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Resumen

La aparicion de la resistencia bacteriana a diversos farmacos ha hecho que la busqueda de nuevos
compuestos se torne prioritario para el tratamiento de infecciones. Se calcula que hay entre 100
millones a 1.000 millones de tipos diferentes de bacterias con funciones y papeles tinicos. En
un gramo de suelo existen millones de microorganismos que potencialmente podrian producir
metabolitos con actividad antimicrobiana. La mayoria de ellos se encuentra en los 20 cm del
horizonte superficial el cual contienen materia orgdnica. Estudios recientes se han centrado
en las especies bacterianas que liberan compuestos antimicrobianos como posibles farmacos
terapéuticos para tratar enfermedades infecciosas. Con este antecedente, el objetivo de este tra-
bajo es aislar y caracterizar las bacterias productoras de antimicrobianos del suelo. Para este
estudio se cultivaron y caracterizaron bacterias presentes en el suelo de la Universidad de Inves-
tigacion de Tecnologia Experimental Yachay. Se realiz6 ensayos antagonicos entre las bacterias
aisladas y las especies de bacterias Escherichia coli, Pseudomonas aeruginosa, y Staphylococ-
cus aureus. Los resultados obtenidos demuestran que los metabolitos producidos por las cepas
aisladas, UITEY-030 y UITEY-055, inhibieron el crecimiento de las cepas de Staphylococcus

aureus y Escherichia coli, respectivamente.

Palabras Clave:

Bacterias de suelo, resistencia antibiotica, compuestos antimicrobianos, actividad antimicrobiana



Abstract

labelchap:abstract The emergence of bacterial resistance to various drugs has made the search
for new compounds a priority for the treatment of infections. It is estimated that there are between
100 million and 1 billion different types of bacteria with unique functions and roles. In one gram
of soil there are millions of microorganisms that could produce metabolites with potential an-
timicrobial activity. Most reside in the top 20 cm of the surface horizon, which contains organic
matter. Recent studies have focused on bacterial species that release antimicrobial compounds
as possible therapeutic drugs to treat infectious diseases. Therefore, the aim of this work was
to isolate and characterize antimicrobial-producing soil bacteria. For this study, bacteria present
in the soil of Universidad de Investigacion de Tecnologia Experimental Yachay, were cultured
and characterized. Antagonistic assays were performed between the bacterial isolates and Es-
cherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. The results obtained show
that the metabolites produced by the isolated strains UITEY-030 and UITEY-055 inhibited the

growth of Staphylococcus aureus and Escherichia coli strains, respectively.

Keywords:

Soil bacteria, antimicrobial resistance, antimicrobial compounds, antimicrobial activity
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Chapter 1

Introduction

The multidrug-resistant organisms and antimicrobial-resistant (AMR) infections have become a
global issue for public health in the era of modern medicine (Danquah et al., 2022; Uddin et al.,
2021). For instance, AMR causes 700,000 fatalities annually worldwide with the potential for an
increase to 10 million by 2050 (Skarzynska et al., 2020; Indraningrat et al., 2016). Therefore, it
is crucial to quickly find novel antibacterial compounds (Aminov, 2010; Moellering, 2011).
Bioactive chemicals have traditionally been obtained from natural products (Atanasov et al.,
2021). Soil bacteria due to their diversity and broad metabolic capacities, have been the sub-
ject of in-depth research (Bach et al., 2018). Studies have demonstrated that a large number of
these bacteria produce specific compounds with antibiotic activity against a variety of diseases,
including drug-resistant strains (Bibi et al., 2017; Waller and Sampson, 2018). One of the most
promising resources in the biotechnology field is the ability of soil bacteria to produce antimi-
crobial substances and bioactive chemicals (Zhang et al., 2021). Since they may be used as an
alternative to treat infections caused by drug-resistant microorganisms, these compounds are of
significant interest to the scientific community (Elbendary et al., 2018).

Over the years, scientists have isolated and characterized a wide variety of antimicrobial com-
pounds. Some of the most well-known examples include tetracycline, first isolated in 1948,
which was extracted from Actinobacteria, a soil phylum bacterium (Grossman, 2016). Since
then, many other antibiotics have been purified, including streptomycin and erythromycin, which
have been crucial in treating bacterial infections.

The production of antimicrobial compounds is a natural process that has evolved to allow these
organisms to compete with other microorganisms in their environment. Different factors, such
as changes in temperature, pH, or the presence of other microorganisms, trigger the produc-

tion of these compounds (Almajano et al., 2007). Recent studies have shown that competition
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among soil bacteria is one of the primary mechanisms for producing antimicrobial compounds
(Tyc et al., 2014). In fact, the synthesis of inhibitory compounds might play a crucial role in the
interspecific competition among bacterial communities (Tyc et al., 2017).

Although the production of antimicrobial substances can inhibit the growth of certain bacterial
strains competing for resources (Serwecinska, 2020), these compounds may also have other ef-
fects on bacteria such as acting as signaling molecules (Romero et al., 2011) or modifying their
gene expression (Mitosch and Bollenbach, 2014).

Screening for these kinds of chemicals could help in the development of more effective drugs
against some of the most prevalent pathogenic bacteria. The identification of bacteria that are
capable of the synthesis of these compounds requires the collection and isolation of bacteria from

the edaphic habitat.
1.1 Problem statement

Global public health is affected by the complicated and multifaceted issue of antibiotic resistance
(Prestinaci et al., 2015). The development and spread of drug-resistant microorganisms make it
difficult to treat infectious diseases effectively. Although the development of AMR is a natu-
ral process, the misuse of antibiotics is the main cause of the public health crisis caused by the
unchecked expansion of this phenomenon (Dhingra et al., 2020). Resistance to several medicines
including penicillin, began to emerge in bacteria more than fifty years ago. Bacteria such as S.
aureus are among the ones that develop this resistance (Stapleton and Taylor, 2002). In 2017, the
World Health Organization (WHO) released a list of infections for which additional antibiotic
research was urgently needed. The ESKAPE pathogens (E. faecium, S. aureus, K. pneumoniae,
A. baumannii, P. aeruginosa, and Enterobacter species) were given ~priority status” (Mancuso
et al., 2021). By 2050, it is predicted that antibiotic-resistant illnesses could cause up to 10 mil-
lion fatalities annually, costing the world economy over $100 trillion (Strathdee et al., 2020).

The discovery rate of new antibiotics has declined in recent years (Zada et al., 2021). The diffi-
culty in discovering new compounds with unique structures and mechanisms of action, as well as
the high cost and lengthy timetables related to drug discovery (Nwobodo et al., 2022). Soil mi-
crobes are a potential source of novel antibiotics (Cycon et al., 2019). In fact, many antibiotics
currently in use were first identified in soil microorganisms. These microorganisms, evolving

over millions of years, have generated a diverse variety of secondary metabolites exhibiting po-
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tent antibacterial activity (Demoling et al., 2007). Identifying and characterizing novel antibiotic
compounds from soil bacteria may help address the issue of AMR. It may be possible to identify
new classes of antibiotics with unique structures and modes of action by utilizing the potential
of soil microorganisms. These antibiotics can aid in the fight against drug-resistant bacteria and

boost the efficiency of existing treatments.
1.2 Hypothesis

Soil bacteria have the potential to be a source of important antimicrobial compounds for the

development of new antibiotics to fight against pathogenic bacteria.

1.3 Objectives
1.3.1 General Objective

To assess the antimicrobial activity of soil strains isolated from the campus of the Universidad
de Investigacion de Tecnologia Experimental Yachay (UITEY) against Escherichia coli ATCC
25927, as well as from clinical isolated strains: E. coli, Staphylococcus aureus, and Pseudomonas

aeruginosa.
1.3.2 Specific Objectives

* To assess the abundance of soil bacteria through counting the Colony Forming Units (CFU)

in different soil samples.

» To screen the antibiotic activity of soil bacteria against Escherichia coli, Pseudomonas

aeruginosa, and Staphylococcus aureus.

* To evaluate the antimicrobial effect of dissolved metabolites of the growth of soil bacteria

against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus.
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Chapter 2

Literature Review

2.1 Soil Bacteria Diversity

The world’s most varied species are bacteria, and the topsoil, is where soil bacteria have been
frequently isolated (Whitman et al., 1998). These microorganisms participate in intricate com-
munities with fungi and archaea to sustain the edaphic life (Deveau et al., 2018). Since microbial
communities decompose organic matter and promote the turnover of nutrients to the soil, they are
essential to maintain the soil ecosystems. In addition, the diversity of soil bacteria is an intrigu-
ing and intricate subject that has drawn a lot of interest from the scientific community. There
are millions of bacteria in one gram of soil, which shows how diverse soil microbes are. For
instance, a gram of dry soil typically contains 108 to 109 bacterial cells, and molecular analysis
have revealed that a single gram of soil includes 4000 to 7000 distinct bacterial genomes (Tate,
2020).

This diversity is influenced by factors such as the kind of soil, pH, moisture, temperature, and the
presence of other microorganisms, among other variables that impact the diversity (Luo et al.,
2021). The complexity of soil bacteria diversity is evident because there are more bacterial
species in one gram of soil than plant species in the Amazon rain forest (Fonseca et al., 2018).
Another aspect is the soil management practices, such as tillage, irrigation, and fertilization,
which can influence on the physical and chemical properties of the soil and consequently alter
the composition and diversity of soil bacteria (Hartman et al., 2008). Changes in the soil commu-
nity composition can have an impact on the ecosystem’s stability and sustainability (Ondreickova

et al., 2018).
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2.2 Importance of Soil Bacteria

The diversity of soil bacteria is critical for preserving the health of soil ecosystems, as they play
a crucial role in their maintenance (Chen et al., 2020). The decomposition of organic materials,
nutrient cycling, nitrogen fixation, or the production of antibiotics are only a few of the func-
tions of the different soil genera of soil bacteria (Hemkemeyer et al., 2021). The diversity of
soil bacteria makes them a promising source of novel bioactive compounds, including antibiotics
(Table 2.1) (Hutchings et al., 2019). In fact, soil bacteria may produce a variety of antimicro-
bial substances, such as: polyketides, peptides and terpenoids (Srinivasan et al., 2021). These
compounds have been successful in the treatment of pathogenic bacteria, including multidrug
resistant strains. Among these microorganisms, the genus Streptomyces has been considered as a
potential source for this type of compounds (Chater, 2016). Some important antibiotics produced
by this genus are streptomycin, tetracycline and erythromycin, among others (Schatz et al., 2005;

Petkovic et al., 2006; Washington and Wilson, 1985).
2.3 Antibiotic Resistance Soil Bacterial Genes

Antibiotic resistance genes (ARGs) constitute a fascinating and diverse collection of genetic
components crucial to the intricate soil ecosystem. These genes can be either intrinsic (originat-
ing from the host bacteria) or acquired (via horizontal gene transfer) resistance mechanisms (Hu
et al., 2017). They possess a remarkable ability to equip bacteria with defenses against various
challenges, ranging from heavy metal contamination to excessive antibiotic and pesticide usage
(Hawkins et al., 2018; Sun et al., 2021). Through intricate genetic pathways, these genes em-
power bacteria to counteract the adverse effects of these compounds, ensuring their survival and
enabling adaptation to harsh soil environments.

The pressure of antibiotic selection can prompt resistant bacteria to acquire ARGs from the en-
vironmental resistome (Sultan et al., 2018; Wright, 2007). The resistome encompasses all ARGs
present in both pathogenic and non-pathogenic bacteria within a microbial community, a concept
introduced by D'Costa et al. (2006). Furthermore, the widespread use of antibiotics has given rise
to resistant and multi-antibiotic-resistant bacteria (MAR). These MARs contain genes that con-
fer resistance to common antibiotic classes, such as aminoglycosides, amphenicols,  -lactams,

sulfonamides, and tetracycline (Forsberg et al., 2012).
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Table 2.1: Natural antibiotics produced by bacteria and fungi.

Family Bacteria Species Antibiotic Produced
. Dactylosporangium aurantiacum Fidaxomicin
Micromonosporaceae . —
Micromonospora purpurea Gentamicin
Bacillus brevis Gramicidin A
Paenibacillaceae Bacillus subtilis Bacitracin A
Paenibacillus polymyxa Colistin
Pseudomonadaceae Pseudomonas fluorescens Mupirocin
Pseudonocardiaceae Amycolatopsis orientalis Vancomycip
Saccharopolyspora erythraea Erythromycin
Streptomyces aureofaciens Tetracycline
Streptomyces fradiae Fosfomycin
Streptomyces griseus Streptomycin
Streptomyces kanamyceticus Kanamycin A
Streptomycetaceae Streptomyces ?rc.hidace.us . S.er.omycin.
Streptomyces pristinaespiralis Pristinamycin
Streptomyces puniceus Viomycin
Streptomyces roseosporus Daptomycin
Streptomyces tenebrarius Tobramycin
Streptomyces venezuelae Chloramphenicol
Family Fungi Species Antibiotic Produced
Hypocreaceae Cephalosporium acremonium Cephalothin
Nectriaceae Fusidium coccineum Fusidic Acid
Fusarium lateritium Fusafungine
Trichocomaceae Penicillium sp. Penicillium

Note. Adapted from ”Antibiotics: past, present and future,” by Hutchings et al., 2019, Cur-
rent Opinion in Microbiology, 51:72-80 (https://doi.org/10.1016/j.mib.2019.10.008), CC-

BY-NC.
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Remarkably, bacteria use a wide range of resistance mechanisms, including active drug efflux,
inactivating a drug, modifying a drug target, and limiting drug uptake to counteract the toxic
impacts of pollutants (Reygaert, 2018). Among the resistance genes found in soil bacteria are
those coding for blaTEM, mecA, and vanA, among others (da Rocha et al., 2014; Schwendener
and Perreten, 2022).

The astounding adaptability and versatility of bacteria are evident in their ability to withstand
drugs, toxins, and assaults from other organisms. To ensure their survival, they must effectively
manage these challenges. Understanding the interconnections between resistance genes in soil
bacteria holds potential benefits for human health and agricultural practices. By decoding the ge-
netic information within these genes, scientists can develop novel strategies to address antibiotic

resistance and advance sustainable soil management.
2.4 The Problem of Antibiotic Resistance

The global health catastrophe of antibiotic resistance seriously threatens worldwide public health
(Salam et al., 2023). It is a complicated and multidimensional issue that calls for a multifaceted
solution. Infections caused by antibiotic-resistant bacteria, such as respiratory diseases, urinary
tract infections, and skin and soft tissue infections, are now commonly seen in healthcare facil-
ities (Lushniak, 2014). Physicians are running out of antibiotic alternatives to treat infectious
diseases due to the inefficacy of many previously dispensable antibiotics.

Misuse of antibiotics is the primary driver of antibiotic resistance, as Sir Alexander Fleming
also warned that “public demand (for the drug) will initiate an era of abuses.” (Lushniak, 2014).
In fact, studies have shown that between 30 % and 50 % of the treatment indications, drugs
prescription, or duration of therapy have been unnecessary or even incorrectly applied (Fridkin
et al., 2014; Ohl and Luther, 2011). In addition, inappropriate antibiotic prescriptions expose
specific patients to potential side effects of antibiotic therapy without providing any therapeutic
benefit (Lushniak, 2014). Due to this excessive use, rates of antibiotic excretion and environ-
mental release have significantly increased, which has led to an increase in the appearance of
antibiotic-resistant bacterial strains (Serwecinska, 2020).

Additionally, the issue of antibiotic resistance affects not only humans but also animals and the
environment. Antibiotic resistance is greatly exacerbated by the use of antibiotics in livestock

farms as prophylactics, growth promoters and drugs (Mann et al., 2021). At least 30 distinct
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types of antibiotics, primarily macrolides, penicillins, and tetracyclines, are often employed in
agriculture and cattle production (Laxminarayan and Teillant, 2015). Aquaculture is another
area where antibiotics are used indiscriminately, commonly for the growth of fish, shrimp, and
shellfish. These practices cause the entrance of enormous doses of antibiotics into the aquatic
environment (Cabello, 2006). These chemical compounds may remain for a very long time in
this ecosystem favoring the horizontal transference of antimicrobial-resistant genes among sedi-
ments and watercourses bacteria (Lushniak, 2014).

Antibiotics are currently scarce, with fewer available to treat infections. Therefore, the human,
animal, and environmental health sectors must work together to confront the global health catas-
trophe brought on by antibiotic resistance. Furthermore, it is critical to understand that infections
that are resistant to these compounds are more common and more challenging to treat. Hence,
medical professionals should only recommend antibiotics when necessary. Otherwise, these in-
fections will thus increase the risk of mortality and lengthen hospital stays increasing healthcare

costs (Lee et al., 2020).
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Chapter 3
Methodology

3.1 Study Area

Soil samples were collected from Centro de Desarrollo e Innovacién Agroalimentario Yachay
(CEDIY) in October 2022. This site is located in Urcuqui, Ecuador (0°24.4430’N and 78°10.2790’W)
(Appendix 1, Figure 7.1). The sampling area has low rainfall and high solar radiation. In terms

of vegetation, there was low diversity with predominance of Poaceae and Rosaceae plant fami-
lies. Randomly, two areas of 100 m? were chosen for this study. The coordinates of the first area
were at 0°24.0100’N and 78°10.6640’W, while the second area is located at 0°23.9960’N and
78°10.6650°W.

3.2 Soil Sampling

Sampling was carried out from the top 20 cm of soil with a metal auger. From each area, three
compound samples constituted by 5 sub samples were collected as shown in Figure 3.1. Each
compound sample was placed in a plastic bag, transported and stored in the laboratory at 4 °C.
Soil temperature was measured in situ using a digital thermometer.

All experiments were carried out in the laboratory of UITEY campus. Soil pH was measured

from a suspension of soil in distilled water.
3.3 Bacterial Isolation

Ten grams of soil of each compound sample were diluted in 90 mL of sterile distilled water
and serial dilutions were performed (Figure 3.2). One hundred microliters were inoculated on
nutrient agar (Sigma Aldrich) and spreaded by using a Digralsky spreader before incubating the

plates at 30°C overnight. This process was repeated three times to guarantee the accuracy of
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£
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Figure 3.1: Graphic representation of the sampling method. There were three plots in each area
constituted by 5 subsamples (represented by red dots).

the results. Colonies counting was performed manually. To isolate pure cultures, each unique
colony morphotype was picked up with a bacteriological loop, spread on nutrient agar plate, and

incubated as described above.

3.4 Characterization of Strains

The bacterial colonies were characterized regarding their color, size, elevation, shape, and bor-
der. Additionally, Gram staining and catalase test were performed in order to differentiate the
morphotypes.

The data obtained was then grouped together to create a heat map in which each value of each
variable was assigned a range from O to 1. For example, the size variable is divided into small,
medium, and large, where the value of 0 corresponds to small, 0.5 to medium, and 1 to large.

The other variables were categorized in the same way.

3.5 Assessment of the Antimicrobial Effect

The antimicrobial assays were conducted in the following ways: In the first part, the test strains
(E. coli ATCC 25927 and the clinical isolates of E. coli, S. aureus, and P. aeruginosa) were cul-

tured in nutrient broth until they reached and absorbance greater than zero. Each test strain was
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10 g Soil

+ 1/10 Soil Dilution
90 mL Distilled water

1.0mL
1.0mL 1.0mL 1.0mL

N

-2 -3 -4 -3
10 10 10 10
9 mL Distilled water Spread 0.1 mL on
+ . "
Nutrient Agar petri
1.0 mL previous plates e
dilution

Figure 3.2: Outline of the serial dilution method for determining the number of bacteria per gram
of soil.

inoculated on nutrient agar by running the swab over the surface three times, then the soil bac-
teria were inoculated into the petri dish. Figure 3.3 represents how this methodology was made.
The plates were incubated at 30 °C overnight. Positive results were verified by the appearance
of inhibition zones.

To assess the second part of the antimicrobial assay of the soluble compounds secreted by the
soil bacteria filtrate was prepared using nutrient broth and the soil strains, which were incubated
overnight to allow the release of their metabolites into the medium. To standardize the effect
of the soluble compounds with the test strains, the absorbance of these strains was about 0.3 in
nutrient broth.

Subsequently, 1.5 mL of the filtrate from each soil bacterial strain was taken and mixed with 0.5
mL of the test strains. For the growth control, 1.5 mL of nutrient broth was taken and mixed

with 0.5 mL of the test strains (Figure 3.4). The mixture was then incubated overnight and sub-
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sequently inoculated on nutrient agar. Finally, the colonies were counted and compared with the
control group. For the first control, 1.5 mL of nutrient broth was taken and mixed with 0.5 mL of
the four test strains, while for the second control, 2 mL of nutrient broth was taken. Both controls

were seeded on nutrient agar for comparison. This whole procedure was repeated in triplicates.

Figure 3.3: Graphic representation of the first part of the antimicrobial assay.

Soil bacteria filtrate vs. Test strains

1.5mL 0.5mL
J. il b +
A=0.3
3 [€] oy
AT o o S g I& & § §
& & & $ 8 58 » & 3
5 5 3 & &y Yoy & o
_|_ Q " Q

Figure 3.4: Graphic representation of the second part of the antimicrobial assay.

Graduation Project
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3.6 Statistical Analysis

Data analysis was done using Python program. The variables were examined using the Mann-
Whitney U test due to the small number of replicates (Apprendix 3, Table 7.2). It was assumed
that the means of the groups that were tested were equivalent to the control mean. P < 0.05 was
used to define statistical significance. Shapiro-Wilk’s test was also used to evaluate the normal

distribution (Apprendix 3, Table 7.3).
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Chapter 4
Results

4.1 Isolation of Soil Bacteria

The results of the process of bacterial isolation showed interesting patterns in the richness of the
soil strains between the first and the second area of the study carried out in Urcuqui, Ecuador.
In the first area (P-1), the mean CFU/g values obtained from the 10~ dilution were found to be
16.5 x 10°, indicating a moderate bacterial population there. The mean CFU/g number in the
second area (P-2), however, was significantly higher at 18.8 x 10°, indicating a relatively larger
bacterial abundance. The particular CFU/g numbers collected for each sampling site within both
locations are presented in Table 4.1 to give a more thorough perspective. At the end of this
procedure, a total of seventy-one different bacterial strains were isolated from the composite
soil.

In addition, the pH of each of the points in each area was measured and it was found that soil’s
pH average values varied from 7.52 to 7.86 describing the soil as slightly alkaline.

Table 4.1: CFU/g soil at each point in the two areas of the sampling area. P1-1, P1-2, and P1-3

represent each of the plots from the first area where the samples were collected. P2-1, P2-2, and
P2-3 correspond to the second area.

Area | CFU/g soil
P1-1 | 20.1 x 10°
P1-2 [ 9.5x 10°

P1-3 | 19.9 x 10°
P2-1 | 33.6x 10°
P2-2 | 19.1 x 10°
P2-3 | 3.8 x10°
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4.2 Characterization of Soil Bacteria

The bacteria found in both areas were characterized to analyze the microbial diversity in these
two regions to and understand their distribution. After the characterization process (Appendix 1,
Table 7.1), it was found that there is a main division. Figure 4.1 shows the clustering based on
morphological studies, classifying the isolates into several clusters representing phenotypically
related bacterial groups.

Within each clade, it is also observed that there are several groups according to the variables
they share. However, it was found that there is a clade comprised only of bacteria with irregular
colony borders, while another clade is dominated by bacteria with entire colony borders. The
same occurs with the shape variable, where one clade was found to predominate circular shaped
bacteria compared to the other, where there was a predominance of irregular shaped bacteria.
Although these bacteria were taken from two different areas, these results may suggest that there
is no certain type of relationship, as factors such as pH and vegetation do not influence the
location of the bacteria, that is, they were not site-specific. That is why, in Figure 4.1, the
distribution of bacteria does not follow a specific order since bacteria from the two areas make

up one of the two main clades.
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Morphological characteristics of soil bacteria
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Figure 4.1: A heat map with a dendrogram showing the grouping of 71 soil bacteria according to
their morphological characteristics. The color scale represents the value of each of the variables
(size, shape, elevation, edge, Gram staining, and catalase type), which were grouped in a range

from O to 1.

Biologist

16

Graduation Project



School of Biological Sciences and Engineering Yachay Tech University

4.3 Assessment of the Antimicrobial Effect

In order to evaluate the potential antibacterial activity of the metabolites synthesized by the soil
bacteria strains, E. coli ATCC 25927, E. coli, S. aureus, and P. aeruginosa were exposed against
soil bacteria. Results of this first screening indicate that only three (4,22 %) of the 71 strains
tested demonstrated antimicrobial activity. The phenotypic identification of the strains was per-
formed in the laboratory of Dr. Miguel Viiias at the University of Barcelona. Corresponding to

the strains:

e UITEY-009: Bacillus cereus
e UITEY-030: Bacillus circulans

» UITEY-055: Bacillus mycoides

Regarding the UITEY-009 strain, in the presence of P. aeruginosa, it exhibited a slightly in-
hibitory activity. The number of P. aeruginosa colonies did not decrease; however, within the
colonies of UITEY-009, there were no P. aeruginosa colonies. Meanwhile, the UITEY-030 strain
displayed remarkably strong activity when exposed to S. aureus, as evidenced by the formation
of an inhibition zone around the soil strain on the agar plate. This activity was observed exclu-
sively in this particular soil strain.

Moving forward, the UITEY-055 strain was tested against all the strains under examination.
UITEY-055 exhibited no evidence of antimicrobial activity against E. coli ATCC 25927, as
colonies of E. coli ATCC 25927 flourished alongside the soil bacteria. However, when con-
fronted with E. coli, S. aureus, and P. aeruginosa, UITEY-055 displayed no microbial activity,
akin to what was observed with UITEY-009. Within the colonies, there was an absence of the
confronted strains. The results of this assay are presented in Figure 4.2.

Based on the previous findings, a subsequent assay was conducted with corresponding controls
to validate the results (Figure 4.3). The CFU/mL obtained from the UITEY-009 strain against
P. aeruginosa exhibited no significant inhibition. The number of colonies in the presence of
P. aeruginosa remained nearly the same as in the control group (P>0.5). This confirmed the
absence of inhibitory substances and showed no antimicrobial activity of the soil strain. Con-

versely, when comparing the UITEY-030 strain with S. aureus notable activity was observed; the
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count of S. aureus colonies significantly diminished when exposed to the metabolites of the soil
strain (P>0.5). The control group affirmed the presence of a compound preventing the prolifer-
ation of S. aureus colonies. Lastly, the UITEY-055 strain demonstrated a discernible effect only
in the presence of E. coli, as the count of colonies decreased (P>0.5). The disparity between

confrontation and control is also visible in Figure 4.3, G and H.

Figure 4.2: Soil isolates showing antimicrobial activity. A represents UITEY-009 strain against
P. aeruginosa, B corresponds to UITEY-030 strain against S. aureus, while C, D, E and F corre-
spond to UITEY-055 strain that was tested against E. coli ATCC 25927, E. coli, S. aureus, and
P. aeruginosa, respectively.
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Figure 4.3: Soil strain filtrate inhibition assay. A and B represent the confrontation between the
filtrate of UITEY-009 strain and P. aeruginosa, where B is the growth control for P. aeruginosa.
Similarly, D and E represent the confrontation between UITEY-030 filtrate and S. aureus along
with its control. Finally, G and H refer to strain UITEY-055 filtrate vs. E. coli, also with its
control. Bar graphs (C, F and I) show CFU/ml (green bar) and the number of colonies (yellow
bar) of the three confrontations.
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Chapter 5

Discussion

Further research into the discovery and characterization of soil bacterial strains holds significant
potential, including the examination of their functional traits, ecological roles, and prospective
applications across various sectors. Due to the escalating number of bacteria that have developed
antibiotic resistance in recent years, one of the primary research priorities is the identification of
new antibiotics (Sitotaw et al., 2022). Consequently, the quest for novel compounds with antimi-
crobial potential against emerging pathogens is of utmost global urgency (Terreni et al., 2021).
Bacteria extracted from soil play a crucial role in this field. However, in recent years, the search
for these bacterial strains has expanded to new environments, such as marine ecosystems, man-
groves and even forest ecosystems (Stonik et al., 2020; Hamid et al., 2015; Sharma and Thakur,
2020).

Antibiotic resistance by Staphylococcus aureus is a significant worldwide public health concern
(Rungelrath and DelLeo, 2021). S. aureus can cause a wide range of infections, from mild skin
issues to severe diseases like pneumonia, sepsis and endocarditis (Ahmad-Mansour et al., 2021;
He and Wunderink, 2020; Kwiecinski and Horswill, 2020). S. aureus can acquire resistance to
several antibiotics in the penicillin family. These include methicillin, which is the most common
form of resistance (Larsen et al., 2022). A study conducted in India concludes that methicillin
resistance is a public health problem that affects developing countries more than developed coun-
tries. The latter have greater ease and access to medicines and thus avoid inappropriate use of
antibiotics (Nazar et al., 2019). Similarly, Pseudomonas aeruginosa, a bacterium commonly
found in the environment, can lead to human infections, particularly in patients with compro-
mised immune systems or within hospital settings (Wu et al., 2015). This bacterium acquires
resistance genes through the horizontal transfer of genetic material with other bacteria (Botelho

et al., 2019). Likewise, Escherichia coli, a bacterium inhabiting the gut of animals and humans,
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can induce life-threatening conditions such as sepsis, gastroenteritis, and urinary tract infections
(Nielsen et al., 2021). While many strains are indeed harmless, E. coli multidrug resistance
has emerged as an increasingly concerning issue in both human and veterinary medicine (Poirel
et al., 2018). According to a study, multidrug-resistant Escherichia coli (E. coli) is alarmingly
common in Chinese pig farms. The isolates had diverse resistance genes, virulence factors, and
plasmids, and they showed resistance to last-resort drugs. In order to slow the emergence of an-
timicrobial resistance, the findings highlight the urgent need for robust antimicrobial stewardship
and control measures (Peng et al., 2022). Therefore, the purpose of this study was to isolate soil
bacteria that have the potential to inhibit the growth of strains such as E. coli ATCC 25927, E.
coli, S. aureus, and P. aeruginosa. These soil strains were obtained from Urcuqui, Imbabura.
After performing the antimicrobial assays, it was established that only two bacterial strains
(UITEY-030 and UITEY-055) exhibited antimicrobial activity (Figure 4.3); the data indicate
that when confronted against S. aureus and E. coli, respectively, there is a decline in the number
of colonies of the test strains. A review article published in 2021 also found that out of 263 bac-
terial isolates found in soil samples from India, only 3 showed any antibacterial action toward
the human pathogens S. aureus, E. coli, P. aeruginosa, and K. pneumoniae (Prashanthi et al.,
2021). This indicates that few bacteria exhibit antimicrobial activity. Furthermore, the antago-
nistic activity of these strains was shown to be different in the first screening, since in the first
assay strain UITEY-030 produced an inhibition zone and strain UITEY-055 produced a kind of
growth monopolization; this could be due to the existence of a different secondary metabolite
released by each strain when is confronted. This is supported by a study that demonstrated that
interspecific interactions have a significant impact on the antimicrobial activity of soil bacteria.
The study found that a substantial proportion of bacterial isolates showed antimicrobial activity
only in monoculture, while others showed activity only when tested in interactions (Tyc et al.,
2014). The specific processes and mechanisms by which these bacteria inhibit the growth of
pathogens should be clarified through further study. Understanding the mechanism of action of
the secondary metabolites produced by these strains might help to understand how effective they
might be against other bacteria.

Regarding the Mann-Whitney U test, the p-value for UITEY-009 strain against P. aeruginosa
was not statistically significant, indicating that the mean of the confrontation group against the

control group is equal. This is corroborated by the number of colonies since a relatively similar
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number of colonies is visually observed in the petri dish of both groups (Figure 4.3, A and B). It
is important to note that this result was expected since the soil strain does not possess antimicro-
bial metabolites and therefore both groups are similar. The p-value for UITEY-030 strain against
S. aureus was also not statistically significant. This was unexpected because in Figure 4.3, both
D and F, it is clearly observed that there was a very notable difference in the confrontation and
control group. These results might be attributed to the relatively small number of replicates em-
ployed in the experiment, which might have reduced the statistical power to identify a significant
difference. In the case of UITEY-055 strain against E. coli, the p-value was also not statistically
significant, however it was observed a clearly difference in the number of colonies in the con-
frontation respect to the control. Despite the result, this may show that the UITEY-055 strain
produces bioactive substances or metabolites to prevent E. coli from growing. Therefore, we can
infer that UITEY-030 and UITEY-055 strains may have the ability to produce bioactive com-
pounds or metabolites with the capacity to inhibit the growth of pathogenic bacteria. Identifying
the specific metabolites produced by these strains and how they interact with the other bacteria
to inhibit their growth is work that may take shape in the future. To understand the processes
underlying the inhibitory effects, this could entail molecular research and chemical analyses.

In addition, it is interesting to notice that the strains UITEY-030 and UITEY-055 are both mem-
bers of the genus Bacillus sp. This genus is widely recognized for producing antibiotics with
antagonistic activity against various bacterial and fungal infections (Sansinenea and Ortiz, 2011).
They are also characterized by releasing a variety of secondary metabolites, such as siderophores,
antibiotics and antifungals (Sansinenea and Ortiz, 2011). These metabolites can influence the rhi-
zosphere microbiota, creating a hostile environment for pathogens or activating host defensive
mechanisms (Velusamy and Gnanamanickam, 2008). In a study, it was also found that bacterial
species belonging to this genus demonstrated the ability to inhibit the growth of E. coli and S. au-
reus, leading to the determination that the antibiotic produced by the strains is a broad-spectrum
antibiotic (Sandhya et al., 2015).

On the other hand, it can be inferred that the bacterial diversity found in the soil demonstrates
the complexity of microbial communities and suggests that the distribution of bacteria may be
influenced by causes other than environmental ones (Figure 4.1). It is known that agricultural
practices, urbanization, and deforestation are anthropogenic processes that can interfere with the

bacterial composition of an area. Moreover, factors such as pH, water quantity, and nutrient
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availability are affected by these processes. Additionally, the presence of plant species also has
an impact on microbial communities. By influencing the quantity and quality of litter, plants
can alter soil microbial populations, creating competition for nutrients, particularly carbon com-
pounds (Rousk et al., 2010). This is one of the primary reasons why bacteria found in one area
can also be found in another area. There is no specific location because the aforementioned fac-
tors have contributed to a relatively homogeneous distribution in both locations.

These findings contribute to a broader understanding of Ecuador’s soil microbiota and lay the
foundation for future research on the ecological functions and potential applications of these di-
verse bacterial communities. Understanding bacterial diversity in soil and their ability to inhibit
pathogen growth may have applications in agriculture and biotechnology, such as the develop-
ment of biological control agents for plant diseases (Hayat et al., 2010). Finally, it is important
to recognize the limitations of this study because the samples were taken from a specific re-
gion of Ecuador. The results obtained are not representative of the entire country’s soil bacterial

diversity; however, they are still relevant and important.
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Chapter 6

Conclusions

In conclusion, the study conducted at the Universidad de Investigacion de Tecnologia Experimen-
tal Yachay campus provides information on the variety of flourishing bacteria in soil ecosystems
and their potential as sources of novel antibiotics. The viable bacterial count present in the soil
was measured using the UFC of the two study areas, giving a notion of the number of bacteria in
100 m?. Additionally, 71 soil bacterial strains were distinguished and isolated from both areas,
which were used for subsequent antimicrobial activity testing.

After performing antimicrobial assays, the data showed that some of the soil isolates (UITEY-
030 and UITEY-055) obtained exhibited a spectrum of antimicrobial effects against pathogenic
strains, such as S. aureus and E. coli, indicating the value of additional research into these bac-
teria to pinpoint and define the bioactive substances causing their antimicrobial activity. These
compounds are effective against many pathogenic bacteria, including multidrug-resistant strains,
so it is essential to continue investigating soil bacteria’s potential, as well as to identify the mech-
anisms of action of these compounds and optimize the conditions for their production. Using soil
bacteria to produce new antibiotics could be a promising approach to combating antibiotic resis-
tance and developing new treatments for infectious diseases.

The discovery of these soil bacteria underlines the potential of these microbes in the hunt for
novel antimicrobial treatments. Future studies could identify and characterize these inhibitory
substances, analyze their action methods, and investigate their potential applications in antimi-
crobial therapy and other relevant disciplines. Additionally, more composite soil samples from
other environments with increased vegetation cover are recommended to expand the study and
explore a wider range of microbial diversity. To combat bacterial resistance, it is also crucial to
look into the mechanisms of action of inhibitory substances and run synergy studies to increase

their effects. Overall, the study’s findings highlight the importance of continued research into
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soil bacteria’s potential as a source of new antibiotics and the need to develop effective strategies

to combat antibiotic resistance.
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Chapter 7
Appendix

7.1 Appendix 1.

Figure 7.1: Study area for soil sampling. The two plots are covered with Rosaceae and Poaceae
families.

Table 7.1: Morphological characterization of the 71 soil bacterial colonies obtained after isola-
tion.

Code lilfﬁl) Color Shape Elevation | Margin tg?rl}l Catalase
UITEY-001 | 3 White | Round Convex Entire + +
UITEY-002 | 4 White | Round Flat Ondulate | + +
UITEY-003 | 4 White | Round Flat Entire + +
UITEY-004 | 3 White | Round Raised Ondulate | + +
UITEY-005 | 2.5 Orange | Round Flat Ondulate | - +
UITEY-006 | 4 White | Round Flat Entire + +
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UITEY-007 | 3.8 White | Round Flat Entire + +
UITEY-008 | 2 White | Round Flat Entire + +
UITEY-009 | 11 White | Irregular Flat Ondulate | + +
UITEY-010 | 45 White | Filamentous | Flat Ondulate | + +
UITEY-011 | 40 White | Irregular Flat Ondulate | + +
UITEY-012 | 1 White | Punctiform | Flat Entire + -
UITEY-013 | 1 White | Punctiform | Convex Entire +
UITEY-014 | 3 White | Round Flat Entire + +
UITEY-015 | 23 White | Filamentous | Flat Ondulate | + +
UITEY-016 | 1 White | Round Flat Entire + +
UITEY-017 | 3 White | Round Raised Entire + +
UITEY-018 | 50 White | Irregular Flat Ondulate | + +
UITEY-019 | 1 White | Punctiform | Flat Entire + +
UITEY-020 | 2 White | Round Flat Entire + +
UITEY-021 | 25 White | Filamentous | Flat Ondulate | + +
UITEY-022 | 6 White | Irregular Flat Ondulate | + +
UITEY-023 | 2 White | Round Flat Entire +
UITEY-024 | 2 White | Round Flat Entire + +
UITEY-025 | 3 White | Round Convex Entire + +
UITEY-026 | 21 White | Irregular Flat Ondulate | + +
UITEY-027 | 3 White | Round Flat Entire + +
UITEY-028 | 2 White | Irregular Flat Ondulate | + +
UITEY-029 | 2.5 White | Round Flat Entire + +
UITEY-030 | 4 White | Round Raised Ondulate | + +
UITEY-031 | 1 Beige | Round Flat Entire + +
UITEY-032 | 2 White | Round Convex Entire + +
UITEY-034 | 25 White | Filamentous | Flat Ondulate | + +
UITEY-035 | 2 White | Round Flat Entire + +
UITEY-036 | 1 White | Irregular Flat Ondulate | + +
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UITEY-037 | 3 White | Round Raised Ondulate | + +
UITEY-038 | 3 Beige | Round Flat Ondulate | + +
UITEY-039 | 1 White | Round Flat Entire + +
UITEY-040 | 4 White | Round Flat Entire +
UITEY-041 | 6 White | Irregular Flat Ondulate | + +
UITEY-042 | 2 White | Round Convex Entire + +
UITEY-043 | 1.5 White | Round Raised Entire + +
UITEY-044 | 1 White | Irregular Flat Ondulate +
UITEY-045 | 1 White | Punctiform | Flat Entire +
UITEY-046 | 7 White | Irregular Flat Ondulate | + -
UITEY-047 | 5 White | Irregular Flat Ondulate | + +
UITEY-048 | 55 White | Filamentous | Flat Ondulate | + +
UITEY-049 | 3 White | Round Flat Entire + +
UITEY-050 | 4 White | Irregular Flat Ondulate | + +
UITEY-051 | 3 Beige | Round Flat Entire + +
UITEY-052 | 3 Beige | Round Raised Entire + +
UITEY-053 | 4 White | Round Flat Entire +
UITEY-054 | 1 Beige | Punctiform | Flat Entire + +
UITEY-055 | 55 White | Irregular Flat Ondulate | + +
UITEY-056 | 2 White | Irregular Raised Ondulate | + +
UITEY-057 | 1 White | Punctiform | Flat Entire +
UITEY-058 | 2 White | Round Flat Entire + +
UITEY-059 | 3 White | Round Flat Entire + +
UITEY-060 | 3 Beige | Irregular Flat Ondulate | + +
UITEY-061 | 17 White | Filamentous | Flat Ondulate | + +
UITEY-062 | 4 Beige | Round Flat Entire + +
UITEY-063 | 7 White | Irregular Flat Ondulate | + +
UITEY-064 | 2.5 Beige | Round Flat Entire + +
UITEY-065 | 3 White | Round Flat Entire + +
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UITEY-066 | 1 White | Punctiform | Flat Entire + +
UITEY-067 | 5 White | Irregular Flat Ondulate | - +
UITEY-068 | 1.5 White | Round Convex Entire + +
UITEY-069 | 15 White | Irregular Flat Ondulate | + +
UITEY-070 | 25 White | Filamentous | Flat Ondulate | + +
UITEY-071 | 11 White | Filamentous | Flat Ondulate | + +
UITEY-072 | 1 White | Round Convex Entire + +

Table 7.2: Mann-Whitney U results

Confrontation strains Test Statistic (U) | P-value
UITEY-009 vs. P. aeruginosa | 9.0 0.1
UITEY-030 vs. S. aureus 0.0 0.1
UITEY-055 vs. E. coli 0.0 0.1

Table 7.3: Shapiro-Wild results

Test Statistic (w) | P-value
UITEY-009 vs. P. aeruginosa | 0.891 0.359
Confrontation strains | UITEY-030 vs. S. aureus 0.772 0.051
UITEY-055 vs. E. coli 0.923 0.463
P. aeruginosa 0.986 0.780
Control strains S. aureus 0.956 0.596
E. coli 0.793 0.100
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