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Introduction 
 

Actinobacteria are an important component of the 

microbial population in most soils and are 

distributed on a large scale, being abundant 

especially in the rhizosphere (Medeiros et al., 2018). 

They are classified as Gram positive bacteria with 

high concentration of guanine end cytosine (G + C) 

in the AND, show great morphological diversity. 

The growth of this group is characterized by the 
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Actinobacteria are important components of the microbial population in most soils and are 

widely distributed and abundant, especially in the rhizosphere. The phylum Actinobacteria, 

particularly the genus Streptomyces, is recognized for its potential to produce a vast quantity of 

secondary metabolites, among which there are bioactive compounds used as antibiotics. The 

present study sought to isolate and identify actinobacteria from secondary forest rhizosphere in 

the region of Igarapé-Açu and to evaluate the biotechnological potential of these strains for the 

production of antimicrobials. Thirty rhizospheric soil samples were collected, pre-treated and 

seeded on Czapeck Dox and Saboraud Dextrose Agar. The methodology applied consisted of 

phenotypic analysis, morphological (macroscopic and microscopic) and biochemical 

characterization. In addition, the isolated strains were submitted to antimicrobial potential 

evaluation tests in order to verify if they were effective in inhibiting the growth of the multi-

resistant pathogenic bacteria Escherichia coli and Klebsiella pneumoniae. We identified 18 

strains of actinobacteria with the following presumptive genera: Streptomyces, Nocardia and 

Actinoplanes. Among the 18 strains, 10 were able to form at least a halo of inhibition against 

one of the pathogenic bacteria. 
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formation of a branched aerial mycelium and 

hyphae, which can differentiate and form spore 

chain, similar to aspects of filamentous fungi (Silva 

et al., 2016).  

 

Many researches have been and are being carried 

out with the objectives of identifying new bacterial 

species and new metabolites that can used in the 

most diverse scientific areas (Bonin et al., 2019; 

Macedo 2018). The phylum Actinobacteria, 

principally the genus Streptomyces, is recognized 

for being potential producer of secondary 

metabolites, among which bioactive compounds 

used as antibiotics (Barka et al., 2016; Rodrigues et 

al., 2019).  

 

Antibiotics are drugs that revolutionized the 

treatment of infectious diseases caused by bacteria’s 

and have reduced the morbidity and mortality rates 

for this cause in the world (Costa and Silva Júnior, 

2017). However, indiscriminate use for long time 

can determine the emergence and spread of resistant 

strains (Contrucci et al., 2019), causing a serious 

public health problem (Loureiro et al., 2016).  

 

If there no control actions and new research and 

discoveries about antimicrobials, the world will 

move into a post-antibiotic era, in which common 

infections and minor injuries, previously treatable, 

can lead to death. Therefore, it is extremely 

necessary to encourage the search for new sources 

of substances, mainly from nature that have 

microbicidal action, mainly low and ease to obtain.  

 

Materials and Methods 

 

Sample collection  

 

Thirty soil samples from the rhizosphere of 

secondary forest plants in the Igarapé-Açu county 

were used (coordinates: 1°14'56.0"S, 

47°40'11.3"W). The city is 110 km from Belém, 

capital of the state, in the northeast of Pará, Brazil. 

The sample collection was performed with sterile 

spatulas each sample being composed of 100 g of 

soil. 

Isolation of actinobacterias 

 

For the isolation, 10 g of soil were dilute in 90ml of 

saline solution, followed by vortexing for 10 

minutes. The bacteria were isolated from the seeding 

of the resulting supernatant, the material was seeded 

by depletion in Petri dishes containing the culture 

media Czapek Dox and Sabouraud Dextrose, added 

with Nystatin (1µl/ml) to inhibit fungal growth. 

 

Petri dishes were incubated in a bacteriological oven 

in a humid chamber for 48 hours at 37° C ±2. 

Colonies with morphological characteristics of 

actinobacteria were selected and subjected to the 

Gram staining method (1884 apud Santos et al., 

2019) to verify the purity of the culture, shape and 

dye affinity. 

 

Identification of actinobacteria 

 

The isolated strains were identified, at the genus 

level, through the visualization of the spore chain 

according to the characterization described by 

Shirling and Gotlieb (1966 apud Ay et al., 2018), 

also known as the microculture method.  

 

The culture medium used Sabouraud dextrose agar. 

The actinobacteria were cultured using the surface 

streak method, in which a sterilized glass coverslip 

was inserted at an angle of 45°. Petri dishes were 

incubated for 72 hours at 35 ±2° C for bacterial 

growth.  

 

After the incubation time, the glass coverslip, with 

the surface growth was removed and observed under 

direct microscopic for observation of reproductive 

structures. 

 

Biochemical characterization 

 

Biochemical tests were performed to characterize 

the primary metabolism of the isolated strains, 

catalase and oxidase tests, sugar fermentation 

(glucose, lactose and sucrose), urease production, 

phenyl pyruvic acid production, use of citrate as a 

carbon source, gas production and H2S production. 
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Antimicrobial sensitivity test 

 

Antimicrobial susceptibility was evaluated by cross-

matching tests between bacteria in solid media. The 

ability of actinobacteria to produce substances 

inhibiting the growth of the bacteria Escherichia coli 

(ATCC 25922) and Klebsiella pneumoniae 

producing carbapenemase (KPC), was verified. 

 

Results and Discussion 

 

A total of 642 colonies were isolated, 418 colonies 

in Czapek Dox agar (65,1%) and 224 on Sabouraud 

Dextrose agar (34,9%), demonstrating the efficiency 

of the culture medias used to isolated 

microorganisms of this environment, determined by 

the variety and quantity of isolated strains. Table 1 

describes the macroscopic characteristics and the 

nomenclature used to identify the isolated bacteria. 

In general, in this study, colonies with smooth and 

rough surfaces, mucoid and dry aspects, regular and 

irregular edges, and white, cream and pink 

coloration were observed (Figure 1). 

 

Gram staining was performed on selected colonies 

to determine the morphological characteristic and 

tinctorial affinity of the selected, in addition to the 

purity of the colonies. With the results obtained 

through the technique, only Gram-positive strains 

were observed. Regarding morphology, coccobacilli, 

short and filamentous bacilli were isolated, 

confirming the purity of the cultures (Figure 2). 

 

Based on the methodology described by Shirling and 

Gottlieb (1966 apud Ay et al., 2018), the 

microscopic characteristics of the reproductive 

structures were observed (table 2) to characterize 

and suggest the bacterial genus found, in addition to 

the color characteristics (pigment production) and 

mycelium formation (Figure 3). Regarding 

microscopy, the isolated actinobacteria strains 

showed differences in terms of morphological 

characteristics. The microscopic structures observed 

were: aerial mycelium, branched hyphae, wavy 

filamentous forms, sporangiophores and observed 

were: aerial mycelium, branched hyphae, wavy 

filamentous forms, sporangiophores (Figure 4). 

Through the visualization of the structures in 

microculture, combined with the microscopic 

characteristics. It was possible to presumptively 

identify the strains within a genus based on a manual 

of bacterial systematics (Goodfelow et al., 2012). 

The genera Streptomyces, Nocardia and 

Actinoplanes were identified, with a predominance 

of the genus Streptomyces, 10 strains were 

characterized as belonging to this genus, in addition 

to 7 strains classified as Nocardia and 1 strain 

exhibited characteristics of the Actinoplanes genus. 

 

In the biochemical characterization, 2 distinct 

profiles were identified. The first with catalase and 

oxidase positive microorganisms, glucose 

fermenters, non-users of sodium citrate as a carbon 

source, non-producers of urease, phenyl pyruvic 

acid, gas and H2S; and the second with catalase and 

oxidase positive microorganisms, glucose and 

sucrose fermenters and identical in the other 

reactions (Table 3). 

 

Antimicrobial activity in solid medium was 

performed direct confrontation between the 18 

isolates classified according to morphology and 

biochemistry and E. coli and K. pneumoniae. The 

evaluation of the result was based on the verification 

of the presence of the inhibition halo (Table 4). The 

formation of the inhibition halo occurred in 7 

isolates tested against the bacterium Escherichia coli 

and in 8 isolates tested against the bacterium 

Klebsiella pneumoniae, 5 strains demonstrated the 

ability to inhibit both bacteria. 

 

By the disk diffusion method, the evaluation was 

performed on 10 isolates. The results obtained 

showed that there was formation of the inhibition 

halo in 3 isolates tested against the bacterium 

Escherichia coli. In relation to testing against the 

bacterium Klebsiella pneumoniae, no inhibition halo 

was observed (Table 4). 

 

Most representatives of the phylum Actinobacteria 

grow in conventional culture media without any 

difficulty (Silva, 2013). However, according to Holt 



Int.J.Curr.Microbiol.App.Sci (2022) 11(03): 201-210 

204 

 

et al., (1994), the best means for observing the 

morphology of this group are those that are 

nutritionally poor, with the addition of certain 

elements such as casein hydrolysates, yeast extract 

or starch. Oliveira (2018) in 20 soil samples in a 

forest fragment composed of secondary vegetation 

in the Amazon observed 219 isolates, 85 of which in 

chitosan agar and 134 in starch-casein agar, and 

despite not performing sensitivity tests, it also 

demonstrated the richness and diversity of 

actinobacteria in this type of soil. 

 

In the Good fellow study (2012), bacteria with the 

same pattern described by this study were isolated, 

which had compact colonies, covered by a thin 

(leathery), hard, dry surface, pigment-producing and 

aerial or reproductive mycelium colonies, in 

addition, they presented different colors, such as 

white, pink, orange, green, gray, cream, findings 

similar to those isolated in this work. 

 

The microscopic findings visualized are confirmed 

in the literature, since, according to Holt et al., 

(1994), in a morphological analysis, actinobacteria 

are basically presented in two forms: nocardiform 

and aerial mycelium. In the first, individuals exhibit 

soft and reliable colonies, whose hyphae are 

fragmented into bacilli, coccobacilli or cocci. In the 

growth of aerial hyphae, they grow above the 

colony, being initially white, changing after spore 

formation. In the work by Santos and contributors 

(2019), developed in the Jaguaribe (CE) 

microregion, tangles of hyphae, fragmented hyphae, 

wavy filaments, cocci in spiral chains, spiral shapes, 

free cocci and cocci in diplococci were found in the 

morphological structure of actinobacteria. 

 

In addition, Chumpitaz (2019) found in their 

microcultures, mycelium fragmentation and spores 

in a chain forming spirals very similar to those 

presented by Streptomyces sp. Regarding macro 

morphology, Streptomyces colonies develop in the 

form of chalk (powder), present aerial mycelium, 

have pigments that vary between gray, orange, pink 

and green colors and the culture produces a 

characteristic odor of freshly prepared soil (Azuma, 

2011). In Brazil, the genus Streptomyces is often the 

most isolated with the standard media used for 

actinobacteria, followed by the genus Nocardia 

(Mendes, 2010). 

 

The biochemical characteristics of the strains under 

study are in partial agreement with the results of 

Rodrigues (2006), carried out in a compost 

windrow, since the author highlights that most of the 

isolates tested are lactose and sucrose fermenters 

and urease, acid phenyl pyruvic and H2S.  

 

The research by Kundu and Sircar (2019) 

demonstrated, in the isolated actinobacteria strains, 

microorganisms fermenting glucose and sucrose, 

producing H2S and urease negative. 

 

In the evaluation of the antagonistic activity of 

actinobacteria in the study by Martins et al., (2021), 

17 strains were isolated from the rhizosphere of 

guarana and evaluated for their antimicrobial 

activity against four pathogenic bacteria of clinical 

interest. Of these isolates, only two showed 

antibacterial activity against at least one of the 

bacteria. The results revealed that 1 isolate exhibited 

a broad spectrum of activity against all Gram-

positive pathogenic bacteria evaluated. 

 

Some isolates were able to inhibit multidrug-

resistant bacteria in this study using the disk 

diffusion test. No work was found in the literature 

that justified a microorganism inhibiting the growth 

of a pathogen in a sensitivity test method and not in 

another. However, this fact may be associated with 

the turbidity applied to the bacterial suspension used 

for testing, which certainly must be adequate 

depending on the potential and ability of the strain to 

produce bioactive compounds. On the other hand, 

this low activity against these microorganisms may 

be related to the complexity of the structure of the 

outer membrane of Gram-negative bacteria (Duarte 

et al., 2009). 
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Table.1 Macroscopic characteristics and the nomenclature used to identify the isolated bacteria 

 

Isolated 

bacteria 

Surface Aspect Edges Color 

1.1 smooth mucoid regular white 

1.2 smooth mucoid regular pink 

2.1 smooth mucoid irregular white 

2.2 smooth mucoid irregular cream 

3.1 rough mucoid irregular white 

4.1 rough mucoid regular white 

4.2 rough mucoid regular cream 

5.1 rough mucoid irregular white 

5.2 rough mucoid irregular pink 

6.1 rough dry irregular white 

6.2 rough dry irregular cream 

7.1 rough cotton aspect irregular white 
Source: Authorial 

 

Table.2 Microscopic characteristics of the isolates and their colonies. 

 

 

Strains 

Gram method Micro cultivation method 

Morphology Coloring Macroscopy Microscopy 

Mycelium Pigment Structurs 

CDA 27 1.1 Cocobacilli in pairs Gram positive White Present Aerial mycelium 

CDA 13 1.2 Isolated bacilli Gram positive White Present Branched hyphae 

CDA 07 2.1 Fragmented hyphae Gram positive White Absent Wave filamentous hyphae 

CDA 04 2.2 Bacilli in pairs Gram positive White Present Hyphae in spiral chains 

CDA 30 3.1 Fragmented hyphae Gram positive White Present Branched hyphae 

CDA 29 5.1 Isolated bacilli Gram positive White Present Branched hyphae 

CDA 03 5.2 Cocobacilli in pairs Gram positive White Present Branched hyphae 

CDA 03 6.1 Fragmented hyphae Gram positive Brown Present Branched hyphae 

CDA 23 7.1 Fragmented hyphae Gram positive White Absent Aerial mycelium 

SDA 01 1.1 Cocobacilli in pairs Gram positive White Present Wave filamentous hyphae 

SDA 29 1.2 Bacilli in pairs Gram positive White Present Aerial mycelium 

SDA 07 2.1 Isolated bacilli Gram positive White Absent Wave filamentous hyphae 

SDA 16 2.2 Isolated bacilli Gram positive White Absent Wave filamentous hyphae 

SDA 06 4.1 Bacilli in pairs Gram positive White Present Sporangiophore and sporangium 

SDA 17 4.2 Isolated bacilli Gram positive White Present Branched hyphae 

SDA 26 5.1 Fragmented hyphae Gram positive White Present Hyphae in spiral chains 

SDA 20 6.1 Bacilli in pairs Gram positive White Present Aerial mycelium 

SDA 29 6.2 Isolated bacilli Gram positive Brown Present Branched hyphae 
Source: Authorial. 

Note: The identification of the isolates was constructed from the acronym of the culture medium in which growth was obtained, 
the sample number and the colony nomenclature. 
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Table.3 Biochemical characteristics of strains. 

 

Strains Cat Oxi Sac Lac Glu Ur Fen CS Gas H2S 

CDA 27 1.1 + + + - + - - - - - 

CDA 13 1.2 + + + - + - - - - - 

CDA 07 2.1 + + - - + - - - - - 

CDA 04 2.2 + + - - + - - - - - 

CDA 30 3.1 + + + - + - - - - - 

CDA 29 5.1 + + - - + - - - - - 

CDA 03 5.2 + + + - + - - - - - 

CDA 03 6.1 + + + - + - - - - - 

CDA 23 7.1 + + - - + - - - - - 

SDA 01 1.1 + + + - + - - - - - 

SDA 29 1.2 + + + - + - - - - - 

SDA 07 2.1 + + + - + - - - - - 

SDA 16 2.2 + + + - + - - - - - 

SDA 06 4.1 + + + - + - - - - - 

SDA 17 4.2 + + - - + - - - - - 

SDA 26 5.1 + + + - + - - - - - 

SDA 20 6.1 + + - - + - - - - - 

SDA 29 6.2 + + + - + - - - - - 
Source: Authorial 
Caption: Legend: Cat: Catalase test; Oxi: Oxidase test; Sac: Sucrose fermentation test, Lac: Lactose fermentation test; Glu: Glucose fermentation 
test; Ur: Urease production test; Fen: Production of Phenyl pyruvic Acid test; CS: Simmons Citrate test. 

 

Fig.1 Macroscopic characteristics of the isolates in secondary forest rhizosphere cultivated in Czapek Dox 

and Sabouraud Dextrose agar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Authorial 

Caption: (A) Red arrow: smooth mucoid colony with regular borders and pink coloring; Blue arrow: smooth mucoid colony with regular borders 
and white coloring. (B) smooth mucoid colony with irregular borders and white coloring. (C) Smooth mucoid colony, irregular borders and 

cream coloring. (D) Red arrow: rough mucoid colony with irregular borders and white coloring; blue arrow: white cotton-wool colony. (E) Dry 
rough colony with irregular borders and cream coloring. (F) Red arrow: rough mucoid colony with irregular borders and white coloring; blue 

arrow: rough mucoid colony with irregular borders and pink coloring. (G) Rough mucoid colony with irregular borders and a deep white nucleus. 
(H) and (I): Rough mucoid colony with regular borders and white coloring. 
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Table.4 Antimicrobial activity of actinobacteria. 

 

Stains Suggestiveidentification Direct confrontation Disc diffusiontest 

E. coli K. pneumoniae E. coli K. pneumoniae 

CDA 27 1.1 Streptomyces Resistant Resistant - - 

CDA 13 1.2 Nocardia Resistant Sensitive - Resistant 

CDA 07 2.1 Nocardia Sensitive Sensitive Resistente Resistant 

CDA 04 2.2 Streptomyces Sensitive Sensitive Resistente Resistant 

CDA 30 3.1 Streptomyces Resistant Resistant - - 

CDA 29 5.1 Streptomyces Sensitive Resistant - Resistant 

CDA 03 5.2 Streptomyces Resistant Resistant - - 

CDA 03 6.1 Nocardia Resistant Resistant - - 

CDA 23 7.1 Streptomyces Sensitive Sensitive Resistente Resistant 

SDA 01 1.1 Streptomyces Resistant Resistant - - 

SDA 29 1.2 Streptomyces Resistant Sensitive Resistente - 

SDA 07 2.1 Nocardia Resistant Resistant - - 

SDA 16 2.2 Nocardia Sensitive Sensitive Sensitive Resistant 

SDA 06 4.1 Actinoplanes Resistant Resistant - - 

SDA 17 4.2 Nocardia Sensitive Sensitive Sensitive Resistant 

SDA 26 5.1 Streptomyces Resistant Resistant - - 

SDA 20 6.1 Streptomyces Sensitive Resistant Sensitive - 

SDA 29 6.2 Nocardia Resistant Sensitive - Resistant 
Source: Authorial. 

Fig.2 Microscopic characteristics of rhizosphere isolates from Gram strain. 

 

 
Source: Authorial. 

Caption: (A), (B), (C) and (F) Isolated bacilli Gram positive; (D) coccobacilli Gram positive and (E) Pseudo hyphae Gram positive. 
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Fig.3 Macroscopic characteristics of isolates in secondary forest rhizosphere using the microculture method. 

 

 
Source: Authorial 

Caption: (A), (C) and (E) Aerial mycelium cream colored; (B), (D) and (F) Yellowish aerial mycelium 
 

Fig.4 Microscopic characteristics of isolates in secondary forest rhizosphere using the microculture method. 

 

 
Source: Authorial.  

Caption: (A), (E) Spores; (B), (C), (D) and (F) Hyphae branched in different morphologies. 
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The findings of this work make it possible to verify 

the potential of microorganisms in the field of 

biotechnology, especially in the production of 

antimicrobials. In addition to confirming the 

importance of encouraging the search for new 

sources of substances, mainly from nature, that have 

microbicidal action, especially due to the lower cost 

and ease of exploitation, since the development of 

research aimed at finding new antibiotics is 

increasingly more restricted compared to the 

increase in bacterial resistance to antimicrobials. 

The findings of this work make it possible to verify 

the potential of microorganisms in the field of 

biotechnology, especially in the production of 

antimicrobials. In addition to confirming the 

importance of encouraging the search for new 

sources of substances, mainly from nature, that have 

microbicidal action, especially due to the lower cost 

and ease of exploitation, since the development of 

research aimed at finding new antibiotics is 

increasingly more restricted compared to the 

increase in bacterial resistance to antimicrobials. 
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