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ARTICLE INFO  ABSTRACT 
 
 

The actinobacteria are filamentous Gram-positive bacteria with a high content of guanine and cytosine 
in their genomes. They are highlighted in research on enzyme production and secondary metabolites of 
scientific and industrial interest in the pharmaceutical sector to produce new drugs. They are free-living 
organisms, denominated cosmopolitan, because they are widely distributed in terrestrial and aquatic 
ecosystems, due to their high adaptability, and can even be found in internal plant tissues (endophytic). 
The growing bacterial multi-resistance and the reduction in the effectiveness of current antibiotics do 
the search for new antimicrobial sources necessary. The aim of this work was to isolate and evaluate the 
antimicrobial potential of strains isolated from mangrove soils, leaf and root in the municipality of 
Bragança-PA. As results, from the 15 isolates, 13 strains, showed a good performance against the tested 
pathogenic bacteria - Enterococcus faecalis and Staphylococcus aureus. 
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INTRODUCTION 
 
Bacterial resistance is one of the most serious global publichealth 
problems faced by humanity since the discovery of the first antibiotic, 
to the most modern antibacterial drug, employed for the treatment of 
bacterial infections. This phenomenon has been seen, and one of the 
greatest advances in medicine showed fragility when the high 
adaptability of these microorganisms when exposed to new 
environmental conditions was showed (MORAES, ARAÚJO, 
BRAGA, 2016; OLIVEIRA, 2018). Antibiotics are substances used in 
the treatment of bacterial infections, and that among their various 
sources have in the secondary metabolism of bacteria and fungi one 
of the main ones of the main sources of antimicrobial substance. The 
bacteria of clinical importance are characterized by being sensitive to 
these substances, but in some cases, they are indifferent to the 
presence of these substances, which are called resistant (LIMA, 
TREVISAN, 2021).  
 
 

 
 

The occurrence of bacteria resistant to multiple drugs is showed 
particularly in the hospital environment, this situation is determinant 
in the increase of costs inherent to health care services, as well as in 
morbidity and mortality rates caused by infections (DIAS, 
MONTEIRO, MENEZES, 2010; DA SILVA and OMERO-JÚNIOR, 
2022). The abusive use of antimicrobials in human, veterinary 
medicine, and agriculture, used without prescription or by 
inappropriate prescription, is listed as the major responsible for the 
emergence of multidrug-resistant strains. Several studies show that 
these bacteria with characteristics of multiple resistance, without 
control strategies, will lead to the deathof about ten million people of 
the world population by 2050. (BRAOIOS et al., 2013; BASTOS, 
2019). The lack of new antibiotics is a threat to worldwide efforts to 
hold these infections, and the need to produce new drugs is urgent 
(DOS SANTOS and COMARELLA, 2021). To circumvent this 
problem, the World Health Organization (WHO) listed the twelve 
families of bacteria with a high degree of threat to human health to 
stimulate the production of new drugs effective to these new strains 
resistant (WHO, 2020).  
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The phylum Actinobacteria is one of the largest taxonomic units 
currently recognized within the domain of Bacteria, they have a 
morphological variety and can present themselves in the format of 
cocci or bacilli, besides forming structures called hyphae or 
pseudohyphae, thus, these microorganisms condense forming 
arrangements characterized as mycelia or pseudo
colonies of these bacteria, in vitro, have varied pigmentation and are 
typical structures in its various aspects. (BARKA 
LEWIN et al., 2016; GOMES, 2018). Actinobacteria, which are 
filamentous Gram-positive bacteria with high guanine and cytosine
content in their genomes, are highlighted in research on enzyme 
production and secondary metabolites of scientific and industrial 
interest in the pharmaceutical sector to produce new drugs (BARKA 
et al., 2016; MARTINS et al., 2022). These microorganisms m
the production of more than 50% of the antibiotics known today, 
being remarkable natural sources of antimicrobials (OLIVEIRA, 
2020). The genus Streptomyces, besides being more prevalent, is the 
one that stands out as a source of natural products with
responsible for more than two-thirds of all antibiotics of natural origin 
marketed today. But other genera have also been discovered and 
shown to be important sources of bioactive compounds with 
biotechnological potential today (GOMES-JÚNIOR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Actinobacteria are considered free-living bacteria, so
cosmopolitan because they are widely distributed in terrestrial and 
aquatic ecosystems, and due to their high adaptability, they are found 
in extreme environments under varied temperatures and osmotic 
pressure conditions. One of the most significant findings about these 
bacteria was their isolation in internal plant tissues, which shows a 
probable symbiosis between these beings (WOLFF, 2013; 
OLIVEIRA, 2020). The microorganisms that adapt to the tissues of 
vegetation and that do not cause damage to the host are called 
endophytes. The genetic diversity of the microbiota living in plants, 
with the ability to promote compounds of diverse structures and 
different bioactive, presentsa high potential to produce new

Figure 1.  Location of the municipality of Bragança, Pará, Brazil

         Source: IBGE, 2014. 
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are areas found in tropical and subtropical climates and coastal zones, 
with a significant role as shelter and habitat spaces for part of 
animals, in water filtration, fertilization of the coasts, and protection 
against coastal erosion. They manage the enrichment of estuaries an
coastal waters, being the natural nursery for many species of living 
beings. (SILVA, SILVA, ARAUJO, 2020).
occur along an extensive coastline, from the mouth of the Oiapoque 
River in the north to Laguna in the state of Santa Cat
south. Their Brazilian distribution represents 7% of the total global 
mangrove land cover. Considering only the northern Brazilian 
coastline, the country has the largest continuous formation of this type 
of ecosystem in the world. Despite the 
federative units concentrate about 85% of the national mangrove area, 
these being: Maranhão (46%), Pará (22%), Amapá (9%), and Bahia 
(7%) (GOMES-JÚNIOR et al., 2022).
mangrove ecosystem have specific
very typical and determinant for the survival and selection of many, 
organisms, such as the low concentration of available oxygen and 
high salinity, makes these microorganisms develop physiological 
processes and particular metabolites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The mangrove has biota of several organisms such as animals, fungi, 
and bacteria, among these, the actinobacteria that despite its great 
diversity and importance, within this ecosystem is still not known, 
thus it highlights the extreme need for research on
microorganisms present there (COLARES, 2014; OTTONI 
2021). 
 

MATERIALS AND METHODS
 
Mangrove location: This study uses mangrove samples from the 
municipality of Bragança (Figure 1). Belonging to the state of Pará, 
this Brazilian municipality is found (01º 03' 57'''S and 46º 47' 22''W) 

Figure 1.  Location of the municipality of Bragança, Pará, Brazil 
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compounds of biotechnological interest (SOUZA, 2016). Mangroves 
ical and subtropical climates and coastal zones, 

with a significant role as shelter and habitat spaces for part of 
animals, in water filtration, fertilization of the coasts, and protection 
against coastal erosion. They manage the enrichment of estuaries and 
coastal waters, being the natural nursery for many species of living 
beings. (SILVA, SILVA, ARAUJO, 2020). In Brazil, mangrove areas 
occur along an extensive coastline, from the mouth of the Oiapoque 
River in the north to Laguna in the state of Santa Catarina in the 
south. Their Brazilian distribution represents 7% of the total global 
mangrove land cover. Considering only the northern Brazilian 
coastline, the country has the largest continuous formation of this type 
of ecosystem in the world. Despite the clear distribution, only four 
federative units concentrate about 85% of the national mangrove area, 
these being: Maranhão (46%), Pará (22%), Amapá (9%), and Bahia 

., 2022). The fauna and flora of the 
mangrove ecosystem have specific characteristics, some of which are 
very typical and determinant for the survival and selection of many, 
organisms, such as the low concentration of available oxygen and 
high salinity, makes these microorganisms develop physiological 

ar metabolites.  

The mangrove has biota of several organisms such as animals, fungi, 
and bacteria, among these, the actinobacteria that despite its great 
diversity and importance, within this ecosystem is still not known, 
thus it highlights the extreme need for research on the activity of 
microorganisms present there (COLARES, 2014; OTTONI et al., 

MATERIALS AND METHODS 

This study uses mangrove samples from the 
municipality of Bragança (Figure 1). Belonging to the state of Pará, 
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19 meters above sea level, with a territorial area of 2,124.734 Km2 
(IBGE). The samples were collected on 04/09/2022 at 11:12 am in 
Caeté Bay. The climate in the region is equatorial, hot, and humid, 
with a rainy season between December and May, and the tides are 
semi-diurnal and asymmetric. It presents a vegetation characterized 
by a homogeneous physiognomy with low diversity of species, but 
notable specializations in morphology and physiology, which include 
herbaceous, bushy, and woody plants (OTTONI et al., 2021, 
RODRIGUES et al., 2021). 
 
Sample Collection: The collection of samples was performed in 5 
different random points that were georeferenced with the help of the 
Google Earth tool. Soil samples were collected from a depth of 
approximately 5 cm because actinobacteria are mostly aerobic 
microorganisms that can be found up to 2 meters below the ground, 
the points had a distance of at least 3 meters from each other (Barka 
et al., 2016). Root and leaf samples of the plant Laguncularia 
racemose (L.) C.F. Gaertn. typical of these sites, found around the 
collection points were also collected for the research of endophytic 
bacteria. The total number of samples was 5 soil samples and 2 root 
and leaf samples. The samples were collected with the help of PVC 
spatulas and sterile plastic bags, which were identified with the 
number of the collection point, date, latitude, and local longitude. The 
samples were stored and transported in an isothermal box to the 
Microbiology and Genetics of Microorganisms Laboratory of the Pará 
State University (LABMICRO CCBS/UEPA). 
 
Sample Processing and Bacterial Isolation: The leaf and root 
samples were submitted to previous processing of washing in running 
water to remove excess soil, after this cleaning, they were immersed 
in ethanol 70% for prior disinfection for 15 minutes, washed with a 
5% aqueous sodium hypochlorite solution for 15 minutes, and washed 
in self-classified distilled water for 15 minutes to remove toxic 
residues of sodium hypochlorite. A second disinfection process was 
performed in 70% ethanol for 10 minutes, and the samples were again 
washed in self-classified distilled water to remove alcohol residues 
(CUNHA, 2015; SOUZA, 2016), with adaptations. After this 
treatment, 10g of leaves and roots were placed in a crucible and 
macerated with a pistil aseptically in a biological safety cabinet, and 
then transferred to a sterile beaker having 90 ml of self-classified 
distilled water, the sample was slightly agitated in an orbital shaker 
for homogenization for about 5-10 minutes. After natural 
sedimentation, the supernatant was used to perform seeding in 
selected culture media in serial dilutions. For seeding, sterilized 0.001 
ml nickel-chromium loops were used, employing the streak depletion 
technique. The culture media R2A agar, Columbia agar, and Soy 
Tryptone Agar (TSA), all enriched with 0.5% Nystatin to avoid 
fungal contamination, were the media used for the primary isolation 
of bacteria. The choice of media was based mainly on their nutritional 
composition, taking into account the quantity and quality of nutrients 
available, thus the bacteria, when growing, presented various 
morphological characteristics, allowing the selection of strains of 
interest, and this use of various media is established in the literature 
(PÉREZ-CORRAL et al, 2022; MARQUES et al, 2022). 
 
Antimicrobial sensitivity testing: The evaluation of the antibacterial 
potential of the isolated actinobacteria was performed in two ways: 
direct sensitivity test and indirect sensitivity test. The bacteria isolated 
will confront pathogenic bacterial strains resistant to some 
antibacterial commonly found in clinical practice and that are part of 
the bacterioteca of LABMICRO CCBS - UEPA, they are: 
 

● Enterococcus faecalis - ATCC 29212 is a quality control 
strain widely used in vancomycin-sensitive clinical and 
laboratory experiments (KIM et al., 2012). 

● Escherichia coli ATCC - 25922 according to the package 
insert is a full genome sequenced quality control strain that 
does not produce verotoxin. This organism is a CLSI control 
strain for antimicrobial susceptibility testing. 

● Pseudomonas aeruginosa - ATCC 27853 is a bacterial strain 
embedded in biofilm, a protective mechanism that allows 
microorganisms to live adhered to surfaces. Bacteria 

enveloped by biofilms show more resistance to antimicrobials 
(BROWN, ALDRICH, GAUTHIER, 1995; CAO et al., 
2017). 

● Staphylococcus aureus - ATCC 25923 is a bacterial strain 
used as a standard laboratory test control strain. It is sensitive 
to a variety of antibiotics, including methicillin (TREANGEN 
et al., 2014).  

● Klebsiella sp. Producing carbapenemases (KPC) are enzymes 
that confer resistance to carbapenems. The bacterial strain 
was isolated from urine culture and belonged to the 
LABMICRO bacterial collection. 

 
Direct sensitivity testing: The direct sensitivity test was performed 
based on the work of Martins et al. (2022) with adaptations. The 
multidrug-resistant bacteria were used to prepare bacterial 
suspensions with concentrations equivalent to the first tube on the 
MacFarland scale (105 cfu/mL) and seeded on a 140-millimeter (mm) 
Petri dish having Mueller Hinton Agar (MHA) culture medium with 
the aid of disposable sterile swabs (MACFARLAND, 1907). After 
resting for 30 minutes in the MHA medium of the plates seeded with 
the bacterial suspensions, wells of approximately 4 mm in diameter 
were made with a spacing of 3 to 4 cm from one to the other. 
Subsequently, these wells were filled with culture media fragments of 
equal size and shape, taken from plates having actinobacteria growth 
previously characterized through macro and micromorphological 
analysis. The plates with the implants and seeding were incubated at 
± 30°C in a humidity chamber for a period of at least 24 to 72 hours, 
growth inhibition will be evaluated by the formation of inhibition 
halos around the implants. 
 
Indirect sensitivity testing: The indirect sensitivity test followed the 
disc-diffusion method proposed by Bauer et al (1966), with 
adaptations. The actinobacteria selected for this study were seeded in 
Soy Tryptone Agar (TSA), a non-selective culture medium rich in 
tryptone and peptone, a source of carbohydrates, proteins, and lipids 
for bacterial growth. Dilutions were prepared with actinobacteria at a 
concentration equivalent to the second tube of the McFarland scale 
(108 cfu/mL) and seeded on a mat in the culture medium. Filter paper 
disks were fixed on the plate so that the growth of the actinobacteria 
could occur on them, which were previously autoclaved to avoid 
bacterial contamination since it is not a selective culture medium for 
bacterial growth. After seeding, the plates were placed in an incubator 
for 48 hours at ± 30 °C in a humid chamber for the growth of the 
actinobacteria on the disks. After satisfactory growth of the 
actinobacteria on the disks, 140-mm Petri plates were prepared to 
havean MHA culture medium seeded with bacteria of clinical 
importance. After this step, the film paper disks impregnated with 
actinobacteria were placed on the plates seeded with the selected 
bacteria. The plates with the filter paper discs and seeding were 
incubated at ± 30°C in a humid chamber for a period of at least 24 to 
72 hours, growth inhibition will be evaluated by the formation of 
inhibition halos around the discs. 

 

RESULTS AND DISCUSSION 
 
The antimicrobial potential of the 15 isolates found were evaluated, 
which demonstrated an excellent inhibition capacity against two of 
the tested pathogenic strains commonly found in clinical practice. It 
was seen that the actinobacteria produced expressive inhibition halos 
with sizes varying from 15-30 mm against these pathogenic 
microorganisms. The dimensions of the halos found are a key factor 
because it shows the level of sensitivity that the test strains presented 
to the antibacterial substances produced by the isolates. The complete 
descriptions of this antimicrobial activity are shown in Table 1. E. 
faecalis and S. aureus were the two pathogenic bacteria that showed 
relevant sensibility to the antimicrobial substances produced by the 
selected isolates. E. faecalis proved to be susceptible to 13 of the 
isolates (Figure 2/A and B), except for the strains AJ08 (S) and AJ15 
(S). 
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Table 1. Sensitivity test of the isolated actinobacteria against resistant bacteria
 

LEGEND: (E) Stands for endophytic actinobacteria, (S) Soil actinobacteria, and (

Figure 2. Direct sensitivity test of 

LEGEND: Enterococcus faecalis ATCC® 29212: A) red circle: strain AJ11 (E), orange circle: strain AJ03 
strain AJ02 (S). Staphylococcus aureus ATCC® 25923: C) and yellow circle: strain AJ12 (E) and D) red circle: strain AJ02 (S) and orange circle: strain AJ07 (E).
Source: AUTHOR, 2022. 
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Table 1. Sensitivity test of the isolated actinobacteria against resistant bacteria

(E) Stands for endophytic actinobacteria, (S) Soil actinobacteria, and (-) antimicrobial resistance absent or undetermined.
 

Figure 2. Direct sensitivity test of Enterococcus faecalis ATCC® 29212 and Staphylococcus aureus
 

29212: A) red circle: strain AJ11 (E), orange circle: strain AJ03 (S), yellow circle: strain AJ01 (S)
25923: C) and yellow circle: strain AJ12 (E) and D) red circle: strain AJ02 (S) and orange circle: strain AJ07 (E).
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Table 1. Sensitivity test of the isolated actinobacteria against resistant bacteria 

 
ial resistance absent or undetermined. 

Staphylococcus aureus ATCC® 25923 

 

 
(S), yellow circle: strain AJ01 (S), and B) red circle: 

25923: C) and yellow circle: strain AJ12 (E) and D) red circle: strain AJ02 (S) and orange circle: strain AJ07 (E). 
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Where as S. aureus showed sensitivity to 5 strains of the 
actinobacteria, these being: AJ02 (S), AJ07 (E), AJ09 (E), AJ10 (S), 
and AJ12 (E) (Figure 2/C and D). The E. coli, P. aeruginosa and 
Klebsiella sp. strains evaluated were not sensitive, under the 
conditions studied, to any of the isolated strains. The low 
antimicrobial activity found against Gram-negative bacteria (E. coli, 
P. aeruginosa,and Klebsiella sp.) tested, authors such as Kurnianto, 
Kusumaningrum, and Lioe (2020) discuss that this finding is related 
to the complexity of the cell wall of these microorganisms since they 
have an outer membrane that gives them greater resistance to the 
action of antimicrobial substances produced by the actinobacteria 
strains for example in this study, which are unable to pass through the 
lipid barrier of the pathogenic strains. Martins et al. (2022) and 
Ferreira et al. (2016) also when performing the direct sensitivity test, 
Martins et al. (2022) with samples from the mangrove forest soil of 
São Caetano de Odivelas and Ferreira (2016) from the soil of the 
Caatinga biome found strains with antimicrobial potential for S. 
aureus, with inhibition halos that presented sizes of 20 mm and 29 
mm, respectively. In this study, the largest halo of inhibition found 
with the Bragança mangrove soil samples against this same bacterial 
strain was 25 mm. The endophytic actinobacteria also showed an 
excellent biotechnological potential against this pathogenic strain that 
is on the list of 12 families of super-bacteria of high lethality or 
"priority pathogens'' of the World Health Organization, where the 
largest zone of inhibition was 30 mm. Assad et al (2021) with 
samples from the Pantanal also isolated 3 endophytic strains that 
produced extracts with antimicrobial activity for S. aureus evaluated 
through the MIC - Minimum Inhibitory Concentration and MBC - 
Minimum Bactericidal Concentration method. 
 
The E. faecalis tested against the mangrove soil samples proved to be 
very susceptible to the isolated actinobacteria, where the largest halo 
of inhibition was 28 mm. Gomes-Júnior et al (2022) with similar 
mangrove soil samples from São João de Pirabas did not find 
actinobacteria that could inhibit the growth of this pathogenic strain 
and Liberal (2018) with soil samples from Santarém found 
actinobacterial colonies with low antimicrobial activity with 
inhibition halos as small as 10 mm. In the work of Cunha (2015) who 
sought to evaluate the antimicrobial activity of endophytic 
microorganisms isolated Ipomoea pes-caprae (L.) R. Br in the city of 
Recife found good antimicrobial activity for S. aureus but found no 
antimicrobial activity for E. faecalis strain. But, in the present study, 
it was possible to find a good antimicrobial activity for the endophytic 
bacteria from the mangrove forest against E. faecalis, where the 
inhibition halos ranged from 18 and 26 mm in diameter. Drugs used 
in clinical practice such as vancomycin, cefazolin, tetracycline, and 
norfloxacin are drugs in that S. aureus and E. faecalis present 
sensitivity to inhibition halos higher than 16-18 mm in laboratory 
routine. In this context, it is noticeable that the actinobacteria isolated 
in this study are promising sources of new antimicrobial drugs, since 
halos higher than 17-30 mm were found like those of antibiotics that 
are currently offered in the market (NCCLS, 2005).  
 

Figure 3. Direct (A) and indirect (B) sensitivity testing of 
Enterococcus faecalis 

 

 
LEGEND: red circle: strain AJ11 (E), orange circle: strain AJ03 (S), and 
yellow circle: strain AJ01 (S). 
Source: AUTHOR, 2022. 
 
 

The results obtained by the studies cited above demonstrate that the 
bacteria isolated from the soil and vegetation of the mangrove swamp 
in the municipality of Bragança present the same potential for 
antimicrobial activity of the actinobacteria that were isolated in other 
regions, and by comparing with the results from other mangroves 
shows that this ecosystem harbors actinobacteria with important and 
diversified physiological properties, which can be sources of potential 
products with antimicrobial action. These findings reflect the 
importance of conducting further research in the mangrove 
ecosystem. Similar results were found in Gomes-Júnior et al. (2022) 
and Martins et al. (2022), where the direct sensitivity test proved to 
be more efficient, the strains AJ01 (S), AJ03 (S) and AJ11 (E) 
presented inhibition halos of 15-28 mm in the direct sensitivity test, 
but when observed in the indirect sensitivity test it was not possible to 
observe their real antimicrobial potential, these differences can be 
seen in Figure 3. This finding of the indirect sensitivity test being less 
efficient may be related to the growth and age of the colony, in which 
studies have shown that these variables are correlated with the 
increased production of antimicrobial substances. When the colony is 
well-developed it can figure out a greater production of antibacterials, 
with the development of spores, the actinobacteria produce 
compounds with antagonistic action against pathogenic 
microorganisms (SINGH; SHARMA; TALUKDAR, 2014; BARKA 
et al., 2016; DHOLAKIYA et al., 2017; KURNIANTO; 
KUSUMANINGRUM; LIOE, 2020). Moreover, in controlled or 
natural environments in which actinobacteria are found, these 
microorganisms take advantage of their secondary metabolism for the 
production of diversified substances that sustain their survival, this 
characteristic can be observed in this work in the direct sensitivity test 
in which strain AJ11-E changed its pigmentation from white to 
yellow (Figure 4), suggestive that the strain was stimulated to express 
its secondary metabolism in search of survival (MEDEIROS et al., 
2018; SHARMA; DANGI; CHOUDHARY, 2014). 
 

Figure 4. Actinobacteria producing yellow carotenoid pigment 
post sensitivity test 

 

 
LEGEND: A) Strain AJ11-E pre-sensitivity test with white staining and B) and C) Strain 
AJ11-E post-sensitivity test with yellow staining. 
Source: AUTHOR, 2022 
 

CONCLUSION 
 
Bragança mangrove, located off the coast of Pará State, Brazil, is a 
rich and prospective source for actinobacteria owning antimicrobial 
potential against pathogenic bacteria of sanitary contingency there is a 
lack of characterization works on mangrove-derived actinobacteria in 
the federative unit pointed, and the present study is a pioneer on 
isolating actinobacterial owning antimicrobial potential in the region. 
We hope to supply a piece of baseline information for further local 
works on mangrove-derived actinobacteria. The isolates from the 
current study need further characterization towards drugdevelopment, 
enabling the writing of new chapters in the urgent combat against 
superbugs. 
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