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Multi-drug resistance is increasing day by day and becoming a global health care issue. Hence, there is
an urgent need to combat the multidrug resistance uropathogens, so the discovery of novel, efficient, and
safe antibiotics from unexplored ecological niches is needed. Actinobacteria have great eminence of their
potential for producing bioactive compounds. The aim of the present study is to explore some antimicrobial
producing actinobacteria strains isolated from the soil. Our study was carried out with the goal of isolation
and characterization of active strain of actinobacteria against uropathogens. Soil samples were collected
from the Ganga riverbed, wheat and rice fields, Uttarakhand, India. Actinobacteria were isolated by serial
dilution technique. A total of 19 actinobacteria were isolated and cross streaked against multidrug resistant
uropathogens. Only seven strains of actinobacteria designed as ACGl, ACG4, ACGS5, ACW9, ACW11,
ACW14, and ACR17 showed good antimicrobial activity against Pseudomonas aeruginosa, Enterobacter sp.,
Bacillus subtilis, Staphylococcus aureus uropathogens. Among them, ACG1 showed a broad range of activity
against all the tested uropathogens. Furthermore, the extracellular ethyl acetate extract of ACG1 showed
maximum zone of inhibition against Enterobacter sp. (23 mm). ACG1 was identified based on morphological,
cultural, physiological, and biochemical properties, as well as the 16S ribosomal ribonucleic acid sequence, and
was assigned the name S. atacamensis. It was deposited in GenBank under accession number (MW721229).
Actinobacteria showed promising results so further studies are required to explore the potential as an antibiotic
to cure life-threatening diseases like urinary tract infection.

1. INTODUCTION

been proposed, but more research is needed. There is an urgent

Urinary tract infections (UTIs) are bacterial infections that can
affect people of all age group and occur in the urinary tract. In our
community, it’s the most prevalent infection. Antibiotic resistance
bacteria in UTIs are a serious issue and the most difficult challenge
in public health care. Every year, millions of people worldwide are
affected by UTI. Diabetic patients have a higher risk of developing
UTI infection. Gram-negative bacteria play a vital role in UTIL, and
the most common causative agent is Escherichia coli (70%-90%)
[1,2]. One ofthe major challenges in treating diseases such as malaria,
tuberculosis, diarrhoeal disease, and UTI is the rapid development
of drug resistance in pathogens [3,4]. Some novel approaches and
provocations concerning drug-resistant pathogens have recently
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medical need for new antimicrobial agents that are more essential
than naturally occurring ones and have a novel mechanism of action.
Soil is a highly used ecological niche in which the inhabitants
produce secondary metabolites as well as biologically active natural
products such as clinically essential antibiotics. Actinomycetes
are a diverse group of filamentous prokaryotes which are usually
Gram-positive Streptomyces has long been recognised as a rich
source of useful secondary metabolites and continues to be a major
source of novel bioactive molecules among actinomycetes [5-7].
The genus Streptomyces accounts for half of the total population
of soil actinomycetes, and it produces 75%—-80% of all antibiotics
used commercially and medicinally [8]. Actinobacteria produce
secondary metabolites such as peptide, alkaloids, sterols, fatty acids,
terpenes, amino acid derivatives [9]. These secondary metabolites
have previously been reported to have novel biological activities
and the potential to be used in the development of antibiotics [10].
The number of multi-drug resistance pathogenic microbes has
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been increasing regularly and causing critical infections, but till
now there are only limited therapeutic drugs that are applicable
to combat these pathogens [11]. The loss of drug potency causes
big problems, so there is a constant need for new, less toxic, more
potent antibiotics to ensure that antibiotic-based treatments remain
effective [12]. This study aims to identify novel antimicrobial
representatives from Ganga River and agricultural farm soil against
newly developed resistant microorganisms.

2. MATERALS AND METHODS

2.1. Collection of Soil Samples and Isolation of Actinobacteria
from Soil Samples

Soil samples were collected from three different sites in Haridwar
(Uttarakhand), the Ganga riverbed, wheat farms, and rice farms.
The soil samples were collected from 15 cm depth using sterile poly
beg and bring to the laboratory. These soil samples were air-dried
for 3 days at 45°C crushed, and these soil samples were used for
isolation. The serial dilution method and the spread plate technique
were used to isolate actinobacteria [13]. In 9 ml of sterile double-
distilled water, 1 g of soil was suspended. The dilutions are made up
of 10, Aliquots (0.1 ml) of 102, 10, 10 and 10 dilutions. These
dilutions were spread on [starch casein Agar (SCA), glycerol yeast
extract agar medium (GYEAM), Hi media] containing nalidixic
acid (100 mg/1) and fluconazole (30 mg/1) and incubated at 24°C
for 67 days [14,15]. Actinobacteria cultures were chosen and
purified based on colony morphology. These were used for primary
screening against uropathogens.

2.2. Morphological, Physiological and Biochemical
Observation

A light microscope was used to examine the morphological and
cultural characteristics of active isolates [ 16,17]. In different media,
such as Mueller Hinton agar, morphological and cultural characters
were observed. Actinobacteria (SCA), yeast peptone glucose agar,
modified nutrient glucose agar medium. Actinobacteria isolates
were differentiated by their colony characters, like size, shape,
colour, consistency based on macroscopic observation [18,19].
Under the microscope, their mycelial structure was observed, and
conidiospore and arthrosporic arrangements on the mycelia result
of the isolates were compared with the actinobacteria morphology
provided in Bergey’s manual for the presumptive identification
of isolates were recorded after incubation at 27°C for 7-14 days
[20], biochemical tests, and physiological tests were performed.
NaCl resistance and temperature tolerance were also carried out as
confirmatory tests [21].

2.3. Isolation of Test Organisms

Uropathogens were isolated from urine sample under the aseptic
condition [22].

2.3.1. Sample collection

The samples were collected from BHEL hospital, Ranipur
(Haridwar) patients of different age group, and the samples were

fresh and midstream urine. Then, samples were packed in sterile
bottles and transported to the laboratory for microbial analysis.

2.3.2. Isolation of uropathogens

The samples were shaken properly and made dilutions of urine
samples. The uropathogens were isolated using the serial dilution
method and the spread plate technique [13]. 9 ml of sterile double-
distilled water was added to 1 ml of fresh urine sample. The
dilutions were then spread on medium. The freshly grown test
bacteria were then isolated using a specific medium (Mac Conkey
agar, Mannitol salt agar, Cetrimide agar) for 24 hours at 37°C [13].

2.3.3. Phenotypic characterization of bacteria

Isolated bacteria were identified by cultural characteristics such as
abundance of growth, colour change in media, and morphological
characteristics like form, size, margin, elevation studied on culture
plate. Identified the isolates by Gram’s staining, catalase, oxidase,
nitrate reduction, IMVIC test, carbohydrate utilization, gelatine
hydrolysis test, were performed for the confirmation of bacterial
isolates according to the Bergey’s manual [20].

2.4. Antimicrobial Activity and Screening of Actinobacteria

2.4.1. Primary screening

The antibiotic sensitivity of isolated actinobacteria was assayed by
the cross-streak method [23]. First, the isolates inoculate as a single
streak in the centre of the AIA medium plates and incubate at 28°C
to 30°C for 7 days. After observing a good ribbon like growth of the
actinobacteria at the centre of the plates, the test bacteria were streaked
at right and left 90° angle to the actinobacteria strain and incubated
at 37°C for 24 hours. Based on the presence and absence of zone
of inhibition, the antimicrobial compound producing actinobacteria
were selected. The antimicrobial activity, which was indicated
based on zone of inhibition. Further, the isolated producing zone
of inhibition of 4 mm and above was only considered as antibiotic
producers and selected for further study. The active isolate ACG1
filtrate was added with equal volume of three different solvents
(methanol, chloroform, and ethyl acetate) and shaken for lhour.
The antimicrobial activity of extracted filtrate was tested against the
selected uropathogens by agar well diffusion method [24].

2.5. Medium Optimization

The substrate mycelia of most active actinobacterial isolates were
inoculated separately in different media for the production and put
in an orbital shaker at 120 rpm at 28°C for 8 days (GYEAM, SCA,
AIA, ISP2). Following growth, the culture broth was centrifuged
(5,000 rpm) at 20°C for 20 minutes, and the supernatant was
filtered using Whatman no 1 filter paper [25].

2.6. Production and Extraction of Bioactive Compound

For solvent extractions with ethyl acetate, the total culture
filtrate of the most active strain ACG1 was used. The solvent
and filtrate were shaken and mixed thoroughly at 1:1 (v/v) ratio.
A separating funnel was used to collect the upper layer, and a



Singh and Singh: Production of bioactive compounds by Streptomyces sp. and their antimicrobial potential against 73
selected MDR uropathogens 2021;9(06):71-79

rotatory evaporator was used to evaporate the solvent. Mycelia
of active actinomycetes were soaked in methyl alcohol and kept
in a shaker for the intracellular antibiotic compound, then crude
extract was separated using a rotatory evaporator. Obtained
residue was used to determine antimicrobial activity [26].

2.7. Secondary Screening

The disc diffusion method was used to test the antimicrobial
activity of crude extract [27]. Mueller Hinton agar [Mueller Hinton
Agar (MHA), HI media] plates were prepared for test pathogens.
Then selected uropathogens were swabbed on the top of the
solidified media. After that, 5 pg/disc of crude extract was loaded
by adding 10 pl of prepared stock solution on a sterile filter paper
disc (6 mm in diameter) and air dried. The disc was loaded with
dimethyl sulfoxide as a negative control, while the positive control
was levofloxacin (5 pg/disc). The loaded discs were then placed
on the medium’s surface and allowed to diffuse for 30 minutes
at room temperature. For 24 hours, the plates were incubated at
37°C. After that, the zone of inhibition (mm) was measured. The
mean value of inhibition diameter (mean + standard error of the
mean) was calculated from the triplicates assay [28].

2.8. Genomic Studies of Potential Strain

The selected actinobacteria strain was identified by 16S
ribosomal ribonucleic acid (rRNA) gene sequence was followed
by Ref [29] from Biokart India Pvt Ltd Bangalore, Karnataka.
Universal primers were used to amplify 16S rRNA. Thirty-five
cycles were performed with the actino specific forward primer
(5'-GGATGAGCCCGCGGCCTA-3") and the actino specific
reverse primer (5'-CGGTGTGTACAAGGCCCGG-3"). After
ethidium bromide staining, polymerase chain reaction (PCR)
amplification was detected using agarose gel electrophoresis.
Then PCR product was sent to sequencing by automated
sequence method. For sequencing, the same primers as previously
reported were used. Further, National Center for Biotechnology
information-basic local alignment search tool was also used to
compare the sequence similarity of the actinobacteria strain. The
16S rRNA a sequence of actinobacteria was deposited under
GenBank. The original data set was re-sampled toll, 100 times
using the phylogeny bootstrap program to obtain the confidence
values for bootstrap analysis. The MEGA 4 software was used to

create the phylogenetic tree using the bootstrapped data set. Using
the neighbour joining method [30], the multiple distance matrixes
were used to construct a phylogenetic tree.

2.9. 16S rRNA Secondary Structure and Restriction Sites
Analysis

The NEB cutter online tool version 2.0 (nc2.neb.com/nebcutter2/)
was used to find the restriction site [31], and the secondary
structure of the 16S recombinant deoxyribonucleic acid was
predicted by Mfold software (http://unfold.rna.albany.edu/) to
analyse the structural stability in terms of Gibb’s free energy [32].

3. RESULTS AND DISCUSSION

In current study, 19 actinobacteria were isolated from soil samples
from various locations. The distribution of actinobacteria varied
with the texture and cultivation status of the soil, and the highest
number was found in Ganga riverbed soil. The isolates were then
purified by inoculating them into AIA medium. The pure strains
were named as ACG1 and ACG2. GYEAM medium was used
to keep these isolates alive and categorized according to their
morphology that includes colony colour ranging from dark grey,
light grey, dark brown, brown, whitish, and yellowish (Fig. 1)
[16] and microscopic appearance of colonies after simple staining
(Table 2) [17]. Test bacteria were isolated by using specific
media like Mannitol salt agar was used for the identification of
Staphylococcus sp. which ferments Mannitol, Cetrimide agar was
used for the identification of Pseudomonas sp., MacConkey agar
was used for the identification of lactose fermenting organism
like Enterobacter family and Bacillus agar for the identification
of Bacillus sp. [33]. By using these media, different organisms
were identified tentatively based on colour change in media
and colony morphology. We all know that UTIs are on the rise.
Various antibiotics have been used, including cotrimoxazole,
cephalosporins, and fluoroquinolones, but no one have been found
to be superior. As a result, we must look for new antibiotics that
are effective against resistant uropathogens. From three different
soil samples, 19 different actinobacteria were isolated. Microbial
pathogens were used to cross-streaked these strains. Four strains
of uropathogens were chosen as test bacteria for the primary study.
Primary screening showed that 17 colonies were able to produce
antibiotics. Nineteen of the colonies ACG1, ACG4, ACGS,

Table 1: Morphological characterization was done by phenotypic visualization of colony on GYEA medium and colony margin and Gram

reaction was depicted by light microscope.

Isolates Aerial mycelium lsr:l)rbcsetl:xz
ACGlI Light grey Dark grey
ACG4 White Dark green
ACGS5 Grey Light yellow
ACW9 Creamy white Brown
ACWI11 Slimy yellow Yellow
ACW14 White grey Yellow
ACR17 Greyish Brown

Soluble pigment Colony Margin Growth (:::El

Dark green Filamentous +++ +
Filamentous ++ +
Filamentous +++ +

Yellow Filamentous +++ +

- Filamentous - +

- Filamentous ++ +

Brown Filamentous +++ +

(+++) = good growth; (++) = moderate growth (-) = no soluble; Gram stain (+) = positive
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(2) (b)

Figure 1: (a) Phenotypic characterization and (b) Microscopic view of S. atacamensis (ACG1).

Table 2: Biochemical characterization of Actinobacteria was done according to Bergy's mannual.

Indole - - - - - - -
Methyl red + + + - + + +
VP - - - - - - -
Citrate utilization + + + -

Nitrate Reduction + + + + + +
Urease - - - - - - -
Catalase + + + + + + +
Oxidase + + + + + + +
Starch hydrolysis + + + + + + +
Gelatine Hydrolysis + + + + + + +
Lipid Hydrolysis + + + + + + +
Casein Hydrolysis + + + - + + +

(+) = positive; (-) = negative

Table 3: Biochemical characterization of test Uropathogens was done by according to Bergy's mannual.

Starch hydrolysis + - + _

Fermentation - - - -

Lactose - - -

>
>
> >

Dextrose

Indole - + - -

+

MR reaction - + -

+

VP reaction - - +

Citrate + - - -
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Table 4: Primary screening was done by cross streak method and active isolates were calculated based on zone of inhibition between

actinobacteria strain and test uropathogens.

Isolates

ACG 1
ACG2
ACG3
ACG 4
ACG S
ACG 6
ACG7
ACG 8
ACW 9
ACW 10
ACW 11
ACW 12
ACW 13
ACW 14
ACW 15
ACR 16
ACR 17
ACR 18

ACR 19

(P1)
Pseudomonas sp.
MEAN + SE
Z0I (mm)
103+0.3
8.6+0.6
9.6+0.3
11£0.5

9.3+0.6

13.3+0.6
8.6+0.6
63+0.3

2+0.0

7.6+0.6
10.6 £ 0.6

73+0.3

(P2)
Enterobacter sp.
MEAN + SE
Z0I (mm)
11.3+0.6
10.3+0.3
93+0.3
8.6+0.6

11.6+0.3
9+0.5

93+0.6

9.6+0.3

10.3+£0.3

8.6.£0.6

(PS)

Bacillus sp.
MEAN =+ SE
Z0I (mm)

10.3+0.3
83+0.3
93+0.6
12.6 0.6

9+0.5

11.3+0.6
83+0.8
12.6 £0.6

12.6 0.6

7.3+0.3
53+0.6

6+0.0

(P6)

Staphylococcus sp.
MEAN+SE
Z0I (mm)

11+£0.5
11.3+0.6
73+0.3
1.6+0.3

9.6+0.6
12.6 £0.6
93+0.6
11+0.6

93+0.3

+0.6

75

(-) = no activity

(a)

(b)

Figure 2: (a) Primary screening by cross streak method and (b) antimicrobial activity of ethyl acetate crude extract of S. atacamencis (ACG1)
by disc diffusion method against selected uropathogens (P1) Pseudomonas aeruginosa, (P2) Enterobacter tabaci (P5) Bacillus subtilis, (P6)
Staphylococcus aureus.
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@ Streptomyces mangrovicola strain GY 1 16S ribosomal RNA, partial sequence

@ Streptomyces verrucosisporus strain CPB1-1 16S ribosomal RNA, partial sequence

—@8ACGI

>

& ]

| 0.004 |

T—u Streptomyces barkulensis strain RC 1831 168 ribosomal RNA, partial sequence

@ Streptomyces mangrovi strain HA11110 16S ribosomal RNA, partial sequence
rStreptomyces nanhaiensis strain SCSIO 01248 168 ribosomal RNA, partial sequence
'#Strcptomyccs radiopugnans strain R97 168 ribosomal RNA, partial sequence
@ Streptomyces atacamensis strain C60 16S ribosomal RNA, partial seque...
{1%Streptomyces fenghuangensis strain GIMN4.003 168 ribosomal RNA, partial sequence
W Streptomyces atacamensis strain C60 16S ribosomal RNA, partial sequence

—Streptomyces chitinivorans strain RC1832 168 ribosomal RNA, partial sequence

Figure 3: Phylogenetic tree indicating the taxonomic position of S. atacamensis (ACG1).
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Display: - NEB single cutter restriction enzymes
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T | blunt end cut Available from NEB

Has other supplier

Mot commercially available

*: cleavage affected bu CpG meth.
#: cleavage affected by other meth.
tenz.name) : ambiguous site

.| 5 extension
S| 3 extension

T | cuts 1 strand

EcoRY HinfI
3 113 aa S
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T S W e TG S Al Al DLl ] L B
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*BwgB1 Btsl
BstAPT *EnaBl

Figure 4: Restriction sites on the 16S rRNA sequence of S. atacamensis (ACG1).

ACW9, ACWI11, ACW14, and ACR17 showed great promise
for antibiotic production with a large zone of inhibition against
UTI pathogens (Table. 4). The primary screening clearly shows
that ACG1, ACG4, ACGS, ACW9, ACWI11, ACR14, and ACR17
possessed very high antimicrobial potential against uropathogens.
The results of the present study are comparable with previous study
[21]. Streptomyces is responsible for approximately 80% of total
antibiotic production [26]. Furthermore, about 10-20 compounds
are used in agriculture, primarily as pesticides, herbicides, plant
protectants, and food additives. Understanding the existence of
microbial species in natural ecosystems depends on their isolation
and characterization. The isolation of a wide range of novel
and diverse actinobacteria provides a theoretical framework for
exploiting and utilising actinobacterial resources [34]. As shown

in Table 4, among the seven strains, ACG1 gives broad spectrum
activity, so this strain was used for optimization. Which inhibited
all human pathogens when grown on International Streptomyces
Project-2 (ISP-2) media. Among three solvents (methanol,
chloroform, and ethyl acetate), only ethyl acetate extract showed
better inhibition in comparison to chloroform and methanol extract.
The active strain ACG1’s extracellular ethyl acetate crude extract
had good activity against all selected uropathogens. (Fig. 2) [35].
The results clearly demonstrate difference between the activity of
crude extracts and pure antibacterial drug (levofloxacin) showing
higher, equivalent, or lesser zone of inhibition. The isolated
active strain ACG1 was found to have 99.72% homology to the S.
atacamensis strain C60 16S rRNA Sequence ID: NR 108859.1 and
was submitted to GenBank (MW721229). The DNA sequence was
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fr e i aligned, and a phylogenetic tree was constructed by using aligner
software and the result revealed that ACG1 indicated similarly
to (Fig. 3). The guanine cytosine adenine thymine content was
found to be present in 59% and 41% of the 16S rRNA sequence of
ACG]1 (Fig. 4). The predicted structure’s energy was 332.46 kcal/
mol (Fig. 5). It was discovered that about half of all actinobacteria
strains produced antibiotics as a result of this research. The most
effective against uropathogens is an isolated strain from the Ganga
riverbed. The actinobacterial community of the samples was
investigated by primary culturing on MHA and starch casein agar
media by serial dilution method. After 20 days of incubation, no
other bacterial colony appears when actinobacteria are grown on

Table 6: Secondary screening of active isolate (ACG1) was done by
disc diffusion method. The active isolates was calculated based on
zone of inhibiton.

Test Bacteria Zone of Inhibition (mm)

MEAN = SE
o(f:g'l;f: ];:o);;raccets Positive Control Negative
o 5 meni} s Levofloxacin Control
(ACG1) (5ug/ disc) DMSO
Pseudomonas 7.3+0.33 6.3+0.33 -
aeruginosa P1
Enterobacter 22.3£0.33 193033 -
tabaci P2
Bacillus
=+ =+ -
subtilis P5 16.3 +0.88 13.3 £0.66
dG = -332.46 [Initially -371.20] MW721229
Staphylococcus 7.6+0.33 7.3 +0.66 -
Figure 5: Secondary structure of 16S rRNA sequence of S. atacamensis aureus P6
(ACG1). + (Stander error)

Table 5: Morphological feature of Streptomyces atacamencis (ACG1) on different culture media ( AIA, GYEA, SCA ISP-2) was done by
phenotypic visualization.

S.NO Media Morphological characteristics ACG1
1 Actinomycete Isolation Agar (AIA) Aerial Mycelium Light Grey
Substrate Mycelium Dark Grey

Diftusible Pigment -

Growth +

2 Glycerol Yeast Extract Agar (GYEA) Aerial Mycelium Grey
Substrate Mycelium Dark Grey
Diffusible Pigment Brown
Growth +++

3 Starch Casein Agar (SCA) Aerial Mycelium White
Substrate Mycelium Dull White
Diffusible Pigment -
Growth ++

4 Yeast and Malt extract medium (ISP-2) Aerial Mycelium Grey
Substrate Mycelium Brown

Diftusible Pigment -

Growth +++

(-) = no pigment, (+++) = Good growth, (++) = Moderate growth, (+) =Weak growth
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MHA medium. The best inhibition of the strains was determined
on the 3rd day of incubation. ACG1 showed the best antimicrobial
activity against uropathogens. The growth increased on the 7th day
of incubation, and the activity against uropathogens was found to
be excellent. According to our findings, the bacterial community
of the Ganga riverbed soil is a rich source of best actinobacteria.

4. CONCLUSION

Our study suggests that Ganga riverbed soil is considered as a
good source of a wide variety of interesting actinomycetes species.
We know that actinomycetes have antibacterial properties and
they could be used as potent drug candidates in pharmaceutical
preparations. The soil microflora is the great source of novel
actinomycetes, so we need to further explore the study of
actinomycetes species, which has the ability to synthesis a wide
range of bioactive compounds that could be used safely for human
therapeutics as well as a variety of industrial applications would
be extremely beneficial. The biocompatible compound extracted
from this potent streptomyces sp. will aid in the development of
antibiotics to combat drug-resistant uropathogens. That’s why
further research is in progress to produce bioactive compounds
on a large scale.
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