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ABSTRACT
[bookmark: _bookmark9]Amylase, a crucial enzyme within biological systems, reveals its catalytic effectiveness in facilitating the breakdown of complex carbohydrates through hydrolysis. This study sought to isolate, partially purify, and investigate the inherent physicochemical properties of amylase derived from Aspergillus niger, isolated from Long-horned beetles. Aspergillus niger, previously isolated from the gut of long-horned beetles (Cerambycidae latreille), was obtained from the Department of Biochemistry, Federal University of Technology, Akure, Ondo State Nigeria. Amylase production was accomplished through submerged fermentation, utilizing soluble starch as the primary substrate. The crude enzyme was purified by ammonium sulfate precipitation and ion-exchange chromatography. The physicochemical properties, such as effect of pH and temperature on the partially purified enzyme were thereafter evaluated. Investigation on the effects of metal ions at varying concentration on amylase activity was also carried out. The results of partial purification yielded approximately 13.5 % recovery rate and 6-fold purification increase. The partially purified amylase displayed its optimal activity at pH 6.0 and 80 °C respectively, confirming its inherent thermo-stability. It maintained over 80 % activity up to 60 o C activity for 6o minutes. The amylase demonstrated maximal residual activity of about 62 % at p H 7 FOR 5 hours incubation, exhibiting broad pH stability across the range of 4.0 - 9.0. Metal ions, such as Ca2+, Mg2+, and Al3+, activated the enzyme, while inhibition by K2+ and Cu2+ underscored its dependence on metal cofactors. Kinetic analysis revealed a high substrate affinity, with a Km of 0.055 mM and Vmax of 0.274 mg/ml/min. However, the amylase proved effective as a detergent additive, enhancing cloth stain removal. Metal-ion activation, wide pH stability, and high substrate affinity, positioning this amylase derived from Long-horned beetles as a promising candidate for starch hydrolysis in bioprocesses. 
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1.0 INTRODUCTION
	
	Amylases, a category of hydrolytic enzymes, are widely distributed in nature and find diverse applications in various industrial processes. They form a significant group of industrial enzymes (de Souza & de Oliveira Magalhães, 2010a). Amylase is a crucial and essential enzyme with a central role in biotechnology. It is primarily derived from microbial sources; it finds extensive application across various industries. Amylases, as significant hydrolase enzymes, have been employed for many decades. These enzymes exhibit the capacity to randomly break internal glycosidic linkages within starch molecules, leading to their hydrolysis and the production of dextrins and oligosaccharides (Gopinath et al., 2017a). 
	In the food industry, amylolytic enzymes are extensively utilized for various purposes. include producing glucose syrups, high fructose corn syrups, maltose syrup, reducing viscosity in sugar syrups, and clarifying fruit juice to prolong its shelf life (Raveendran et al., 2018a). Furthermore, these enzymes play a role in the solubilization and saccharification of starch within the brewing industry. In the baking field, amylases are utilized to slow down the staling process in bread and other baked items. Meanwhile, the paper industry employs them for targeted purposes, such as reducing starch viscosity to achieve the desired paper coating (Park et al., 2018a). The amylase enzyme finds application in the textile industry for the warp sizing of textile fibers. Additionally, it serves as a digestive aid in the pharmaceutical industry (Nigam, 2013; Gopinath et al., 2017a). Include producing glucose syrups, high fructose corn syrups, maltose syrup, reducing viscosity in sugar syrups, and clarifying fruit juice to prolong its shelf life (Raveendran et al., 2018a). 
	Furthermore, these enzymes play a role in the solubilization and saccharification of starch within the brewing industry. In the baking field, amylases are utilized to slow down the staling process in bread and other baked items. Meanwhile, the paper industry employs them for targeted purposes, such as reducing starch viscosity to achieve the desired paper coating (Park et al., 2018a). The amylase enzyme finds application in the textile industry for the warp sizing of textile fibers. Additionally, it serves as a digestive aid in the pharmaceutical industry (Nigam, 2013). Significantly, amylases obtained from fungi demonstrate enhanced stability on a commercial scale when compared to those derive from bacteria. Various initiatives have been pursued to enhance culture conditions and identify appropriate fungal strains for optimal amylase production (de Souza & de Oliveira Magalhães, 2010a). The beetles classified scientifically as Cerambycidae are also recognized as long-horned or longicorn beetles. The larvae of these insects are commonly denoted as round headed borers. (Kariyanna et al., 2019). This taxonomic family includes an extensive variety of beetles, with over              35,000 species documented. A notable characteristic of many longhorn beetles is their notably elongated antennae, frequently extending to lengths equivalent to or surpassing the beetle's own body (Ribes, 2007; Hassan and Emara, 2015)). This trait distinguishes them among beetles, contributing to the family's diverse and widespread presence in the insect world (Niskanen and Niemelä, 2017). Aspergilluis niger is recognized for its capacity to generate a range of enzymes, among which amylases are prominent (Bellaouchi et al., 2021). The biotechnological relevance of amylases spans across diverse sectors like food, pharmaceuticals, and biofuels. Investigating and enhancing the synthesis of amylase from this particular origin has the potential to result in an enzyme possessing distinctive characteristics or enhanced efficacy tailored for specific uses (de Souza & de Oliveira Magalhães, 2010b). Longhorn beetles may harbor distinct microbial communities within their digestive systems. Examining enzymes derived from insect-associated microbes offers the opportunity to gain insights into unique biocatalysts that may have evolved for specific ecological purposes.	
	Despite the known capabilities of Aspergillus niger, there remains a knowledge gap in understanding the enzymatic potential of strains isolated from insect guts. This study seeks to address this gap by producing, purifying, and characterizing amylase from such a strain, aiming to reveal novel properties that may offer industrial advantages.
The significance of this work lies in its potential to discover enzymes with superior properties for biotechnological applications, particularly in processes requiring high temperatures or specific pH conditions. The study also contributes to the understanding of microbial diversity within insect microbiomes and their potential industrial applications.
2.0 MATERIALS AND METHODS
	Aspergillus niger, previously isolated from the gut of long-horned beetles (Cerambycidae latreille), was obtained from the Department of Biochemistry, Federal University of Technology, Akure, Nigeria. The reagents used include ammonium sulfate, soluble starch, phosphate buffer, dinitrosalicylic acid (DNSA), DEAE-Sephacel, peptone, KH₂PO₄, MgCl₂, K₂HPO₄, NaCl, and Bradford reagent. All chemicals used were of analytical grade. 
Amylase Production, Purification and Characterization
	Potato Dextrose Agar (PDA) was prepared and sterilized. After cooling, it was inoculated with A. niger and incubated at 30°C for 48 hours on a shaker at 150 rpm. Fermentation media containing soluble starch, peptone, ammonium sulfate, and phosphate salts were sterilized and inoculated with 3 mL of seed culture. Incubation was done at 30°C for 48 hours on a shaker. The culture was centrifuged at 10,000 rpm for 15 minutes, and the supernatant (crude enzyme) was collected. Enzyme activity was measured by incubating crude enzyme with soluble starch and phosphate buffer at 37°C. DNSA was added to stop the reaction, followed by boiling. Absorbance was read at 540 nm. Protein concentration was determined using the Bradford assay, with absorbance measured at 595 nm. Crude enzyme was precipitated at 60% saturation, centrifuged, and re-suspended in phosphate buffer. The precipitate was dialyzed for 48 hours against phosphate buffer (pH 7.0) at 4°C. The dialysate was applied to a DEAE-Sephacel column equilibrated with phosphate buffer. Bound proteins were eluted with NaCl gradient, and active fractions were pooled. Enzyme activity was assessed at temperatures ranging from 30°C to 90°C. Enzyme was pre-incubated at various temperatures and assayed at regular intervals. Enzyme activity was measured across pH 2.0 to 12.0. Enzyme was pre-incubated in different buffers and assayed hourly for 6 hours. Enzyme activity was tested in the presence of metal ions (e.g., Ca²⁺, Mg²⁺, Zn²⁺, amongst others) and inhibitors (e.g., EDTA, SDS, Urea etc.). 
3. RESULTS AND DISCUSSION
	Amylase activity was successfully detected in the crude enzyme extract from Aspergillus niger isolated from long-horned beetles. Following purification, a 5.8-fold increase in specific activity was observed, with a 13.5% recovery rate. This confirms the efficiency of the ammonium sulfate precipitation and ion exchange chromatography methods.
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Figure 1: Elution from ion-exchange chromatography using DEAE Sephacel resin 

Table 1. Summary of Partial purification of Amylase from Aspergillus niger
	Step

	Total Vol.
(ml)
	Protein conc.
(mg/ml)
	Total Protein
(mg)
	Activity
(Unit/ml)
	Total activity
(Unit)
	Specific activity
(U/mg)
	Purification fold
	Yield
( %)

	Crude
	350
	0.147
	3.57
	3.67
	1249.5
	2.93
	1
	100

	(NH4)2SO4
	45
	0.047
	2.62
	1.99
	117.9
	16.86
	5.75
	54.24

	DEAE Sephacel
	40
	0.124
	0.724
	4.95
	28.96
	17.11
	5.84
	13.52



Total Protein (mg) = Protein concentration (mg/mL) x Total volume (mL)
Total Activity (U) = Activity in the fraction (U/mL) x Total volume (mL)
Specific Activity (U/mg) = Total activity (U) / Total protein (mg)
Yield (%) = (Total Activity of Purified step / Total Activity of the crude) x 100
Purification Fold = Specific Activity of Purified Step / Specific Activity of the Crude  

Figure 2a. Effect of Temperature on Amylase Stability

Figure 2b: Effect of Temperature on the Stability of Partially Purified Amylase
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Figure 3a. A graph showing enzyme activity across different pH levels, peaking at pH 6
	The enzyme also displayed broad pH activity, with optimum activity at pH 6 and a functional range from pH 2 to 12.
 
Figure 3b: Effect of pH on Stability Partially Purified Amylase
	Figure 4 presented the results of the effect of metal ions on the partially purified amylase of Aspergillus niger. However, in the presence of metal ions, Ca²⁺, Mg²⁺, and Al³⁺ enhanced activity, while Zn²⁺ and Hg⁺ caused inhibition. EDTA significantly reduced activity, confirming that the enzyme is a metalloenzyme.

Figure 4: Effect of metal ions on Partially Purified Amylase


Figure 5: Effect of Inhibitors on Partially Purified Amylase
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Figure 6: Stain removal efficiency on white handkerchief: 
(A) = water only, (B) Detergent + water only, (C) = Enzyme only, 
(D) = Detergent boiled at 100 °C + Enzyme 
	Amylase activity was successfully detected in the crude enzyme extract from A. niger isolated from long-horned beetles. Following purification, a 5.8-fold increase in specific activity was observed, with a 13.5% recovery rate. This confirms the efficiency of the ammonium sulfate precipitation and ion exchange chromatography methods. The result of the effect of temperature on amylase activity is presented in Figure 2a. Microbial amylases typically demonstrate optimal activity within the temperature range of        50 to 80°C. This temperature range aligns with the natural growth conditions of the producing organism, facilitating efficient protein hydrolysis. This finding aligns well with the result of thermo-stability of fungal amylases, which commonly display optimal temperatures in the 60 - 90°C range as reported by multiple studies on A. niger amylase (Panda et al., 2023; Uthumporn et al., 2020). The partially purified amylase extracted from A. niger exhibited thermo-stability at 80°C, a favorable characteristic for industrial applications due to enhanced stability and performance at elevated temperatures. This observation echoes similar findings reported in the study on the Production and Characterization of Partially Purified α-amylase from A. niger by Mesbah et al. (2022). 
	Amylase isolated from A. niger is thermostable as illustrated in Figure 2b. Over 86% of the initial activity was retained between 60 and 80 °C and even at 90 °C, 74% of the activity remained after 1 hour. A gradual decrease in activity was observed at temperatures above 50 °C, with only 35% and 28.5% of the initial activity remaining at 50 and 70 °C, respectively, after 2 hours. This suggests that prolonged exposure to higher temperatures might lead to partial unfolding and loss of catalytic function in the enzyme (Deckers et al., 2020). Minimal activity (18%) was observed between 80 and 90 °C after 2 hours. This indicates significant denaturation and loss of function at these high temperatures. In contrast, amylase isolated from A. flavus demonstrated thermal stability at 50 °C, maintaining 87 % residual activity after 60 minutes (Garland et al., 2023). Additionally, amylase from Bacillus licheniformis isolate AI20, as reported by Bellaouchi et al. (2021), displayed optimum performance between 60 °C and 80 °C. This comparison underscores the exceptional performance and quality of the amylase derived from A. niger. 
	The partially purified amylase derived from A. niger, isolated from the long-horn beetle, exhibited optimal activity at pH 6.0 as shown in Figure 3a. It demonstrated activity across a broad pH range, remaining active in acidic conditions (pH 2.0 -5.0) and alkaline conditions (pH 8.0 – 12.0). However, at neutral pH 7.0, a reduction in activity was observed. This decline in activity may be attributed to conformational changes in the enzyme structure at specific pH values, impacting its catalytic efficiency in response to the surrounding environment. This acidic to neutral pH preference aligns with previous reports on fungal amylases exhibiting optimal activity around pH 5.0 – 6.0 (Kesarwani et al., 2023). The partially purified amylase demonstrated stability with a maximum 95% residual activity at pH 4.0 after 1 hour as illustrated in Figure 3b, indicating a remarkable stability in the acidic region. This observation aligns with the natural intracellular environment of A. niger, which is slightly acidic to neutral. The amylase retains over 60 % activity after 1 hour across a broad range of acidic and neutral pH (4.0-8.0). The almost complete inactivation at pH 12.0 indicates strong sensitivity to highly alkaline environments which is similar to finding from Robinson et al. (2021). This could be due to factors such as deprotonation of critical histidine residues involved in the catalytic mechanism or disruption of ionic interactions within the protein structure. This suggests a robust protein structure that can withstand changes in protonation state of amino acid residues within this pH range. Comparatively, this sensitivity to pH extremes differs from the stability profile of amylase from Escherichia coli (E. coli), which remained stable between pH 7 and 8 for 40 minutes   ,, as reported by Souza & Magalhães (2010). 
	In contrast, a novel α-amylase from marine Streptomyces sp. D1 exhibited stability between pH 7.0-11.0 for 6 hours (Bellaouchi et al., 2021). Additionally, amylase from fermented cassava, as reported by John (2023), was found to be stable only between pH 6-7 for 4 hours. These comparative results highlight the unique pH stability characteristics of the partially purified amylase from A. niger. The partially purified amylase obtained in this study exhibited enhanced enzyme activity in the presence of metal ions such as Al³⁺, Zn²⁺, Mg²⁺, Ca²⁺, and Hg²⁺, at both 5 and 10mM concentrations as shown in Figure 4. This indicates that these metal ions interact with the enzyme in a manner that fosters its catalytic function. Conversely, metal ions such as K⁺ and Cu²⁺, demonstrated lower amylase activity      suggesting a potential inhibitory effect on the enzyme. This inhibition could result from competitive binding at the active site, obstructing substrate access, or inducing conformational changes that alter enzyme function. This agrees with findings by Dimitrijević et al. (2023) where the activity of A. niger amylase was boosted in the presence of Ca2+, Mg2+, and other metal ions where similar activation by Ca²⁺ and Mg²⁺ was observed in soybean amylase. Similarly, research on amylase from A. terreus NCFT 4269.10, utilizing pearl millet as a substrate. Sharma et al. (2016) identified Ca²⁺ and Mg²⁺ as strong activators of amylase. Moreover, these results demonstrate the enzyme’s industrial potential due to its thermostability, broad pH range, and metal ion responsiveness. However, the amylase proved effective as a detergent additive, enhancing cloth stain removal as illustrated in Figure 6. Metal-ion activation, wide pH stability, and high substrate affinity, positioning this amylase derived from Long-horned beetles as a promising candidate for starch hydrolysis in bioprocesses. Beetles as a promising candidate for starch hydrolysis in bioprocesses.
CONCLUSION
This study demonstrated the successful production, partial purification, and biochemical characterization of amylase derived from A. niger isolated from the gut of long-horned beetles. The enzyme exhibited desirable traits such as high thermostability, broad pH tolerance, metal ion activation, and strong substrate affinity, which are critical parameters for industrial applications. The enzyme also showed effectiveness in detergent formulations by enhancing stain removal on fabrics. Therefore, Aspergillus amylase could be explored for biotechnological applications as eco-friendly detergent additive. 
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Amylase Activity (%)


Protein Conc @ 280 nm




Relative Activity	30	40	50	60	70	80	90	100	26.296296296296301	28.703703703703699	33.3333333333333	37.592592592592602	46.296296296296298	100	35.185185185185198	12.962962962962999	Temperature

Relative Activity (%)


30˚C	0	20	40	60	80	100	120	100	100	100	100	100	95.918367346938794	85.367346938775	40˚C	0	20	40	60	80	100	120	100	100	100	100	100	87.5	83.125	50˚C	0	20	40	60	80	100	120	100	100	100	100	100	85.714285714285694	38.857142857142797	60˚C	0	20	40	60	80	100	120	100	100	100	89.466666666666697	81.6666666666667	47.5	35.3333333333333	70˚C	0	20	40	60	80	100	120	100	94.594594594594597	92.162162162162204	87.054054054054106	76.027027027027003	42.918918918918898	28.513513513513502	80˚C	0	20	40	60	80	100	120	100	93.103448275862107	86.2068965517241	86.2068965517241	72.413793103448299	37.931034482758598	20.689655172413801	90˚C	0	20	40	60	80	100	120	100	85.67	78.566999999999993	73.599999999999994	67.45	34.67	18.899000000000001		Time of incubation (min)		


Residual Activity (%)
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