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Abstract: Antibiotic resistance (AR) is one of the major 

health problems that challenges successful treatment of 

various types and degrees of infection, both in humans and 

animals. According to that, it is critically important to 

discover natural new compounds to control AR. The 

presented herein-study was conducted to extract bioactive 

compounds from some isolates of Streptomyces and to 

evaluate their antibacterial activity on some bacterial 

microorganisms isolated from fish. The work started with 

the use of river sediments as a source for the isolation of 

Streptomyces bacteria, which were identified further with 

the recruitment of PCR that targeted the 16S rRNA gene. 

Then, samples of fish kidney, intestines, gills, and skin 

were utilized at 1 gm each to isolate some bacteria. 

Bioactive compounds were alcoholic-based-extracted from 

Streptomyces isolates and further investigated using GC-

MS assay. These bioactive chemicals were evaluated as 

antibacterial agents against the fish bacterial isolates by 

employing Mueller Hinton agar (MHA). The results 

revealed two isolates of Streptomyces sp. mqw1 (SM1) 

and Streptomyces sp mqw2 (SM2). The fish isolates were 

Vibrio sp., Aeromonas sp., E. coli, Enterobacter sp., 

Pseudomonas sp., Staphylococcus sp., Klebsiella sp., 

Salmonella sp., and Serratia sp. The findings of MHA 

demonstrated higher antibacterial activities from SM2 

isolates when compared with those from SM1. The 

findings of the current study indicate important 

antibacterial activities of the bioactive compounds, which 

were isolated from Streptomyces, especially mqw2, against 

fish bacterial isolates.  

 

 

CENTRAL ASIAN JOURNAL OF MEDICAL AND NATURAL SCIENCES 

Volume: 05 Issue: 01 | Jan-Feb 2024 ISSN: 2660-4159 
 

http://cajmns.centralasianstudies.org 



CAJMNS              Volume: 05 Issue: 02 | Jan-Feb 2024  

 

525 Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 

 
 Copyright (c) 2024 Author (s). This is an open-access article distributed under the terms of Creative Commons 

Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 

 

Introduction 

The worldwide health problem caused by the uncontrolled expansion of AR is mostly dependent on 

the excessive consumption of antibiotics. Nevertheless, there are additional reasons that are principally 

accountable for the rise in the incidence. The socioeconomics that contributes to these problems 

include inadequate community cleanliness, food safety issues, insufficient infection management 

measures in healthcare facilities, the presence of antibiotics in the environment, and their utilization in 

the animal and food sectors. The phenomenon of AR was initially recognized over 50 years ago (1). 

By the late 1950s, a majority of S. aureus cultures had acquired resistance to penicillin, which was 

previously the standard treatment for these infections. However, AR was not considered a significant 

global issue for an extended period. This was due to the development of new drug categories, 

including vancomycin and methicillin, in the 1960s (2). 

These advancements led to the belief that the issue of AR could be resolved by creating new 

molecules. Regrettably, throughout the subsequent decades, microorganisms have acquired several 

distinct mechanisms of AR, which shield them from the impact of these medications. As a result, 

AR has progressed. The WHO initially released a catalogue of 12 bacterial families in 2017, which 

provide the most significant risk to human well-being. The WHO classifies pathogenic microbes into 

three priority groups: critical, high, and medium priority. This classification is based on the level of 

urgency in developing new medicines to effectively battle these diseases (3). The microorganisms 

classified as the most crucial species are bacterial infections that are resistant to many antibiotics. 

These germs represent significant risks to patients in health care facilities, nursing homes, and those 

who rely on healthcare equipment like ventilators and blood tubes. The critical-priority pathogens 

include Acinetobacter, Pseudomonas, K. pneumoniae, E. coli, and Enterobacter spp (4,5). These 

organisms exhibit resistance to many medicines and have the potential for causing serious and 

frequently deadly infectious illnesses, including septicemia and pneumonia. The high priority group 

comprises antibiotic-resistant microorganisms, such as E. faecium and S. aureus, that are resistant to 

many substances, including vancomycin and fluoroquinolones. The medium priority group comprises 

microorganisms that consist of Streptococcus pneumoniae and Shigella, which exhibit some level of 

resistance but may still be effectively eradicated by existing medicines (6). 

Streptomyces, as a bacterial genus, is very significant due to its role as major producers of several 

antibiotics worldwide. They inhabit a wide range of settings, spanning from the depths of the sea to the 

peaks of high mountains. These bacteria belong to the phylum Actinobacteria and have the 

characteristics of being Gram-positive, filamentous, and capable of generating spores. Streptomyces 

separated from their nearest cousin, Kitasatospora, some 382 million years ago during the late 

Devonian era, which coincided with the emergence of terrestrial animals (7,8). Streptomyces are 

immobile bacteria that propagate by generating filamentous hyphae that infiltrate surfaces in pursuit of 

nourishment. Under situations of low resources, Streptomyces organisms generate aerial hyphae that 

undergo division, resulting in the production of spores. These spores possess the ability to withstand 

unfavorable conditions and may be readily transferred to new locations or sources of nutrition (9). 

Throughout the growth stage, Streptomyces organisms synthesize secondary metabolites, which are 

chemicals that are not essential for their development or reproduction but can provide them with a 

competitive benefit. These compounds assist vegetative bacterial cells by preserving metals like iron 

(siderophores), shielding them from ultraviolet (UV) rays (by pigmentation), suppressing competition 

(antimicrobial agents), and promoting communication with other kinds of bacteria. Streptomyces is 

able to achieve molecular diversity due to its relatively big genome, that can be four times larger than 

the those of various bacteria (10). 

AR is one of the major health problems that challenges successful treatment of various types and 

degrees of infection, both in humans and animals. According to that, it is critically important to 
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discover natural new compounds to control AR. The presented herein-study was conducted to extract 

bioactive compounds from some isolates of Streptomyces and to evaluate their antibacterial activity on 

some bacterial microorganisms isolated from fish. 

Materials and methods 

Isolation of Streptomyces bacteria from sediment and water sources. 

Each of the samples underwent different handling processes. Initially, the samples underwent the 

removal of gravel and debris. After being air-dried, the samples were thoroughly combined and 

filtered through a 2-mm sieve. Dilutions were prepared utilizing sterile distilled water, with a 

maximum dilution factor of 10-5. To prepare the water specimens, 1ml of the sample was combined 

with 9ml of saline solution and mixed thoroughly. Preparations were made using dilutions ranging 

from 10-2 to 10-5.  

one milliliter of each sample that was diluted was evenly distributed over selective media, including 

glycerol yeast extract agar, actinomycetes isolation agar, and trypticase soy agar supplemented with 

6% NaCl. In addition, nalidixic acid was utilized at a concentration of 75μg/ml and cycloheximide at a 

concentration of 80μg/ml to suppress the growth of unwanted fungi and bacteria. The sample culture 

was conducted in three replicates and incubated for a period of 1-2 weeks at a temperature of 28±2°C. 

In order to achieve high levels of purity, the process of sub-cultivating the powdery and colored 

colonies was carried out using actinomycete isolation agar. The purified colonies obtained were stored 

in a solution of 10% glycerol at a temperature of -80°C. These colonies were regularly moved onto 

freshly made media for the purpose of investigation Baskaran et al (11).  

The organism's development features and biochemical evaluations, including salt tolerance tests 

ranging from 1% to 12%, pH tolerance assays ranging from 2 to 12, and temperature tolerance assays 

at 10, 15, 20, 25, 30, 40, and 45ºC, were conducted following the procedures described by Boone et al 

(12). These experiments were conducted on SYE medium at 30ºC for a duration of 2-3 weeks. 

Bacterial isolation from fish 

A gram of the fish sample, consisting of the kidney, intestines, gills, and skin, was dissected 

and mixed thoroughly in a mortar. The substance was moved under sterile conditions to a sample 

container including nine milliliters of 0.1% sterile peptone water. The container was tightly sealed and 

vigorously shaken for a duration of 10 mins. It was then left undisturbed for a period of 20 mins. 

Following this, a 10-fold dilution process was carried out in duplicate from the separated supernatant. 

Afterward, a volume of 100 µL of the diluted mixture was placed onto separate agar medium. The 

number of viable aerobic bacterial colonies was then assessed using the standard plate count method, 

after incubating at 37ºC for 48 hours, according to the reported by Slabyj et al. (13). The quantification 

of coliform organisms and Gram-negative enteric bacteria was conducted utilizing pour plate methods, 

employing MacConkey agar and EMB Agar, respectively. The pathogenic Vibrio spp. were cultured 

on Thiosulphate Citrate Bile Salt Sucrose (TCBS) agar. The plates were placed in an incubator set at a 

temperature of 35 ºC for a duration of 24 hours. The colony density was quantified using a Coulter 

Colony counter, employing the plate count approach. The mRS agar was utilized to isolate pathogenic 

Aeromonas spp., while Pseudomonas agar was applied for the purification of Pseudomonas spp. The 

microorganisms were identified by utilizing their morphological and biochemical properties, as earlier 

documented by Slabyj et al., (13). 

16S rRNA gene amplification of bacterial isolates of Streptomyces  

The 16S rRNA gene was specifically identified utilizing the primers F: GT AGA T TGA TCC TGG 

CTC AG and R: GGT TAC CTT GTT ACG ACT T, as described by Lane et al (14). The DNA 

extracted was 10%-added to a 50µl-PCR reaction that comprised of each primer at a concentration of 
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0.4µM, each dNTP at a concentration of 0.2Mm, BSA at a concentration of 0.2µl, and DNA 

polymerase (Promega) at a concentration of 1U. The PCR thermal cycle settings consisted of a 5-

minute denaturation step at 94°C, followed by 30 cycles of a 30-second major denaturation at 95°C, a 

30-second annealing at 60°C, and a 2-minute major extension at 72°C. The reaction was concluded 

with a terminal extension step of 10 minutes at 72°C. A 1% agarose gel was prepared for 

electrophoresis, which was prepped with ethidium bromide. 

Extraction of bioactive compounds  

The research successfully isolated secondary bioactive chemicals generated by Streptomyces sp. 

during the ideal growth conditions. The active metabolites were obtained employing a modified 

version of the extraction techniques described by Jensen et al. (15). The broth culture produced (with 

an optical density of 4.5 at a wavelength of 600 nm) was subjected to centrifugation at a speed of 

10,000 rpm for a duration of 15 minutes. The supernatant, devoid of cells, was collected and combined 

with an equal amount of ethyl acetate. The mixture was then placed on a rotary shaker and left 

overnight at a speed of 200 rpm. The initial extracts were obtained by collecting the solvent layer and 

subsequently evaporating it using a rotary evaporator. The addition of 100% DMSO was necessary to 

prepare a stock solution of Streptomyces sp. SDJ10 crude extract at a concentration of 50 mg/mL 

(w/v). Subsequently, this stock was subjected to testing in order to validate its capacity for identifying 

antibacterial activity. 

Assessment of antibacterial activity 

The well diffusion method was utilized for evaluating the antimicrobial capacity of the broth culture, 

in which wells with a diameter of 6.4 mm were made on MHA. The growth was thereafter added to 

each well until it reached maximum capacity. The plates were placed in an incubator and kept at a 

temperature of 37 º C for a duration of 24 hours. The bioactivity was assessed by determining the 

width of inhibition zones (in millimeters). 

Thin layer chromatography 

The extract was subjected to thin layer chromatography (TLC) utilizing a TLC plate coated with silica 

gel 60 F254 (Merck). Experiments were conducted using nine distinct solvent systems to identify the 

optimal component (Table 1). The findings indicated that the most efficient separation was attained by 

the utilization of flash column chromatography (FCC). The chemicals were seen using UV-light. 

Table 1: Solvent components for flash column chromatography 

Solvent component Ratio 

n- Hexane: Chloroform (HC) 1:09 

Chloroform: Acetone (CA) 1:01 

Ethyl acetate: Methanol (EM) 7:03 

Ethyl acetate: n-Hexane (EH) 6:04 

Ethyl acetate: Chloroform (EC) 2:01 

Ethyl acetate 1:00 

n-Hexane 1:00 

Ether 1:00 

Chloroform 1:00 
 

Identification of functional groups by employing Fourier transform infrared (FTIR) 

The determination of functional moieties of two active substances from Streptomyces sp. was 

conducted utilizing FTIR, as reported by Augustine et al. (16). In summary, 1 mg specimen was 
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subjected to milling with 80 mg of KBr to produce a highly refined powder. The powder obtained was 

further compacted into a slim pellet for examining instrument (Perkin Elmer Spectrum BX). The 

spectra were scanned within the range of 400 to 4000 cm-1 and then displayed as intensity against 

wave number. 

Gas chromatography-mass spectrometry (GC-MS) 

The metabolically active portion of Streptomyces sp. was examined utilizing the GC SHIMADZU 

QP2010 system and a gas chromatograph that was connected to a mass spectrometer. The mass 

spectrometer was further supplied with an Elite-1 fused silica capillary column. The column was 0.25 

mm, 30.0m, and 0.25 μm of diameter, length, and a film thickness, respectively. The column was 

comprised entirely of dimethyl polysiloxane. A GC-MS detection method was employed using 

an ionization energy of 70eV. The carrier gas employed was helium gas with a purity of 99.99%.  

The flow rate remained consistent at 1.51 mL/min. The used volume for injection was 1μL. The ion 

generator was heated to 200 °C, while the injector was at 240 °C. The oven was originally set at 70 °C 

and maintained at this level for 2 minutes. Subsequently, there was an increase of 300 °C, which lasted 

for 10 minutes. Mass spectra were obtained at an energy level of 70 electron volts (eV), with a scan 

interval of 0.5s and a scan range of 40 to 1000m/z. The overall duration of the process was 35 minutes. 

The average peak area for each constituent was contrasted to the overall region to determine the 

proportional percentage quantity of each ingredient. The WILEY8, National Institute Standard and 

Technique (NIST08s), and FAME databases were utilized to analyze the GC-MS and determine the 

substance identity. The spectrum of the unidentified constituent was contrasted to the spectra of the 

previously identified constituent found in the WILEY8, NIST08s, and FAME library. An assessment 

was conducted on the test substance to determine its name, chemical formula, molecular weight, and 

constituent structure. 

Results 

The results revealed two isolates of Streptomyces sp. mqw1 (SM1) and Streptomyces sp mqw2 (SM2). 

These isolates can be shown in figure 1. In this figure, the PCR demonstrated amplification of 

Streptomyces sp. mqw1 (SM1) and Streptomyces sp mqw2 (SM2) at 1500bp.  

 

Figure 1: Agarose gel electrophoresis of 16S rRNA gene-based PCR of Streptomyces isolated 

from sediment and water. Lane 1: 1kb ladder; lane 2: No-DNA control; lane 3: positive E. coli 

DNA-based control; lane 4: Streptomyces sp. mqw1; lane 5: Streptomyces mqw2 sp. 
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The fish isolates were Vibrio sp., Aeromonas sp., E. coli, Enterobacter sp., Pseudomonas sp., 

Staphylococcus sp., Klebsiella sp., Salmonella sp., and Serratia sp. The isolate percentages were 28%, 

20%, 12%, 10%, 10%, 7%, 5%, 5%, and 3%, respectively. Figure 2 displays these bacterial species 

and their incidence rate in the organs of fish examined. 

 

Figure 2: Bacterial species isolated from fish organs. 

The TLC revealed the best systems of solvents that were utilized. The TLC highlighted the SM1 

profile using different systems of solvents. The TLC findings are shown in Figure 3. 

 

Figure 3: Profile of Streptomyces sp. mqw1 under different systems of solvents according to thin 

layer chromatography. 

The FT-IR findings showed different bioactive groups. These groups were displayed as some analyzed 

peaks against the background. Figure 4 shows these reads of active substances. 
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Figure 4: Active groups of Streptomyces sp. Isolated from sediments and water as revealed by the 

FTIR analysis. 

The findings of MHA demonstrated higher antibacterial activities from SM2 isolates when compared 

with those from SM1. These zones of inhibition were high in  

 

Figure 5: Antagonistic bioactivity of Streptomyces isolates against some bacterial isolates of fish. 

Discussion 

The current study findings revealed the extraction of some bioactive compounds from Streptomyces 

isolated from sediments and water. Several studies showed that this microorganism is an important 

source for active substances that introduce antimicrobial activity against a wide range of pathogenic 
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microbes. Previously to the 1970s, isolating novel substances from Streptomyces was extremely 

simple. However, since 1985, just three novel families of antimicrobial agents such as Platensimycin, 

derived from Streptomyces platensis. An isolate of thermotolerant Streptomyces sp. TM32, which 

produces antibiotics, was lately discovered. This is a newly discovered variant of Streptomyces 

sioyaensis that has potent antibacterial properties against several disease-causing microorganisms 

affecting humans and plants. It is particularly effective against Staphylococcus haemolyticus MR-

CoNS (17,18). 

Streptomyces often produce antimicrobial compounds through the utilization of complicated enzymatic 

systems such as polyketide synthases (PKSs), non-ribosomal peptide synthases (NRPSs), or a mix of 

these. These expansive multienzyme complexes employ several distinct motifs to carry out chemical 

alterations that can generate a diverse array of antimicrobial agents (19). Within the PKS system, 

antimicrobial agents often originate as a ketide monomer that is linked to an acyl carrier protein. The 

synthesis of the antibiotic occurs by a sequence of enzymatic reactions, usually incorporating 

acyltransferases, ketidesynthases, and other enzymes. These reactions result in the creation of the core 

structure of the polyketide antimicrobial agents. The antibiotic synthesis can undergo other alterations, 

such as cyclization, decarboxylation, dehydration, reduction, and methylation (20). 

The findings of the current study align with the research conducted by Das et al. (21), which 

demonstrated that the ethyl acetate extract of the Streptomyces sp. strain EA-PWS52 contains 

biologically active substances including benzene acetic acid, pyrrolizidine derivatives, heterocyclic 

compounds, and other compounds that possess antimicrobial and antioxidant properties. 

Rammali et al. (22) discovered that the ethyl acetate extract of the microorganism included diethyl 

trisulfide, which demonstrated potent antibacterial and antifungal capabilities; indole 

analogues such as Indole-3-carboxylic acid. This compound has been shown to possess a range of 

biological actions including anticonvulsant, anticancer, antibacterial, antitubercular properties; 

and pyrrolizidine based derivatives, especially Pyrrolo [1,2-a]pyrazine-1,4-dione. These substances are 

natural heterocyclic chemicals that have shown antibacterial properties. 

Desbois and Lawlor (23) documented the antibacterial effects of dihomo-γ-linolenic acid (DGLA) on 

gram-positive microorganisms, namely Propionibacterium acnes and S. aureus. The minimum 

inhibitory concentration readings for DGLA were found to be 128 mg/L and 1024 mg/L, respectively. 

There are reports of DGLA exhibiting antibacterial properties. 

The findings from the molecular recognition, which relied on analyzing the similarity of 16S rRNA 

gene, align with prior research and validate that Streptomyces is the prevailing species in sediments in 

comparison to other Actinomycetes genera. Kitouni et al. (21) found that 93% of Actinomycetes 

effective isolates are classified within the Streptomyces genus. 

Conclusion 

The findings of the current study indicate important antibacterial activities of the bioactive 

compounds, which were isolated from Streptomyces, especially mqw2, against fish bacterial isolates. 
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