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Production and Characterization of Antimicrobial
Metabolites from Streptomyces rochei Strain SC1 against

Multi-Drug-Resistant Escherichia coli
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ABSTRACT

Objectives: Streptomyces rochei have ability to synthesize a variety of antimicrobial compounds
which exhibit antibacterial, antifungal, and even anticancer activities. S. rochei may have ability
to produce bioactive compounds which will be effective against MDR pathogens. Materials and
Methods: In the present investigation bioactive compound producing S. rochei was isolated
from forest soil and identified by 16S rRNA gene sequencing. The potent S. rochei strain was
used for production of bioactive compound, the bioactive compound was extracted using ethyl
acetate, n-butanol and chloroform. The bioactivity of crude compounds was checked against
MDR E. coli strains. The MDR E. coli are well known for causing infections in humans viz. diarrhea,
urinary tract infections, sepsis, meningitis and bloodstream infections. The bioactive compounds
present in n-butanol extract were purified by using column chromatography. The fraction
showing maximum antimicrobial activity against MDR E. coli was structurally elucidated using
UPLC-UV-MS. The S. rochei was isolated from forest soil sample on SCA and identified by using
16S rRNA sequencing as Streptomyces rochei and it was deposited in GenBank under Accession
No. PQ637672. Results: The n-butanol extract of S. rochei showed maximum inhibitory activity
against MDR E. coli. The 3 fraction showed maximum antimicrobial activity was characterized
by UPLC-UV-MS. The purified compound being identified as 10-deoxymethynolide (C._H_.O,)

17° 28~ 4

having mass 296.1993 and Decylubiquinol (C, _H, O,) having mass 324.2306 from class Macrolide

and Hydroquinone respectively. Conclusion:lgl'ﬁésé compounds had showed growth inhibiting
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INTRODUCTION

Streptomyces  rochei is a
actinobacterium belonging to the genus Streptomyces, which
is renowned for its complex secondary metabolism and ability
to produce a wide variety of bioactive compounds, particularly
antibiotics, enzyme inhibitors, antifungals, and potential
anticancer agents.' S. rochei produce compounds with antibiotic
like properties viz. Lankamycin a macrolide antibiotic has broad
spectrum activity against gram positive and gram-negative
bacteria, Streptothricin an aminoglycoside-like antibiotic
effective against both Gram-positive and some Gram-negative
bacteria, Lankacidin a polyketide antibiotic effective against gram
positive bacteria.**! The pathogenic E. coli strains are responsible
for causing diarrhoea, dysentery, gastroenteritis, pneumoniae,

soil-dwelling, ~Gram-positive
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meningitis, bladder infection and urinary tract infection to
human.”’ The most commonly prescribed antibiotics to treat
infection caused by pathogenic E. coli strains are antibiotics from
class B-lactam, cephalosporin, sulphonamide, nitrofurantoin,
quinolones, macrolides, glycopeptides, polymyxin and synthetic
antibiotics oxazolidinones.!*!

The UTI infection causing MDR E. coli strains are showed
resistant to these antibiotics which in turn leads to increase in
the cost of treatment, morbidity and mortality rate of patients.”
At present, most of the antimicrobials used to treat infection
caused by MDR E. coli are not effective and even not free
from adverse effect hence the novel species of S. rochei having
ability to produce anti-MDR E. coli bioactive compounds will
be promising to treat the patient infected by MDR E. coli.®”!
S. rochei is a major antimicrobial compound producer due to
their prolific genetic and biochemical diversity and surviving
ability in extreme environmental condition.” Therefore, in the
present investigation S. rochei from forest soil will be isolated
and identified. The potent antimicrobial producing S. rochei will
be used for production of bioactive compound, the bioactive
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compound will be extracted and screened for antimicrobial
activity against MDR E. coli. The purified bioactive compounds
from crude bioactive extract will be structurally elucidated.

MATERIALS AND METHODS

Collection of soil samples and isolation of
actinobacteria from soil samples

The soil samples were collected from Painganga forest, Umarkhed
Dist. Yavatmal (M.S.), India. The 1 gm of collected soil samples
were suspended in 10 mL sterile saline and serially diluted up to
10 to 10°.1" From these dilutions 0.1 mL of soil suspensions
were spreaded on Starch Casein Agar (SCA), 50 ug/mL of nystatin
was added to prevent the growth of the fungus. All plates were
incubated at 28°C for 8 days.!?

Antimicrobial Activity and Screening of
Actinobacteria

Primary screening of Actinobacterial isolates

A total of 17 Actinobacterial isolates were enriched in the 10 mL
of SCB for 4 days at 28°C. After enrichment each isolate were
inoculated into 100 mL of SCB, these broths were incubated
on a rotatory shaker at 120 rpm, at 28°C for 8 days respectively.
All the fermented broths were centrifuged at 4°C for 10 min at
10,000 rpm, supernatant was collected and these supernatants
were used to check the bioactivity.”® Muller Hinton Agar
(MHA) was prepared and labelled them accordingly. After
solidification of agar, active 100 uL of MDR E. coli (PP854585),
E. coli (PP854586) and E. coli (PP854587) cultures were spreaded
on agar plates."! 6 mm wells were punched by sterile cork-borer,
50 pL of supernatant of actinobacterial isolates were added to
wells labelled, standard antibiotic ciprofloxacin (100 pg/mL) as
positive control and DMSO as negative control were added and
plates kept at 4°C for 10 min for diffusion. After diffusion, plates
were incubated for 48 hr at 37°C.

Production and Extraction of Bioactive compound

The 6 Actinobacterial isolates SBCP-1, SBCP-2, SBCP-3, SBCP-4,
SBCP-5 and SBCP-6 exhibited inhibitory activity against MDR E.
coli in the primary screening were used for secondary screening.
10% inoculums of the selected 6 Actinobacterial isolates were
inoculated in 500 mL pre-sterilized SCB in conical flasks separately
followed by incubation at 28°C in an orbital shaking incubator at
120 rpm for 7 days. Fermented broths were centrifuged at 4°C for
10 min at 10,000 rpm, supernatant was collected. The bioactive
metabolite from the supernatant was extracted by using three
solvents such as Ethyl acetate, n-butanol, and Chloroform. 150
mL of supernatant was taken in separating funnel with equal
amount of ethyl acetate (1:1). Gentle mixing was done for 30 min,
after proper shaking the broths were allowed to settle and separate
in which two layers formed upper was of organic and lower was
of aqueous. Organic layer was collected in evaporation bowl
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and allowed to evaporate after evaporation bioactive metabolite
were collected and dissolved in DMSO, obtained residue was
used to determine antimicrobial activity.'>!®) Same procedures
were repeated for chloroform and n-butanol for extraction of
metabolite.

Secondary Screening of Potent Actinobacterial
isolates

Muller Hinton agar was prepared, labelled them accordingly,
active 100 pL of MDR E. coli (PP854585), E. coli (PP854586)
and E. coli (PP854587) cultures were spreaded on respective
agar plates.'! Wells were punched by sterile cork-borer. 50 uL of
Actinobacterial ethyl acetate, n-butanol, and chloroform extract
were added to wells that were labelled."” Standard antibiotic
ciprofloxacin (100 pug/mL) as positive control and DMSO as
negative control were added and plates were allowed to diffuse
at 4°C for 10 min. After diffusion, plates were incubated at 37°C
for 48 hr. After incubation, the inhibitory zone was measured by
using zone measuring scale.

Identification of Potent Bioactive compound
producing actinobacterial isolates

The potent Actinobacterial isolate SBCP-1 was selected for
molecular identification by 16S rRNA gene sequencing. To
amplify the bacterial 16S rRNA gene, the universal primers
16S27F and 16S1492R were used.'™ The ABI 3500XL Genetic
Analyzer was used to sequence the amplified PCR product.
Following sequencing, the trace files were exported as FASTA
files. A database search was performed on the consensus
sequence using the SILVA database v138"* using the BLAST
tool.?) BLASTn was carried out against Silva 138.1 database
using assembled fasta files and hits with highest similarity in the
database. MEGAL1 software was utilized to generate a consensus
phylogram employing the maximum likelihood technique with
1000 iterations.”!

Column Chromatography for fractionation of
bioactive compound

Crude
extract of Streptomyces rochei was proceeded for the column

Bioactive compounds obtained from n-butanol
chromatography to collect the fractions. Silica gel-G with mesh
size 100-120 was selected as the stationary phase while ethyl
acetate: n-butanol was used as the mobile phase for elution of
the fractions.!™” The 5 mL elution fractions were carried out and

fractions were collected followed by solvent evaporation.

Bioassay of fractions

The residues were dissolved in DMSO after evaporation and
bioassay of each fraction was performed on Muller Hinton agar
against MDR E. coli (PP854585), E. coli (PP854586) and E. coli
(PP854587).12
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Thin Layer chromatography of Streptomyces rochei
strain SC1 fraction

TLC was performed for the fraction which shows maximum
antimicrobial activity. Using a ready to use TLC sheet as stationary
phase and ethyl acetate: n-butanol: Water (40:40:20) as mobile

phase for Streptomyces rochei extract.’!

Characterization of Bioactive Compound

The fraction with the maximum antimicrobial activity was
characterized by metabolite screening with exact mass by
UPLC-UV-MS technique using Agilent 6550 Q- ToF connected
to Agilent 1260 Infinity II HPLC.?*! For the chromatographic
separation, an Agilent Eclipse XDB-C18 column (3X150 mm, 3.5
micron) was used, 15 pL was the volume of the sample injection.
The mobile phase consisted of 0.1% formic acid in HPLC grade
water (v/v) and 0.1% formic acid in HPLC grade acetonitrile (v/v),
with a flow rate of 0.3 mL/min. In dual AJS ESI mode, the mass
spectrophotometer was set up with these ESI source parameters:
Sheath gas temperature: 350°C, capillary voltage: 3500V, nozzle
voltage: 1000 V, drying gas: 8 I/min, nebulizer gas: 35 psi, and
nebulizer gas temperature: 300°C. The scan range for the mass

spectrophotometer spectra was 100-1700 m/z.

RESULTS

Isolation of actinobacteria from soil samples

A total of 17 Actinobacterial isolates were isolated on Starch
casein agar from collected forest soil sample, as shown in Figure
1.

Antimicrobial Activity and Screening of
Actinobacteria

Production and Extraction of Bioactive compound

The 6 Actinobacterial isolates SBCP-1, SBCP-2, SBCP-3, SBCP-4,
SBCP-5 and SBCP-6 exhibited inhibitory activity against MDR
E. coli in the primary screening were used for production of
bioactive compounds in SCB. After production, fermented broth

was extracted in ethyl acetate, n-butanol and chloroform.

Secondary screening of Potent Actinobacterial
isolates

The n-butanol extract from Actinobacterial isolate SBCP-1 showed
highest zone of inhibition against MDR E. coli (PP854585), E. coli
(PP854586) and E. coli (PP854587) as shown in Figures 2-5.

Identification of Potent Bioactive compound
producing actinobacterial isolates

On the basis of 16S rRNA gene sequence analysis Actinobacterial
isolate SBCP-1 was identified as Streptomyces rochei and
designated as Streptomyces rochei strain SC1 and it was deposited
in GenBank under Accession No. PQ637672 and phylogenetic
tree indicating the taxonomic position of Streptomyces rochei

strain SC1 showed in Figure 6.

Column Chromatography for fractionation of
bioactive compound

For purification of bioactive compound, the crude bioactive
compounds of n-butanol extract from Streptomyces rochei strain
SC1 was proceeded for the column chromatography and the

fractions were collected.

Figure 1: Growth of pure Actinobacterial isolates from soil sample on SCA plate.
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Bioassay of fractions

The residues were dissolved in DMSO after evaporation and
bioassay of each fraction was performed on Muller Hinton agar
against MDR E. coli (PP854585), E. coli (PP854586) and E. coli
(PP854587) as shown in Table 1 and Figure 7.

Thin Layer chromatography of Streptomyces rochei
fraction

The TLC of bioactive compound fraction which showed best
activity obtained from Streptomyces rochei strain SC1 showed a
single band spot which shows colour as shown in Figure 8.

Characterization of Bioactive Compound

The molecular structure of the compounds presents in the
fraction which shows the most effective antibacterial activity
has been identified using UPLC-UV-MS. The potent bioactive

compound namely 10-deoxymethynolide (C17 H28 O4) having
mass 296.1993 and Decylubiquinol (C19 H32 O4) having mass
324.2306 from class Macrolide and Hydroquinone found in the
fraction obtained from Streptomyces rochei strain SC1 as shown
in Figures 9 and 10.

DISCUSSION

The Escherichia coli is an opportunistic pathogen, it can still
infect immunocompromised individuals and cause diseases.
Bloodstream infections, meningitis, pneumonia, sepsis,
diarrhoea, and UTTs are all caused by certain strains of E. coli.
Most of these diseases are treated with class 3-lactam antibiotics,
fluoroquinones, aminoglycosides, tetracycline, nitrofurantoin,
sulphonamide/trimethoprim, and chloramphenicol. The hospital
acquired multidrug-resistant strain of E. coli that caused the

UTI infection could not be adequately treated with commonly
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Figure 2: Secondary screening of ethyl acetate extract of Actinobacteria againstMDR E. coli strains.

520 17 16 16 17
g1
£ 10
% 5
“ 0

9 E. coli SUC-1

N

mSBCP-1 mSBCP-2 mSBCP-3

25
g 20
=20
=~ | 16 16 16
,S 15 14 - 14 14 '13‘ -
£ Keind
=10 ‘ -
g
“ 5
2 J
Q 0 X
N E. coli SUC-1

E. coli SUC-2

16 ” 15
II 13 4y 18

E. coli SUC-3

Bioactive compound producing Actinobacterial isolates

= SBCP-1 = SBCP-2 =SBCP-3

= SBCP-4 w=mSBCP-5 mSBCP-6

Figure 3: Secondary screening of n-butanol extract of Actinobacteria against MDR E. coli strains.

660

Asian Journal of Biological and Life Sciences, Vol 14, Issue 3, Sep-Dec, 2025



Chavan, et al.: Antimicrobial Metabolites from Streptomyces rochei Against MDR E. coli

20
g 17
E iz 18 16 16 & &
g 15 % — o O [
g 1 1 1n r‘ 11 [
Z 10 M e '
2 | |
.§ 5 | | 4 i
b~ \
: - i
g 0 | - -
N E. coli SUC-1 E. coli SUC-2 E. coli SUC-3

Bioactive compound producing Actinobacterial isolates

mSBCP-1 mSBCP-2 mSBCP-3 wSBCP-4 mSBCP-5 mSBCP-6

Figure 4: Secondary screening of chloroform extract of Actinobacteria against MDR E. coli strains.

Figure 5: Secondary screening of n-butanol extract of Actinobacterial isolates SBCP-1 against MDR E. coli strains.

ONO041491.1:6-906 Streptomyces sp. strain B4 16S ribosomal RNA gene partial sequence
8l ONO041522.1:2-902 Streptomyces sp. strain B77 16S ribosomal RNA gene partial sequence

i ONO041484.1:1-901 Streptomyces sp. strain B39 16S ribosomal RNA gene partial sequence
MZ618748.1:15-915 Streptomyces rochei strain SaMo-23 16S ribosomal RNA gene partial sequence
ON413755.2:9-909 Streptomyces rochei strain MP9-6 16S ribosomal RNA gene partial sequence
OK356580.1:20-920 Streptomyces rochei strain TN48 16S ribosomal RNA gene partial sequence
0Q832756.1:25-925 Streptomyces rochei strain CEMTC 8321 16S ribosomal RNA gene partial sequence
MK?396827.1:13-913 Streptomyces sp. strain SM40 16S ribosomal RNA gene partial sequence

MK396798.1:21-921 Streptomyces sp. strain SM14 16S ribosomal RNA gene partial sequence

=P0637672,1:1~900 Streptomyces rochei strain SC1 16S ribosomal RNA gene partial sequence |

001

Figure 6: Phylogenetic tree indicating the taxonomic position of Streptomyces rochei strain SC1 (Actinobacterial isolate SBCP-1).
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Figure 7: Bioassay of Streptomyces rochei fractions against MDR E. coli.

Figure 8: TLC of potent bioactive fraction obtained from Streptomyces rochei strain SC1.

available antibiotics in prescribed dosages. Discovering novel
antibiotics from bacteria that thrive in extreme conditions is
essential since these UTI infection causing bacteria need higher
dosages of currently available antibiotics or combinations of
antibiotics, which can have adverse effects.

Using starch casein agar, the bioactive compound-producing
S. rochei strain SC1 was isolated and identified from the forest
soil. The identified S. rochei strain SC1 (PQ637672) showed
maximum similarity with the genus Streptomyces. Similarly,
six actinomycetes were isolated on SCA from Egyptian soil,
using 16S rRNA gene sequencing the potent two actinomycetes
isolates A2 and A6 were identified as Streptomyces enissocaesilis
MT658130 and Streptomyces atrovirens MT658195 respectively.!
Streptomyces fimbriatus AC31 was identified by using 16S rRNA
sequencing from the Saharan soil of El Atteuf; Ghardaia.?® Ethyl
acetate, n-hexane, dichloromethane, chloroform, and methanol
have all been reported to be effective in the extraction of S. rochei
secondary metabolites. The specific solvent used may have an
impact on the secondary metabolites that are extracted and the
purity contained in the final extract. n-butanol has effectively
extracted the bioactive secondary metabolite that exhibits
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inhibitory activity against MDR E. coli from the fermentation
broth of S. rochei. However, ethyl acetate and chloroform showed
lower anti-MDR E. coli activity. They extracted secondary
metabolites using n-butanol from fermented broth of Streptomyces
clavuligerus isolated from KSA.?” Similarly, the antibacterial
secondary metabolites from marine Streptomyces sp. VITBRK2
were also extracted using ethyl acetate.™ Likewise, ethyl acetate
used to extract secondary metabolites produced by S. rochei.*”!

A wide variety of compounds are present in the organic solvent
extract of the bioactive secondary metabolite that is extracted
from microorganisms. In order to determine fraction-guided
antibacterial activity, each of the parts are frequently fractionated
using HPLC and column chromatography. Three separate
fractions were eluted from the S. rochei n-butanol extract using
column chromatography. Maximum antibacterial activity against
MDR E. coli was demonstrated by the third fraction. The bioactive
compounds produced by Streptomyces sp. CMSTHHAL-4 was
purified using column chromatography, one fraction out of
23 fractions showed maximum antibacterial activity against
S. aureus, K. pneumoniae, E. coli and P. aeruginosa.’ Using
silica gel column chromatography purified the antimicrobial

Asian Journal of Biological and Life Sciences, Vol 14, Issue 3, Sep-Dec, 2025
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Table 1: Bioassay of Streptomyces rochei fractions against MDR E. coli.

SI. No. Compound E. coli SUC-1 E. coli SUC-2 E. coli SUC-3
Zone of inhibition in mm
1. Fraction-1 16 15 14
2. Fraction-2 16 16 13
3. Fraction-3 17 17 14
4. DMSO 0 0 0
5. Ciprofloxacin (Positive control) 24 25 20
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Figure 9: Deoxymethynolide identified in Streptomyces rochei fraction by UPLC-UV-MS.

compound having antimicrobial activity against MRSA and E
oxysporum was found in eight fractions eluted with chloroform:
ethyl acetate (60:40, v/v).B! Active fraction of TLC was subjected
to column chromatography, a total of 30 different fractions were
obtained, the largest zone of inhibition was observed against K.
pneumoniae, E. coli and P. aeruginosa in the 21* fraction among
other fractions.?*?

Determination of compounds structure with biological activity
is crucial to understand their properties, modes of action, and
applications. The pure fraction of bioactive compounds is
structurally characterized using NMR, MS, IR spectroscopy,
HPLC and UPLC-UV-MS. These techniques combine mass
analysis with spectroscopy. We identified compounds from S.
rochei that have anti-MDR E. coli activity. These compounds
include 10-deoxymethynolide (C,,H,,O,), which has a mass of

28 T 4

296.1993, and Decylubiquinol (C ,H, O,), which has a mass of

324.2306 and belongs to the class Macrolide and Hydroquinone,
respectively. The structure of the compounds has been explained

Asian Journal of Biological and Life Sciences, Vol 14, Issue 3, Sep-Dec, 2025

using the UPLC-UV-MS technique. Gas chromatography, mass
spectrometer analysis, and FTIR spectroscopy used to characterize
the bioactive secondary metabolites produced by Streptomyces
sp. CMSTAAHL-4. They found five bioactive compounds that
had bacterial activity against S. aureus, K. pneumoniae, E. coli,
P aeruginosa, and S. typhi®” Using UV-VIS spectrometry,
infrared spectroscopy, and GC-MS techniques they characterized
bioactive compounds produced by Streptomyces sp. The GC-MS
revealed that Streptomyces sp. SUL, Streptomyces sp. SW721IV, and
Streptomyces sp. SW72VII, were the main producers of elaidic
acid isopropyl ester, Octadec-9-enoic acid, and 2, 3-dihydroxyl
elaidate, respectively. These strains demonstrated antimicrobial
activity against P. aeruginosa ATCC 9077, S. aureus ATCC
700699, C. albicans, and A. favus.”*! Also, the LC-ESI-MS/MS
analysis used to identify bioactive compounds from Streptomyces
rochei with antimicrobial abilities. They discovered 21 new unique
secondary metabolites with notable antibacterial activity against
B. cereus, S. aureus, and S. typhimurium.®¥ The UPLC-UV-MS
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Figure 10: Decylubiquinol identified in Streptomyces rochei fraction by UPLC-UV-MS.

combines the separation capacity of UPLC with the analytical
abilities of UV-VIS and MS to evaluate complicated structure of
bioactive molecules with outstanding sensitivity and specificity.

CONCLUSION

Streptomyces rochei strain SC1 was isolated from forest
soil have ability to produce bioactive compounds namely
10-deoxymethynolide (C,, H,, O,) and Decylubiquinol (C
H,, O,) belongs to the class Macrolide and Hydroquinone,
respectively. These compounds had showed growth inhibitory
activity against MDR E. coli.
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