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INTRODUCTION
The urinary system is among the human body’s 

most important systems, which keeps toxins and waste from 

accumulating in our blood and excreting them as pee [1]. Millions 
of persons worldwide are afflicted with urinary tract infections 
(UTIs), which are among the most prevailing bacterial illnesses. 
UTIs are among the most prevalent bacterial infections globally, 
affecting approximately 150 million people annually and imposing 
significant healthcare costs exceeding $6 billion [2].

The majority of the bacteria that cause UTIs are 
uropathogenic, which includes both Gram-negative and 
positive bacteria, for instance, Proteus mirabilis, Escherichia 
coli, Klebsiella pneumoniae, Enterococcus faecalis, and 
Staphylococcus saprophyticus [3,4].

UTIs are predominantly caused by bacterial 
pathogens, with E. coli being the most prevalent, reaching up 
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ABSTRACT
Urinary tract infection (UTI) is the most typical and annoying human infection, and the most common causative agent is 
bacterial infection, which has high recurrence rates, high virulence, and growing resistance to antibiotics. UTI samples 
were collected from the patient’s nonresponse to antibiotic treatment, and bacteria were identified by morphological, 
biochemical, and molecular biosystematics. The isolated Streptomyces geysiriensis native actinomycetes strain obtained 
from Desert Research Center was grown on a starch nitrate broth medium, and the bio-guided active compound of 
metabolite was isolated and identified by Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) and 
authentic sample. Bacterial isolates were identified as Bacillus cereus Ur-09, Pseudomonas aeruginosa Ur-14, and 
Escherichia coli Ur-33. Successive polarity solvents of cell-free filtrate of S. geysiriensis extract were tested against 
UTI-bacterial isolated strains for antimicrobial activity. The ethyl acetate (EA) extract is the most effective against 
bacteria isolated from the urinary tract, with mean inhibition zones of 21.67, 20.33, and 19.77 mm against B. cereus, 
P. aeruginosa, and E. coli, respectively. The lowest inhibitory concentration was recorded at 5 µg/ml against B. cereus 
and E. coli, while it was 10 µg/ml against P. aeruginosa. EA S. geysiriensis extract was used to identify by LC–MS/
MS determined a major metabolite with potential antimicrobial activities, encompassing 3,4-dihydroxybenzoic acid. 
An isolated 3,4-dihydroxybenzoic acid is a promising compound with high antibacterial activity against UTI bacterial 
isolates and to overcome resistant bacteria. The research findings offer perspectives on finding new natural sources of 
native active isolated compounds as potential sources for pharmacological uses. 
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to 75% of uncomplicated cases, followed by K. pneumoniae, P. 
mirabilis, then Pseudomonas aeruginosa, and Gram-positive 
organisms such as E. faecalis (5%–6%) and S. saprophyticus 
(3%–4%) [3,5,6].

These uropathogens exhibit significant resistance 
to commonly prescribed antibiotics, with E. coli showing 
high resistance to ampicillin, amoxicillin/clavulanic acid, 
and trimethoprim-sulfamethoxazole, while K. pneumoniae 
frequently harbors extended-spectrum beta-lactamases (ESBLs) 
and carbapenemases, leading to resistance against third-
generation cephalosporins and carbapenems. Proteus mirabilis 
is notable for its intrinsic resistance to tetracyclines and 
increasing fluoroquinolone resistance due to mutations in DNA 
gyrase (gyrA). In addition, Enterococcus spp. exhibit resistance 
to fluoroquinolones (50%) and penicillin (39%), while S. 
saprophyticus remains susceptible to nitrofurantoin (86.6%) but 
resistant to beta-lactams [7–12].

The rising prevalence of multidrug-resistant (MDR) 
strains, particularly in hospital-acquired UTIs, underscores the 
urgent need for antimicrobial stewardship and region-specific 
resistance surveillance to guide empirical therapy [13].

Globally, antibiotic resistance linked to UTIs is rising 
quickly. UTIs are the most prevalent bacterial infection that 
necessitates medical attention, represent a severe public health 
problem, and account for 8.6 million ambulatory care visits 
annually [14,15].

Although the effectiveness of traditional treatments 
is seriously threatened by the emergence of antimicrobial 
resistance (AMR), antibiotics are still a major part of the 
clinical management of UTIs. It is becoming more difficult to 
treat UTIs successfully due to resistant microbes, especially 
those that produce carbapenemases and ESBLs [16].

Actinobacteria genus Streptomyces spp. is well 
known for producing a variety of bioactive substances, such as 
antibiotics, which have transformed contemporary medicine. 
Most (approximately 67%) of all microbial antibiotics are 
produced by actinomycetes, with the Streptomyces genus 
accounting for about 80% of these productions [17,18].

Because of the wide range of antibiotic activity 
exhibited by these secondary metabolites, Streptomyces 
is a significant source of possible medicinal medicines. 
Many antibiotics, including erythromycin, tetracycline, and 
streptomycin, that are derived from Streptomyces species have 
been used to treat a variety of bacterial infections. Nonetheless, 
research on Streptomyces for new antibacterial drugs that target 
resistant UTI infections is still ongoing [18,19].

Recent studies focused on the potential of Streptomyces-
derived compounds in battling MDR bacteria. The bioactive 
substances that these microbes create can work in several ways, 
such as by interfering with nucleic acid metabolism, disrupting 
protein synthesis, or inhibiting the creation of bacterial cell 
walls. The effectiveness of Streptomyces metabolites against 
UTI-associated microorganisms, especially those resistant 
to several antibiotics, requires more research despite their 
encouraging antibacterial qualities [18,20].

Moreover, stress on microorganisms may enhance 
the secondary metabolites produced by many mechanisms. 
Therefore, an arid soil-derived Streptomyces species often 

produces novel secondary metabolites, as environmental 
stressors drive the evolution of diverse antimicrobial pathways 
[21,22]. Streptomyces geysiriensis is one of the Streptomyces 
spp., which is a promising candidate for this study due to its 
isolation from arid soils, a niche known to harbor actinobacteria 
with unique biosynthetic capabilities adapted to extreme 
conditions (e.g., drought, high salinity, and oligotrophy) 
[22–24]. Streptomyces geysiriensis was reported as having 
broad-spectrum antimicrobial activity, including against Gram-
negative bacteria. Streptomyces geysiriensis IN7 extracts, or 
their bioactive compounds, showed promising activity against 
the tested multidrug-resistant standard pathogens, including 
Proteus vulgaris, E. coli, and Salmonella enterica [25], which 
aligns with the need for new agents against uropathogens. 

Therefore, the study of antibacterial activities of 
Streptomyces active metabolites and their isolated compounds 
against UTI–causing bacteria is crucial due to the rising 
prevalence of antibiotic resistance among pathogens. UTIs, 
commonly caused by multidrug-resistant bacteria, pose 
significant challenges to global healthcare systems. Genus 
Streptomyces, especially novel strains, a well-known producer 
of bioactive secondary metabolites, offers a promising 
source of novel antibacterial compounds that can combat 
these resistant strains. By isolating and characterizing these 
isolated compounds, researchers aim to develop new, effective 
therapeutic agents to address the growing threat of antibiotic 
resistance, improve treatment outcomes for UTIs, and reduce 
the reliance on conventional antibiotics that are increasingly 
becoming ineffective.

The purpose of this study is to assess the antibacterial 
activity of active metabolites derived from native S. geysiriensis 
against bacteria that have been isolated from UTIs, with an 
emphasis on their potential as alternative treatment agents. 
In addition to helping combat the growing issue of antibiotic 
resistance in UTI treatment. This research aligns with the urgent 
need for innovative solutions to tackle AMR and safeguard 
public health. Extraction, purification, and identification of 
active compounds as antibacterials for UTI. The research 
findings may offer fresh perspectives on the creation of new 
antibiotics or finding new natural sources of isolated compounds 
as potential sources for pharmacological uses.

MATERIALS AND METHODS

Actinomycete strain
The actinomycetes isolate was obtained from the Desert 

Research Center (isolated from wild desert valleys belonging 
to Marsa Matrouh soil, Egypt, coordinates 31.472377°N, 
26.662852°E) and established through molecular characterization 
and phylogeny.

Streptomyces geysiriensis was identified under 
accession number OQ389482, NCBI-GenBank [26].

Bacterial isolation from UTI

Collection of urine specimens
The UTI samples were selected according to the 

patient’s nonresponse to antibiotic treatment from June to 
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December 2022. To collect the urine specimens, the patients 
were instructed to use liquid soap containing chlorhexidine to 
clean their external genitalia. Patients suffering from UTI are 
instructed to provide a mid-stream urine sample into a sterile 
urine container by voiding the first urine drops into the toilet 
[27]. This study was granted ethical approval and approved 
by the Research Ethics of the Botany Department, Faculty of 
Science, Port Said University.

Bacterial isolation
The urine samples were kept between 4°C and 8°C in 

a refrigerator until it was evaluated. Centrifuge tubes containing 
approximately 10 ml urine samples were centrifuged for 10 
minutes at 2,000 rpm and sealed to prevent contamination. The 
urine sediment was separated by a sterile wire loop on nutrient 
agar media, and cystine–lactose–electrolyte-deficient agar 
media and incubated at 37°C for 24 hours. After incubation, the 
colonies’ purity is checked by colonial morphology and Gram 
stain. The pure bacterial colonies were kept for further studies.

Identification of UTI-isolated bacteria

Biochemical and morphological characterization
Cell bacterial morphology and arrangements, and 

characteristics of their cell walls were decided after Gram 
staining involves a series of steps [28,29]. Different culture 
media and biochemical tests in the medical lab, including 
IMViC tests (indole, methyl-red, Voges–Proskauer, and citrate), 
triple sugar iron agar, oxidase test, urease test, catalase test, 
and other biochemical tests, were used to identify unbranched 
bacteria isolated from UTI.

Molecular biosystematics
The international standards for molecular biosystematics 

using 16S rRNA gene sequencing. DNA of the UTI-isolated 
bacteria was extracted by enzyme method according to the 
protocol prescribed by Marmur and Doty [30]. After that, purity 
was checked on agarose (0.8%) gel electrophoresis. To obtain the 
16S rRNA gene, purified DNA was subjected to polymerase chain 
reaction (PCR) amplification for sequencing. A PCR kit containing 
Primer A-8.27f (5΄-CCGTCGACGAGCTCAGAGTTTGATC 
CTGGCTCAG-3΄) and Primer B-1573-1504-R(5΄-CCCG 
GGTACCAAGATTAAGGAGGTGACCAGCCGCA-3΄) was 
employed in the amplification. According to the standard protocol 
for PCR amplification [31]. After PCR amplification, isolated 
DNA fragments containing 16S rRNA genes of bacterial isolates 
were sent to Macrogen (Humanizing Genomics Macrogen, Seoul, 
Korea). The whole nucleotide profile of the 16S rRNA gene, 
which indicates complete sequencing, was obtained. Geneious 
software (Biomatters) was used to trim and assemble the resultant 
sequences. As a result, the exact sequences were found using 
GenBank’s basic local alignment search tool (BLAST).

Phylogenetic analysis
In addition to phylogenetic assessment, the sequenced 

16S rRNA of UTI bacterial isolates corresponded with those in 
a known database using the EzBioCloud instrument. Nucleotide 
nucleic acid sequences were obtained from GenBank and 

aligned with the recognized sequences using MEGA-X, 
software used to understand molecular identification and 
polyphasic taxonomic approaches for genetic relatedness and 
phylogenetic relationships of microorganisms. Phylogenetic 
trees were constructed using the neighbor-joining method 
[32], employing the Tamura–Nei Model [33]. The trees were 
reviewed using 103 bootstrap replicates.

Extracellular bioactive metabolite(s)

Production
An agar disc was cut (with a Cork-borer) out of the 

actinomycete agar plate culture of the S. geysiriensis isolate, 
which was used to inoculate 250 ml Erlenmeyer flasks 
containing 100 ml of the sporulation medium (liquid starch 
nitrate at pH 7.0). The inoculated flask broth medium was 
incubated at 35°C for 3 days on a rotary shaker (150 rpm) to 
stimulate spore production. For active metabolite production, 
20 flasks (250-ml Erlenmeyer flasks, 100 ml broth medium 
of starch nitrate, and pH 7.2 ± 2) were inoculated with 10 ml 
of the vegetative inoculum. The inoculated broth flasks were 
incubated at 35°C in a 250-rpm rotary shaker. After incubation, 
the collected broth culture media were filtered with cotton, 
centrifuged for 15 minutes at 4°C at 4,000 rpm to separate the 
mycelium from the flask, and stored in a refrigerator for further 
extraction procedures.

Active metabolite extraction
The cell-free filtrate (500 ml) was then concentrated 

using a rotary evaporator (Büchi, Flawil, Germany) at 35°C ± 
5°C. The concentrated filtrate was then subjected to sequential 
solvent extraction in a separating funnel using the following 
gradient-polarity solvents (each 300 ml): hexane, diethyl ether, 
chloroform, and ethyl acetate (EA). After each extraction step, 
the solvent layer was separated, and the remaining aqueous 
phase was further extracted with the next solvent. The residue 
from the cell-free filtrate after organic solvent extraction was 
evaporated to dryness using a rotary evaporator and then re-
extracted with 300 ml of absolute ethanol. All solvent extracts 
were filtered (by filter paper Whatman no. 1) and reduced 
using rotary evaporation and then dried to remove all solvent 
(complete dryness). The dried extracts were individually 
dissolved in 1 ml of dimethyl sulfoxide (DMSO) for solubility. 
The resulting solutions were screened for bioactivity against the 
test organisms.

Evaluation and purification of the active compound
Using a different system of toluene: EA: formic acid 

(5:4:1 V/V), the active solvent extract of S. geysiriensis was 
analyzed by Thin-layer chromatography (TLC) (silica gel 60, 
F254, aluminum sheet 20 × 20 cm, Merck KGOA, Germany) 
and detected at short and long wave UV. Column (Silica gel) 
chromatography was used for the fractionation and purification 
of the most potent EA extract. By visualization of TLC, similar 
chromatographic bands of successive extracts were added 
together. The pure bands on TLC were through the proper 
solvent solution, and the bands were separated using UV 
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light. After scraping the bands off the plate, they were put in 
a Buckner funnel, eluted with the proper solvent, and filtered.

Determination of the active compounds of EA extract
To evaluate the active band of the most potent fraction, 

the activity at the partial purification stage was checked using 
the bioautographic method, in which the developed TLC strip 
was positioned on a UTI bacterial isolate that was seeded in 
an agar plate. Then, the prepared Petri dish was incubated for 
24 hours at 37°C. The inhibition zone around the band was 
decided, and retention factor (RF) was calculated to determine 
the active band on the TLC strip.

Identification of active compound
Standard authentic compound 3,4-dihydroxybenzoic 

acid was obtained from Merck Chemical Co. It was used as an 
authentic compound for the proposed structure of an isolated 
compound, which was performed by co-chromatographic 
analysis.

Liquid chromatography-quadrupole time-of-flight tandem mass 
spectrometry analysis

The preparation of the sample, acquisition, and LC-MS 
data processing methods were performed according to Zhu 
et al. [34] and Badawy et al. [35]. A solvent for reconstitution 
(acetonitrile) was created using H2O: MeOH: MeCN 
50:25:25 v/v. Fifty milligrams of the dry extract were dissolved 
in 1 ml of the reconstitution solvent. Solubility was reached 
after centrifuging at 104 rpm for 10 minutes, ultrasonicating 
for 10 minutes, and vortexing for 2 minutes. The stock solution 
was diluted using reconstitution solvent from 50 µl to 1,000 µl. 
The final injection concentration was 2.5 µg/µl. The injection 
sample was 10 µl. Solutions A, B, and C were prepared for 
positive mode, negative mode, and both negative and positive 
mode, respectively, then used in the acquisition Method. An 
X select HSS T3 (2.5 µm, 2.1 × 150 mm) column (Waters, 
USA) and in-line filter disks pre-column (0.5 µm × 3.0 mm, 
Phenomenex, USA) conditioned at 40ºC were used to separate 
the compounds. Chromatographic separation and information 
were carried out using Exion LCTM Series UHPLC equipment 
on a Triple TOF 5600+ (Sciex, USA).

Screening for antimicrobial activity
Mueller–Hinton agar (MHA) was used for antimicrobial 

assays, as per CLSI guidelines and according to the diffusion 
plate method [36–38], the inhibitory clear zones on agar plates 
around the holes or discs were measured in millimeters.

Agar well method
MHA was seeded with test bacteria before solidification 

under an aseptic condition and poured into sterilized plates. 
The inoculated seeded plates were punched by a sterile Cork 
borer to create 6 mm diameter holes. An exact 100 µl of the 
Streptomyces cell-free growth filtrate was filled in each hole 
aseptically. Then, the Petri dishes were kept in the fridge for 
60 minutes before incubation (at 37°C for 24 hours) of each 
organism to acquire full diffusion. The antimicrobial activities 
of the actinomycetes isolates were detected by measuring a 

clear inhibition zone around holes. The experiment was carried 
out in triplicate.

An agar-well diffusion experiment was used to screen 
different successive extracts. Different extracts were dissolved 
(50 mg/ml) in water or DMSO according to solubility. The 
antimicrobial activities of the S. geysiriensis isolate were 
detected by measuring a clear inhibition zone around holes. 
Distilled water and DMSO served as negative controls. The 
experiment was carried out in triplicate. 

Disk diffusion method
The disc diffusion method was used for confirmation 

of the antibacterial assay of the purified isolated compound. 
MHA media were seeded with test bacteria before solidification 
in an aseptic condition and poured into sterilized plates. 
Antimicrobial disks were prepared by cutting a 6.0 mm 
diameter paper disk (Whatman No. 3). The discs were saturated 
with the actinomycete growth filtrate or filtrate fractions, 
allowed to dry, and then placed on the surface of an agar-seeded 
medium with the test organisms. The antimicrobial activities of 
the actinomycetes isolates were detected by measuring a clear 
inhibition zone around the discs. The experiment was carried 
out in triplicate.

Determination of minimal inhibitory concentrations
The minimum inhibitory concentration (MIC) 

of successive extracts was determined using the agar-well 
diffusion method. Different concentrations of 20, 10, 5, 2.5, 
and 1.25 ug/ml were achieved by two-fold serial dilution. 
Agar wells were made on each Petri plate seeded with test 
bacteria, and 100 µl of each extract was added to each well. 
The plates were refrigerated for 1 hour and then incubated at 
37°C for 24 hours. MIC was originally thought to be the lowest 
concentration of an agent or extract at which bacterial growth 
is completely inhibited. Distilled water and DMSO served as 
negative controls. The experiment was carried out in triplicate.

Statistical analysis
The statistical software SPSS 19 was used to analyze 

the data. Every data point was shown as a mean ± SD.

RESULTS

UTI bacterial isolation and identification
The urine samples were collected and subjected to the 

isolation of bacterial pathogens. After incubation, the colonies’ 
purity is checked by colonial morphology and Gram stain, then 
subjected to biochemical and molecular tests for identification. 
Three bacterial isolates, including E. coli (Ur-33), P. aeruginosa 
(Ur-14), and Bacillus cereus (Ur-09) confirmed identification 
corresponding to 16S rRNA gene sequencing, and the results 
are as follows.

Identification of bacterial strain Ur-09
By the semi-quantitative culture technique, the urinary 

tract pathogenic bacteria were subjected to 16S rRNA gene 
sequencing, and the DNA amplification of the Ur-09 isolate 
represented around 1,386 bp. To complete the identification of 
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isolate Ur-09, the sequence obtained was blasted to NCBI, and 
the result was aligned to the partial gene sequence of 16S rRNA 
of B. cereus with Gene Bank accession number PP732311. 
From the BLAST search, the homologous sequences were used 
to create a phylogenetic tree, revealing (100%) relatedness to 
the B. cereus strain (Fig. 1).

Identification of bacterial strain Ur-14
In the second strain, the DNA PCR amplification and 

sequencing of the 16S rRNA gene yielded the results of the DNA 
sequence. The DNA sequence was then assessed using BLAST. 
According to BLAST pattern matching against database 
sequences, bacterial isolate Ur-14 was molecularly confirmed 

Figure 1. Phylogenetic tree of bacterial evolutionary relationships inferred from aligned 16S rDNA sequences of coded bacterial isolate strain Ur-09.
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as P. aeruginosa with Gene Bank accession number PP732312. 
Phylogenetic tree of bacterial evolutionary relationships 
inferred from aligned 16S rDNA sequences of coded bacterial 
isolate strain Ur-14 (Fig. 2).

Identification of bacterial strain Ur-33
The investigation of the 16S rRNA sequences of 

the bacterial isolate Ur-33, which contains 1,895 bp. It has 
been submitted to the NCBI BLAST engine for processing. 
A phylogenetic tree with similar sequences was subsequently 
generated using the neighbor-joining approach for an isolated 

bacterial strain (Fig. 3). From the BLAST search, the 
homologous sequences were used to create a phylogenetic tree, 
revealing that Ur-33 is 100% related to E. coli strain (with an 
accession number PP732310).

Morphology and antibacterial activity

Streptomyces geysiriensis growth and antibacterial activity screening
Morphological characteristics of S. geysiriensis on 

growth on yeast-malt extract agar medium and tryptone-yeast 
extract agar media showed creamy white aerial mycelium 
and grey–white substrate mycelium (Fig. 4). Streptomyces 

Figure 2. Phylogenetic tree of bacterial evolutionary relationships inferred from aligned 16S rDNA sequences of coded bacterial isolate strain Ur-14.
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geysiriensis growth on starch nitrate culture media, the aerial 
mycelium had a creamy color, while the base mycelium had 
a greyish color. After incubation of inoculated starch nitrate 
broth medium, the antimicrobial activity of S. geysiriensis cell 
growth-free filtrate against E. coli Ur-33, B. cereus Ur-09, and 
P. aeruginosa Ur-14 showed promising activity, measuring 18, 
19, and 20 mm, respectively.

Antibacterial activity of successive extracts
The antibacterial activity of various S. geysiriensis 

cell-free filtrate solvent extracts (hexane, chloroform, EA, and 
ethanol) against three UTI bacterial isolates (B. cereus Ur-09, 
E. coli Ur-33, and P. aeruginosa Ur-14). All successive solvents 
showed variant antibacterial activity against UTI bacterial 
isolates. The results indicate that each of the three bacterial 

Figure 3. Phylogenetic tree of bacterial evolutionary relationships inferred from aligned 16S rDNA sequences of coded 
bacterial isolate strain Ur-33. PP732310.
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strains was targeted by EA with inhibition zones of 19.67, 
21.67, and 20.33 mm against E. coli Ur-33, B. cereus Ur-09, 
and P. aeruginosa Ur-14, respectively. According to these 
results, EA extract was the most active among the successive 
solvents (Table 1).

Minimal inhibitory concentration determination

MICs of the most potent EA successive solvent of 
S. geysiriensis cell-free filtrate against urinary tract bacterial 

strains were determined (Table 2). MICs of EA were recorded 
at 5 µg/ml for E. coli Ur-33 and B. cereus Ur-09, with inhibition 
zones 15.60 ± 0.12 and 13.67 ± 0.29 mm, respectively, while 10 
µg/ml for P. aeruginosa Ur-14 with an inhibition zone 12.59 ± 
0.46 mm. Erythromycin at a concentration of 10 µg/ml (control) 
showed inhibition zone 9.67 ± 0.07, 10.19 ± 0.06, and 11.3 ± 
0.33 mm against E. coli Ur-33, P. aeruginosa Ur-14, and B. 
cereus Ur-09, respectively.

Biological activity of active compounds
The most potent EA extract was subjected to column 

fractionation. After fractionation, five major TLC plate bands 
were screened against E. coli Ur-33, B. cereus Ur-09, and P. 
aeruginosa Ur-14. The active compounds of the EA extract 
using TLC diffusion on the surface of seeded bacteria were 
determined (Fig. 5), which demonstrates that one spot is 
active in the TLC chromatogram of the EA successive extract. 
This pure compound loaded with filter paper disc showed the 
inhibiting activity on three UTI test bacteria: E. coli Ur-33, B. 
cereus Ur-09, and P. aeruginosa Ur-14, with inhibition zones of 
15.67, 17.66, and 15.33 mm, respectively.

Table 1. Effect of different successive solvent  
extracts on UTI-isolated bacteria.

Solvent extract Escherichia 
coli Ur-33

Bacillus cereus 
Ur-09

Pseudomonas 
aeruginosa Ur-14

Hexane NA NA NA

Chloroform 10.67 ± 0.27 NA 12.67 ± 0.47

E. acetate 19.67 ± 0.94 21.67 ± 0.54 20.33 ± 0.72

Ethanol 14.67 ± 0.54 12.33 ± 0.27 12.67 ± 0.72

Erythromycin 15.89 ± 0.64 16.34  ± 0.66 15.56 ± 0.87

NA = no activity.

Table 2. Effect of different concentrations of EA S. geysiriensis 
extract on the UTI bacterial isolates.

µg/ml Escherichia 
coli Ur-33

Bacillus cereus 
Ur-09

Pseudomonas 
aeruginosa Ur-14

1.25 NA NA NA

2.5 NA NA NA

5 15.60 ± 0.12 13.67 ± 0.29 NA

10 20.33 ± 0.11 20.63 ± 0.63 12.59 ± 0.46

20 26.27 ± 0.07 24.57 ± 0.45 16.91 ± 0.28

Erythromycin 
10 µg/ml 9.67 ± 0.07 11.3 ± 0.33 10.19 ± 0.06

NA = no activity.

Escherichia coli Ur-33 Pseudomonas aeruginosa Ur-14 Bacillus cereus Ur-09

Figure 5. Determination of the active compounds of EA extract using TLC band diffusion.

a b

Figure 4. Streptomyces geysiriensis growth on yeast-malt extract agar (a), 
and tryptone-yeast extract agar (b) media.
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Identification of purified active compound
The major crude compound was identified by the 

Liquid Chromatography-Tandem Mass Spectrometry (LC-
MS/MS) tools. Positive mode LC-MS analysis of crude 
extract showed that 3,4-dihydroxybenzoic acid (Figs. 6 and 7) 
was the major compound. Liquid chromatography-MS/MS 
assessment (positive mode) of the S. geysiriensis EA extract 
was used to anticipate the chemical formula of a molecular 
compound in accordance with m/z 155.1177 by using the Peak 
View software, which recommended the molecular formula of 

C7H6O4, [M+H+]. Liquid chromatography-MS/MS decided the 
major metabolite (labeled by arrow), with antibacterial assay 
defined as 3,4-dihydroxybenzoic acid. Further confirmation for 
the proposed structure was performed by co-chromatographic 
analysis of authentic 3,4-dihydroxybenzoic acid with an 
isolated compound, which reveals that both have the same RF 
value, which is further evidence for the identity of the proposed 
structure.

DISCUSSION
Millions of persons worldwide are afflicted with 

UTIs, which are among the most prevailing bacterial illnesses. 
Uropathogenic bacteria are the main cause of UTIs, with 
E. coli being the most common pathogen [3]. One of the most 
prevalent bacterial illnesses in the world. UTIs can occur in 
both public and medical settings [4]. Despite advances in 
antibacterial therapy, UTIs continue a significant cause of 
morbidity [39,40]. Long-term usage of antibiotics results 
in adverse effects in humans as well as plasmid and/or 
mutational alterations that provide bacteria resistance. There is 
a growing need for functional actinobacteria and other natural 
products due to environmental concerns and MDR infections. 
Nowadays, finding novel sources and bioactive substances for 
antibiotics is one of the most important challenges [41–43]. 
Streptomyces spp. is one of the most important sources of 
antibiotics, and its soils are rich with it. This bacterial genus 
produces around 6,000 distinct types of bioactive secondary 
metabolites that are generated from different Streptomyces 
species. Many of these drugs are antibiotics, herbicides, and 
insecticides [44].

In previous studies, the most common UTI bacteria, 
including E. coli, K. pneumoniae, P. mirabilis, and E. faecalis 

Figure 6. Liquid chromatography-MS/MS assessment of crude Streptomyces geysiriensis EA extract.

Figure 7. The suggested chemical structure of 
isolated compound 3,4-dihydroxybenzoic acid.
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are common intestinal bacteria that cause UTIs. UTIs are 
also caused by S. saprophyticus, P. aeruginosa, and Group 
B Streptococcus. Rarely occurring bacterial species are also 
linked to UTIs, including Salmonella species, Acinetobacter, 
B. cereus, Enterococcus hirae, and Staphylococcus spp. (sciuri, 
vitulinus, lentus, xylosus, and pulvereri) [3,45–52]. Gram-
negative bacteria are the primary cause of UTIs because they 
can acquire plasmids with genes ESBLs or other resistant genes 
that plasmids can transport [53]. In addition, the most prevalent 
bacterial Gram-negative resistance mechanism involves the 
active efflux of antibiotics from cells through membrane 
transporters [54]. Furthermore, Gram-negative bacteria have 
an outer membrane that acts as a natural barrier and controls 
antimicrobial entrance or increases resistance [6]. 

In the current study, three bacteria, including two 
Gram-negative E. coli (Ur-33), P. aeruginosa (Ur-14), 
and one Gram-positive B. cereus (Ur-09), were isolated 
from UTI patients and identified according to biochemical 
and confirmed identification according to 16S rRNA gene 
sequencing. Streptomyces geysiriensis isolated strain (under 
accession number OQ389482, NCBI-GenBank) was cultivated 
on starch–nitrate broth at 37°C for 12 days and under other 
suitable cultivation conditions for Streptomyces spp. to produce 
bioactive metabolites [26].

Previous studies have shown that S. geysiriensis was 
reported as having broad-spectrum antimicrobial activity, 
including against Gram-negative bacteria. Streptomyces 
geysiriensis IN7 (isolated from marine sediments on Starch 
Casein Agar) extracts, or their bioactive compounds, showed 
promising activity against the tested multidrug-resistant standard 
pathogens, including P. vulgaris, E. coli, and S. enterica [25].

Several methods are used to extract the bioactive 
chemicals from natural sources. Secondary metabolites are 
typically extracted from the culture filtrates using solvent 
extraction [55,56]. Bioactive substances from actinobacteria 
have been extracted using organic solvents with varying 
polarity [57]. The same thing was detected in the current study; 
it was also found that the extraction of active substances from S. 
geysiriensis cell-free filtrate, which was subjected to the process 
of extraction by different solvents (ethanol, EA, chloroform, and 
n-hexane), showed that EA exhibited respectable antimicrobial 
activity against the tested microorganisms. These results are 
very similar to a study conducted by Rammali et al. [56], who 
proved that potent secondary metabolites, especially those with 
antibacterial and antifungal activities, were produced by the 
isolated Streptomyces strain, and the EA extract demonstrated 
notable antimicrobial activity against both drug-resistant 
bacteria and phytopathogenic fungi. In addition, the Karthick 
et al. [25] study uses different solvents, methanol, hexane, 
and EA, in extracting bioactive compounds against the tested 
multidrug-resistant standard pathogens, including P. vulgaris, 
E. coli, and S. enterica.

In addition, according to a previous study conducted 
by Rante et al. [58], the same results were largely similar to 
our study; it was found that the EA extract from S. geysiriensis 
showed antimicrobial efficacy against Candida albicans, 
E. coli, and multidrug-resistant Staphylococcus aureus at a 
concentration of 2 mg/20 μl. The EA extract was found to be 

superior when the identical extracts of organic solvents were 
investigated on bacteria isolated from the urinary system, as it 
provided the highest rate of inhibition.

In addition to Apsari et al. [59] study, it was also 
found that the supernatant of Streptomyces spp. was extracted 
by using EA, and crude extract was tested by the paper disc 
method on six test bacteria isolated from UTI patients, and 
gave a higher inhibition zone among others. In the current 
study, the most active EA extracts were subjected to column 
fractionation and preparative TLC, and one spot out of 
five spots was more active against UTI bacteria. The same 
steps in another study demonstrated that eight spots of the 
EA supernatant of Streptomyces sp. CRB46 was separated 
on the TLC chromatogram and inhibited Gram-positive (S. 
aureus, Bacillus subtilis, and Bacillus licheniformis) and 
Gram-negative bacteria (Salmonella typhimurium and P. 
aeruginosa) standard test bacteria with a large inhibition 
zone [60,61].

The MIC provides an idea of the in vitro effectiveness 
of an active extract or compound against a microorganism, a 
quantitative assay against tested bacteria [62]. In the current 
study, the lowest MIC of successive EA extract of S. geysiriensis 
medium was recorded against E. coli and B. cereus. In other 
studies, the lowest activity of Streptomyces extract was against 
Gram-positive bacteria than Gram-negative bacteria [63,64].

In the current study, the major and active compound 
has been strongly suggested its identity as 3,4-dihydroxybenzoic 
acid by using LC-MS/MS and co-chromatography. The active 
major compound isolated from S. geysiriensis has activity 
against UTI bacterial isolates.

While LC-MS/MS and co-chromatography strongly 
suggest the identity of the major compound as 3,4-dihydroxybenzoic 
acid, nuclear magnetic resonance (NMR) analysis would be 
required for unequivocal confirmation. Future studies will prioritize 
NMR validation.

A few studies indicated that active isolated compound 
(3,4-dihydroxybenzoic acid) formation is a relatively common 
natural source, including algae Cladophora wrightiana [65], 
bacterial nitrogen-fixing Azomonas macrocytogenes [66], and 
leaves of Ageratum conyzoides L. [67]. 3,4-dihydroxybenzoic 
acid, an isolated compound from Streptomyces species, is 
effective against Rhizoctonia solani plant pathogens [68]. 
In addition, 3,4-dihydroxybenzoic acid is isolated from the 
rhizome of Drynaria quercifolia, which is active against several 
Gram-positive and negative bacteria [69]. Furthermore, from 
the EA fraction of the fern Trichomanes chinense crude extract, 
3,4-dihydroxybenzoic acid has been identified. In addition, this 
molecule demonstrated strong antibacterial and antioxidant 
properties [70].

One common natural phenolic compound is 
3,4-dihydroxybenzoic acid, often known as protocatechuic 
acid (PCA). PCA exhibits a wide range of pharmacological 
characteristics and may function as anticancer, anti-
inflammatory, neuroprotective, antibacterial, antidiabetic, 
antiapoptotic, antitumor, and antiasthmatic drugs. Along with 
being an antioxidant, they may also promote cell proliferation 
and apoptosis, inhibit cell apoptosis, promote the autophagy-
lysosome pathway, suppress oxidative stress damage, inhibit 
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inflammatory responses, improve synaptic plasticity dysfunction, 
and provide neuroprotective factors. Atherosclerosis, diabetes, 
Alzheimer’s disease, cancer, and other illnesses may all benefit 
from PCA’s prevention and therapy. One kind of naturally 
occurring phenolic acid that is extensively distributed is PCA. 
PCA shares structural similarities with well-known antioxidant 
chemicals such as gallic acid, caffeic acid, vanillic acid, and 
syringic acid. Together with other potential mechanisms, such 
as anti-inflammatory qualities and interactions with many 
enzymes, PCA is an active ingredient found in over 500 plants 
that impart a variety of pharmacological activities [71–73]. An 
iron-chelating dihydrobenzoic acid called 2,3-dihydroxybenzoic 
acid was shown to have significant anti-biofilm activity against 
one of the tested Methicillin-Resistant Staphylococcus aureus 
strains, significantly reducing the biofilm formation [74]. 
The mechanism of action of 3,4-dihydroxybenzoic acid as 
an antimicrobial or antibacterial is understood. The modes of 
action of natural polyphenol antimicrobials include adenosine 
triphosphate depletion, proton motive force decay, rupture of 
cell membranes, and malfunctioning nucleic acid processes 
[75].

CONCLUSION
This study concludes by highlighting the biological 

activity and main active compound and S. geysiriensis strains 
that have shown activity against a variety of bacteria that cause 
UTI diseases. The findings suggest that the S. geysiriensis 
active compound (3,4-dihydroxybenzoic acid named PCA) acts 
on UTI-isolated bacteria after isolation and identification of 
these bacteria from clinical specimens. Since most germs can 
develop resistance to commercial antibiotics, this represents a 
novel pharmacological target that may not result in resistance. 
Determining the compounds’ structures in the active fractions 
is essential to increasing the output of extracts that include 
these chemicals. These results lay a strong basis for future 
studies investigating the therapeutic potential of S. geysiriensis 
metabolites and its isolated compounds in the treatment 
of UTIs, especially in light of the pressing need for novel 
antibiotics to fight antibiotic-resistant bacteria. Determining 
their significance in tackling the increasing problem of resistant 
bacterial infections will require further research into their 
antimicrobial range, method of action, and clinical usefulness. 
In addition, this article highlighted the new natural source of 
PCA, which has several pharmacological uses.

RECOMMENDATION
Streptomyces geysiriensis could be a promising 

microorganism for the improvement of antibacterial drugs 
against a wide range of UTI-pathogenic bacteria. Approving of 
S. geysiriensis as a natural source of PCA (3,4-dihydroxybenzoic 
acid), which has several pharmacological uses. Further clinical 
studies to find out the side effects of the separated compound 
are needed to confirm clinical uses.
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