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Introduction
Nanotechnology has created a plethora of diverse approaches 

that are being exploited for various applications in quantum 
electronics, sensing, catalysis, non-linear optics, biomedicines, 
therapeutics and many more. Nanoscale materials like 
Nanoparticles (NP’s) have already been widely studied by the 
researchers throughout the world, because of their exclusive 
physicochemical properties. Understanding the interaction of NP’s 
in biological system gives new dimensions to the researchers for 
their better and diversified use. Recently, mesoporous materials 
have attracted a lot of attention of researchers for their synthesis 
and functional mechanism [1-6]. Mesoporous materials are widely 
used in heterogeneous catalytic, environmental, sensory and 
electronic media due to their controllable and monodispersive 
nature of large number of accessible pores, high surface area and 
periodic nano-scale pore spacing forming cavities all around. Zinc 
oxide is another unique nanomaterial having excellent chemical 
and optoelectronic properties that define its significant role in 
areas of science and technology such as ultraviolet lasers and 
diodes, fluorescent labels in medicine and biology, hydrogen 
storage, field emitters, piezoelectric devices and photocatalysts 
[7-11].

 

The interactions of nanoparticles with biological systems are 
very attractive. Many studies have shown their effective role in 
treatment of deadly diseases like Tuberculosis and Cancer [12]. 
Small size and their ability to be retained in the circulation makes 
them very useful and revolutionary in field of medicine [9, 13-18]. 
Nanoparticles can be engulfed by a cell; researchers exploited this 
property of nanoparticles to use them in targeted drug delivery. 
Drug loaded nanoparticles get encapsulated by the cell and then 
nanoparticle degrades to release drug as per requirements. Here, 
we have reported results for zinc oxide prepared by chemical 
method and Mesoporous Silica Nanoparticles (MSN) that are 
prepared by Cetyltrimethylammonium bromide (CTAB) template 
base catalyzed condensation technique and their interaction 
with E. coli cells. The materials of different sizes, morphologies 
and surface activities were deliberately chosen to study their 
interactions with E. coli bacterial cells. The nanocrystalline 
materials were characterized by XRD and porosity measurements. 
Their morphology was also studied by high resolution TEM. 
Their interactions with the E. coli cells were studied by 
Photoluminescence (PL). 
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It was seen that not only the particle size but the reactivity 
of surface as well as the porosity of the nanoparticles affect 
the luminescence intensity of the emission spectra. Protein-
nanoparticle interactions could be analyzed by observing corona 
formation (as the name suggests corona is the dynamic layer 
of protein surrounding the NP). Here, they were observed by 
studying the intensity variations in the emission spectra of the 
fluorescence assays. These interactions display a significant role 
of NP in biomedicines and therapeutics.

Materials

Synthesis of Mesoporous Silica Nanoparticles (MSN) 
MSN with larger pore size were synthesized by adding pore 

extending agent (mesitylene) to a CTAB template base catalyzed 
condensation reaction of Tetraethyl Orthosilicate (TEOS) [19]. 
Cetyl- trimethyl-ammonium-bromide (CTAB, 1.0 g, 2.7 mmol) 
was dissolved in a solution of 480 mL water and 3.5 mL of 2M 
NaOH (aq). Mesitylene (7.0 mL, 48.8 mmol) was then added to 
the solution. The mixture was stirred vigorously at 80 0C for 2 h. 
Tetraethyl orthosilicate (5.0 mL, 21.9 mmol) was then added drop 
wise at a rate of 1 ml/min to the solution. The reaction mixture 
was stirred vigorously at 80 0C for another 2 h. The resulting white 
precipitate was filtered, washed with abundant ethanol and dried 
under vacuum at 60 0C overnight. Precipitate resulted as white 
powder then it was refluxed with the mixture of acidic (0.75 ml of 
conc. HCl) methanol (100 ml) for 6 h at 50 0C to extract CTAB and 
mesitylene and to form the pores. MSN powder, thus prepared, 
was filtered, washed several times and dried under vaccum at 
100 0C for 12 h. The particles thus obtained were characterized by 
XRD, TEM, porosity measurements, etc. and were used for further 
studies. 

Synthesis of ZnO nanoparticles
ZnO nanoparticles were synthesized via wet chemical method 

zinc acetate (Zn (CH3COO)2.2H2O), sodium hydroxide (NaOH) as a 
starting material without any further purification. Stoichiometric 
composition was chosen for zinc acetate and sodium hydroxide. 
This technique is based on the hydrolysis of the precursor used 
to prepare ZnO nanoparticles. 0.1 M solution of zinc acetate was 
prepared in ethanol and refluxed at 80 0C for 6 hours which results 
in the formation of Zn2+ ions. Separately, 0.2 M solution of sodium 
hydroxide was prepared in ethanol and added dropwise to Zn2+ 

ions solution under constant magnetic stirring at 40 0C and the 
reaction was kept for 5 h under continuous stirring. The obtained 
white precipitates were separated out using centrifugation at 
6000 rpm and washed several times with ethanol and dried at 
100 0C for 12 h. The nanoparticles thus synthesized were further 
characterized by XRD and TEM techniques [20]. 

Characterization and measurements 

TEM and XRD measurements

TEM studies were performed to find out morphology and 
the particle size of the MSN. For that, 10 mg of sample was mixed 

in 1 ml of ethanol and sonicated for 10 mins to achieve a better 
dispersion of the particles [20]. A drop of the suspension was then 
put on carbon coated copper grid and images were taken using 
TECNAI TEM machine (FEI TEM model TECNAI G2 T30, U-TWIN) 
operating at 300 kV. X-ray diffraction spectra were recorded on 
PAN analytical X’ Pert PRO Diffractometer using Ni-filtered CuKα1 
(λ = 1.54056 Å) line. The low angle XRD was taken from 1 to 100 
with a scanning rate at the speed of 0.050/second.

Surface area/Porosity measurement of MSN 
Surface area and pore size distribution of MSN were 

determined using Micrometrics ASAP-2010, USA. Before the 
measurement, pristine MSN sample was degassed at 350 0C for 12 
h and nitrogen adsorption–desorption isotherms were then taken. 
Surface area, cumulative desorption pore volume and mesopore 
volume were also determined using Brunauer–Emmet-Teller 
(BET), Barrett-Joyner-Halenda (BJH) and Dubinin- Radushkevich 
(DR) methods, respectively. 

E. coli DH 5α cells culture
E. coli DH 5α cells were cultured as follows. Single colony 

from agar plate was inoculated in 25 ml Luria Broth (LB) medium 
supplemented with 100 µg/ml ampicillin and the culture was 
grown at 37 °C for overnight in incubator shaker at 200 rpm. Sub-
culturing was done with a dilution of 1:100 in 5 ml LB medium 
containing 100 µg/ml ampicillin and various concentration of 
nanoparticles like ZnO and SiO2 for experiment to check their 
binding affinity with E. coli cells which were grown in incubator 
shaker at 37 °C at 200 rpm at various time interval 0 min, 30 min, 
60 min, 2 h, 3 h, etc to check their binding affinity with various 
nanoparticles of various concentration and by simultaneously 
using various standard/control to check proper binding activities 
[21-24]. Meanwhile the samples were taken at various time 
intervals for analysis/observation. 

Preparation of different assays for fluorescence 
measurements

MSN and ZnO nanoparticle binding assay was performed 
to directly measure the binding affinity of E. coli to MSN and 
ZnO nanoparticles. The assays were performed in a LB media 
containing (Tryptone, Yeast extract and NaCl) from overnight 
cultured E. coli cells (DH 5α). No indicator strain was used for 
checking MSN and ZnO nanoparticles binding activities and 
fluorescence from the Tryptophan present in the media was used 
for monitoring the binding affinity and other activities between 
the cells and the nanoparticles. Different concentrations of 
nanoparticles (MSN and ZnO) containing E. coli cells [21-24] were 
used. After adding the MSN and ZnO nanoparticles in E. coli cells at 
various incubation times, samples were collected for fluorescence 
measurements to check the binding activities for the MSN and 
ZnO nanoparticles [25]. 

When nanoparticles interact with E. coli, changes in 
fluorescence intensity with time indicate the binding of NP to the 
tryptophan amino acid. NP acts on surface of the bacteria and binds 
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to the protein through tryptophan residues. Protein adsorption on 
NP (corona) is found to provide stability by preventing aggregation 
and also imparts biocompatible functionality for biological 
interactions. Thus, NP-protein interactions perhaps might have 
been well studied by studying corona formation (as the name 
suggests corona is the outer dynamic protein layer surrounding 
the NP) and also by simply monitoring the fluorescence intensity. 

Fluorescence measurements
Fluorescence spectra of the E. coli assay was recorded on 

Varian Eclipse Fluorescence Spectrophotometer (Varian BV, now 
taken over by Agilent Technologies, USA) equipped with a 15 W 
flash lamp as source and a broad band PMT as a detector. The 
slit width and the scanning speed were kept as 5 nm and 5 nm 
sec -1, respectively. A monitor PMT and the software take care 
of the corrections, if any, due to the nonuniform source and the 
detector responses. The excitation wavelength was maintained at 
250 nm so that it excites only Tryptophan and not the ZnO NP. 
Equal amount (~2 ml) of the solution was taken every time in a 
small quartz cuvette for recording the fluorescence spectra. Each 
experiment was carried out at least thrice to confirm the results. 

Results and Discussion 

Figure 1: TEM image of the mesoporous silica nanoparticles 
(MSN)

Figure 2: Low angle XRD pattern of the MSN

The morphology of prepared MSN sample was determined by 
TEM as shown in Figure 1. Spherical shaped MSN of ~300 nm size 
having 1x103 m2/g surface area are seen in the figure. Honeycomb 

like hexagonal shaped pores were determined by TEM images 
that also revealed the spherical structure of MSN nanoparticles. 

Table 1: Data of MSN on porosity measurements.

Sample Mesopore 
maxima

Surface 
area (BET) 

(m2/g)

Mesopore 
volume 

(DR)(cm3/g)

Cumulative 
desorption 

pure volume 
(BJH) (cm3/g)

MSN 28 1026 0.45 1.06

To confirm hexagonal porous structure, low angle X-ray 
diffraction patterns were taken. The low angle XRD pattern, XRD 
data and porosity measurements of material are shown in Figure 
2 and Table 1. Strong reflection peak is observed at 2θ value 2.24 
(100) with d spacing at 39.5 nm together with one small peak 
at 4.26 (200) with d spacing at 20.83 nm. The peaks are typical 
for hexagonal structure indicative of long-range order of such 
structures. 

Table 2: Data for XRD and (h k l) indexing for different peaks calculated 
by the equation, d = a/ [(h ²+k²+l²)] ½. The peaks at 2.24 and 4.26 2θ 
values are corresponding to (100) and (200) planes.

2θ d(Å) (h k l) a c

2.24 39.5 1 0 0 45.75 45.75

4.26 20.83 2 0 0 46.1 46.69

Surface area, cumulative desorption pore volume and 
mesopore volume were also determined using nitrogen 
adsorption technique and Brunauer-Emmet-Teller (BET), Barrett-
Joyner-Halenda (BJH) and Dubinin- Radushkevich (DR) methods, 
respectively. The data is as shown in Table 2 which also confirms 
the mesoporous nature of MSN the particles. 

Figure 3: XRD Patterns of the ZnO nanoparticles 

XRD pattern of ZnO nanoparticles is as shown in Figure 3. 
The average grain size of nanoparticles were estimated by using 
FWHM from XRD peaks line broadening. Size of nanoparticles 
can be estimated from a single diffraction peak using Scherrer’s 
formula (assuming nanoparticle to be stress free), D = 0.9λ/β cosθ 
where, D is the average grain size of crystallites, λ is the incident 
wavelength, θ is the Bragg angle, β is the diffracted FWHM 
(in radian) caused by crystallites. The particle size estimated 
from the XRD peak is found to be ~6.0 nm. The shape and size 
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was also confirmed from the TEM images and spherical shaped 
nanoparticles of approx. same size could be seen in Figure 4.

Figure 4: TEM image of the ZnO nanoparticles 

A photoluminescence (fluorescence) emission spectrum of E. 
coli in LB media (excited by 250 nm) showed that with increasing 
time the fluorescence was decreased. The emission spectra 
consist of two bands, one at around 430 nm and another weak 
band at 485 nm. It more or less resembles with the fluorescence 
spectra of Tryptophan (Trp). The spectra shown in Fig. 5A are for 
the bio-fluid (LB) and E. coli (negative control) and at different 
time periods (for time intervals 0-6 h). It could be seen from the 
spectra that the fluorescence was maximum initially (at t = 0) and 
was decreased exponentially thereafter due to consumption of the 
LB by E. coli. Tryptophan, one of the constituents of the medium 
Luria Broth (LB), acts as an indicator. The decreased fluorescence 
intensity with time might be responsible for the decrease in 
Tryptophan and hence in LB. 

Figure 5A: Emission spectra of various assays for studing 
interaction of nanoparticles with E. coli; The fluorescence 
emission spectra of E. coli in LB media (negative control). The 
spectra are recorded at different time intervals to assess the 
consumption rate of the LB media through Trp. The decrease in 
the peak intensity of the emission band with time is also shown 
in the inset.

When we used positive control with NP along with MSN NP 
1.0 mM and 4.0 mM concentrations at various time intervals 
from 0–6 h, it did not show any change in fluorescence intensity 
(Figure 5A-5C). This indicates that the media and especially, 
the Tryptophan present in the media do not interact with the 
mesoporous nanoparticles. The nano size pores might be blocking 
the passage inside the cavity for biological macromolecules [25]. 

However, when the positive control with NP along with ZnO NP 
(1.0 mM conc.) at various time intervals from 0-6 h was used, 
increase in the fluorescence intensity was observed up to 4 h. But 
after 6 h, it was observed that fluorescence intensity dramatically 
decreases. The results are as shown in Figure 5D. The same trend 
observed for 4.0 mM conc. for the same ZnO NP and is shown 
in Figure 5E. This kind of behavior was very interesting but not 
surprising and as is expected. As the nanoparticles interact with 
the biomolecules in the LB media corona is formed due to proteins 
like Tryptophan (Trp) and there could be more energy transfer 
that increases the fluorescence intensity. But with time more 
Reactive Oxygen Species (ROS) formed due to catalytic nature of 
ZnO NP may be responsible for forming new complexes or even 
disintegrate Trp resulting in lowering the fluorescence activity 
(intensity) [10, 26, 27]. 

Figure 5B: The fluorescence emission spectra of MSN (1.0 
mM) in LB media (positive control). The spectra are recorded 
at different time intervals to see the interaction of MSN with 
LB media through Trp. The variation in the peak intensity of 
the emission band with time is also shown in the inset. It could 
be observed from the figure in the inset that there is not much 
change in intensity with time.

Figure 5C: The fluorescence emission spectra of MSN (4.0 
mM) in LB media (positive control). The spectra are recorded 
at different time intervals to see the interaction of MSN with LB 
media through Trp at higher concentration. The variation in the 
peak intensity of the emission band with time is also shown in 
the inset. It could be observed from the figure in the inset that 
there is not much change in intensity up to first 4 h. However, 
around 10% decrease was observed after 6 h.
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Figure 5D: The fluorescence emission spectra of ZnO NP (1.0 
mM) in LB media (positive control). The spectra are recorded 
at different time intervals to see the interaction of ZnO with LB 
media through Trp. The variation in the peak intensity of the 
emission band with time is also shown in the inset. It could 
be observed from the figure in the inset that there is 10-12% 
gradual increse in the intensity for up to first 4h but then there is 
around 18% decrease in the intensity has been observed.

Figure 5E: The fluorescence emission spectra of ZnO NP (4.0 
mM) in LB media (positive control). The spectra are recorded 
at different time intervals to see the interaction of ZnO with LB 
media through Trp at higher concentration. The variation in the 
peak intensity of the emission band with time is also shown in 
the inset. It could be observed from the figure in the inset that 
there is not much change in intensity with time.

Figure 5F: The fluorescence emission spectra of MSN (1.0 mM) 
+ E. coli in LB media. The spectra are recorded at different time 
intervals to see the interaction of ZnO with LB media through Trp. 
The variation in the peak intensity of the emission band with time 
is also shown in the inset. It could be observed from the figure in 
the inset that there is gradual decrease in the intensity with time. 
Around 30% decrease in the peak intensity was observed in 6 h.

The interactions of MSN and ZnO NP (1.0 and 4.0 mM 
conc.) with E. coli cells were then also studied by studying the 
fluorescence spectra with time. The emission spectrum for 
MSN (1.0 mM) with E. coli in LB medium is as shown in Figure 
5F. It could be seen from the figure that there is decrease in the 
fluorescence intensity with time while a different behavior was 
observed when the MSN concentration was increased to 4.0 mM 
is as shown in Figure 5G. The intensity remains almost constant 
up to 4 h but it decreases after that. This could be understood by 
considering the fact that the LB is consumed by the pathogens 
and thus the content of Trp gets reduced and subsequently its 
fluorescence. However, when the MSN concentration is increased, 
there would be more coronas formed around the nanoparticles 
that would decrease the rate of consumption of the media (LB) 
and there was no much decrease in the Trp which gets reflected in 
the fluorescence intensity. However, for longer periods, a decrease 
in the intensity could be observed due to more consumption of the 
media. It is also to be noted here that it is unlikely that MSNs could 
get internalized inside the bacterial cells due to their bigger sizes 
(~0.3 μm) without keeping the pathogen live. 

Figure 5G: The fluorescence emission spectra of MSN (4.0 mM) 
+ E. coli in LB media. The spectra are recorded at different time 
intervals to see the interaction of ZnO with LB media through 
Trp. The variation in the peak intensity of the emission band with 
time is also shown in the inset. It could be observed from the 
figure in the inset that there is little decrease in the intensity for 
first 4 h. However, around 25% decrease in the peak intensity 
was observed in 6 h.

The emission spectrum for ZnO NP (1.0 mM) with E. coli in LB 
medium is as shown in Figure 5H. It could be seen from the figure 
that there is not much decrease in the fluorescence intensity for 
first 2 h, however, as the time passes, decrease in the fluorescence 
intensity was observed. This may be attributed to the formation 
of protein corona around the nanoparticles and produce ROS. 
However, it would take some time and would also depend on the 
concentration of the NP. This might be responsible for keeping the 
Trp conc. the same for some time (~2 h). However, with time there 
would be more generation of the ROS, which could be responsible 
for internalization of more ZnO nanoparticles and creating more 
toxicity making it difficult for survival of the bacteria. With time 
there would also be more consumption of the LB media resulting 
in decrease in Trp and hence the fluorescence intensity gradually. 
When conc. of the ZnO nanoparticles was increased to 4.0 mM (as 
shown in Figure 5I) the initial activity was increased due to high 
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conc. of ZnO NP and as a result fluorescence intensity decreases 
contrary to that of the MSN for the first 2 h but it continued to 
decrease as the ROS formed in the process might be disintegrating 
the Trp. This could thus be attributed to more deaths of the 
bacteria due to generation of more ROS and less consumption of 
Trp but still resulting in decrease of the fluorescence intensity. 
However, overall decrease in rate of fluorescence intensity was 
observed. This would certainly depend on the optimum conditions 
for generation of ROS species, conc. of bacteria and conc. of NP. 

Figure 5H: The fluorescence emission spectra of ZnO (1.0 mM) 
+ E. coli in LB media. The spectra are recorded at different time 
intervals to see the interaction of ZnO with LB media through 
Trp. The variation in the peak intensity of the emission band with 
time is also shown in the inset. It could be observed from the 
figure in the inset that there is no change in the intensity for first 
2 h. However, the peak intensity decreases thereafter.

Figure 5I: The fluorescence emission spectra of ZnO (4.0 mM) 
+ E. coli in LB media. The spectra are recorded at different time 
intervals to see the interaction of ZnO with LB media through 
Trp. The variation in the peak intensity of the emission band with 
time is also shown in the inset. It could be observed from the 
figure in the inset that there is gradual decrease in the intensity 
with time. 

Conclusion
Nanotechnology is very fascinating in the field of biomedicines, 

bio-signalling, diagnostics, therapeutics, quantum electronics, 
sensing, catalysis, non-linear optics and many more. Different 
types of nanomaterials are being used in various fields. MSN and 
ZnO NP are of significant importance in nanotechnology. Zinc 
oxide were prepared by chemical method and mesoporous silica 
nanoparticles (spherical shape, 200-300 nm in size and 1013 
m2/g in surface area) were prepared by Cetyltrimethylammonium 

Bromide (CTAB) template base catalyzed condensation 
technique. E. coli cells were treated with MSN and ZnO NP and 
the photoluminescence spectra were observed. Fluorescence 
intensity changes with increase in time indicating the binding of 
MSN and ZnO NP with E. coli cells. However, more detailed study 
is necessary to find out more such interactions. These results are 
very useful for the use of these nanomaterials in biological systems. 
The study of such interactions of bacteria with nanomaterials may 
become very useful in the field of biomedicines and therapeutics.
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