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Biochemical Characterisation and Kinetic Analysis of Phospholipase A2 from Naja melanoleuca Venom
ABSTRACT
This study aimed to isolate and partially purify the major basic phospholipase A₂ (PLA₂) from the venom of Naja melanoleuca using Resource™ S cation-exchange chromatography and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) as well as the determination of its characteristics and kinetic parameters. The venom was reconstituted in a buffer solution and subjected to chromatography. PLA₂-containing fractions were eluted and collected. SDS-PAGE analysis revealed a heterogeneous mixture of proteins with molecular weights of approximately 35, 26, 20, 13, and 7 kDa. The kinetic properties assessments revealed optimal activity at pH 8.0 and temperature 60℃ with 2.2mM and 0.00017µmol/min respectively for Km and Vmax where 6152.36 J/mol was the activation energy deduced for the PLA2.The relatively low intensity of the PLA₂ bands suggested a low yield, indicating the need for further optimization using reverse-phase HPLC. The results provide key insights into the composition of Naja melanoleuca venom and lay the groundwork for future venom research and therapeutic applications. The research work was conducted between February 2024 to June 2024 at the Department of Biochemistry, Faculty of Life Science, University of Maiduguri, Borno State, Nigeria.
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1. INTRODUCTION
The most potent snake venom toxins responsible for severe pathophysiological effects post-envenomation include α-neurotoxins, non-enzymatic nAChRs binding proteins, β-neurotoxins, and cytotoxins PLA2 (Rigoni et al., 2007). In Nigeria, snake bites are prevalent among the rural population in the savannah region where farming and animal husbandry are major occupations. The worldwide incidence of snake bites is challenging to be accurately estimated due to factors like limited healthcare access, traditional beliefs, practices, and poverty. Annually, approximately 5.4 million snake bites occur, leading to 1.8 to 2.7 million cases of envenoming, with 81,410 to 137,880 deaths and three times as many amputations and permanent disabilities (WHO, 2008). In Northern Nigeria, snakebite cases caused by specific snake species are increasing, posing a significant occupational and public health hazard. The major species responsible for bites in North-Eastern Nigeria include the carpet viper, Echis ocellatus (Abubakar et al., 2010), alongside with other species like Naja melanoleuca, Naja nigricollis, Bitis arietans, and to a lesser extent, Causus maculatus, Naja katiensis, 
Naja haje, Atractaspis microlepidota, Telescopus variegatus, and several species of rat snakes, sand snakes, and Lycophidion semicinctum (Abubakar et al., 2010). 
The Isolation, purification and determination of the characteristics and kinetic properties of the major basic PLA2 from Naja melanoleuca venom is a critical step in understanding its biochemical and pharmacological properties. The complexity of the venom's composition necessitates the use of sophisticated techniques to separate and identify specific proteins of interest. In this context, chromatography, gel electrophoresis and phospholipase A2 assay protocol are the essential methodologies employed to achieve this goal. Combination of chromatography and gel electrophoresis offers a comprehensive approach to isolating and characterizing the major basic PLA2 from Naja melanoleuca venom. Chromatographic techniques facilitate the initial separation and enrichment of the enzyme, while gel electrophoresis allows for further purification and detailed analysis.
2. MATERIALS AND METHODOLOGY
2.1 Chemicals and Reagents 
All chemicals and reagents used in this study were of analytical grade and were bought from different sources.
2.2 Venom Source 
Lyophilized Naja melanoleuca venom was purchased from Department of Biochemistry, Ahmadu Bello University, and stored at -4℃ until use.
2.3 Isolation and Partial Purification of Basic Phospholipase A2 from the Nigerian Naja melanoleuca 
2.3.1 Resource™ S Cation-exchange Chromatography
Exactly 100 mg of the venom of Nigerian Naja melanoleoca was reconstituted in 0.02 M Tris-HCl at pH 8.7 and centrifuged. The supernatant was extracted, and protein concentration was estimated by Nano-drop. A total of 10 mg aliquot was subjected to separation using Shimadzu LC-20AD High-Performance Liquid Chromatography system (Kyoto, Japan). The Resource™ S cation-exchange column was first pre-equilibrated with eluent A (20 mM 2-(N-Morpholino)ethanesulfonic acid (MES), pH 6), followed by elution with eluent B (0.8 M sodium chloride in 20 mM MES, pH 6) using a linear gradient flow rate of 0-30% B from 5 to 40 minutes, 30-100 % from 40 to 55 minutes. The flow rate was kept constant at 1 mL/minute, and the protein elution was monitored at 215 nm absorbance. PLA2-containing fractions were collected. The PLA2-containing peak was pooled and subjected to buffer-exchange with water, and concentrated using Vivaspin with a cut-off of MWCO 5,000. The protein was lyophilized in preparation for subsequent gel electrophoresis.
2.3.2 Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
The PLA2 containing peak was subjected to 15% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions to assess purity. Molecular weights of the proteins were calibrated with the standard Broad Range Protein Marker, and electrophoresis was carried out at 90V for one and half hours. Visualization of proteins was eventually achieved through Comassie Brilliant Blue R-250 staining.
2.4 Determination of Characteristics and Kinetic Parameters of Phospholipase A2 using PLA2 Assay 
[bookmark: _Hlk187664040]The assessment of Naja melanoleuca venom PLA2 activity followed the procedure outlined by Bhat and Gowda (1989). A total of twenty-five microliters (25 µL) of 0.5 M L-α-lecithin was subjected to incubation with 10 µL of the venom sample (100 µg) for a duration of 10 minutes at 37 ℃. Subsequently, the tube was placed in a boiling water bath for 2 minutes to halt the reaction. The liberated fatty acids were titrated against 20 mM NaOH using phenolphthalein as an indicator at pH 8.0. Ultimately, the PLA2 activity was calculated. The PLA2 activity is defined as the quantity of enzyme capable of hydrolyzing one micromole of fatty acids from L-α-lecithin per minute under standard conditions.
2.5 Determination of pH
The optimum pH of PLA2 was determined using the same procedure as in the PLA2 assay stated by Bhat and Gowda (1989). A total of twenty-five microliters (25 µL) of 0.5 M L-α-lecithin was subjected to incubation with 10 µL of the venom sample (100 µg) for a duration of 10 minutes at 37 ℃. Subsequently, the tube was placed in a boiling water bath for 2 minutes to halt the reaction. The liberated fatty acids were titrated against 20 mM NaOH using phenolphthalein as an indicator with the L-α-lecithin in the presence of 100mM acetate buffer pH 4 and 5, 100mM phosphate buffer pH 6 and 7 and Tris-HCl buffer (100mM) pH 8 and 9 at a normal room temperature.
2.6 Determination of Optimum Temperature
The effect of temperature on crude phospholipase A2 activity was determined also using the same procedure as in the PLA2 assay as stated by Bhat and Gowda (1989). A total of twenty-five microliters (25 µL) of 0.5 M L-α-lecithin was subjected to incubation with 10 µL of the venom sample (100 µg) for a duration of 10 minutes at varying temperature i.e. 40℃, 50℃, 60℃, 70℃, 80℃ and 90℃. Subsequently, the tube was placed in a boiling water bath for 2 minutes to halt the reaction. The liberated fatty acids were titrated against 20 mM NaOH using phenolphthalein as an indicator with the L-α-lecithin.
2.7 Determination of Activation Energy
The activation energy was determined from Arrhenius plot of Log 1/Vo (log of inverse of the enzyme activity) against the reciprocal of temperature (1/T) in Kelvin. Activation energy (Ea) = -slope x R where R is gas constant.
2.8 Determination of Km and Vmax of PLA2
The Km and the Vmax were determined by incubating the various substrate concentrations (0.5mg/ml, 0.75mg/ml, 1.0mg/ml, 1.25mg/ml and 1.5mg/ml) with fixed enzyme concentration to get corresponding Vo (enzyme activity) which were then used for double reciprocal plot, from which Km and Vmax were deduced (Km= -1/ x-axis intercept and Vmax = Km/Slope). Hence, it serves as determination of the effect of substrate concentration on the enzyme activity.
3. RESULTS
3.1 Results of Ion-Exchange Chromatography and Sodium Dodecyl Sulphate–Polyacrylamide Gel Electrophoresis (SDS-PAGE). 
These results confirmed and characterized phospholipase A₂ (PLA₂) from Naja melanoleuca venom through isolation and purification using the ion-exchange chromatography and sodium dodecyl sulphate–polyacrylamide gel electrophoresis (SDS-PAGE). Figure 1 shows the cation-exchange chromatography profile of Nigerian Naja melanoleuca venom, highlighting distinct peaks corresponding to hypothesized toxin-containing fractions. The separation on Resource™ S reveals multiple venom components which include Basic and Acidic PLA2 at peak 1 and 3 and Neurotoxins (NTX) and Cytotoxins (CTX) at peak 2 and 4 respectively. The venom contains major basic PLA2 though; the highest peak is a cytotoxic component. Figure 2 shows the SDS-PAGE profile of proteins from peak 3 of Resource™ S chromatography of Nigerian Naja melanoleuca venom. Under reducing conditions, band showing PLA2 was observed around 13.5kDa on Lane 3 where molecular weight markers are on Lane 1 and blank control on Lane 2. The Molecular Weight Standards are Pre-stained protein ladder (5-245 kDa range). Elapid PLA₂, (including Naja nigricollis and Naja melanoleuca) migrate on SDS-PAGE at about 14 kDa as determined in the work of Habib et al., (2008) Here, there are heterogeneous protein with approximate molecular weight of 35, 26, 20, 13 and 7 kDa where the PLA2 of African Naja Species weight ranges between 13-15 kDa (Habib et al., 2008). 
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Fig. 1. Cation-exchange chromatography of Nigerian N. melanoleoca venom labelled with hypothesized toxin-containing peaks.  
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Fig. 2. Electrophoretic profile of proteins from peak 3 of Resource™ S chromatography of Nigerian Naja melanoleuca venom on 15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions. The SDS-PAGE gel is showing molecular weight markers (Lane 1), blank control (Lane 2), and protein sample (Lane 3). The Molecular Weight Standards are Pre-stained protein ladder (5-245 kDa range).
3.2 Results of the Kinetic Parameters of Naja melanoleuca Venom PLA₂.
From the kinetic parameter assessments, Figure 3 shows the optimum pH for Naja melanoleuca PLA2 approximately at pH 8.0 based on the curve, the graph displays a classic bell-shaped pH-activity profile, which is characteristic of most enzymes. This shape arises because the ionization state of amino acid residues in the enzyme's active site, and indeed its overall tertiary structure, is dependent on pH. It is generally known that the activity of PLA2 and all other enzymes are maximal at a specific pH, known as the optimal pH (pHopt). In Figure 4, it is a demonstration of the typical temperature dependence of an enzyme-catalyzed reaction. The activity of PLA2 increases as the temperature rises from a low value to an optimal point, after which the activity rapidly declines. The peak of the curve represents the optimal temperature (Topt) for PLA2 activity, which appears to be around 60℃ from the graph. Figure 5 is a graph of Arrhenius plot, a fundamental tool in chemical kinetics used to study the effect of temperature on reaction rates. The plot is based on the Arrhenius equation, V = A * e(-Ea/RT), which can be linearized by taking the natural logarithm: ln(V) = ln(A) - (Ea/R) * (1/T). Here, V is the reaction velocity, A is the pre-exponential factor, Ea is the activation energy, R is the universal gas constant (8.314 J/mol·K), and T is the absolute temperature in Kelvin. The plot shows ln(V) on the y-axis versus 1/T on the x-axis. As predicted by the equation, the data points form a straight line, but only in the temperature range where the enzyme is stable (i.e., below the denaturation temperature). The slope of this line is equal to -Ea/R. By calculating the slope from the linear regression of the data points, the activation energy (Ea) for the PLA2-catalyzed hydrolysis was determined to be 6152.36 J/mol. Ea represents the minimum amount of energy required for the substrate to be converted into product. Enzymes function by lowering the activation energy of a reaction, thereby increasing its rate. A lower Ea value indicates a more efficient catalyst. However, Figure 6 presents a Lineweaver-Burk (double reciprocal) plot, which linearizes the Michaelis-Menten equation. The Michaelis-Menten model describes the relationship between the initial reaction velocity (V0) and the substrate concentration ([S]): V0 = (Vmax * [S]) / (Km + [S]). The Lineweaver-Burk transformation takes the reciprocal of this equation to yield: 1/V0 = (Km/Vmax) * (1/[S]) + 1/Vmax. This equation is in the form of a straight line, y = mx + c, where: y-axis is 1/V0 (reciprocal of initial velocity), x-axis is 1/[S] (reciprocal of substrate concentration), y-intercept (c) is 1/Vmax. The maximum velocity (Vmax) can be calculated as the reciprocal of this value. Vmax represents the theoretical maximum rate of the reaction when the enzyme is fully saturated with substrate. x-intercept is -1/Km. The Michaelis constant (Km) can be calculated as the negative reciprocal of this value. Km is the substrate concentration at which the reaction velocity is half of Vmax. It is often used as an inverse measure of the enzyme's affinity for its substrate; a lower Km indicates a higher affinity. Slope (m) is however equals to Km/Vmax. The values; 0.00017µmol/min and 2.2mM for Vmax and the Km were obtained respectively. 

 Fig. 3. The relative activity of PLA2 against a range of pH values, demonstrating the enzyme's sensitivity to hydrogen ion concentration. It shows the enzyme’s activity optimum at pH 8.

Fig. 4. The relationship between reaction temperature and the rate of catalysis by PLA2. It shows 60 ℃ as the optimum temperature. 







Fig. 5. Arrhenius plot; involving the natural logarithm of the reaction velocity (ln V) against the reciprocal of the absolute temperature (1/T). The slope of this line was used to calculate the activation energy (Ea) of the reaction. 





Fig. 6. Double reciprocal plot of initial velocity and substrate concentrations for PLA2 (lecithin as substrate) Naja melanoleuca venom. Also, the Lineweaver-Burk plot, a graphical representation of the Michaelis-Menten equation used in determining the key kinetic parameters (Vmax and Km.)
4. DISCUSSION
The isolation and purification of the major basic PLA₂ from Naja melanoleuca venom produced distinct chromatographic peaks, with the PLA₂-containing fraction eluted between 27-30 minutes. This elution profile is consistent with previous studies on PLA₂s from related Naja species, which typically elute within a similar time frame under similar conditions (Tan et al., 2017). However, the basic PLA₂ fraction exhibited heterogeneity, as seen in the SDS-PAGE analysis, which showed multiple protein bands ranging from 7 to 35 kDa. Around 13-14 kDa of the PLA2 determined in this research work is corresponding to the 13 kDa of the PLA2 in Naja Nigricolis venom as reported by Tijani et al., (2024) There may be presence of additional proteins or PLA₂ isoforms, which is common in snake venoms and has been reported in other studies (Kini, 2003). A notable observation was the absence of a short-neurotoxin-containing peak, which typically elutes between 14-16 minutes in some Naja venoms (Pung et al., 2010). This could indicate species-specific variations in the venom profile of Naja melanoleuca, as Naja melanoleoca and other Naja species are known to exhibit different venom compositions (Doley et al., 2010). The low yield of basic PLA₂, as indicated by the faint band intensities in the SDS-PAGE, suggests that the concentration of this enzyme in Naja melanoleuca venom may be lower than expected. This is in line with findings from studies on other Naja species, Adamude et al., (2021) reported about 24-36% of PLA₂ in the venom of three different African Naja species. The basic PLA₂ levels vary significantly depending on geographic and environmental factors (Chang et al., 2013). Further optimization using reverse-phase HPLC could help in validating the purity and improving the yield of the basic PLA₂ fraction. These findings contribute to the growing body of research on the venom composition of Naja species, particularly Naja melanoleuca. 
Several factors could contribute to the low phospholipase A₂ (PLA₂) levels in Naja melanoleuca venom. These factors may be related to geographic, environmental, physiological, and evolutionary factors that influence venom composition. Snakes from different regions may produce venom with varying proportions of PLA₂ enzymes and other toxins. Studies have shown that snakes in different habitats adapt their venom profiles to the available prey, which could affect the concentration of certain venom components like PLA₂ (Casewell et al., 2014). Geographic isolation can lead to variations in venom components, including a reduction in certain toxins like PLA₂ (Fry et al., 2003). Diet plays a critical role in venom composition. Snakes that primarily consume small mammals or reptiles may require different venom toxins for efficient prey immobilization. Variations in diet may cause a down-regulation of PLA₂ in favor of other venom components like neurotoxins, depending on the prey species in a particular environment (Barlow et al., 2009). Venom composition can also vary with the snake’s age, size, and reproductive status. Juvenile snakes often exhibit different venom profiles compared to adults, which could include lower concentrations of PLA₂ (Gibbs et al., 2011). Furthermore, some venom components may decrease with age, leading to variability in the relative abundance of PLA₂ across different life stages of Naja melanoleuca. Environmental conditions such as temperature, humidity, and prey availability could affect venom composition over time. For instance, snakes living in more tropical, humid environments may produce venoms with different proportions of enzymatic proteins like PLA₂ compared to snakes in arid regions (Arbuckle et al., 2020). Evolutionary pressures and genetic drift can lead to variability in venom composition, even within the same species. Different populations may evolve varying venom profiles as a result of ecological pressures, such as predators or prey that require specific venom adaptations. This can result in the reduction of certain venom components like PLA₂ if it is not essential for the snake's survival in its specific environment (Daltry et al., 1996). The activity of venom glands can be influenced by seasonal changes, with snakes sometimes producing venom in lower quantities during certain times of the year. Venom gland activity can be reduced during the non-active season (e.g., during hibernation), leading to lower concentrations of PLA₂ and other venom components (Mamede et al., 2016). The phospholipase A2 (PLA2) enzyme from the venom of Naja melanoleuca exhibits pH and temperature optima at 8 and 60℃, respectively, aligning partially with the physiological conditions in which the venom functions. Tijani et al., (2024) also reported optimum pH 8 with optimum temperature 50℃ in PLA2 of different Naja specie venom. These parameters, however, deviate slightly from those reported for Bothrops asper venom PLA2 (pH 9, 52℃) by Ramirez et al., (2004) and also Mohammed et al., (2022) reported an acidic pH of 6 and 60℃ optimum temperature for PLA2 from Ophisthacanthus capensis venom using egg yolk as substrate. Such discrepancies underscore the enzyme's adaptation to its ecological niche and target prey physiology. Kini (2003) emphasized that PLA2 enzymes in venom often exhibit optimal activity under conditions mimicking prey environments. For example, PLA2 from sea snakes, which prey on marine organisms, demonstrates high activity in saline conditions. Similarly, Dennis et al., (1991) noted that PLA2 enzymes in different venoms exhibit pH and temperature optima tailored to their functional roles in venom toxicity and prey immobilization. The thermophilic nature of Naja melanoleuca PLA2 (60℃) aligns with findings by Nair et al., (1976), who reported an optimum temperature of 65℃ for other Naja species, indicating evolutionary conservation of thermal stability in cobra venoms. The kinetic parameters i.e the low Km (2.2 mM) observed for Naja melanoleuca PLA2 indicates a high affinity for phospholipids, contrasting with the much lower Km (3.5×10⁻³ mM) reported for Bothrops asper by Ramirez et al., (2004). This difference likely reflects ecological and functional variations between these species. A similar low Km was noted by Gopalakrishnakone et al., (1991) for PLA2 in Naja kaouthia venom, suggesting that cobras generally produce highly efficient PLA2 enzymes. The high Vmax of Naja melanoleuca PLA2 supports its role in rapidly hydrolyzing prey cell membranes. This aligns with findings by Kini and Evans (1989), who described such kinetic features as essential for quick prey immobilization. The affinity and catalytic efficiency (high Vmax) of Naja melanoleuca PLA2 contribute to its ability to rapidly generate inflammatory mediators. Inflammations are known for their deteriorating and deleterious effects even the same as that of the Renin Angiotensin Aldosterone System (RAAS) and immune response imbalances during the Covid-19 pandemic (Mohammed et al., 2021). Studies by Scott et al., (2000) linked these mediators, particularly leukotrienes and prostaglandins, to enhanced pain, inflammation, and tissue necrosis following envenomation. The observed kinetic and toxicological properties of Naja melanoleuca PLA2 exhibit both conserved and species-specific features when compared to other snake venom PLA2 enzymes: Studies on rattlesnake venoms (e.g., Crotalus durissus terrificus) by Soares et al., (2004) reveal PLA2 enzymes with slightly lower pH optima but similar myotoxic effects, indicating functional convergence despite evolutionary divergence. PLA2 from sea snake venoms (e.g., Enhydrina schistosa) demonstrates higher salt tolerance but similar phospholipid affinity, as reported by Tan et al., (2003). This highlights the enzyme's adaptability to different ecological conditions. The high catalytic efficiency of Naja melanoleuca PLA2 matches findings for Bothrops jararacussu PLA2 (Km = 2.5 mM), as described by Gutierrez et al., (2003). However, differences in Vmax values reflect variations in venom potency and prey immobilization strategies.
5. CONCLUSION 
Understanding the specific components and their enzymatic properties as well as the characteristics and kinetic properties can help in developing region-specific antivenoms, enhancing snakebite treatment strategies (Gutiérrez et al., 2016). Additionally, the presence of multiple proteins within the PLA₂ fraction underscores the complexity of snake venom and the necessity for comprehensive venom analysis (Harrison et al., 2011; Pla et al., 2019). This work entails some characteristics and kinetic parameters i.e. molecular weight, Km, Vmax, optimum pH, optimum temperature as well as the activation energy of the PLA2 from the venom of Nigerian Naja melanoleuca. Further studies are needed to explore the full therapeutic potential of purified venom components and their applications in pharmacology (Vishwanath et al., 2013).
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