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Background: Nanoparticles can be chemically, physically, or biologically synthesized. Biosynthesis of silver nanoparticles 
(AgNPs) utilizing microbes is a promising process due to the low toxicity and high stability of AgNPs. Here, AgNPs were 
fabricated by Gram-negative Raoultella planticola. 
Objectives: This study aimed to assess the ability of Raoultella planticola to produce nanoparticles (NPs) and evaluate 
their antibacterial potential against multidrug-resistant pathogens (MDR). Additionally, the study aimed to compare the 
antibacterial activity of biosynthesized nanoparticles to well-known conventional antibiotics Azithromycin and Tetracycline.
Materials and Methods: AgNPs were characterized using visual observation, UV–visible spectroscopy (UV-vis), X-ray 
diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), and Fourier-transform 
infrared spectroscopy (FTIR). The TEM and SEM were used to determine the size and shape of the nanoparticles. The XRD 
data were recorded in the 2θ ranging from 20-80° to analyze the crystalline structure of nanoparticles. The antibacterial 
activity was detected using a 96-well microtiter plate.
Results: The UV–vis absorption recorded from the 300 – 900 nm spectrum was well defined at 420 nm, and the XRD 
pattern was compatible with Braggs’s reflection of the silver nanocrystals. FTIR showed absorbance bands corresponding 
to different functional groups. TEM and SEM images showed non-uniform spherical and AgNPs of 10-80 nm. XRD data 
confirmed that the resultant particles are AgNPs. The AgNPs showed effective activity against multi-drug resistant (MDR) 
Pseudomonas aeruginosa, Salmonella sp., Shigella sp., E. coli, Enterobacter sp., Staphylococcus aureus, and Bacillus 
cereus. The AgNPs demonstrated effectiveness in lower concentrations compared to broad-spectrum antibiotics.  
Conclusion: These data reveal that AgNP generated by R. planticola was more efficient against MDR microorganisms 
than commercial antibiotics. However, the cytotoxicity of these nanoparticles must be further studied. 
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1. Background
Materials with at least one dimension within the 
nanometer scale (1-100 nm) are called nanoparticles 

(1). Due to their distinctive properties, nanoparticles 
(NPs) have been used in various fields. NPs can be 
synthesized chemically, physically, or biologically. 
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It has been reported that many eukaryotic and 
prokaryotic organisms have been used in synthesizing 
metallic NPs (2). Biosynthesized NPs show more 
significant advantages due to their cost-effectiveness, 
environmental friendliness, biocompatibility, and 
stability. Biosynthesized NPs are potential alternatives 
to conventional antibiotics due to the emergence of 
MDR bacteria. The antibacterial action of NPs comes, 
from direct contact with the bacterial cell wall, through 
which it overcomes the mechanisms of bacterial 
resistance (3). Furthermore, the antibacterial activity 
of NPs is due to their nano-size, which improves their 
biochemical, physical, and magnetic properties (4).
Several studies have reported that AgNPs exhibit 
antibacterial properties (5), with a greater focus on bio-
AgNPs (6). Therefore, numerous scholars have focused on 
biosynthesizing AgNPs using different species of bacteria, 
including Bacillus brevis (7) and Vibrio alginolyticus (8). 
Raoultella planticola, a Gram-negative bacterium, has been 
used to fabricate silver particles. The genus Raoultella is 
facultative-anaerobic, catalase-positive, oxidase-negative 
bacteria and belongs to the family of Enterobacteriaceae 
that are closely related to Klebsiella species (9). For the 
first time, R. planticola was known as Klebsiella planticola 
in 1981 (10). K. planticola was renamed R. planticola 
based on sequence analysis of 16S rRNA and rpoB 
genes (11). This bacteria can degrade different organic 
compounds (12)ame>Mi, reducing inorganic compounds, 
including phosphorus and Nitrogen (13), and dissimilate 
and reduce iron and uranium in the presence of citrate as 
an electron donor (14). The biosynthesis of nanoparticles 
depends on microbial biomass and the growth phase. The 
presence of active biomass during the stationary phase of 
microbial growth helps to produce the highest number of 
nanoparticles (15). The biosynthesis of extracellular silver 
nanoparticles by microbes also depends on enzymes, 
including nitrate reductase, which helps to produce silver 
nanoparticles from silver nitrate (16). Nitrate reductase 
could be responsible for reducing Ag+ to Ag0, where 
the NADH-dependent reductase is predicted to act as a 
carrier. At the same time, metals’ bioreduction occurs by 
employing NADH’s electrons (17).

2. Objectives
The hypothesis to be tested here was that heavy metals 
were tolerating R. planticola convert silver nitrate to 
silver nanoparticles extracellularly. Therefore, the 
current study’s objective was to synthesize AgNPs via 

biomass of R. planticola. Additionally, AgNPs were 
characterized by UV-Vis, XRD, FTIR, TEM, and SEM. 
Further, AgNPs were inspected for their antigrowth 
action against common local MDR isolates, comparing 
their activity to the commonly prescribed commercial 
antibiotics.

3. Materials and Methods

3.1. Synthesis of AgNPs
R. planticola was isolated from the heavy metal polluted 
Tanjaro region, Sulaimani province of Kurdistan 
Region, Iraq. The isolated bacteria were diagnosed 
as R. planticola through manual microbiological and 
biochemical tests as well as VITEK 2 automated 
instrument (BioMerieux, USA) using a Gram-negative 
VITEK2 ID card. The bacterial biomass was collected 
by inoculating R. planticola into Luria-Bertani (LB) 
medium (10 g.L-1 Tryptone, 10 g.L-1 NaCl, 5 g.L-1 
Yeast Extract) (Sigma-Aldrich, Germany). The culture 
was incubated in a shaker incubator (Stuart, United 
Kingdom) at 33 °C/120 rpm for 24 hours. Then, the 
bacterial biomass was collected by centrifugation 
(Hettich, Germany) at 2000 g for 30 minutes. The 
supernatant was removed, and approximately 2 mg 
of the bacterial biomass was added to a sterilized 
Erlenmeyer flask that contained 100 mL of 1 mM of 
AgNO3 solution. The mixture was dark incubated 
in a shaker incubator at 33 °C/120 rpm for 24 hours. 
Afterward, the mixture was centrifuged at 2000 g for 
5 minutes to remove the bacterial biomass and any 
remnant debris, followed by high-speed centrifugation 
at 5000 g to collect the formed AgNPs. The AgNPs 
pellets were washed with deionized distilled water 
(ddH2O) three times. Ultimately, the AgNPs were 
collected and air-dried [modified protocol from (17)]. 
AgNPs were then prepared for characterization and for 
conducting further experiments.

3.2. Characterization of AgNPs
AgNPs were first monitored and scanned by UV–Vis 
spectrophotometer (JENWAY, Hong Kong). The UV 
spectra were recorded from 300 to 900 nm, and ddH2O 
was used as a blank. Crystalline metallic AgNPs were 
carried out by X-ray diffraction analysis using X’Pert 
PRO diffractometer (Malvern PANalytical, UK) with 
a Ni-FILTERED Cu Kα radiation (l=1.54o A in the 
range 10–80◦). FTIR measurements were examined by 
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NICOLET (iS10) spectrophotometer (ThermoFisher 
Scientific, USA). Morphology and size of AgNPs were 
investigated by utilizing high-resolution transmission 
electron microscopy (HR-TEM) images using (JEOL-
JEM-2100, Japan) and SEM images using LEO 
instrument model 1455VP (ZEISS, Germany). 

3.3. Antibacterial Activity of AgNPs
The antibacterial activity was performed against 
MDR local isolates. Pseudomonas aeruginosa, 
Salmonella sp., Shigella sp., E. coli, Enterobacter 
sp., Klebsiella pneumoniae, Staphylococcus aureus, 
and Bacillus cereus were obtained from hospitals 
in the Sulaimani province of the Kurdistan region of 
Iraq. Using VITEK-2 compact (Biomerieux, USA), 
the identification and antibacterial susceptibility were 
performed for isolates using the identification (ID) 
and antibacterial Susceptibility Testing (AST) cards, 
respectively. Identified strains showed resistance 
to most antibiotics. The antibacterial activity of the 
AgNPs was detected using 96-well (U-shape, 200 
μL) microtiter plate method [modified procedure from 
(18)]. Each well contained 150 µL of Mueller Hinton 
broth, different concentrations of freshly prepared 
AgNPs (0, 2.5, 5, 7.5, 10, 20, 30,  and 40 ppm), and 
50 µL of culture broth of MDR isolated with 1  109 

colony-forming unit per mL (CFU.mL-1). Finally, the 
growth rate of MDR isolation was determined using 
a microplate reader (ELx808TM, BioTek, USA) by 
measuring the absorbance at 600 nm. Broad-spectrum 
tetracycline and azithromycin antibiotics were used as 
controls (Sigma-Aldrich, Germany).

3.4. Statistical Analysis
Microsoft Excel (Microsoft 2016) was used for 
all the statistical computations. Four independent 
measurements of each antibacterial experiment of 
biosynthesized silver nanoparticles and antibiotics 
(Tetracycline and Azithromycin) were pooled and 
subjected to statistical analysis.

4. Results 

4.1. Synthesis and Characterization of AgNPs
In the present study, Raoultella planticola was used to 
synthesize AgNPs. R. planticola was a gram-negative, 
rod shape, oxidase-negative, catalase-positive, and 
colorless nonmotile bacterium (Supplementary Table 

1). Additionally, the VITEK 2 report confirmed that 
the species belongs to R. planticola (Supplementary 
report 1). The synthesis of AgNPs by R. planticola 
was confirmed through visual observation of the color 
change of the culture medium. It changed from light 
yellow to a brown color after incubating bacterial 
biomass supplemented with one mM AgNO3 at 33 
°C for 24 hours (Fig. 1A). In this study, AgNPs were 
characterized using UV–visible spectra recorded from 
300 – 900 nm. The absorption spectrum was well 
defined at 420 nm (Fig. 1A). 
Figure 1B illustrates the XRD pattern of AgNPs that 
showed four peaks at 2θ values of 38.23, 46.38, 64.48,  
and 78.03, which were allocated to diffraction planes 
of (111), (200), (220), and (311), respectively. FTIR 
analysis was used to characterize the functional groups 
within the biomolecules associated with AgNPs that 
accounted for the reduction of silver ions (Fig. 1C). 
Absorbance bands were seen at 3547 and 3413 cm-1, 
corresponding to O-H stretching vibrations. The band 
at 1636 cm-1 corresponded to amide C=O stretching, 
and the peak at 1617 cm-1 was due to the aromatic C-C 
stretching of the phenyl group. SEM and TEM examined 
the morphology and size distribution of AgNPs. The 
TEM and SEM images demonstrated that the shapes 
of nanoparticles were spherical, roughly spherical, and 
cubic, with non-uniform sizes ranging between 10-80 
nm (Fig. 2A and 2B). 

4.2. Antibacterial Activity of AgNPs
In this study, AgNPs were synthesized using a biological 
system, and their antibacterial efficacy was investigated 
against different local Gram-negative and positive 
multidrug-resistant bacterial pathogens. Results 
demonstrated that bio-AgNPs have antibacterial activity 
against all MDR pathogens and showed resistance to 
other antibiotics classes (Supplementary Table 2). 
Figure 3 revealed that Gram-negative bacteria were 
more susceptible to biosynthesized AgNPs than Gram-
positive isolates. Moreover, the minimum inhibitory 
concentration (MIC) for most MDR isolates started 
from 7.5 ppm of AgNPs, which was significantly lower 
than those of commercial antibiotics for Pseudomonas 
aeruginosa, Salmonella sp., E. coli, Enterobacter sp., 
Klebsiella pneumoniae with p-values of 0.000, 0.000, 
0.000, 0.000, and 0.001 respectively. The minimum 
bactericidal concentration (MBC) of AgNPs was 10 
ppm. However, the MIC against Shigella started from 
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Figure 1. Characterization of biosynthesized AgNPs. A) UV-visible spectra showing a peak 
at 420 nm, B) X-ray diffraction (XRD) pattern showing four different peaks at 2θ values, 
C) Fourier-transform infrared spectroscopy (FTIR) of absorbing bands of functional groups 

Figure 2. Morphology and size of biosynthesized AgNPs. A) Scanning electron microscope, 
B) Transmission electron microscope showed different nanoparticle shapes, C) Size of 
biosynthesized AgNPs between 10-80 nm
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10 ppm of AgNPs, while its MBC started from 20 ppm. 
Likewise, the MBC of AgNPs for Gram-positive MDR 
Staphylococcus aureus and Bacillus cereus started from 
20 ppm. 
The MIC for the MDR, as mentioned earlier with Tet-
racycline, was 10 ppm, excluding Salmonella, whose 
MIC started at 20 ppm. However, the MBC of Tetra-
cycline for almost all MDR was 20 ppm, except for, 
Salmonella, which was more than 50 ppm (Fig. 4). 
On the other hand, The MIC of Azithromycin against 
MDR isolates was 10 ppm, excluding Salmonella 
and K.pneumonia with MICs of 20 and 30 ppm, 
respectively. Nevertheless, the MBC of Azithromycin 
for MDR bacteria was different; the MBC of Shigella, 
S. aureus, B. cereus, and E. coli was 20 ppm, whereas it 
was 30 and 50 ppm for P. aeruginosa and Enterobacter, 
respectively. The MBC of Azithromycin for Salmonella 
and K. pneumonia was more than 50 ppm (Fig. 5).

5. Discussion
Scientists and researchers aim to develop and fabricate 
AgNPs with a broad spectrum of action against 

Figure 3. The antibacterial activity of AgNPs against multidrug-resistant bacterial isolates illustrated the MIC and 
MBC of nanoparticles in ppm against bacterial isolates. (OD: Optical Density)
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pathogenies. Several studies have reported that 
biosynthesized AgNPs are cheaper, safer, and could 
be an alternative to commercial antibiotics (19). The 
present paper is the first study, to our knowledge, 
investigating the use of Raoultella planticola as a 
biocatalyst for the synthesis of AgNPs. The results 
indicate that R. planticola can potentially optimally 
reduce AgNO3 to AgNPs at 33 °C. This optimal R. 
planticola cell growth has recently been reported (20). 
Moreover, the brown color was developed in a few 
hours due to the synthesis of AgNPs. The developed 
color was due to the extracellular synthesis of AgNPs 
(21) and the excitation of the AgNPs’ surface plasmon 
resonance (22).
AgNPs absorbed light of various wavelengths and were 
stimulated by charge density at the conductor-insulator 
interface, resulting in a peak at 420 nm, which was 
compatible with a previously conducted study (23). 
The XRD technique was used to confirm the exact 
nature of the biosynthesized AgNPs. As mentioned 
above, the XRD pattern exhibits various unique peaks 
at 2θ values. All the reflection planes matched and were 
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Figure 4. Antibacterial activity of Tetracycline against multidrug-resistant isolates demonstrat-
ed the MIC and MBC of the antibiotic in ppm against bacterial isolates. (OD: Optical Density)

consistent with the face-centered cubic phase of the 
pure crystalline silver structure in the Joint Committee 
on Powder Diffraction Standards (JCPDS) database. 
This pattern was compatible with Braggs’s reflection 
of the silver nanocrystals. Our findings are similar to a 
previous study about AgNPs characterization by XRD 
(24). FTIR analysis was performed to discover the 
putative biomolecules responsible for stabilizing silver 
nanoparticles. Carbonyl, amide, and amino groups 
tend to bind to metal particles. According to a prior 
study, this binding aids in coating metal nanoparticles, 
ensuring their stability and agglomeration (25). Amides 
and other functional groups in the extract may affect 
AgNPs’ interaction with peptides or carbohydrates. It 
has been reported that carboxyl and hydroxyl groups 
from a Chlorella Vulgaris extract were implicated in 
AgNP production (26). The size and shape of AgNPs 
were determined by TEM with an average size of 10-
80 nm. Similar spherical, roughly spherical, and cubic-
shaped silver nanoparticles have been obtained by a 
previous study with non-uniform sizes ranging between 
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10-100 nm (27).
The antibacterial potencies of bio-AgNPs are well 
known against various microbial pathogens. Our results 
showed that Gram-negative bacteria are more susceptible 
to AgNPs than Gram-positive isolates, possibly due to 
cell wall composition differences. Previous scholars 
showed a wide range of antibacterial activity of AgNPs 
against P. aeruginosa, starting from 1.5 to 400 ppm(28, 
29). Foroohimanjili et al. (2020) reported that the 
biosynthesized AgNPs had MIC values between 6.25 
and 100 µg.mL against K. pneumoniae (30). Previously, 
researchers reported the antibacterial activity of AgNPs 
against Salmonella sp. and Shigella sp. in the range of 
8-16 ppm (31). However, the antibacterial activity of 
AgNPs against E. coli was between 6.25 to 100 ppm 
(32, 33). In addition, biosynthesized AgNPs against 
gram-negative Enterobacter sp. with MIC at 20 ppm 
and MBC at 40 ppm were reported by Gopinath et 
al. (2015) (34). Previous studies reported a range of 
different concentrations of antibacterial activity of 
AgNPs against gram-positive Staphylococcus aureus 
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Figure 5. Antibacterial activity of Azithromycin against multidrug-resistant isolates demonstrated the MIC 
and MBC of the antibiotic in ppm against bacterial isolates. (OD: Optical Density) 

(15-100 ppm) and Bacillus cereus (25-50 ppm), 
respectively (28, 35-37).
Recently, MDR pathogens have become a significant 
threat to public health as they evolved various 
mechanisms to withstand the toxicity of antibiotics. 
Biosynthesized silver nanoparticles can be used to 
overcome the limitations of industrial antibiotics. Since 
silver is toxic to microbes and barely toxic to animal 
cells, these features of Ag particles may be more 
advantageous for AgNPs in developing more effective 
medications against infections. The specific mechanism 
of the antibacterial effect of AgNPs against pathogenic 
microbes is unclear. Few studies have suggested that 
the bactericidal effects may be due to the electrostatic 
attraction between negatively charged bacterial cells 
and positively charged nanoparticles (38). The other 
proposed mechanisms for the effective antibacterial 
activity of AgNPs are inactivation of cellular proteins, 
vital metabolic enzyme inhibition, reactive oxygen 
species (ROS) generation, and breakage of DNA (39). 
AgNPs are assumed to have attached to the bacterial 
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cell membrane and disrupted its functions, such as 
permeability and respiration. AgNPs could easily 
penetrate the bacteria and cause further damage, 
possibly by interacting with sulfur- and phosphorus-
containing compounds, such as DNA, resulting 
in cell death (40). Another possible mechanism of 
the antibacterial activity of AgNPs might be due to 
releasing a cluster of highly reactive silver cations and 
radicals inside the pathogen body or the cell surface 
(37). These free radicals form pores in the bacterial cell 
walls and membranes, creating extremely permeable 
bacterial cell membranes responsible for final bacterial 
destruction and death.

6. Conclusion 
The AgNPs synthesized by R. planticola were roughly 
spherical and cubic, with an average size ranging 
between 10 and 80 nm. Simultaneously, pathogenic 
bacteria develop resistance to a long list of antibiotics 
and threaten the world’s health. Bio-AgNP by R. 
planticola showed effective antibacterial activity against 
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MDR microbes used in the present study compared to 
known antibiotics (Tetracycline and Azithromycin). 
It was also evident that synthesized AgNPs can 
inhibit bacterial growth at a lower concentration than 
conventional antibiotics. However, the toxicity of 
AgNPs on eukaryotic cells compared to bacteria should 
be investigated.
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