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Abstract Actinobacteria are among the most studied prokaryotes due to their propensity to 

create microbial bioactive compounds. Actinobacterial members can be found in a wide 

variety of aquatic and terrestrial settings, incorporating marine habitats. Actinomycetes 

isolated from the marine environment are gaining popularity due to their diverse structures 

and unique biological properties of the secondary metabolic products. The research was 

investigated the antibacterial properties of actinobacteria associated with gut of marine fish 

against human pathogen. Approximately 20 morphologically distinct strains obtained from 

Engraulis sp. (anchovy fish) and Trachurus trachurus (horse mackerel) were proved for 

antibacterial efficacy against Extended spectrum beta-lactamase (ESBL) producing 

uropathogenic Escherichia coli (UPEC). The actinobacterial strain HM7 expressed 

antibacterial effect against UPEC. 
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Introduction 

 

In the mid-twentieth century, the development of antibiotics for the 

management of infectious maladies transformed the world of medicine. 

After using antibiotics for over seven decades, a recurring rend of resistance 

to antibiotics developed across some bacterial pathogens has been observed. 

Resistance manifests itself first among the most severely ill hospitalised 

patients, subsequently extends to other patients in the hospital, then 

ultimately affects the population. Such incidents are first geographically 

limited; however, when resistant microbial strains move from region to 

region, they eventually establish global endemicity. This trend has been seen 

in methicillin-resistant Staphylococcus aureus (MRSA), Extended-spectrum 
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β-lactamase (ESBL)-producing Enterobacteriaceae, and penicillin-resistant 

Staphylococci.  (ESBL)-producing E. coli are the most frequent cause of 

urinary tract infections (UTIs) that impart resistance to beta-lactam 

antibiotics like third- and fourth-generation cephalosporins and 

monobactams. Due to the failure of empirical therapy, which may cause 

major clinical consequences such sepsis, renal scarring, and extended 

hospitalization when compared to infection with non-ESBL strains, the 

increasing isolation of ESBL-producing E. coli is of concern on a global 

scale. Each time, the timely implementation of effective preventive 

measures to slow the spread of resistant infections was neglected (Schwaber 

and Carmeli, 2008; Vachvanichsanong et al., 2020). Therefore, there is an 

urgent need for the development and discovery of novel antibiotics to 

efficiently tackle the dangerous microorganisms that trigger disease (Sharma 

et al., 2016). Despite significant advancements in the disciplines of 

synthetic chemistry and engineered biosynthesis of antibacterial chemicals, 

nature continues to be the most abundant and flexible resource for novel 

antibiotics (Koehn and Carter, 2005; Baltz, 2006; Pelaez, 2006). 

Because high-quality biological components from novel resources 

are investigated in persisting screens or when fresh evaluating technologies 

are deployed, novel structurally distinct natural products are uncovered, it is 

crucial to encourage these two characteristics of innovation in drug 

development programmes. Actinobacteria remains to be a prominent 

producer of unique natural compounds among prokaryotes (Goodfellow and 

Fiedler, 2010). Actinobacteria are Gram-positive bacteria that have the 

greatest percentage of guanine plus cytosine (G+C) in its DNA. These 

bacteria are essential to the biogeochemical recirculation of recalcitrant and 

organic material in the environment (Balagurunathan et al., 2010). 

Actinobacterial members, particularly those in the genus Streptomyces, 

produce around two-thirds of the antimicrobial drugs currently available on 

the market today (Barka et al., 2016). 

However, while screening old strains that is in use results in the 

expensive rediscovery of known chemicals, it is getting harder to detect new 

metabolites from common actinomycetes. The bioprospecting approach is 

works on the idea that novel secondary metabolites can be discovered by 

analyzing a limited number of dereplicated, unusual actinomycetes that have 

been collected from marine habitats (Goodfellow and Fiedler, 2010). Due to 

the capacity to synthesize a wide range of natural substances and their 

specialized systems for adjusting to harsh settings, microorganisms found in 

marine habitats have garnered a lot of interest (Solingen et al., 2001). It has 

also been observed that actinobacteria are present in marine organisms like 

fish (Karthiga Rani et al., 2016). However, there are very few data on the 

actinobacteria associated with fish guts that have antimicrobial properties 

(Sanchez et al., 2012). 
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The goal of the current work was to isolate actinobacteria from the 

fish guts of two marine fish species, Engraulis sp. (anchovy fish) and 

Trachurus trachurus (horse mackerel), in order to better understand their 

antibacterial potential. 

 

Materials and Methods 

 

Fish procurement and pretreatment 

 

Two species of marine fishes, Engraulis spp. (Anchovy fish) and 

Trachurus trachurus (Horse mackerel) were caught off the coast of 

Chennai, Tamil Nadu, India, in Kovalam (Lat: 12.78700N, Long: 

80.25040E). To prevent external microbial contamination, the samples were 

brought to the lab as quickly as feasible. After being transported to the lab, 

the surface sterilization was done by immersing in a 70% ethanol solution 

for 30 seconds, and the fish gut was extracted (Figure 1). 0.85% saline is 

used to homogenise the fish gut material.  In a 250 ml flask, 1g of 

homogenates pooled intestinal segment was combined with 100 ml of 

0.85% saline, and the flask was then placed in a shaker incubator at 55 °C 

for 30 minutes. By eliminating the majority of undesirable spore-forming 

and Gram-negative bacteria, this environment facilitated the isolation of 

actinobacteria (Vijayabaskar and Somasundaram, 2008). 

 

 
Figure1. Gut portion of a. Engraulis spp., b. Trachurus trachurus 
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Isolation of actinobacteria 

 

By using the spread plate technique, actinobacteria were isolated 

using Kuster's Agar and Starch Casein Agar that was diluted with 50% sea 

water and added with nystatin (100 μg/ ml) and nalidixic acid (20 μg/ ml) to 

prevent the development of both fungi and Gram-negative bacteria 

(Radhakrishnan et al., 2006). The solution was serially diluted up to  10
5
 

dilutions using sterile distilled water blank. 100 μl of aliquots from dilutions 

10
3
, 10

4
, and 10

5
 were transferred over SCA plates and spread using sterile 

L-rod. Actinobacterial colonies with distinct morphologies were chosen, 

purified, and subcultured using ISP2 (yeast extract malt extract) agar 

medium and 30% glycerol stocks were maintained at -20 °C.  

 

Actinobacterial cultural characterization 

 

All of the chosen actinobacterial colonies were inoculated onto ISP2 

agar medium to perform the cultural characterization. At 28 °C, each plate 

was incubated for 10 days. Growth, consistency, aerial mass colour, reverse 

side pigment, and the formation of soluble pigment showed some of the 

cultural traits that were noted (Radhakrishnan et al., 2014).  

 

Antibacterial activity testing of actinobacteria  

 

The ESBL-positive Uropathogenic Escherichia coli was used to 

assess the antibacterial activity of actinobacterial cultures by applying the 

agar plug method. For the purpose of producing secondary metabolites, 

actinobacterial cultures were cultivated on ISP2 agar plates for 10 days at 28 

°C. Extracellular secondary metabolites are released into the culture media 

during incubation. Using a well cutter, agar plugs of 5 mm diameter were 

cut from the ISP2 agar plates after the period of incubation and laid over the 

Mueller Hinton agar plate swabbed with test pathogens. For 24 hours, plates 

were incubated at 37 ± 2.0°C. To evaluate and keep track of antibacterial 

activity, the zone of inhibition's diameter was assessed. The mean value of 

this trial was computed after being conducted in triplicates. 

 

Results 

 

Isolation and characterization of actinobacteria  

 

Totally 20 actinobacterial strains with various morphologies (Figure 

2) were selected from two different marine fishes (Engraulis sp.-11, 

Trachurus trachurus- 9) maintained at 4°C on ISP2 agar slants. All of the 

actinobacterial cultures grew well during recovery and storage. Cultural 

characteristics of the actinobacteria are represented in Table 1. 
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Figure 2. Isolation of actinobacteria on A-SCA plate, B- ISP2 agar plate 

 

Table 1. Cultural characteristics of actinobacterial strains 
Sl no. Strain Cultural characteristics 

Consistency AMC RSP SP 

1 EA1 Powdery White - - 

2 EA2 Opaque Pale yellow - - 

3 EA3 Rough White - - 

4 EA4 Powdery White - - 

5 EA5 Rough White - - 

6 EA6 Leathery  Creamy 

White 

- - 

7 EA7 Powdery White - - 

8 EA8 Powdery White - - 

9 EA9 Leathery Yellow Yellow - 

10 EA10 Powdery White - - 

11 EA11 Leathery White - - 

12 HM1 Leathery White - - 

13 HM2 Powdery White - - 

14 HM3 Powdery White - - 

15 HM4 Powdery White - - 

16 HM5 Leathery Creamy 

white 

- - 

17 HM6 Powdery White - - 

18 HM7 Leathery White - - 

19 HM8 Powdery White - - 

20 HM9 Powdery White - - 

          AMC- Aerial mass colour, RSP- Reverse side pigment, SP- soluble pigment 
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Antibacterial activity testing 

 

During the primary screening, only one actinobacterial strain (HM7) 

retrieved from Trachurus trachurus had significant antibacterial activity 

(Zone of inhibition- 10mm) against ESBL-positive Uropathogenic E. coli.  

 

Discussion 

 

The need to battle the rise in infections caused by microorganisms 

resistant to antibiotics, together with the hunt for new anticancer and 

antiviral chemicals, is what spurs the pharmaceutical industry's search for 

innovative therapeutic agents (Basik et al., 2003; Gontang et al., 2007). 

Over fifty percent of the medications currently utilizing across various 

therapeutic divisions were created using therapeutic ingredients mostly 

derived from natural materials. Taxonomically diverse bacterial groups 

found in marine environments have distinctive physiological and 

morphological traits allowing them to endure conditions of high pressure, 

high salinity, and high temperature, as well as the potential to produce 

various secondary metabolites not found in terrestrial microbes (Eccleston 

et al. 2008). because of the structural variety and distinctive biological 

activity of the secondary metabolites, actinomycetes isolated from the 

marine ecosystems are currently of great interest (Manivasagan et al., 

2014). In our study, we explored the antibacterial activity of marine 

actinomycetes associated with gut of two fishes namely Engraulis sp. 

(Anchovy fish) and Trachurus trachurus (Horse mackerel). One of the fish 

gut isolates showed significant antibacterial activity. Actinomycetes isolated 

from marine fishes have been shown to be antibacterial action, according to 

reports. Vignesh et al. 2019 reported the antibacterial activity of 

actinobacterial strains from the marine fish gut against S. aureus, E. coli, 

and S. enterica. The Streptomyces sp. and Micromonospora sp. were 

procured by Jami et al. (2015) from the guts of Schizothorax zarudnyi and 

Schizocypris altidorsalis and demonstrated antibacterial efficacy against 

various fish diseases. The secondary metabolites from Streptomyces sp. 

isolated from marine fish,  Carcharhinus amblyrhynchos showed 

antibacterial activity against Mycobacterium tuberculosis and ESBL 

Klebsiella pneumonia ATCC 13882 (Vaishali et al., 2021).  

Fighting the threat is posed by multidrug-resistant bacteria 

necessitates the search for new bioactive agents. Actinobacteria associated 

with marine fish guts is concerned the main focus of this investigation, and 

it is determined that they may be capable of producing compounds with 

antibacterial activity. In our research, strain HM7 showed a minimal 

antibacterial activity. The fish gut is a valuable and promising natural 

resource for the isolation of bioactive actinobacteria.  
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