


Structural Elucidation of some Antibiotics against Wound Bacterial Pathogens from Penicillium Species using Agrowastes


ABSTRACT 
Aim: This study was undertaken to carry out structural elucidation of some antibiotics from Penicillium species using Agro-wastes. 
Methodology: Penicillium species were isolated from garden soil samples, and grown in formulated mycological medium that comprises Phoenix dactylifera (PD) fruits, Chrysophyllum albidum (CA) fruits, Glycine max (GM) peel and Musa paradisiaca (MP) peel, considering varying conditions (pH, temperature, carbon and nitrogen sources). The industry fractions were precipitated, eluted, purified and elucidated using column, thin layer and gas chromatographic coupled with mass spectrophotometer (GC-MS) techniques. 
Results: The fungi isolated were Penicillium digitatum strain PdWO3 (PdP3) and Penicillium Oxalicum strain LIR1 (POL1). The fungal isolates showed significant (P<0.05) growth and production of antibiotics at pH 7.0, temperature (25), when the carbon and nitrogen sources were sugar from PD and NOdz respectively. The fractions; oleic acid (P1) > hexacosanoic acid (P2) > hexadecenoic acid (P3) > 10-octaecenoic acid (P4) > 9-octadecenoic acid (Z) methyl esters (P5) > 9-octadecenoic acid (Z)-2hydroxy-1-(hydroxymethyl) ethyl ester, eluted and purified from PdP3 showed significant (P<0.05) inhibitory activities against wound bacterial pathogens; Pseudomonas aeruginosa PGN5 (PAP5) and Streptococcus pyogenes A1 (SPA1). Similarly, the fractions; oleic acid (L1) > hexacosanoic acid (L2) > E-11-tridece-1-ol-acetate (L4) > 1-octadecene (L3) > 2H-A zepin-2-one hexa-hydro-1-methyl (L5) eluted from POL1 exhibited significant (P<0.05) inhibitory activities against wound bacterial pathogens. 
Conclusion: Therefore, this study has proven that the fractions eluted from PdP3 and POL1 showed pronounced activities against wound bacterial pathogens, and could be used as newer antibiotics against wound infections. 
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1. INTRODUCTION
Penicillium is one of the most common fungi in various habitats, which has a global distribution, and a large economic impact on human life (Naik et al., 2019). This genus is of enormous benefit in diverse fields, such as in food spoilage, biotechnology, plant pathology, medicine, and currently contains over 400 species that have been characterized (Naik et al., 2019). Penicillium species produce a varied range of secondary metabolites, including several harmful mycotoxins, antibacterial and antifungal compounds, immunosuppressants, and cholesterol-lowering agents. The most common example of a drug of fungal origin is penicillin, the first antibiotic substance in history. The biosynthesis of several secondary metabolites, such as mycotoxins, depends on several environmental factors including the substrate, pH, temperature, water activity, interrelationships with other microorganisms, and the interactions of these different factors in the natural environment (Velhal et al., 2014). 
Several researchers had reported that Penicillium species are capable of producing secondary metabolites during their stationary phase of growth (Naik et al., 2019; Naik et al., 2021; Velhal et al., 2014). Secondary metabolites are products of enzymatic cascades starting when backbone enzymes such as polyketide synthases catalyze the rearrangement or condensation of simple primary metabolites, such as vitamins and amino acids leading to more complex secondary metabolites which have no vital role in the proliferation of the fungal species (Naik et al., 2019). 
Fungal secondary metabolites are classified into five categories according to their structures and precursors: polyketides, cyclic terpenes, non-ribosomal peptides, alkaloids, and hybrids. The structural diversity of mycotoxins results from the variety of chemical reactions such as aromatization and acetylation involved in their biosynthesis, and leads to their broad spectrum of biological activities. This diversity is also enriched by the infrequent existence of crosstalk between different biosynthetic pathways. An adaptation to a specific environment may also result to biosynthesis of a certain secondary metabolite. 
In recent times, more emphasis had been given to the biological conversion of agro-wastes into useful products. Reports indicate that fungi are capable of breaking down these complex organic compounds into simpler ones for their energy requirements. Agro-wastes are a rich source of carbon that can be used to producing both microbial biomass and metabolites (Naik et al., 2019). It can act as a cheaper fermentation medium for lowering the cost of enzyme production. Rice bran and wheat bran are important byproducts of the rice and wheat processing industries, respectively which had been optimized extensively as nutrients for cultivation of fungal species which are potential producers of vital secondary metabolites (Shivasharanappa et al., 2014). 
Several researchers had worked extensively on fungal species that are capable of producing essential enzymes and other metabolites such as Naik et al. (2019), Naik et al. (2021), Shivasharanappa et al. (2014) and Velhal et al. (2014) but little work had been documented on structural elucidation of some secondary metabolites from Penicillium species using agrowastes. Hence, this study is aimed at elucidating the structure of some secondary metabolites from Penicillium species using agrowastes.      
2 MATERIALS AND METHODS
2.1. Isolation and Characteristics of Penicilium species used for this Study
2.1.1. Collection of samples
 A total of 300 soil samples from hospital waste dumping site were randomly collected from different sites in Ihiala L.G.A, Anambra State. This was carried out using the method described in the study published by Iheukwumere et al. (2021). The litter from the soil surfaces was carefully scrapped out using sterile stainless spoon. The soil auger was derived to a plough depth of 15 cm in the farm land, and soil sample was drawn up to 10 samples from each sampling unit into a sterile tray. The samples were thorough mixed and foreign materials such as roots, stones, pebbles and gravels were carefully removed. The soil sample was then reduced to half by quartering the sample. Quartering was carried out by dividing the soil sample into four equal parts and the two opposite quarters were discarded and the remaining two quarters were mixed. The process was repeated for the rest of soil samples used for this study. The samples were carefully labeled and then kept in a disinfected cooler, to maintain its temperature and stability of the number of the isolates. The samples were transported to the laboratory for analysis.
2.1.2. Isolation of the fungal isolates
 The media used for this isolation was Sabourand dextrose agar (SDA/BIOTECH). One gram of the soil sample was weighed into boiling test tube, 5 mL of normal saline was added and shake thoroughly and then make up to 10 mL using the normal saline (10-1dilution). One milliliter of the suspension was added to four milliliter (4 mL) of normal saline (0.85% NaCl), which was give 5-1 dilution. From 5-1 dilution test tube, a five-fold serial dilution was carried out to obtain 5-5 dilution. One milliliter aliquot from 10-1, 5-1 and 5-5 test tubes were collected and aseptically plated onto solidified sabourand dextrose agar plate (90 mm x 15 mm) which was prepared according to the manufacturers instruction and the procedures described in Cheesbrough (2010) supplemented with chloramphenicol (0.05 %) and spread using a spreading rod. The SDA was incubated in an inverted position for 5-7 days at 30±20C.
2.1.3.  Identification of fungal isolates
 The fungal isolates were identified to the genus/species level based on macroscopic, microscopic and molecular characteristics of the isolates obtained from pure cultures as described in the study published by Iheukwumere et al. (2020).
2.2. Antibiotic Production
2.2. 1. Screening the fungal isolates for antibiotic production
 In order to produce antibiotic, Mueller Hinton Agar (MHA) medium was prepared according to the manufacturer’s direction. This was allowed to cool and then poured in Petri dishes and kept in incubator at 370C for 24 h to check its sterility. Then the test organisms; Escherichia coli, Staphylococcus aureus, and Salmonella species were grown on broth culture at 370C for 24 h. After incubation, sterilized swab stick was dipped into the broth cultures and swabbed on MHA plates and allowed for 1 h. Then wells were made on the MHA plates using sterile cork borer. Then the broth culture of the fungal isolates was carefully centrifuged at 6000 rpm for 10 minutes and their supernatants were poured in the wells and incubated at 370C for 48 h. zones of inhibition was observed after incubation (Adeel et al., 2017).
2.2.2. Designing of medium (PCGM Medium)
 Phoenix dactylifera (PD) fruits, Chrysophyllum albidum (CA) fruits Glycine max (GM) peel and Musa paradisiaca (MP) peel were air-dried and then ground into powdered form. Fifty grams comprising 20 g of PD, 10 g of each of the CA, GM and MP samples were weighed into 1000 mL Erlenmeyer flask, 200 mL of distilled water was added and then made up to 500 mL using the distilled water. This was sterilized and allowed to cool at room temperature (30±2℃). 
2.2.3. Extraction of antibiotics
The characterized fungal isolates were sub cultured in Sabourand dextrose broth and incubated for 5 days. Then 20 mL of the broth culture was introduced into the 500 mL PCGM medium and then incubated at (30±2℃) for 7 days.
2.2.4. Optimization of carbon source, nitrogen source, pH and temperature for production of the antibiotics
 The effects of carbon sources (glucose, sucrose, fructose, maltose, sugar extracted from Phoenix dactylifera/Date fruits) nitrogen source (peptone, beef extract, NaNO3, (NH4)2SO4, NodZ) was investigated by supplementing the PCGM medium with the above carbon and nitrogen sources at varying pH (4,5, 6, 7, 8, 9) and temperature (25℃, 30oC, 35oC, 40oC, 45oC) for antibiotics production ( Suganthi et al., 2014). NodZ was prepared from the mixture of Rhizobium legumino sarum (1 g of lyophilized mixture), soybean meal (10 g) and Arachis hypogoea nodule meal (10 g)
2.2.5. Extraction and elution of antibiotic
 The culture medium was centrifuged at 8000 rpm for 15 min. This was filtered using What man No1 filter paper (110 mm × 110 mm). The supernatant was eluted using column chromatographic technique using ethyl acetate/hexane/methanol/dichloromethane at ration of 2:2:1:1.

2.3. In vitro Antibacterial Activities of the Eluate using Agar Well Diffusion Method
This was carried out by the modified method of Iheukwumere et al. (2017). Each labeled plate was uniformly inoculated with the test organism (Escherichia coli, Staphylococcus aureus and Salmonella specie) using spread plate method. A sterile cork borer of 5 mm diameter was used to make the wells on the medium. One tenth milliliter of the eluate was dropped into each labeled wells and then incubated at 35±2ºC for 24 h. Antibacterial activity was determined by measuring the diameter of the zones of inhibition (mm) produced after incubation
2.4. Purification and Elucidation of the Antibiotic
 The eluate that inhibited the growth of the tested bacteria were subjected to Thin Layer Chromatographic technique using chloroform/methanol (24:1 v/v), chloroform/methanol/water (1:1:1 v/v/v), benzene/acetic acid/water (4:1:5 v/v/v) and acetonitrile/water (92.5/7.5 v/v).  The successive bands seen on the plates were crapped off carefully, dissolved in methanol, and centrifuged at 10,000 rpm for 10 min to remove the silica. The supernatant was subjected to structural elucidation using gas chromatography coupled with mass-spectrophotometer (Ranjan and Jadeja, 2017).
2.5. Statistical Analysis
 The data obtained in this study were presented in tables and figures. Their percentages were also calculated. Significance of the study was carried out using one way Analysis of Variance (ANOVA) at 95% confidence level. Pair wise comparism was carried out using student “t” test (Iheukwumere et al., 2018, Iheukwumere et al., 2020).
3 RESULTS AND DISCUSSION
3.1. Results
3.1.1. Characteristics of the isolates
The fungal isolates and microscopic characteristics with slight variation in their colors of conidia and reverse side of their colonies (Table 1). The molecular characteristics of the isolates revealed that isolate X was Penicillium digitatum strain PdWO3 (PdP3) and isolate Y was Penicillium oxalicum strain LIR1 (POL1) as shown in Table 2. 
Table 1: Macroscopic and microscopic characteristics of the Penicillium species
	Parameter
	Isolate X
	Isolate Y

	
	
	

	Macroscopic feature
	The colony was velvety, blue-green in color, moderate to rapid growth rate, white to yellowish at the reverse side
	The colony was powdery, blue-green in color, moderate to rapid growth rate, pale at the reverse side

	Microscopic feature
	The conidia were green, round and unicellular. The hyphae were septate and hyaline. The phialides were grouped into brush-like clusters
	The conidia were blue-green, ellipsoidal and unicellular. The hyphae were septate and hyaline. The phialides were grouped into brush-like clusters

	
	
	



Table 2: Molecular characteristics of the Penicillium species
	Parameter
	Isolate X
	Isolate Y

	
	
	

	Max score
	1853
	6679

	Total score
	5990
	21794

	Query cover (%)
	100
	100

	E-value
	0.0
	0.0

	Identity (%)
	100
	100

	Accession number
	CP060778
	CP093060

	Description
	Penicillium digitatum strain PdW03 (PdP3)
	Penicillium oxalicum strain L1R1 (POL1)



3.1.2. Optimal production of the antibiotics
The study also revealed that the fungal isolates showed significant (P<0.05) optical growth and production of antibiotics at pH = 7 and temperature of 25. It was also observed that the maximum production of antibiotics was observed when sugar extracted from Pheonix dactylifera (Date fruit) and glucose were used as carbon source, and majorly sugar from Pheonix dactylifera fruit, but the potency of antibiotics produced was statistically non-significant (P>0.05) when compare to that of glucose. Similar observation was seen when NOdZ, sodium nitrate (NaNO3) and soyabean meal were used as sources of nitrogen for the growth and production of antibiotics among the studied fungal isolates, NOdZ significantly (P<0.05) recorded the highest yield and potency but non-significantly (P>0.05) most among NaNO3 and soyabean meal.
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Figure 1: Effects of pH on the production of antibiotic 
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1


Diameter zones of inhibition
Test isolates / Antibiotics


Figure 2: Effects of temperature on the production of antibiotic 
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1
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Figure 3: Effects of carbon source on the production of antibiotic 
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1
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Figure 4: Effects of nitrogen source on the production of antibiotic 
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1
3.1.3. Activities of the eluates on the test bacteria
The fraction of eluates from PdP3 exhibited significant (P<0.05) inhibitory activities against Pseudomonas aeruginosa PGN5 (PAP5) and Streptococcus pyogenes A1 (SPA1) as shown in figure 5. It was observed that the fractions (P1>P2>P3>P4>P5) inhibited SPA1 more than PAP5 but the variations were not statistically significant (P>0.95). 
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Figure 5: Diameter zones of inhibition of the fraction of the eluates from PdP3 against the test isolates.
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1
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Figure 6: Diameter zones of inhibition of the fraction of the eluates from POL1 against the test isolates.
Pseudomonas aeruginosa PGN5 ---- PAP5, Streptococcus pyogenes A1 ------ SPA1
3.1.4. Structures of the antibiotics
The fractions included Oleic acid (P1) hexacosamic acid (P2), hexadecenoic acid (P3), 10 0cta (P4), 9-0ctadecenoic acid (Z) methyl esters (P5) and P6. Similarly, the fractions (L1>L2>L4>L3>L5) eluted from POL1 showed significant (P<0.05) activities against PAP5 and SPA1, of which the activity was higher against SPA1 but it was not statistically significant (P>0.05) when compounds to PAP5. The fractions were Oleic acid (L1), hexacosanoic acid (L2), 1-octadecene (L3), E-11-tridece-1-ol acetate (L4) and L5. 
Table 3: GC/MC products from Pdp3 eluates
	Fraction
	Product
	Molecular Formula

	P1
	Oleic Acid
	C18H34O2

	P2
	Hexacosanoic acid
	C26H52O2

	                P3
	n-Hexadecenoic acid
	C18H24O

	                P4
	10-Octadecenoic acid, methyl ester
	C19H36O2

	               P5
	9-Octadecenoic acid (Z)-, methyl ester
	C19H36O2

	               P6
	9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester,
	C21H40O4
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Fig 7- GC/MC analytical result 1
Table 4: GC/MC products from POL1 eluates
	Fraction
	Product
	Molecular Formula

	L1
	Oleic Acid
	C18H34O2

	L2
	Hexacosanoic acid
	C26H52O2

	                L3
	1-Octadecene
	C18H36

	                L4
	E-11-Hexadecenoic acid, ethyl ester
	C18H34O2

	L5
	2H-Azepin-2-one, hexahydro-1-methyl-
	C7H13NO
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Fig 8- GC/MC analytical result 1
3.2. Discussion 
The isolation and characterization of Penicillium species from the garden soil samples supported the findings of Rao et al. (2012), Okpalauwakwe et al. (2020) and Yahya et al. (2022). The Presence of Penicillium digitatum strain PdWO3 (PdP3) and Penicillium oxalicum strain LIR1 (POL1) in the growth medium supported the evidence that the medium can be used for the growth of Penicillium species The formulation of mycological medium from agro-wastes supporters the reports of many researchers (Naqvi et al., 2013; Arushdeep et al., 2014; Suganthi et al., 2014; Okpalauwakwe et al., 2020) who formulated different mycological media for growth and differed from the research actually involve the use of only natural product from agro waste materials. 
The optical production of antibiotics at pH 7.0 and temperature 25 supported the findings of many researchers (Simin et al., 2011; Tharnila et al., 2011; Kwoseh et al., 2012; Rao et al., 2012; Rao et al., 2022). The maximum production of antibiotics when the carbon source was sugar extracted from Phoenix dactylifera fruits could be attributed to the presence of glucose and fructose in the sugar syrup. Similarly, the highest production of antibiotics when the source of nitrogen was NOdZ could be attributed to the synergistic activities of the nitrogen fixing bacterium (Rhizobium legumino sarum), soybean meal and Arachis hypogoea nodule meal.
The production of antibiotics from the penicillium species agrees with the findings of many researchers (Onyegeme-Okerenta et al., 2009a; Onyegeme-Okerenta et al., 2009b; Ziemons et al., 2012; Onyegeme-okerenta et al., 2013; Onyegeme and Ebuehi, 2017) who produced antibiotics from Penicillium species in their respective studies.
The inhibitory activities of the eluted and purified fractions of the antibiotics against wound bacterial pathogens agrees with the findings of Alawode et al. (2020) who reported that 1-octadecene inhibits pseudomonas aeruginosa as witnessed in the present study. The elution and purification of oleic acid (Yoon et al., 2012; Kumar et al., 2020; Casillas-Vargans et al., 2021), hexacosanoic acid (Singh and Singh, 2003), 1-octadecene (Alawode et al., 2020) and E-11-tridece-1-ol-acetate (Misra et al., 2022) agrees with the present study since the above fractions were equally eluted and purified.
4. CONCLUSION
 The fungi isolated were Penicillium digitatum strain PdWO3 (PdP3) and Penicillium Oxalicum strain LIR1 (POL1). The fungal isolates showed significant growth and production of antibiotics at pH 7.0, temperature (25), when the carbon and nitrogen sources were sugar from PD and NOdz respectively. The fractions from the PdP3 and POL 1showed significant inhibitory activities against wound bacterial pathogens; Pseudomonas aeruginosa PGN5 (PAP5) and Streptococcus pyogenes A1 (SPA1), and activities of fractions from POL 1 were more than that of PdP3. Therefore, this study has proven that the fractions eluted from PdP3 and POL1 showed pronounced activities against wound bacterial pathogens, and could be used as newer antibiotics against wound infections. 
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Glucose 	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	12.42	14.42	28.12	30.02	Fructose 	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.920000000000002	18.829999999999998	33.06	34.799999999999997	Maltose	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.63	14.94	31.08	32.03	Sucrose	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.21	18.02	31.22	32.909999999999997	Date-sugar	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.88	18.88	32.880000000000003	34.82	



Peptone	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	12.42	14.42	28.12	30.02	NaNO3	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.920000000000002	18.829999999999998	33.06	34.799999999999997	(NH4)2SO4	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.63	14.94	31.08	32.03	Beef Extract	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.21	18.02	31.22	32.909999999999997	Soyabean meal	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.88	18.88	32.880000000000003	34.82	NOdz	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	18.28	19.04	33.72	35.479999999999997	



PdP3 PAP5	14.82	14.06	13.72	12.68	12.41	13.02	PdP3 SPA1	17.68	17.079999999999998	17.010000000000002	14.82	14.61	15.32	


POL1 PAP5	30.06	25.62	18.420000000000002	22.08	13.43	POL1 SPA1	32.659999999999997	28.22	23.84	28.01	16.47	


4	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	12.42	14.42	28.12	30.02	5	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.920000000000002	18.829999999999998	33.06	34.799999999999997	6	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.63	14.94	31.08	32.03	7	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.21	18.02	31.22	32.909999999999997	8	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.88	18.88	32.880000000000003	34.82	9	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	18.28	19.04	33.72	35.479999999999997	



25	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	12.42	14.42	28.12	30.02	30	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.920000000000002	18.829999999999998	33.06	34.799999999999997	35	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.63	14.94	31.08	32.03	40	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	14.21	18.02	31.22	32.909999999999997	45	PAP5	SPA1	PAP5	SPA1	PdP3	PdP3	POL1	POL1	17.88	18.88	32.880000000000003	34.82	
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(mainlib) Oleic Acid
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(mainlib) Hexacosanoic acid
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(mainlib) Hexadecenoic acid, Z-11-
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(mainlib) 10-Octadecenoic acid, methyl ester
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(mainlib) 9-Octadecenoic acid (Z)-, methyl ester
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(mainlib) 9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester
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(mainlib) 1-Octadecene
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(mainlib) E-11-Hexadecenoic acid, ethyl ester
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(mainlib) 2H-Azepin-2-one, hexahydro-1-methyl-
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