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Abstract 
 

In this investigation, metal nanoparticles (NPs) have been used as antibiotics to inhibit the growth of bacteria. Here, we report 
an antibacterial study of ZnO-NPs, Co-NPs, and Au-NPs towards the approach to detecting the pathogenic strain of Escherichia 
coli (E. coli) cells. The nanoparticle (NP) acts as the detector probe for both live and dead pathogenic E. coli cells. The aim is 
to investigate the antibacterial bio-activities of metal NPs and their mode of action against pathogenic bacteria on the whole 
cell. Antibacterial activities of NPs were assessed by the agar diffusion method quantitatively, and the quality and quantity of 
E. coli cells extraction in the presence of nanoparticles (ZnO-NPs, Au-NPs, Co-NPs). The optimized concentration kills the 
pathogenic E. coli cells and hence shows the enrichment of cells. Results indicate that highly efficient nanoparticles inhibit 
the growth of such pathogenic microorganisms. Nanoparticle metal oxides signify a novel course of vital materials that are 
progressively being advanced for use in research and health-related applications. At the same time, we use Raman 
spectroscopy and fluorescence microscopic images for a better understanding of the effect of NPs on bacterial cells. 
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1. Introduction 

Metal oxides (MOs) nanoparticles (NPs), are rapidly being 

produced for use in research and health-related applications.[1-

3] NPs are used as an alternative to antibiotics for attacking 

bacteria.[4,5] In general, metal NPs are unusual determinations 

in the fields of resolution[6] research[7] relative to mass 

materials[8] due to their high surface-to-volume ratio. In 

general, there were major biological activities and desirable 

structural properties of silver (Ag), gold (Au), and zinc (Zn) 

NPs.[9,10] Naturally, bacterial species are capable of developing 

resistance to antibiotics. Drug tolerance of bacteria causes 

pharmaceutical drugs to be unsuccessful in the treatment of 

many diseases.[11] Attention has been paid to antimicrobial 

metal NPs production.[12] Nowadays, with its ability to 

maintain antibacterial properties and durability during rugged 

and rough manufacturing while sustaining a healthy material 

for the human ecosystem, ZnO eco-friendly products are more 

focused on by researchers.[13,14] Owing to surface-bound water 

molecules, the aqueous nature of the suspensions of water and 

ZnO have mechanically improved ZnO’s antimicrobial 

function, producing free radicals of oxygen and hydroxyl 

species accountable for exceptional stress from oxidation 

within handled bacterial cells. It is noted that ZnO-NPs serve 

as a possible antibacterial agent for the containment of 

Escherichia coli (E. coli). Other MOs such as Al2O3, SiO2, and 

TiO2 work very well against species of Subtilis and 

Pseudomonas.[15,16] Many Co (II) complexes and 

nanomaterials demonstrating antimicrobial activity have 

recently been synthesized.[17] However, reports show that 
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relative to the free ligand, the antibacterial properties of cobalt 

complexes are typically improved.[18] This appears to be the 

result of the metal’s enhanced lipophilicity upon ligand 

coordination, which enables lipid bilayer permeability of the 

cell membrane, thus inhibiting metal binding sites on 

microorganism enzymes.[19] It is of considerable significance 

to synthesize compounds that inhibit bacterial growth and 

have low cytotoxicity, given the increase in bacterial diseases. 

The findings indicate that these nanomaterials, which can be 

conveniently and cost-effectively prepared, may be sufficient 

for the formulation of new forms of cobalt(III) complex 

bactericidal materials.[20,21] They contain the bidentate nitrogen 

ligand, bis[N-(2,6-di-isopropyl phenol)imino] acenaphthene 

(Pr-BIAN) which is known for its rigidity and strong 

antibacterial action. Another plasmon-induced effect is the 

plasmon-enhanced fluorescence (PEF) procedure, where the 

signal enhancement is attributed to two mechanisms: 

enhancement of excitation and enhancement of emissions.[22,23] 

A class of essential materials that are rapidly being produced 

for use in research and health-related activities are MOs and 

Au-NPs.[24] Au-NPs conjugates of antibiotics and antibodies 

were also used for the selective photothermal destruction of 

bacteria and protozoa.[25] Au-NPs affect antimicrobial activity, 

and further experiments are required to determine the exact 

mechanism involved in interactions with Au-NPs bacteria.[26] 

This experimental research aims to elucidate the antimicrobial 

action of the ZnO-NPs, Co-NPs, and Au-NPs against E.coli 

strain MTCC723. A fluorescence microscopic imaging study 

of E. coli MTCC 723 was investigated. Finally, surface-

enhanced Raman spectroscopy (SERS) assessments were also 

conducted to grasp rapid, ultra-sensitive, and accurate 

quantitative detection of these pathogens. 

 

2. Materials and approaches  

2.1 Materials  

Colonies were taken from MTCC with Fresh Pathogenic E. 

coli (National Centre for Cell Science). They are the 

pathogenic genetic stock, MTCC7233 (H-10407). For more 

analysis and sample preparation, E. coli was developed into a 

nutrient broth containing flasks already discussed in our 

previous article.[27] By dissolving the 28 gm of nutrient agar 

into 1000 mL of milli-Q-water. The above solution was 

autoclaved subsequently at 121 °C (15 lbs) for 30 min. The 

flask was then incubated in a shaking incubator at 37 °C at 110 

g rpm for 24 h.  

 

2.2 Chemicals and preparation of nanomaterials  

Premium grade Au-NPs have been purchased from Reinste 

Nano Ventures Pvt. Ltd. Cobalt nanoparticles (99% pure) are 

purchased from Sigma Aldrich. The scale of the particles was 

about 50 nm. Co-NPs are suspended and mixed continuously 

in sterile regular saline until a uniform colloidal suspension is 

formed to reach a concentration of 500 mg·mL-1 powder.  

Sample of zinc oxide nanopowder (<100 nm) purchased from 

Sigma Aldrich were prepared as already discussed in our 

previous paper.[27] The scanning electron microscope has 

determined the surface morphology of ZnO nanopowder 

(SEM, FEI ESEM Quanta 200). 

 

2.3 Inoculum test preparation and incubation 

The single colony was taken with the aid of a circle from the 

stock bacterial population. Inoculation of this particular 

colony in a 100 mL flask containing 25 mL of clean nutrient 

broth. The flask was then incubated in a shaking incubator for 

24 h at 37 °C and 115 rpm. After incubation, 0.4 mL of the 

overnight inoculum was transferred to a 100 mL flask 

containing 25 mL of nutrient broth and incubated at 37 °C and 

100 rpm for 3-4 h in a shaking incubator. To achieve a mean 

target concentration of 1 × 105 colony-forming units·mL-1 to 

1 × 105 colony-forming units·mL-1, one mL was then diluted 

3 times in nutrient broth serially (CFU·mL-1). Sample 

processing has also been discussed in our earlier paper.[27] The 

number of bacteria in the 4 h culture was calculated by 

measuring the optical density of the culture at 660 nm. 

 

2.4 Determination of the inhibition region  

The agar well diffusion technique tested the antibacterial 

operations of the Co-NPs, Au-NPs, and ZnO-NPs. By 

autoclaving, Mueller Hinton agar medium was sterilized at 

120 °C (15 lbs) and poured 30 mL per Petri dish. Sterilized 

cotton swab over solidified Mueller Hinton agar plates 

aseptically spread the 24 h broth culture. A separate 

concentration of ZnO-NPs (50, 75 and 100) (μg·mL-1), Co-

NPs (50, 75 and 100) (μg·mL-1), and Au-NPs (50, 75 and 100) 

(μg·mL-1) were applied to each Muller-Hinton agar medium 

for 20 μl of bacterial suspension and growth bacteria were 

tested on 37 °C culture media after 24 h of incubation (Fig. 2). 

 

2.5 Imaging for bacterial culture and in-situ fluorescence:  

2.5.1 Probe preparation 

The staining probes SYTO 9 and Propidium Iodide (PI) were 

obtained from the company, Invitrogen. The 5 mg·mL-1 

concentration was used for cell fluorescence imaging, and 

intensity and binding analysis using a plasmonic NP probe.
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The cultivated strains of E. coli MTCC723 were washed and 

suspended in phosphate buffer saline (PBS) with pH ~ 7.4 for 

experimental analysis. To capture the fluorescence images of 

each array, a fluorescence microscope (Carl Zeiss Axio 

Observer D1) equipped with a CCD camera (Axio Cam) with 

an excitation wavelength of 488 nm and an emission 

wavelength of 500-532 nm was used. The fluorescence 

intensity of each range of the recorded image is measured 

using the ‘Image j program’ and the plasmonic effect is 

analyzed. 

 

2.5.2 Sample preparation for Raman study 

In vitro cells of the E. coli strain, MTCC 723 were allowed to 

expand until its Optical Density (OD) reaches 0.17. It joined 

the culture’s lag phage, which for laboratory research is 

suitable for bacterial cells. Nanoparticles (ZnO-NPs, Au-NPs 

and Co-NPs) with the concentration of 10 m.mol-1 were added 

in to the cells. The cells were centrifuged at 12000 rpm for 30 

min. As a comparative study, Raman spectroscopic 

characterization with controlled concentration was conducted. 

After vertexing, an aliquot containing 2 μL of the mixture was 

lowered onto a Raman-compliant magnesium fluoride (MgF2) 

slide and air-dried under atmospheric conditions for further 

Raman spectroscopic tests. 

 

2.5.3 Raman instrumentation 

To perform the Raman measurements a Renishaw inVia 

Raman microscope equipped with 1200 lines/mm grating was 

used. The Raman spectrum was recorded using an excitation 

wavelength of 633 nm from the He-Ne laser. The Raman 

spectra of samples were collected using a ×100 objective (0.8 

NA) and the same was used for the collection of the 

backscattered light from the sample. The spectrometer was 

calibrated before collecting the Raman spectra using a silicon 

520.5 cm-1 line. The scattered signals were detected using a 

Peltier-cooled CCD camera. All the Raman spectra were 

obtained at normal room temperature (RT) using 60 s of 

acquisition time and at each position, two spectra were 

collected and co-added. 

 

3. Outcome and discussion 

3.1 Characterization of ZnO-NPs, Co-NPs, and Au-NPs 

The SEM study showed the structural morphology of ZnO-

NPs, Au-NPs, and Co-NPs. The nanoparticles distribution is 

shown in Figs. 2(a-c). As seen in (Fig. 2(a)), ZnO-NPs have 

been defined by SEM. The scale of the ZnO-NPs is 

approximately 250-300 nm and the particles have either a rod-

like or spherical shape. The Au-NPs size is in the range of 250-

300 nm (Fig. 2(b)) and shows a circular and hexagonal 

configuration in terms of shape. The Co-NPs are connected 

with uneven pore dimensions and shapes (Fig. 2(c)) and the 

scale of the Co-NPs is approximately 50 nm. Fig. 1 illustrates 

the interaction between NPs and E. coli cells. 

 

3.2 Antibacterial study 

Less than 0-20 percent drop imply no bactericidal impact, 

according to the bacterial reduction efficiency study; 20-50 

percent decrease indicate an ineffective bactericide; 50-70 

percent decreases indicate an articulate bactericide; more than 

70 percent decrease show a strong bactericidal effect.[28 ,29] 

Under these criteria (Fig. 3(a) & Table 1), 50 μg·mL-1 

concentration of ZnO displays no bactericidal effect. However, 

plates with a concentration of 75 μg·mL-1 displays articulate 

bactericidal effect (50% drop) and plates with 100 μg·mL-1 

concentration has a powerful bactericidal expressive effect. 

Based on these findings, ZnO-NPs demonstrated an inhibition 

zone (mm) of approximately 16 nm, 20 nm, and 22 mm in 

diameter for concentrations of 50 μg·mL-1, 75 μg·mL-1, and 

100 μg·mL-1, respectively. For the gram-negative strains of E. 

coli, ZnO nanoparticles have an articulate antibacterial effect. 

E. coli was used to determine the antibacterial effect of the 

synthesized ZnO nanoparticles at various concentrations. The 

E. coli isolates (Table 1) show how various concentrations of 

ZnO nanoparticles display the inhibition zone. The E. coli 

ZnO cells exhibit less absorption than a single bacterial cell. 

The binding mechanism between ZnO-NPs and bacterial cells 

is not yet clear. The plausible mechanisms are (i) the release 

of Zn2+ in the broth added substantially to the overall 

antibacterial impact of nanoparticles of zinc oxide[29] and (ii) 

the close interaction of ZnO with bacterial cell walls.[30] The 

tuned nanoparticles cause the degradation to the integrity of 

bacterial cells[31] and the creation of reactive oxygen species 

(ROS).[32] In the case of Au-NPs (Fig. 3(b) & Table 1), with a 

rise in nanoparticle concentration of 100 μg.mL-1, Au-NPs 

 
Fig. 1 Graphical representation of the interaction of NPs with E. coli cells. 
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Fig. 2 (a-c) FE-SEM images of (a) ZnO-NPs; (b) Au-NPs; and (c) Co-NPs. 

 

have more bactericidal activity and display articulate 

bactericidal effect in plates. Based on these findings, the 

articulate antibacterial activity of gram-negative E. coli cell s 

is expressed by Au-NP nanoparticles. Strains of E. coli were 

studied for the antibacterial effect of the prepared Au-NPs 

nanoparticles at various concentrations. Isolates of E. coli are 

shown in Fig. 3(b). Various amounts of metal nanoparticles 

were seen in the inhibition region. Results revealed that Au-

NPs had an inhibition zone (mm) of approximately 18 nm, 21 

nm, and 24 mm in diameter at the concentration of 50, 75 and 

100 μg·mL-1, respectively. Some processes may be 

responsible for the bactericidal activity of Au-NPs; the optical 

properties of conductive NPs, such as those made of gold, 

have been correlated with surface plasmon resonance (SPR). 

(1) In the broth, the release of Au-NPs significantly 

contributed to the overall antibacterial effect,[33] and (2) the 

strong association between Au-NPs and bacterial cell walls. 

The tuned nanoparticles cause the degradation of the bacterial 

cell integrity[34] and the development of ROS,[35] a 

photothermal effect resulting from the special property of a 

nanoscaled gold colloidal solution with a heavily enhanced 

absorption optical band at 530 nm corresponding to the 

oscillations of Au-NPs’ surface plasmon resonance (SPR). In 

contrast to plates containing 50 μg·mL-1 concentration, (Fig. 

3(c) & Table 1) 100 μg·mL-1 Co-NPs had more bactericidal 

effects than plates containing 50 μg·mL-1 concentration, 

however the 75 μg·mL-1 reveals 30 percent and 50 percent of 

antibacterial effect signifies articulate bactericidal effects. 

From these findings, it can be processed that cobalt 

nanoparticles feature a Gram-negative sensitive antiseptic 

effect. The antibacterial activity of the cobalt nanoparticle on 

E. coli cells has been studied at various concentrations. 

Isolates of E. coli in Fig. 3(c) demonstrated the different 

concentrations of metal nanoparticles in the inhibition region. 

 
Fig. 3 Antibacterial activity of different concentrations of nanoparticles and control (C). (a) ZnO-NPs; (b) Au-NPs; and (c) Co-NPs 

against E. coli cells.
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Results revealed that cobalt had an inhibition zone (mm) of 

approximately 22, 26, and 32 mm in diameter for 50 μg·mL-1, 

75 μg·mL-1, and 100 μg·mL-1, respectively. The toxic effect of 

the cobalt nanoparticle in the absorbance sample was well 

known. The E. coli with Co-NPs exhibits less absorption than 

that of the only bacterial cell, E. coli cell. From the optimizing 

of Co-NPs with the bacterial cells, the binding properties of 

Co-NPs with bacterial cells are still not evident, but the key 

reason is associated with the behavior in (1) the chelated 

complex in which the lipophilic application of the metal is 

increased and its infusion is ordered above the lipid layers of 

the bacterial membranes;[36] (2) the positive charge of the 

interaction of the metal dipole-dipole is partially conjugated 

with the supporter atoms existing within the ligands while the 

delocalization of the π-electron occurs; and (3) other factors 

such as dipole moment, conductivity and solubility, which are 

predisposed to the latency of the metal ions, are also possible 

to display the inhibitory activity of Co-NPs to develop. 

Table 1. Zone of inhibition of E. coli cells with different 

nanomaterial. 

ZnO Nanoparticle (µg/mL) Zone of Inhibition (mm)   

50 16 

75 20 

100 22 

Cobalt Nanoparticles (µg/mL) Zone of Inhibition (mm) 

50 22 

75 26 

100 32 

Gold Nanoparticles (µg/mL) Zone of Inhibition (mm) 

50 18 

75 21 

100 24 

 

3.3 Microscopic examination of fluorescence  

The goal of this research is to investigate the effect of 

contagious E. coli cells with ZnO-NPs, Co-NPs and Au-NPs. 

As seen in Fig. 2(a), ZnO-NPs are distinguished from FE-SEM 

imaging. Au-NPs are procured from Reinste nano Projects Pvt. 

Ltd. The structure and dimensions were characterized through 

FE-SEM imaging with a spherical shape of some 50 nm (Fig. 

2(b)). Co-NPs were also procured from Reinste nano Ventures 

Pvt Ltd. FE-SEM image depicted that Co-NPs are spherical 

with the diameter of ~100 nm. For the procedure, cells were 

suspended in a phosphate buffer (pH ~ 7.4). Double dyes, 

propidium halide, and SYTO nine (LIVE/DEAD Backlight 

microorganism Viability package, Invitrogen) stained the cells. 

Due to the effect of area field enhancement and the increased 

emission rate by surface plasmon coupled emission, the 

process of plasmon improvement exhibits increased excitation 

rate, which could boost the light intensity and quantum yield. 

To determine the effect of ZnO-NPs, Co-NPs and Au-NPs 

on E. coli cells, both nutrient media cultures were inoculated 

with cells MTCC 723, each containing the 10 m·mol-1 ZnO-

NPs, 10 m·mol-1 AuNPs, and 10 m·mol-1 Co-NPs. These sets 

were incubated at 37 °C for a long time inside the apparatus. 

From the light micrographs, improvements were confirmed 

within the integrity and viability assay of the cellular 

membrane. The cytomembrane transfuses the binding of 

nucleic acid to the fluorescent probe until the microorganism 

cell region unit is exposed to the light probe. Compared to 

nanoparticles (ZnO-NPs, Au-NPs, and Co-NPs), the light 

strength of 2 cell area units is shown in Figs. 4(a-d). Analysis 

of the images was done by the Zeiss image processing 

software framework, “Image j software” exploitation. In the 

presence of SYTO nine and Propidium iodide probe stain, the 

effect of Au-NPs, ZnO-NPs, and Co-NPs on the viability of 

the MTCC723 strains was analyzed by microscopy. Fig. 4 

displays the light images of (a) MTCC723, (b) MTCC723 in 

the presence of Au-NPs (10 m.mol-1), (c) MTCC 723 in the 

presence of ZnO-NPs (10 m.mol-1) and (d) MTCC 723 in the 

presence of Co-NPs (10 m.mol-1). SYTO nine probe stains 

living cells that present as a novice in color and PI stains dead 

cells that appear red are observed in Fig. 4. Staining reports 

recommend that in the presence of Au-NPs (10 m.mol-1), 

MTCC723 greatly shows the improvement of E. coli cells (Fig. 

4(b)). The following (1) Au-NPs polarize with opposite 

charges within the center and even the surface that causes a 

dipole oscillation between several different modes of Plasmon 

resonances at different wavelengths and (2) excitation of Au-

NPs at explicit wavelengths ends up in the fluorophore (FL) 

surface charge exchange.[37,38] The expansion of MTCC723 

(Fig. 4(c)) would be considerably hindered by ZnO-NPs of 10 

m.mol-1. In two pathways, ZnO affects the microorganism 

cells by binding to membranes, interfering with their ability 

and integrity, and inducing ROS production.[39,40] ROS causes 

damage to any or more of the macromolecules in the cells by 

extreme aerophilic tension, resulting in supermolecule 

peroxidation, protein modification, enzyme inhibition, and 

RNA and mutations.[41] As a result of the increasing Zn2+ ions 

inside the bacteria and the hook-up of ZnO-NPs there is harm 

to the microorganism cytomembrane. [42] The detrimental 

consequence of the resulting nano-bacterial surface potential 

on microorganism survivability was confirmed by colony-

forming unit and potential neutralization tests. The positive 

surface potential of ZnO-NPs improves the assembly of the 

reactive element species and imposes mechanical membrane 

stress while communicating with the negative surface 

potential of the microorganism membrane, contributing to 

membrane depolarization.[42] Co-NPs nanoparticles, on the 

other hand, also illustrate the restrictive effect of micro-

organism cells (Fig. 4(d)). The poorer viability of the cell is 

attributed to the modified cytomembrane permeability and 

metabolic mechanism of living things inside the cell of the 

microorganism induced by Co-NPs. NPs’ therapeutic drug 

activity coincides with their dosage and size. [43] The 
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Fig. 4 Fluorescence images of E.coli bacteria strains, (a) MTCC723; (b) MTCC723 in presence of Au-NPs (10 m.mol-1); (c) 

MTCC723 in presence of ZnO-NPs (10 m.mol-1); (d) MTCC 723 in presence of Co-NPs (10 m.mol-1). 

 

antimicrobial propensity of nanoparticles of metal compounds 

mostly depends on the surface potential, the potential arising 

from the contact of the surface of the nanoparticle with the 

membrane of the microorganism.[44,45] One of the major 

reasons for NPs, aside from the SPR below incident 

lightweight, is that the molecular charge and particles within 

the NP-cell suspension will produce entirely different force 

fields and alter the transport properties of ion channel particles 

within the cell walls.[46] Co-NPs, depending on the 

measurements and also the exact distance between the dye and 

Co-NPs[47] may boost or quench the dye light. Measured 

intensities suggest that the fluorescent strength of the 

microorganism cells improved for clamped Co-NPs with a 

median diameter of 20 nm. This is also attributed to the gift of 

the Co-NPs inside the cell suspension’s surface plasmon 

effect.[48,49] Any studies indicate the factors behind the 

enhancement of the subsequent E.coli fluorescent intensity 

region unit. (1) E. coli contains a semi-permeable membrane 

composed of supermolecules, lipopolysaccharide, and 

peptidoglycan, active oxides formed by a primary solid 

solution. Nanopowders have an additional potential to 

infiltrate the semi-permeable membrane and decrease the 

biological process of From E. coli. In addition, the Co-NPs 

polarize with opposite charges from the center and even the 

surface that produces a dipole oscillation at various 

wavelengths and wavelengths between several different types 

of plasmon resonances. (2) The real fact is that the operation 

progressed within the chemical action, the charge of the metal 

is partially exchanged with the gift of the donor atoms within 

the ligands. Another possibility would be the full chelate ring. 

These circumstances would successively raise the lyophilic 

character of the metal chelate and facilitate its permeation 

across the membranes of the microorganism's macromolecule 

layers.  It is often believed that Co-NPs show strong reaction 

potential within the medium of living things due to the 

association of Co-NPs with amino acids.[50,51] The Co2+ 

induced toxicity in E. coli by enhancing aerophilic stress, 

inhibiting enzyme activity, decreasing cytosolic iron content, 

decreasing total PL content, increasing supermolecule 

peroxidation, and increasing CL content. 

 

3.4 Raman microscopic study  

Being a molecular fingerprint tool, micro-Raman 

spectroscopy (µ-RS) provides valuable molecular information 

about the morphology and biochemical constituents of the 

bacterial cell. To get more details about the interaction 

between bacterial cells (MTCC723) and NPs (ZnO, Au, Co), 

we have carried out the Raman measurements on the control 

and NP-treated bacterial cell samples. The average and 

normalized Raman spectra in the range of 500 – 1710 cm-1 for 

the control and NP treated bacterial cells along with their 

Raman difference spectra for MTCC723 cells are shown in Fig. 

5. Very accurate assignments of the Raman peaks of a bacterial 

cell are not easy because of the significant overlapping of 

various peaks due to its complex cellular components. Since, 

proteins, lipids, nucleic acids and carbohydrates are the main 

cellular components; the peaks that appear in the Raman 

spectrum can be attributed to these constituents.[52] A tentative 

assignment of the peaks is tabulated in Table 2. We have 

characterized the interaction between NPs and bacterial cells 

based on variation in the intensity of the peaks because the 

analysis based on peak position is insignificant due to 
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Fig. 5 Raman spectra of E.coli Strain MTCC723. Treated with 10 m.mol-1 ZnO-NPs, 10 m.mol-1Au-NP and 10 m.mol-1 Co-NPs. 

 

Table 2. A tentative assignment of Raman modes for E. coli, 

taken from Fig. 5. 

Raman modes (in cm-1) Assigned Biomolecules 

540 (s) Protein (S-S stretching) 

655 (m) DNA/RNA 

717 (w) DNA/RNA 

772 (w) DNA/RNA 

845 (m) Proteins 

915 (sh) (C-O-C) skeletal mode 

971 (w) Proteins/Lipids 

1007 (w) Proteins 

1041 (sh) Proteins/Polysaccharides 

1075 (m) DNA/RNA 

1121 (w) Proteins/Carbohydrates/Lipids 

1220 (s) DNA/RNA/ Proteins 

1329 (s) Proteins/DNA/RNA 

1453 (vs) Lipids 

1580 (sh) DNA/RNA 

1611 (s) Proteins 

1659 (s) Proteins 

vs: very strong, s: strong, m: medium, w: weak, sh: shoulder 

peaks  

extensive overlapping of the bands. Also, for similar kinds of 

species, the biochemical constituents are almost the same and 

the only difference is their concentrations, which varies the 

intensity of the peaks and not the position.  

Figure 5 shows the Raman spectra of the control samples. 

It is very clear that except a few minor changes due to their 

concentrations in the biochemical constituents both the control 

samples possess similar Raman features. Although the control 

samples show similar spectral characteristics after the NP 

treatment the bacterial cells display several noticeable 

differences as depicted in Fig. 5. The presence of different 

cellular components in the cells and the distinct mechanism 

involved in the interaction with Au, ZnO and Co NPs could be 

the plausible cause of this spectral variability. A detailed 

analysis of the spectral features corresponding to different 

functional groups can be utilized to extract several 

biochemical information about the cell from the Raman 

spectrum, particularly the aspects of the cellular membrane. 

The interaction between these E. coli strains and two NPs 

(Au and ZnO) has already been discussed thoroughly in our 

previous paper.[52,53] Several changes were observed in the 

Raman spectral profiles of biochemical components of both 

bacterial strains. Major changes were observed in the protein 

and lipid bands as compared to the band assigned to nucleic 

acids (DNA/RNA). However, Au-NPs showed enhanced 

changes as compared with ZnO-NPs for both the bacterial 

cells which were evident from the Raman spectra and Raman 

difference spectra as well. These enhanced changes were 

attributed to the SPR of Au-NPs which is absent in ZnO-NPs. 

From a detailed Raman spectral analysis, the NP-induced 

conformational changes of lipids, proteins and nucleic acids 

were observed and indicated the possible cell death.  

In this current study, we have aimed to give a comparative 

study on the antibacterial properties of Au-NPs, Co-NPs and 

ZnO-NPs. Since each type of NP has its interaction 

mechanism with the bacterial cells, the Raman spectra depict 

changes in peak profiles (intensity, position and line width) for 

various spectral features in a different manner that are visible 

(as shown in Fig. 5). While we did not characterize the specific 

chemical changes because of each NP treatment, we focused 

on differences in signature to distinguish their interaction a  
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Table 3. A change in magnitude of the intensity of three marker bands. 
Raman modes (cm-1) Magnitude of variation in intensity 

Biochemicals 

Signatures 

Peak 

Position 

Au-NPs ZnO-NPs Co-NPs 

 MTCC723  MTCC723  MTCC723 

 

Proteins 

 

1659 

      

 

Lipids 

 

1453 

      

 

DNA/RNA 

 

1220 

      

Up Arrow: Increment; Down Arrow: Decrement 

mechanisms. Several marker bands assigned to different 

biochemical constituents such as proteins vibrational modes 

(1659, 1611, 1329 and 540 cm-1), DNA/RNA (1220 cm-1) and 

lipids (1453 cm-1) show a drastic change in spectral profiles of 

treated E. Coli strain with NPs as compared to their control 

samples, which are evident from the Raman spectra (Fig. 5). 

However, we have selected only three marker bands, 

1659,1453 and 1220 cm-1 correspond to proteins, lipids and 

DNA/RNA, respectively in our further analysis to study the 

interactions. The magnitude of the change in intensity of these 

three marker bands is tabulated in Table 3. Almost similar kind 

of changes are observed in the Raman spectral features of 

these three marker bands for both E. coli strains when treated 

with ZnO-NPs and Au-NPs as we have already seen in our 

previous study,[38,53,54] which confirm the same interaction 

mechanism of these two NPs with these two bacterial cells. 

After the Co-NPs treatment, the two bacterial strains show 

almost similar spectral changes (i.e., decrease in intensity) for 

both the protein and lipid marker bands. But a substantial 

intensity increase at 1220 cm-1 (DNA/RNA marker band) is 

observed as compared to the cells treated with ZnO-NPs and 

Au-NPs. The enhanced chelating activity of the Co-NPs could 

be the plausible reason which favors its penetration through 

the cell walls and inturn, induces cytotoxicity by preferably 

interacting with the nucleus and altering its structural form.[55] 

To get more insight and details about the interactions, a 

difference is obtained by subtracting the average Raman 

spectra of controlled bacterial samples from the NP-treated 

bacterial samples. Fig. 5 depicts the difference spectra for both 

bacterial strains. As evident from Fig. 5, there are remarkable 

differences (deviation from the black solid control line shown 

in Fig. 5) observed between these NP-treated samples. Several 

prominent positive and negative structures indicate the change 

in intensity of the Raman features corresponding to different 

cellular components which imply the extent of changes in a 

bacterial cell due to the NP treatments. Among the three NPs, 

the most changes occur in the protein and lipid compositions 

for Au-NPs treated cells in comparison to both the control 

samples. On the other hand, ZnO-NPs treated cells show 

moderate changes in protein and lipid compositions. The 

DNA/RNA composition-related changes are very less as 

compared to the other two compositional changes in these two 

ZnO-NPs and Au-NPs treated samples. But, substantial 

DNA/RNA compositional changes appear in the Co-NPs 

treated cells as compared to the same when treated with ZnO-

NPs and Au-NPs. This is possibly the result of cell-specific 

interaction mechanisms which vary from NP to NP as already 

well-established in the literature. 

The changes are observed in the spectral profiles of the 

Raman marker bands of protein, lipid and DNA/RNA of E. 

coli strain MTCC723, but their magnitude varies with NPs as 

seen clearly from the Raman and Raman difference spectra, 

respectively. However, protein and lipid changes are more 

dominant than the changes observed for DNA/RNA in the case 

of Au-NPs and ZnO-NPs treated samples. The detailed 

interaction mechanism of Au-NPs and ZnO-NPs with bacterial 

cells is already discussed in our previous paper. Interestingly, 

Co-NPs treated samples show much pronounced DNA/RNA 

changes which are comparable with that of protein and lipid in 

magnitude. Germane to this study, the bacterial cells treated 

with Co-NPs show major DNA/RNA changes as compared to 

the other two NPs. Already, the experimental results show a 

high antibacterial activity of Co-NPs against E. coli cells due 

to its enhanced chelation property which is very much 

effective to inhibit the growth of bacteria.[56,57] The higher 

chelating activity of the Co-NPs favors its penetration through 

the lipid membrane of the cell walls. Our observations suggest 

the prominent Co-NPs induced changes in the DNA/RNA 

which alter its structural form by mutilating their helical 

structure and leading to possible cell death. 

 

4. Conclusion  
Our approach can realize ultra-sensitive rapid detection of E. 

coli whole cell on facets of in vitro study quantitation and 

qualitative detection method. Results indicated the high 

efficiency of nanoparticles to inhibit the growth of such 
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pathogenic microorganisms. Nanoparticle metal oxides 

signified a novel course of vital materials that are 

progressively being advanced for use in research and health-

related applications. At the same time, we used Raman 

spectroscopic and Fluorescence imaging studies for the 

sensitive detection of pathogenic E. coli cells. We used ZnO-

NPs, Au-NPs, and Co-NPs for E. coli cell detection. Co-NPs 

provided an owing antibacterial effect with low concentration 

against Gram-negative E. coli cells. Thus, Co-NPs could be 

used as an encouraging antibacterial agent in biomedical 

applications. 
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