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Abstract 

Background:  ESBLs hydrolyze the beta-lactam ring of antibiotics and are not affected by 1st, 2nd, 3rd, and 4th 
generation antibiotics. There are over 400 ESBL enzymes that have already been investigated globally are present in 
Enterobacteriaceae species such as Escherichia coli, Klebsiella pneumoniae and Klebsiella oxytoca strains. Prevalence of 
ESBLs is slowly increased, from 10 to 40% in E. coli and K. pneumonia strains. Microorganisms producing ESBLs are chal-
lenging to physicians, clinical microbiologists, and antibiotic researchers.

Results:  In this study, ESBL-producing strains of E. coli were subjected to antibiotic sensitivity screening. The efficacy 
of myco BR-AgNPs on growth in E. coli ATCC (25922) and clinical isolates of E. coli was determined by well diffusion 
method. Myco BR-AgNPs reduced the growth as well as inhibited the biofilm formation in ESBL-producing strains of 
E. coli. MIC and MBC were determined by using serial microdilution and surface drop method. The MICs were 0.078–
0.625 µg/ml and MBCs were 0.312–1.25 µg/ml. The biofilm formation was effectively inhibited by myco BR-AgNPs 
when compared with control. The expression of CTX-M-15 gene was studied in clinical isolates of E. coli treated with 
antibiotic (positive control), mycosilver nanoparticles (test) and compared with the other positive control (untreated 
strains). Interestingly, the expression of CTX-M-15 was downregulated in the samples treated with myco BR-AgNPs.

Conclusion:  The use of myco BR-AgNPs and their growth inhibitory effect on ESBL-positive strains were the main 
focus of this research. ATCC and ESBL strains used in this study were effectively inhibited by myco BR-AgNPs. The 
effect of myco BR-AgNPs on the expression of a gene encoding CTX-M-15 was tested on a molecular level, and the 
observed results showed that the gene expression was reduced when compared with control and antibiotic treat-
ment. According to the current research, myco BR-AgNPs synthesized with the aid of endophytic fungal extract could 
be used to suppress the growth of ESBL-positive strains of E. coli. Myco BR-AgNPs may be an important alternative to 
various antibiotics in preventing bacterial resistance if optimized and tested for toxicity.
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Background
Nanotechnology has brought a big revolution in science 
and technology. Nanomaterial synthesis using metals 
such as silver, copper, gold, magnesium, iron and tita-
nium has gained immense importance and has attracted 
many nano-researchers due to their various applica-
tions in science and technology [1, 2]. Nanoparticles are 
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versatile agents with numerous applications in biomedi-
cal, bioengineering, agriculture, semiconductors, etc. 
Nanoparticles have the potential to become a powerful 
nano-weapon against bacteria. [3]. The WHO [4, 5] has 
expressed a serious concern regarding the upsurge devel-
opment of antibiotic-resistant microbes. It is commonly 
believed that above 70% of bacterial infections show 
resistance towards the present-day antibiotics that are 
generally used to treat the infection. Multidrug resistance 
has become one of the greatest challenges throughout the 
globe [6]. There are complications in treating infections 
caused by MDR microbes including Gram-positive and 
Gram-negative organisms. This opportunistic organism 
produces a variety of virulence factors, biofilm and pyo-
cyanin, which helps to develop resistance to antibiotics 
[7].

ESBL-synthesizing bacteria such as Escherichia coli 
and Klebsiella pneumoniae hydrolyze the beta-lactam 
ring of antibiotics, thus inactivating the antibiotics and 
leading to antibiotic resistance. These bacteria cause 
various diseases such as blood stream infections, uri-
nary tract infections, bloody diarrhoea, pneumonia and 
skin infections. More than 60% infections are caused by 
biofilm-producing bacteria, which create a major obsta-
cle in treating those infections [8]. ESBL-producing E. 
coli have the capability of producing the biofilm which 
makes them more antibiotic resistant. So far, no drug 
has been discovered that exactly targets biofilm, so the 
need of the hour is to find alternative strategies that 
can help in breaking this antibiotic resistance mediated 
through biofilm formation [9]. Antibiotic resistance 
has become difficult to cure life-threatening infections 
caused by outbreak of drug-resistant bacteria. Hence, 
there is need for the development of new drugs or mod-
ification of existing drugs to control multidrug resistant 
microbes [10]. Nanotechnology offers a wide platform 
to develop and modify metals into nanoparticles, which 
can be utilized for various applications including diag-
nostics, cell labelling, biomarkers, biological imaging, 
nano-drugs, drug delivery system, and antimicrobial 
drugs for treating different diseases [11]. In general, 
researchers are focussing towards the synthesis of dif-
ferent nanoparticles, especially silver nanoparticles, to 
tackle the problem with the rise of antibiotic-resistant 
microbes [12]. From the ancient time people have been 
utilizing Ag as an antimicrobial agent because of its 
strong antimicrobial potential [13]. Antimicrobial effi-
cacy of metallic Ag can be improved by manipulating 
the size and shape at the nano-level. The smaller size 
of the nanoparticles as well as their unique physical 
and chemical properties has made them attractive to 
use in various fields [14]. The exact mechanisms which 
the nanoparticles employ on different microbes are still 

being explored. However, there are several philosophies 
on the antimicrobial mechanism of NPs, which are (a) 
NPs release the silver ions and are toxic (b) formation 
of free radicals (c) interaction of silver NP with thiol 
groups hence arresting cell cycle by inactivating mem-
brane-bound enzymes [15]. It is also known that the 
smaller nanoparticles have a larger surface area which 
enhances the interaction potential of the nanoparti-
cles, thus shows the strongest antimicrobial effects. The 
charge on the surface of metal nanoparticles abridges 
the attachment on the bacterial surface which regulates 
their bactericidal effect. The bactericidal efficacy of NPs 
is also dependent on size and shape [15].

Nanoparticles are gaining a considerable attention 
day by day due to their unique properties and are being 
widely studied because of their diverse applications 
in different fields. Nowadays for nanoparticle synthe-
sis researchers are utilizing different biological sources 
including plants, yeast, bacteria, actinomycetes and fungi 
[16]. In addition, endophytic fungi are more ideal for the 
synthesis of nanoparticles and can be readily grown in 
the laboratory on a large scale, which can withstand flow 
pressure, agitation and other extreme conditions in the 
bioreactors or other chambers [17]. Hence, this current 
research mainly focuses on studying the antibacterial 
effect of endophytic fungal extract-mediated silver nano-
particles on ESBL-producing pathogenic E. coli.

Materials and methods
Bacterial strains
Collection of American Type Culture Collection ATCC 
strains of E. coli (ATCC 25,922) was utilized. Luria–Ber-
tani agar was used to prepare slant cultures. The clinical 
isolates of Escherichia coli were collected from Tagore 
Medical College and Hospital, Chennai. The clinical 
strains were obtained (BSAU: REG-OFF: 2016/02SLS) 
after proper ethical approval by the institutional eth-
ics committee. All the strains have been maintained as 
stocks in 20% glycerol and slant cultures.

Antimicrobial activity of clinical strains of E. coli 
through well plate method
The antibacterial potential of myco BR-AgNPs was tested 
through well diffusion method on LB agar plates [18]. 
100 µl of E. coli ATCC (25922) and resistant clinical strain 
cell suspension with cell density of 0.5 McFarland stand-
ard units were spread on LB agar plates and wells were 
made and loaded with 50 µl of mycosilver nanoparticles. 
Antibiotic was used as a positive control. The plates were 
incubated for 24 h at 37 °C and the zone of inhibition was 
calculated by the diameter measured around the wells.
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Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) of mycosilver 
nanoparticles
Broth dilution method was used to determine the anti-
microbial potency of mycosilver nanoparticles [19]. The 
MIC was determined in LB broth through serial dilution 
of different concentrations of mycosilver nanoparticles 
by using a 96-well microplate. Later 10 μl of fresh bacte-
rial culture (0.5 McFarland’s standard) was pipetted into 
each well. Bacterial culture without mycosilver nano-
particles was kept as positive control and broth without 
culture were kept as negative control and mycosilver 
nanoparticles as test. The 96-well microplate was incu-
bated at 37°C for 24 h. MIC of mycosilver nanoparticles 
was noted before and after incubation by observing the 
turbidity of the growth in 96-well plate to confirm its 
minimum inhibitory concentration for the ATCC (25922) 
and clinical resistant strains of E. coli. Aliquots of 100 µl 
from wells without visual growth were inoculated on LB 
agar plates and incubated for 24  h at 37°c temperature. 
LB agar plates were observed to monitor the bacterial 
growth to determine the MBC [20–22].

Biofilm formation assay
The efficacy of BR-mycosilver nanoparticles on the bio-
film formation was determined by quantifying the biofilm 
formation through crystal violet assay [23]. Overnight 
culture (0.2 OD at 600 nm) of ATCC and clinical resistant 
strains of E. coli were added into 1 mL of fresh LB broth. 
Biofilm assay was carried out in LB broth in the pres-
ence and absence of mycosilver nanoparticles in a 96-well 
microplate. Bacteria were allowed to stick and grow with 
gentle agitation for 24 h at 37 °c. After incubation, broth 
containing non-adherent cells were removed and washed 
with sterile distilled water. The adherent bacterial cells 
were stained with 125 µl of 0.1% crystal violet for 10 min. 
After incubation, crystal violet was removed completely 
by washing with distilled water and 200 µl of 30% acetic 
acid was added into each well to dissolve the crystal vio-
let. The biofilm formation was quantified by measuring 
the absorbance at A595 by using the Multimode reader 
(Perkin Elmer, USA, 2013) [24–27].

DNA isolation and polymerase chain reaction
E. coli ATCC (25,922) and resistant strains of E. coli were 
grown with and without myco AgNPs overnight in LB 
broth. Template DNA from both the strains was prepared 
by centrifuging the overnight culture and discarding the 
supernatant. The pellet was washed with water for 2–3 
times. In 150  ml of sterile water pellet was suspended 
and suspension was prepared. The suspension was boiled 
with the help of the thermostat for bacterial cell lysis at 

95  °C for 10 min. The obtained lysate was kept at room 
temperature for cooling down. After cooling, the lysate 
was centrifuged for 5 min at 12,000 rpm and the super-
natant was used for PCR amplification as template DNA 
[28]. Master cycler nexus gradient (Eppendorf, USA) 
was used for PCR amplification. The reaction mixture 
contained 5 μl of Master Mix, 1 μl each of 1 M CTX-M-
15 forward (5’-CAC​GTC​AAT​GGG​ACG​ATG​T-3’) and 
reverse (5’GAA​AGG​CAA​TAC​CAC​CGG​T-3’) primers 
and 3  μl of genomic DNA. PCR steps included an ini-
tial denaturation for 30 s at 94 °C, denaturation for 30 s 
at 95  °C, annealing at 58 °C for 30  s and, extension for 
60 s at 70 °C and a final extension for 600 s at 72 °C. The 
overall reaction comprised 35 cycles. The amplified PCR 
product was run on an agarose gel using 1X TAE buffer 
and 100  bp DNA ladder (Gene Direx). Gel was stained 
with ethidium bromide and scanned under Chemi Doc 
(Bio-Rad) [29–32].

Gene expression analysis
This analysis was conducted to visualize the impact of 
myco AgNPs on gene encoding CTX-M-15 expression in 
E. coli. CTX-M-15 positive strains were treated with their 
MICs concentration of myco AgNPs and untreated strain 
was kept as positive control and E. coli ATCC (25922) 
strain was kept as negative control. An antibiotic (ampi-
cillin, 30 μg/ml) was also used to treat E. coli strains. The 
genomic DNA extracted from all the strains were ampli-
fied with a specific primer for CTX-M-15 followed by gel 
electrophoresis and the amplicon [29–33] was observed.

Statistical analysis
In this study, all the experimental data were analysed 
using GraphPad prism (v6) and using Microsoft Excel 
2013. The data acquired were presented as mean ± SEM,  
N  = 3 and  p   < 0.05 considered as significant.

Results and discussion
Detection of phenotypic ESBL and antibiotic sensitivity 
test
Out of 83 clinical isolates, 82% was found to be resistant 
to at least one of the third and fourth generation anti-
biotics including cephalosporins or ampicillin. In the 
CLSI phenotypic confirmatory test using 3rd and 4th 
generation cephalosporin/clavulanic acid combination 
antibiotic disc, all the 78 strains were analysed are highly 
susceptible to ceftazidime, cefotaxime, cefepime and 
amoxicillin in the presence of clavulanic acid, thereby 
confirmed the production of ESBL by these clinical iso-
lates of E. coli. The isolates showed positive for at least 
one of the confirmatory tests and by utilizing CAZ/CLA, 
CTX/CLA, CPM/CLA, and AMX/AMC disk.
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Antibiotic susceptibility test results revealed that all the 
strains of E. coli were resistant to antibiotics including 
cefepime (30 µg), ampicillin (10 µg), ceftazidime (30 µg), 
amoxicillin (30  µg), cefotaxime (30  µg), cefpodoxime 
(10 µg), cefotetan (30 µg), ciprofloxacin (5 µg), levofloxa-
cin (5 µg), gentamicin (30 µg), aztreonam (30 µg), mero-
penem (10 µg) and imipenem (10 µg) while some strains 
were mostly sensitive to imipenem (10 µg) and merope-
nem (10 µg) and apart from these two imipenem (10 µg) 
and meropenem (10 µg) only few strains were sensitive to 
the antibiotics shown in our previous paper [34].

Antibacterial activity through well plate method
In our previous paper, we have synthesized and charac-
terized the mycosilver nanoparticles from endophytic 
fungi Botryosphaeria rhodina isolated from Catharan-
thus roseus [35] plants. The synthesis of Myco BR-AgNPs 
was confirmed using UV–visible spectra. After confirma-
tion, synthesized nanoparticles were purified by using 
centrifugation techniques with repeated washing using 
ultrapure water. The obtained pellet of purified nano-
particles was dried completely to fine powder and dis-
solved in water at the concentration of 1  mg/ml. Myco 
BR-AgNPs were characterized by TEM microscopic 
technique and the size was observed at 10  nm range 
and showed the average size < 20  nm and were spheri-
cal in shape [35]. Myco BR-AgNPs were tested against 
ATCC (25922) and resistant ESBL-producing patho-
genic strains of E. coli through the well diffusion method. 
Antibiotic ampicillin was used as a positive control and 
other wells were loaded with 50  µl of 1  mg/mL Myco 
AgNPs displayed respectable zones of inhibition (Fig. 1). 
Ampicillin was used as an antibiotic control displayed 
no zone because the strains were resistant to this anti-
biotic, whereas ATCC strain showed prominent zone of 
inhibition.

MIC and MBC of myco BR‑AgNPs against the ATCC (25,922) 
and clinical resistant strains of E. coli
E. coli ATCC (25,922) and resistant strain of E. coli were 
treated with myco BR-AgNPs and incubated for 24  h 
at 37 °C. For MIC determination, the plates were visu-
ally observed and MIC was taken as the concentration 
of myco BR-AgNPs where no visible growth was found. 
MIC values of these strains are presented in Table 1, the 
highest value for MIC (1.25  µg/ml) for ESBL-producing 
E. coli strain and the lowest value (0.078  µg/ml) was 
observed for ATCC (25,922) E. coli strain. The spectro-
photometric reading (A600) of MIC plate was measured 
by using microplate reader. Figure 2 displays the decrease 
in the growth percentage for ATCC (25,922) and clinical 
strain of E. coli treated with myco BR-AgNPs at different 
concentrations.

MBC of myco BR-AgNPs against ATCC (25922) and 
clinical resistant strains of E. coli was studied via surface 
drop method where all the MIC dilutions were overlaid 
on sterile LB agar plates. The LB agar plates were incu-
bated for 12–24  h at 37 °C and were observed for any 
bacterial growth. The MBC value of the myco AgNPs 
were found in the range of 0.156–1.25  µg for both the 
strains of E. coli. The MIC, MBC values and their toler-
ance level of both the strains are displayed in Table  1. 
The tolerance levels of both the strains of E. coli treated 
with myco AgNPs were calculated. The MBC /MIC ratio 
defines a specific antibacterial agent’s bactericidal or bac-
teriostatic property. The MBC/MIC ratio of ≥ 16 indi-
cates that antibacterial agent is bacteriostatic while the 
ratio ≤ 4 indicates that the antibacterial agent is bacteri-
cidal. E. coli strains displayed a tolerance level of 2 and 4 
which concludes that the myco BR-AgNPs were bacteri-
cidal for ATCC (25922) and resistant strains of E. coli. It 
can be interpreted from the results that myco BR-AgNPs 
were effective in both ATCC (25922) and the resistant E. 
coli strains.

Myco BR‑AgNPs inhibited the biofilm formation in ATCC 
(25922) and clinical resistant strains of E. coli
The efficacy of myco BR-AgNPs on biofilm formation 
in both the strains of E. coli was carried out by using a 

Fig. 1  Antibacterial activity of ampicillin (AB) and BR-AgNPs, against 
the ATCC (25922) and clinical strain of E. coli by well diffusion method. 
All data are represented as the mean ± SD, n = 3

Table 1  MIC, MBC and tolerance levels of myco BR-AgNPs 
against ATCC (25922) and resistant E. coli strains, respectively

All data are represented as the mean ± SD,  n = 3

Treatment E. coli ATCC 
(25,922)

ESBL-
producing 
resistant E. coli

MIC (µg/ml) 0.078 0.625

MBC (µg/ml) 0.312 1.25

Tolerance level MBC/MIC 4 2
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96-well microplate through serial microdilution. It was 
observed that BR-AgNPs were able to inhibit the bio-
film formation in both the strains and was recorded at 
595  nm by using spectrophotometric measurements. 
Results also revealed that 2.5 µg/ml of myco BR-AgNPs 
were more efficient in inhibiting the biofilm formation 
in ATCC (25922) and resistant strain of E. coli com-
pared to the control (Fig. 3).

Analysis of expression of gene encoding CTX‑M‑15 in E. coli 
treated with myco BR‑AgNPs
The effect of myco BR-AgNPs on expression of CTX-
M-15 gene in E. coli was analysed and compared with 
E. coli strains treated with antibiotic and in control. 
In E. coli strains treated with mycosilver nanoparti-
cles, expression of CTX-M-15 gene was downregu-
lated, and the expression is not changed in control 
and antibiotic treated strains (Fig.  4). This suggested 
that the mycosilver nanoparticles are interfering at the 
transcription level to inhibit the growth of the MDR 
strains and to abolish the expression of the CTX-M-15 
(virulence gene). CTX-M-15 gene is related to the anti-
biotic resistance and plays a key role in the production 
of ESBLs.

Discussion
The current study is focused on the effect of myco BR-
AgNPs on growth and biofilm formation in E. coli ATCC 
(25922) and ESBL-producing E. coli strains. The endo-
phytic fungal extract-mediated nanoparticle myco BR-
AgNPs was synthesized from Botryosphaeria rhodina 
isolated from medicinal plant C. roseus. The extracellu-
lar cell filtrate enriched with secondary metabolites of 
endophytic fungi was harnessed as a reducing and cap-
ping agent during nanoparticle synthesis. Our previ-
ously published paper was the very first report to utilize 
endophytic fungi Botryosphaeria rhodina extracellular 
extract for the synthesis of nanoparticles [35]. In this 
research work, the experiments on determining the MIC 
and MBC concludes that myco nanoparticles effectively 
inhibit and kill the growth of all test organisms used in 
this study. There was a dose-dependent activity of nano-
particles upon killing the bacterial strain. With the maxi-
mum concentration of 2.5 µg/ml the growth was reduced 
to 75% and 70% for E. coli ATCC (25922) strain and 
ESBL-producing E. coli. With the minimum concentra-
tion of 0.078  µg/ml, the growth rate was reduced upto 
50% for ATCC (25922) and 48% for ESBL-producing E. 
coli. There are several reports on antibacterial efficacy 
of silver nanoparticles. There were several hypothesis 

Fig. 2  Effect of myco BR-AgNPs (µg) on growth in ATCC (25,922) and clinical resistant strains of E. coli. All data are represented as the mean ± SD, 
n = 3
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postulated for its mechanism of action in killing the bac-
terial cell. The possible mechanism of myco BR-AgNPs 
is that spherical shaped nanoparticles can easily adhere 
to the cell wall of bacteria, and it may start creating pits 
on the surface. This results in structural changes followed 
by series of consequences, which ultimately results in cell 
lysis and cell death [15].

Formation of biofilm is an important characteristic 
feature of bacteria that helps to control the spread of 
antimicrobial agents within the bacterial cell, resulting 
in increased resistance. Biofilm also enables bacteria to 

sustain in harsh environment that make chronic bacte-
rial infections easier [36]. Biofilms are complex structure 
with consortium of bacteria enclosed in an extra poly-
meric substances (EPS) matrix. Infection caused by bio-
film-causing bacteria is difficult to treat, hence there is a 
need to find alternative biofilm inhibitors. Previous stud-
ies have reported that different types of NPs inhibited 
the biofilm formation in ESBL-producing E. coli strains 
[37]. The experiment on biofilm formation in ATCC 
(25922) and ESBL-producing strains of E. coli confirms 
that myco BR-AgNPs effectively control the formation of 
biofilm upto 70% and 60% for ATCC (25922) and ESBL-
producing strains of E. coli at the concentration of 2.5 µg/
ml. The formation of biofilm was also dose dependent. 
Our results suggest that biofilm formation was inhibited 
in ATCC (25922) and ESBL-producing strains of E. coli 
might be because of the disruption of the EPS effectively 
at the concentration of 0.078  µg/ml. Further increasing 
the concentration of myco BR-AgNP can completely pre-
vent the formation of biofilm. Thus, our myco BR-AgNPs 
proved to be an effective in reducing the biofilm forma-
tion even at lower concentration.

Among the most significant factors in ESBL is a gene 
encoding CTX-M-15 that plays an important role in the 
production of ESBL and this gene is more predominant 
in India [38]. In this present study, CTX-M-15 expression 
was downregulated when treated with myco BR-AgNPs. 

Fig. 3  Reduction of biofilm formation in ATCC (25,922) and ESBL-producing strains of E. coli treated with myco BR-AgNPs (C is the Control). All data 
are represented as the mean ± SD,  n = 3

Fig. 4  Analysis of expression of gene by PCR. In clinical strain of E. 
coli, the expression of gene encoding CTX-M-15 in CTX-M-15 positive 
strains was downregulated when treated with mycoBR-AgNPs. (L  
DNA ladder, C  positive control; AB treatment with an antibiotic; NC 
Negative control, BR  myco BR-AgNPs, respectively, treatment. All data 
are represented as the mean ± SD, n = 3



Page 7 of 8Akther et al. Environ Sci Eur           (2021) 33:83 	

In northern European countries, resistant strains of E. 
coli are rising, however, the occurrence of ESBL-produc-
ing organisms are low [39]. ESBL are most dominating in 
the eastern and southern European nations. CTX-M-15 
is the world’s most prevalent genetic constitution accom-
panied by CTX-M-14 in the Scandinavian countries. In 
Spain, CTX-M-14 is the utmost prevalent, but in Poland 
and Barcelona, CTX-M-9 was also found [40]. CTX-M-
15 and CTX-M-14 are more prevalent in India [41]. In 
South America, CTX-M-2 and CTX-M- 8 are distinc-
tive phylogroups [42]. The percentage of ESBL-producing 
bacteria type CTX-M is therefore growing globally [43]. 
At least the fast spread and development of these chal-
lenging bacterial strains should be slowed down. The gut 
microbiome is an optimal pool for the development of 
drug-resistant genes of healthy individuals and inhabited 
patients, a place of the clonal spread of resistant bacte-
ria, or horizontal gene transfer. Previous studies have 
mentioned about the effectiveness of AgNPs, CuNPs and 
ZnO NPs on the growth of ESBLs-producing bacteria 
[44]. In the present study, we clearly explained the anti-
bacterial, antibiofilm and ESBL- CTX-M-15-suppressing 
activity of myco BR-AgNPs in ESBL-producing strains 
of E. coli with standard E. coli ATCC (25922) strain as a 
control.

Conclusion
In the present study, the effect of myco BR-AgNPs was 
studied in ESBL-positive strains of E. coli. Antibacterial 
potential of myco AgNPs was determined by MIC, MBC, 
and inhibition of biofilm and downregulation of CTX-M-
15 gene. The myco AgNPs inhibited the growth of ESBLs 
strains and reduced the biofilm formation as compared to 
untreated strains (control), in all the strains used in this 
study. Differential expression of the gene encoding CTX-
M-15 was observed when treated with myco AgNPs when 
compared to the untreated strains. It was manifested that 
the myco BR-AgNPs showed antibacterial activity and 
reduced biofilm formation in ESBL-positive strains of 
E. coli. The mechanism of bacterial killing by AgNPs is 
damaging the cell membrane followed by the generation 
of ROS. Thus, myco BR-AgNPs are the alternative choice 
for treating MDR bacterial infections. These myco AgNPs 
could be utilized to treat MDR pathogens in a wide range 
of pharmaceuticals as well as in the medical field.
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