrophotometrically assessed by assuming that 1 

unit of absorbance/cm of path length at 280 nm corresponds to 1 mg protein/mL (Stoscheck, 

1990).

2.5. Western blot and N-terminal sequencing

A total of 25 µg of crude venom of each individual was separated on a non-reduced 4–20% 

Tricine Gel for 90 min at a voltage of 125 using an XCell SureLock® Mini-Cell 

system(Invitrogen). Current was moderated using a Bio-Rad PowerPack power supply. 

Protein was transferred onto a 0.2 µm nitrocellulose membrane (Millipore) using a Trans 

Blot SD system (Bio-Rad) at 100 mA for 1 h and allowed to set overnight. Duplicate gels 

under the same conditions were stained with Simply Blue (Invitrogen) for 1 h. The 
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membrane was then blocked with 5% BSA in TBST for 1 h, washed with PBS and 

incubated with the anti-r-mojastin 1 antibody (1:1000 dilution) overnight at room 

temperature. The membrane was washed three times with TBS and incubated with a 

biotinylated goat anti-rabbit antibody (1:30,000 dilution) for 1 h at room temperature. The 

membrane was washed three times with 0.05% Tween 20 in PBS and incubated with 

ExtrAvidin-peroxidase (SIGMA, USA) diluted to 1:2000 in PBS for 1 h at room 

temperature. After washing off the unbound avidin with TBST, the antigen-bound antibody 

was visualized with SigmaFAST™ 3,3′-diaminobenzidine tablets. Bands of interest were 

transferred to nitrocellulose using the same conditions, as previously described, excised, and 

sent for N-terminal sequencing at the Iowa State Sequencing Facility.

2.6. LD50 of crude venoms

The LD50s of Mohave rattlesnake crude venoms were determined using the Spearman-

Karber (1964) method. Venoms were reconstituted in 0.85% saline, and a series of 1/2 serial 

dilutions were made using the highest test dosage with additional four concentrations. The 

temperature of all solutions was maintained at 0 °C and pre-warmed to room temperature 

prior to injection. A total of 0.2 mL of venom was injected into the tail vein of 18–20 g, 

BALB/c mice. The injections were administered using a 1-mL syringe fitted with a 30-

gauge, 0.5-in needle. As a control 0.85% saline was used. Five groups consisting of 8 mice/

group/venom were monitored for 48 h.

2.7. Coagulation activity

Activated Clot Time (ACT), Clot Rate (CR) and Platelet Function (PF) of whole human 

blood were measured according to Sánchez et al. (2010). The Sonoclot® signatures display 

the measurement of the blood's ACT in seconds, the CR in clot signals/min and PF as a 

function of clot retraction. The ACT is the time in which fibrin formation begins, and the 

reference values for healthy individuals range from 100 to 240 s; the CR is the kinetic 

measurement of fibrin formation and clot development, and this ranges from 10 to 35 for 

healthy individuals; and the PF is obtained from the timing and quality of the clot retraction. 

The PF values range from 0 to 5, where 0 represents no clot retraction. A PF above 1 

signifies normal clot retraction and fluctuates from individual to individual. It is relevant to 

note that these reference values for a healthy population may differ from the values of a 

specific healthy patient. The intended use of the Sonoclot® Analyzer System with the 

gbACT + Kit is for general purpose global hemostasis monitoring in human patients. 

However, this system has proven useful in identifying crude venoms as well as purified 

venom toxins that act as hypo- or hypercoagulants on human blood. It is useful in 

identifying molecules that affect platelets as well as other blood factors involved in the 

hemostasis process. It can be used with whole blood or plasma, which can be either normal 

or void of specific blood factors. In our study, we were comparing the activities of individual 

venoms of the same species on the overall hemostasis profile. A total of 10 µL (1 mg/mL) of 

crude venom was incubated with 330 µL of citrated human whole blood using glass bead 

activated cuvettes (gbACT + Kit) on a Sonoclot® Analyzer System. Citrated human blood 

was pre-incubated to 37 °C and maintained prior to use. The blood was re-calcified using 10 

µL of 0.3 M CaCl2 at the start of every analysis. Phosphate buffer saline was used as a 

normal control. Data was obtained and stored by the Signature Viewer v.4.0 software.

Cantú et al. Page 5

Comp Biochem Physiol C Toxicol Pharmacol. Author manuscript; available in PMC 2017 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.8. Detection of type A, B, and A + B venoms by ELISA

The detection and level of disintegrins and ADAMs in the snake venoms were evaluated 

with an indirect ELISA. Briefly, 96-well plates (Corning) were coated with 100 µL of snake 

venoms (0.1 mg/well) diluted in PBS, pH 7.4. The plate was incubated overnight at 4 °C. 

The plate was washed three times with PBS and blocked for 30 min with 1% bovine serum 

albumin in PBS at 37 °C. Anti r-mojastin 1 polyclonal antibody at 1:1000 was added to 

individual wells and incubated for 30 min at 37 °C. The plate was washed three times with 

PBS and a goat anti-rabbit antibody conjugated with alkaline phosphatase (SIGMA), diluted 

to 1:20,000 with PBS, was added for 30 min at 37 °C. The plates were washed with 0.05% 

Tween 20 in PBS and alkaline phosphatase yellow(pNPP) liquid (SIGMA)was added as a 

substrate and incubated for 30 min at 37 °C. The optical density was read at 405 nm using a 

microplate reader (Beckman, USA). All experiments were performed in triplicates.

2.9. Statistical analyses

The results were expressed as the mean ± standard deviation (SD). Their significance was 

analyzed by Student's t-test using Microsoft® Excel® for Mac 2011, Version 14.6.8. The 

level of significance was at P < 0.05.

2.10. Ethical procedures

All animal handling procedures were approved by the Texas A&M University-Kingsville 

Institute of Animal Care and Use Committee (IACUC approval #s 2009-11-19A-01 and 

2015-12-09-A3).

3. Results

3.1. Venom lethality

The lethality of twelve Mohave rattlesnake venoms was determined through intravenous 

injections (Table 1). The LD50 values ranged from 0.47 mg/kg (993) to 4.7 mg/kg (983). Of 

the venoms tested, seven (990, 993, 996, 997, 1043, 1049, 252) were classified as belonging 

to type A, having low LD50s (<1.0 mg/kg). One (988) was identified as type A + B (LD50 

1.54 mg/kg). Only one of the venoms (983) was identified as type B, having an LD50 of 4.7 

mg/kg. These values were comparable to the LD50s of the control venoms 307-type A, 103-

type B and 109-type A + B (Massey et al., 2012), the lethality values of which are 0.5, 4.0, 

and 1.4 mg/kg, respectively.

3.2. Coagulation activity

Significant variations in coagulation activity (ACT and CR) were observed among venoms 

as indicated by prolonged ACT values and decreased values of CR (Table 1). The majority 

of the venoms tested had an anticoagulant effect on whole human blood. Activated Clot 

Time (ACT) was delayed by an average of approximately 3 min. Of the venoms tested, four 

had no statistically significant effect on coagulation. Only venom 1049 exhibited pro-

coagulant activity (ACT = 1.09 min). Additionally, venoms 983 and 103 inhibited PF with 

values of 0.49±0.02 and 0.1±0.00, respectively. There was no apparent correlation between 

measured LD50 values and collected ACT and CR data, but there appears to be a correlation 
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between the LD50, ELISA, and PF values. Type B venoms tend to show high LD50s and 

ELISA values and low (<0.5) PF values, whereas type A venoms had low LD50s and ELISA 

values and high (>1.0) PF values.

3.3. SDS-PAGE, Western blot, and N-terminal sequencing

The strong binding of ARDPA correlated with measured LD50s. Venoms having a high LD50 

reacted strongly with the antibody over a wide range of molecular weights (Fig. 2A and B). 

The strongest binding activity was observed within venoms 983 and 103, which had the 

lowest lethality and suppressed PF (Table 1; Figs. 2B and 3). Reacting bands were 

distributed over a molecular weight range of approximately 8 kDa to 150 kDa. Binding 

activity was most intense between the ranges of 35 kDa to 98 kDa. Similar binding activity 

was observed to varying degrees among all the venoms tested. N-terminal sequencing data 

was obtained for several representative bands of varying molecular weights. Sequencing data 

revealed a strong binding correlation of the antibody to several classes of metalloproteases 

with disintegrin containing domains. According to alignment data, antibody recognition was 

centered on variations of the PIII-SVMP RGD ancestral sequence, RDECD (approximately 

50 amino acids upstream, and 30 amino acids downstream) (Fig. 4). Autolysis resulted in a 

series of truncated sequences that were observable as an almost seamless continuum of 

bands occurring within the range where the binding activity was most intense (Figs. 2 and 

3).

Furthermore, antibody reactivity was established using venoms for which proteomics data 

was reported (Fig. 3). Antibody binding and binding density increased with recorded venom 

lethality. The antibody recognized bands over a wide range of molecular weights in the type 

B and type A + B venoms, 103 and 109, respectively. Reacting bands were visualized with 

an approximate weight distribution from 24 kDa to 150 kDa. Binding effectiveness and 

intensity correlated with the reported metalloprotease content within each of the control 

venoms. Control venom 307, which had the lowest LD50 and metalloprotease content, did 

not react significantly with the antibody. Only a single band of approximately 98 kDa was 

observed.

3.4. ELISA reactivities of anti-recombinant disintegrin polyclonal antibodies (ARDPAs) with 
various venoms

Indirect ELISA showed that ARDPA reacted strongly with type B, 983 and 103, (1.4 and 1.7 

A405 nm) venoms and partially with type A+B, 988 and 109 (1.54 and 1.21 A405 nm) venoms. 

Hence, reactivity of the ARDPA with various venoms on indirect ELISA was widespread: 

most reactive with type B venoms, moderate with type A + B venoms, and least with type A 

(990, 993, 996, 997, 1043, 1049, 252) (from 0.40 to 0.50 A405 nm) venoms (Fig. 5).

4. Discussion

Intrapopulational venom variation within the Mohave rattlesnake venom was previously 

established using a combination of lethality testing and hemostatic assays (Glenn and 

Straight, 1978; Glenn et al., 1983). By correlating LD50 values with hemorrhagic activity, it 

was possible to designate venoms as venom type A (neurotoxic) or B (hemotoxic). The 
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LD50 remains as one of the primary determinations of venom toxicity (Sánchez et al., 2003, 

2008, 2011). This is especially true for venoms in which significant variability influenced by 

the geographical distribution of populations exists. However, the use of LD50 requires a 

significant amount of laboratory animals, and may be impractical when screening large 

numbers of venoms. The use of polyclonal antibodies against a recombinant disintegrins (r-

mojastin 1) produced from the venom gland of a Mohave rattlesnake is evaluated in this 

study for its effectiveness in distinguishing between Mohave venoms, type A, B, and A + B, 

both qualitatively and quantitatively.

The cloned recombinant disintegrin designated as r-mojastin 1 is a single-chain disintegrin, 

which codes for 71 amino acids, including 12 cysteines, and an RGD binding motif 

(Sánchez et al., 2010). This platelet aggregation inhibitor, which binds with high affinity to 

the αIIbβ3 integrin, has potential use as the basis for tracing the presence of the native 

disintegrin in Mohave rattlesnake venoms as well as determining venom types, using 

Western blot and/or ELISA assays.

In evolving a system for typing C. s. scutulatus venoms via ARDPA recognition, 12 venoms 

of Mojave rattlesnake of varying geographic distributions were selected (Fig. 1). Venoms 

were tested for their lethality and coagulation activity. Venom lethality varied significantly 

depending on geographical distribution, from 0.47 mg/kg to 4.70 mg/kg (Table 1). This 

observation has been reported extensively in the literature (Glenn and Straight, 1978; Glenn 

et al., 1983; Wilkinson et al., 1991; Sánchez et al., 2006; Massey et al., 2012). There appears 

to be a strong correlation between ARDPA binding and LD50 data. The ARDPA bound 

consistently and with greater intensity to venoms having higher LD50s (Figs. 2, 3 and 5). In 

order to establish a system for designating ARDPA reactivity, three venoms with known 

lethality and proteomics data were used as controls (Massey et al., 2012). The ARDPA 

binding and binding density increased with reported values of lower venom lethality (those 

having higher LD50). Furthermore, ARDPA binding also increased with the measured 

amount of metalloproteases within each of the venoms (Fig. 3). The amount of 

metalloproteases in the venoms affects Platelet Function by decreasing the PF values which 

is due to disintegrins and disintegrin-like proteins associated with P-II to P-III SVMPs 

(Takeda et al., 2012). These disintegrins bind to the αIIbβ3 integrins on platelet receptors 

inhibiting normal platelet aggregation, and thus, decrease PF. The PF values are indirectly 

proportional to the LD50 values (Table 1); the lower the PF values, the less potent the venom 

in the lethality assay. These observations indicate that even though metalloproteases are 

responsible for a plethora of activities (Markland and Swenson, 2013) affecting hemostasis 

and extracellular matrices, they are not the main components contributing to death. N-

terminal sequencing data confirmed ARDPA recognition of several P-II and P-III 

metalloproteases (Fig. 2). Binding intensity and density were greatest within the molecular 

weight range corresponding to these molecules, which often result in a continuous 

“streaking” of several bands when analyzing venoms with high metalloprotease content. 

This “streaking” is likely due to the presence of various truncated metalloproteases, resulting 

from autolysis processes, from which venom variability and complexity ultimately arise 

(Moura-da-Silva et al., 2003; Peichoto et al., 2010). Alignment data indicated that the most 

probable antigen recognition sites were the amino acids forming the disintegrin domain 

flanking the integrin-binding motif (Fig. 4). The RGD tripeptide sequence that is common to 
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many disintegrins, including mojastin-1, originated from the ancestral subgroup of PIII-

SVMPs containing the RDECD sequence (Calvete, 2005, 2013). Although the RDECD 

sequence may not be recognized in its entirety, aside from those amino acids matching the 

RGD sequence, the ability for the ARDPA to recognize the surrounding amino acids 

composing the disintegrin domain is highly likely, considering the significant structural 

homology between various disintegrins and PII- and PIII-SVMP bearing disintegrin domains 

(McLane et al., 2004). It is, therefore, possible to utilize the ARDPA as a tracking tool for 

the purpose of detecting the presence of various disintegrins occurring in a multitude of 

crude venoms. Most importantly, the ELISA results indicate that the venoms of the Mojave 

rattlesnake can be classified by their types, and thus this economical test can be used to 

monitor patients more carefully in addition to selecting venoms to be used for better anti-

venom preparation.

The production of polyclonal antibodies against a recombinant disintegrin (r-mojastin-1) can 

distinguish between Mohave rattle-snake venom types A, B, and A + B using inexpensive 

and non-animal techniques such as ELISAs and Western blots. These assays will have a 

significant impact in the study of venom evolution and biochemistry as well as in treating 

snakebites, since patients can be dealt on a more physio pathological and scientific basis, 

paying added attention to the neurotoxic phenomena in some cases and hemotoxic in others.
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Fig. 1. 
Geographical distribution by county and state of collected Crotalus scutulatus scutulatus.
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Fig. 2. 
SDS PAGE and Western blots of Mohave rattlesnake venoms. A.) SDS electrophoresis of 

Mohave rattlesnake venoms. A total of 25 µg of venom protein was run on a Novex® 10–

20% Tricine gel using an XCell SureLock® Mini-Cell for 90 min at 125 V. Lane 1: 1049, 

lane 2: 1043, lane 3: 252, lane 4: 983, lane 5: 988, lane 6: 990, lane 7: 993, lane 8: 996, lane 

9: 997. B.) Western blot of Mohave venoms reacting with the ARDPA. Two identical gels 

were run, and one was used to transfer proteins onto a nitrocellulose membrane using 

BioRad Trans-Blot SD Semi-Dry Transfer Cell at 100 V for 1 h and then left overnight. 
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Lane 1: 1049, lane 2: 1043, lane 3: 252, lane 4: 983, lane 5: 988, lane 6: 990, lane 7: 993, 

lane 8: 996, lane 9: 997. C.) N-terminal sequences of selected protein bands recognized by 

the ARDPA. Identical gels were obtained, and one was utilized for Western blot while the 

other one was used for a protein transfer blot. The transfer protein bands, which 

corresponded to those protein bands recognized by the ARDPA, were excised from the blot 

and sent for N-terminal sequencing. The bands used are represented by the dashed boxes on 

the Western blot. Protein classification was determined by the NIH Basic Logical Alignment 

Search Tool for proteins (BLASTp; https://blast.ncbi.nlm.nih.gov).
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Fig. 3. 
SDS PAGE and Western blot of control Mohave venoms (103-Type B, 109-Type AB, & 307-

Type A) using r mojastin-1 antibody. A) A total of 25 µg of each venom was run on a 

Novex® 10–20% Tricine gel using an XCell SureLock® Mini-Cell for 90 min at 125 V. 

Lane 1: 103, lane 2: 109, and lane 3: 307. B) Western blot using the ARDPA. Lane 4: 307, 

lane 5: 109, and lane 6: 103. Data in table represents the relative abundances in % of the 

different protein families in the venoms as determined by Massey et al. (2012). The black 

areas on the pie charts represent the percentage of SVMPs present in those venoms.
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Fig. 4. 
Amino acid sequence comparison of representative venom peptides recognized by the 

antibodies (ARDPA) with r-mojastin 1 sequence. The sequences represent the N-terminal 

sequences obtained by Western blot (Fig. 2). Alignment was constructed by Lasergene 12.0 

using a Clustal W method. The amino acids denoted by the ***** represent the ancestral 

subgroup of PIII-SVMPs in which the disintegrin binding sites “RGD” originate.
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Fig. 5. 
Determination of Mohave type A, B and A + B venoms using a disintegrin antibody in an 

enzyme linked immunosorbent assay. The higher the absorbancies, the stronger the reactivity 

of ARDPA with the venoms. The numbers above the bars represent the LD50 (mg/kg) for 

each venom. In general, the potencies of the venoms are inversely proportional to 

absorbancies. The most potent venom is 993 with an LD50 of 0.47 mg/kg, and the least 

potent venom is 983 with an LD50 4.7 mg/kg.
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