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Abstract: Biotechnology provides sustainable solutions for soil and ecological deterioration resulting 

from human activities. This study investigated the biotechnological potential of strains isolated from 

environmental samples collected in protected areas and mines of Honduras, focusing on their 

application for producing biofertilizers and bioremediation. 63 samples were collected from: soil, soil 

covers, mine waters, and hot springs. From these, 118 bacterial strains were isolated and 

characterized using microbiological and molecular techniques. The genera Pseudomonas, Bacillus, 

Azospirillum, and Azotobacter were associated with some of the isolated strains and stood out for their 

ability to solubilize potassium, fix nitrogen and produce bioactive compounds. Isolates related to 

bacteria of the genera Bacillus and Pseudomonas demonstrated potential use in biotechnology. 

Furthermore, some strains exhibited significant genetic diversity and biological similarity to bacterial 

genera and species utilized in pollution remediation and soil fertility improvement. A small group 

shows atypical morphologies, including pleomorphic, filamentous structures, features with vacuole-

like traits, pigment production, iridescence, and metallic sheen. These results highlight the microbial 

biodiversity present in soil covers of protected Honduran ecosystems and their importance as 

reservoirs of microorganisms with biotechnological applications. This study emphasizes the 

importance of preserving these natural regions, not only for biodiversity preservation but also for 

utilizing their potential in formulating sustainable solutions to environmental and agricultural 

challenges. 
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1. Introduction 

According to the FAO, the degradation of soil and associated ecosystems is one of the main 

challenges facing humanity due to the growing demand for food and therefore for related industries 

[1]. Human activities have introduced numerous contaminants into the ecosystem, a significant 

portion of which has contaminated the soil. These contaminants, beyond degrading the ecosystem, 

may negatively impact the health of plants, animals, and humans [2,3]. Contaminated soil can also 

contaminate other elements such as water sources and therefore, the health of the communities that 

benefit from these. It has been demonstrated that primary soil pollutants include industrial activities, 

mining, solid waste management, agricultural, combustion of fossil fuels, and transportation 

emissions [4]. Except for agrochemicals, the other pollutants are challenging to quantify, due to 

technological limitations or their environmental release cycles, which complicate measurement [1]. 

Ironically, agriculture is essential for the advancement and sustainability of the global population. 
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One proposed strategy to mitigate agriculture’s impact on ecosystems is the utilization of biological 

products which may either completely or partially fulfill the nutritional needs of crops and to control 

or mitigate the impact of pests and disease that affect crops [5]. Microorganisms represent significant 

biotechnological tools, attributable to their diverse uses across several sectors including agriculture 

and industry. Bacteria from genera such as Pseudomonas, Bacillus, and Azotobacter have shown utility 

in sustainable agriculture by promoting plant growth, augmenting soil fertility and by biologically 

controlling diseases [6]. Moreover, utilizing these microbes as bioremediation agents is an option for 

reducing soil contamination, utilizing their ability to degrade, transform, or absorb pollutants. 

Furthermore, the previously described taxa, and the genus Serratia, Proteus, and Methylobacterium, 

have been evaluated for their bioremediation potential and are usually found in different ecosystems 

[7,8]. Consequently, the investigation of this and other microorganisms is an important objective for 

contamination management and the mitigation of ecological deterioration [9]. This study aimed to 

evaluate several environmental samples to identify optimal matrices for isolating bacteria with 

biotechnology potential. The project’s design primarily employed conventional microbiological 

techniques, supplemented with molecular tests to enhance bacterial identification from the collected 

samples. 

2. Materials and Methods 

Soil, ground cover (leaf litter), hot springs, and mine water samples have been collected from 

mines, reserved areas and national parks in Honduras (Figure 1). All samples were obtained under 

aseptic conditions and in accordance with the guidelines described below. Soil samples were 

obtained about 10 cm deep to evaluate facultative anaerobic bacteria. Soil cover samples were taken 

10 cm from the trunks of various plant types. In the end, hot spring and mine water samples were 

obtained using plastic containers previously sterilized guiding with the Standard Methods for 

Examination of Water and Wastewater 23rd Edition [10]. The samples were transported through cold 

chain to the laboratory of the Center for Research on Infectious and Zoonotic Agents (CIAIZ-UNAH), 

where they were then diluted in 0.1% buffered peptone water at a 1/10 ratio until obtaining a dilution 

of 10-8. The samples were pre-enriched by inoculating conical tubes with sterile LB Broth, using 1 ml 

of the 10-6 and 10-8 dilutions. The samples were afterwards incubated for 24 to 72 hours at room 

temperature with constant agitation. LB Agar and Ashby Agar plates (10 grams of mannitol, 0.2 

grams of K₂HPO₄, 0.2 grams of MgSO₄, 0.2 grams of NaCl, 0.1 grams of CaSO₄, 5.0 grams of CaCO3, 

2% of agar; pH 7.5 ±0.2 for 1 liter) [11] were inoculated with 0.1 ml of pre-enriched cultures by 

spreading on the surface and incubated at 25°C for 24 hours or until bacterial colonies emerged. 

Subsequently, bacteria isolated from the previous phase were selectively cultured using the Frobisher 

technique on LB agar at periodic times until pure strains were obtained. The isolates have been 

studied morphologically, biochemically, and genetically to identify the main genus and species that 

were isolated. Morphological characterization was performed by staining methods and the 

descriptions of the identified colonies. Biochemical characterization was done with biochemical 

assays depending on the presumptive bacterial species. The tests conducted included biological 

nitrogen fixation in Ashby agar, potassium solubilization in Aleksandrow agar (0.1 grams of 

bromothymol blue, 5.0 grams of dextrose, 0.005 grams of FeCl3, 0.1 grams de CaCO3, 0.5 grams of 

MgSO4 * 7H2O, 2.0 grams of CaSO4, 2.0 grams of K-bearing minerals, 2.0 grams of K2HPO4 and 2% of 

agar; for 1 liter) [12], carbohydrate fermentation (which includes xylose, mannitol, saccharose, 

maltose, glucose, lactose, and arabinose), indole test, ornithine decarboxylation, motility, growth in 

different NaCl concentrations, utilization of citrate as a carbon source, nitrite reduction, and assay of 

catalase activity. Lastly, to identify some species and genera of relevance like Bacillus, Pseudomonas, 

genetic markers associated with speciation were amplified, DNA samples were extracted and 

purified using the CTAB method [13]. Different regions of gene 16S rRNA were subsequently 

amplified by PCR as detailed below. To confirm the Pseudomonas genus, specific primers F311Ps 

(5′CTGGTCTGAGAGGATGATCAGT3′) and R1459Ps (5′AATCACTCCGTGGTAACCGT3′) were 
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employed [14]. Amplification was conducted in an Applied Biosystems thermal cycler with the 

subsequent protocol: One cycle at 94°C for 5 minutes. 35 cycles at 94°C for one minute, 62°C for one 

minute, and 72°C for one minute, followed by a final extension at 72°C for ten minutes. For 

confirmation of the Bacillus genus, primers BK1F (5′TCACCAAGGCAACGATGCG’3) and BK2F 

(5′CGTATTCACCGCGGCATG’3) were employed [15]. PCR was conducted using an Applied 

Biosystems thermocycler with the subsequent protocol: One cycle at 94°C for 5 minutes, followed by 

30 cycles of 94°C for 1 minute, 56°C for One minute, and 72°C for one minute, followed by a final 

extension at 72°C for ten minutes. A final volume of 20 µl was established for all PCR reaction mixes, 

which included 1 µl of genomic DNA, 10 µl of Apex Master Mix (Cat: 42-134B. Tris-HCl pH 8.5, 

(NH4)2SO4, 0.2% Tween 20, 0.4 mM of each dNTP, Apex Taq DNA Polymerase), 0.2 of each primer 

10µM, and MilliQ water. Finaly, PCR products were evaluated on 2% agarose gels. 

 

3. Result 

63 samples were obtained, including 22 soil samples, 24 ground cover samples, 15 hot springs 

and 2 mine water samples. 118 different bacterial strains were isolated, with 75 from LB agar and 43 

from Ashby agar. The matrix from which the greatest number of bacterial isolates were obtained was 

ground cover samples (54 isolates), followed by soil samples (32 isolates), hot spring water (28 

isolates) and mine water samples (4 isolates). Regarding cell morphology, most bacteria showed type 

Gram-negative bacillus cells, with 60 isolates, followed by Gram-positive bacillus, Gram-negative 

coccus, and Gram-positive coccus which 28, 20, and 10 isolates, respectively. Regarding colonial 

morphology, the predominant bacterial colonies were color white, rounded edges, circular shapes, 

clear shiny and pasty surface with 77 isolates, followed by thirteen isolated with similar 

characteristics to those previously isolates, but with flat surface. Thirteen translucency strains 

corresponded to those previously observed, while others differed only in the production of pink 

pigments and the generation of a green metallic sheen. Eleven isolates showed yellow color some 

strains show a greenish yellow, punctate shape, clear shiny and slightly convex elevation; and one 

colony exhibited a dry, friable kind. While another showed pasty, opaque colonies of a yellowish-

white color. Finaly, three isolations exhibited atypical cellular morphologies, including the strain C.T 

19.3 that exhibiting pleomorphic morphology, strain S 11.1 which showed a filamentous morphology 

and A.T 1.1 which exhibited vacuolar-like features (Figure 2). The biochemical test results (Table 1) 

indicated findings related to Bacillus, Pseudomonas, Azsopirillum, Azotobacter, including other 

organisms capable of solubilize potassium and fix nitrogen, that is proliferated on highly selective 
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media such Ashby and Aleksandrow agar (Figure 3). Furthermore, organisms presumptive to be 

related to the Bacillus genus conducted catalase testing and were grown in media supplemented with 

7% NaCl; all results were positive. Moreover, molecular analysis suggested that fourteen strains are 

classified within the genus Bacillus and four within the genus Pseudomonas (Figure 4). Finally, other 

characteristics including pigment production, iridescence, and metallic sheens were noted in nine 

different strains (Figure 2). 

 

Table 1. Results of presumptive biochemical tests for the identification of potential bacterial genera associated 

with isolates from environmental samples. 

Sample 

ID 

Carbohydrate Fermentation 
 

Motilit

y 

Indole 

test 

Ornithine 

decarboxylat

ion 

Growth 

in 

NaCl 

6.5% 

 Citrate 

Usage 

 NO3 

Reductio

n 
Xylos

e 

Mannit

ol 

Saccharo

se 

Maltos

e 

Glucos

e 

Lactos

e 

Arabino

se 

CT.11.1 - + - + + - - + + + + + + 

S.5.3 + + + + + - + + + - + - + 

S.26.2 + - - + + - + + + - - + - 

AT.5.3 - + + + + - + + + - + + + 

CT.4.2 - + + + + - - + + - + + + 

CT.15.3 + - + + - - + - - - - + - 

CT.5.1 + + + + + - - + + - - + + 

CT.12.1 + - + - + - - - - - - + - 

CT.18.1 + + - - + - - + - - + + + 

CT.6.1 + + + - + - - + - - + + + 

S.7.2 + - - - - - + - - - - + - 

CT.6.2 - + + + + - - + + - + + + 

Note: (+) = Positive test, (-) = Negative test. 
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4. Discussion 

Our findings indicate that soil cover samples exhibit significant bacterial diversity with 

biotechnological potential, and they suggest selectivity based on the associated plant species [16]. 

Different metabolites found in decomposing organic matter may help to explain this [16,17]. Both 

flora, fauna and associated microbiota may influence the viability of bacterial genera, while 

simultaneously promoting the proliferation of other bacterial species [18]. Iridescent, metallic shine, 

and pigment-producing bacteria were obtained from soil cover samples (C.T 13.1, C.T 15.1, C.T 19.1, 

C.T 23.1) indicating a notable characteristic that may suggest a greater biotechnological potential of 

the identified bacterial strains. Other bacteria with comparable properties have been isolated from 

hot spring samples (A.T 2.2, A.T 11.1, A.T 11.2, A.T 14.4, A.M 1). Iridescence and metallic sheens have 

been described in several research; nevertheless, these characteristics have not been explicitly related 

to biotechnological applications. Certain genera of bacteria that can provide these features include 

the genus Flavobacterium and Bacillus [19,20]. In contrast, the pigment-producing strains may be 

classified into the genera Micrococcus and Methylobacterium; multiple species of Micrococcus have 

exhibited the ability to produce compounds with antibacterial, antioxidant, cytogenetic, and 

cytotoxic properties [21,22]. Methylobacterium has been reported in several agricultural applications 

due to its capacity for biological nitrogen fixation; however, species of this genus have been 

associated with the degradation of petroleum-derived pollutants in bioremediation tasks [8,23–25]. 

Conversely, the strain showing vacuole-like structures may be associated with the species 

Alkalimicrobium pacificum [26] and Polaromonas vacuolata [27], which have been previously 

documented for their capacity to produce vesicles or vacuole-like gas structures. In addition, the 

strain exhibiting cellular pleomorphism may be related to other bacteria that possess similar cellular 

morphology, including those found in the genera Hyphobacterium and Hyphomicrobium [28–31]. These 

genera have been previously described for their bioremediation capabilities, especially in 
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denitrification processes [30,32–34]. These findings emphasize the importance of investigating these 

isolates to elucidate their biotechnological potential. Sixteen strains (CT.4.2, CT.6.2, CT.15.3, S.7.2, 

S.5.3, AT.5.1, AT.1.2, AT.6.2, AT.8.2, AT.5.1, AT.5.3, S.20.2, S.25.2, S.26.2, S.7.2 y S.5.3) demonstrated 

the capacity to grow in Aleksandrow agar, producing yellow precipitates that suggest potential for 

potassium solubilization in agricultural biotechnology. Among these, at least six exhibited significant 

solubilizing capacity, producing precipitates within the initial 12 to 24 hours following inoculation. 

Potassium is an important macronutrient for some crops, including citrus and Musaceae, where the 

requirements for potassium and nitrogen are comparable [35,36]. The application of bacteria to 

supply potassium to plants has demonstrated efficacy in several places worldwide. On the other 

hand, three strains (CT.5.1, CT.6.1 and CT.18.1) showed the capacity to generate fluorescence in 

simple medium. This particularity, in addition to its phenotypic and molecular characteristics, 

suggested potential strains of P. fluorescens. This finding is relevant as P. fluorescens is associated with 

the synthesis of phytohormones that can promote plant growth or induce dormancy break among 

other effects [37–39]. The utilization of P. fluorescens as an active component in biofertilizers that 

promote the growth of plants has been proposed in numerous studies [40–42]. At least fourteen 

isolates on Ashby agar may show promise in the application of agriculture. The conducted tests 

suggest bacteria from the genera Azotobacter and Azospirillum. Bacteria from these genera produce 

symbiotic interactions with agriculturally significant plants, enhancing nitrogen absorption thus 

increasing vegetative growth [43–45]. The fourteen identified strains associated with the Bacillus 

genus could have bioremediation potential. The reason for this is that strains of this kind of organism 

have been used as bioremediation agents in many different environments before. Furthermore, 

strains of the Bacillus genus have demonstrated utility as biocatalysts in several industrial 

applications [46–48]. Finaly, at least 36% of the identified isolates found had biotechnological 

potential, indicating that this kind of sample possesses significant microbial diversity for 

biotechnological exploration. These findings coincide with previous similar research [49,50]. 

5. Conclusions 

The investigation of environmental samples to isolate microorganisms with biotechnological 

potential is a highly effective method. The sample type and associated flora are essential factors for 

directing the isolation of the target microorganisms. It is important to expand the investigation of 

these samples to identify bacteria with potential for biofertilizer and bioremediation agent 

production, thus contributing to the sustainable development goals concerning food security and 

environmental sustainability. 
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