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catechol anchoring and cross-linking. c) Preparation of Cu
nanoparticle-incorporated MI-dPG surface coatings using
three different methods. MOPS: 3-(N-morpholino)-propane
sulfonic acid. d) Schematic contact killing of bacteria on a Cu

nanoparticle-incorporated MI-dPG surface coating via an
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permission (Li etal. 2017) American Chemical Society.

1.7

Representative structure of bacterial biofilm: Bacterial
biofilm is formed due to complex coordinated interactions of
microorganisms with the surface. The sequence of events of
typical biofilm formation is as follows; (i) Initial surface
attachment to the surface through movement appendages
like fimbriae, through Pilli and it can be extracellular
carbohydrate matrix, (ii) Formation of a monolayer,
movement along the surface with formation of micro
colonies and (iii) Biofilm maturation and formation of a
three-dimensional structure. The whole event is
coordinated by the Quorum sensing (QS) system. In this
system, a signal molecule is secreted by a cell and responds
against the type of signal molecule. The chemical nature of

secreted molecules depends on the class of bacteria.

26

1.8

Schematic representation of the interaction of gold and
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interactions with poly-anionic extracellular DNA in the

34

Department of Chemistry, IIT (BHU), Varanasi




biofilm. (B) In particular, the silver and gold ions form high-
affinity interactions with G-C base pairs of eDNA molecules
through short-range Van der Waals and hydrophobic forces.
(C) To prevent the oxidative damage of DNA, bacterial cell
modifies it via phosphor thiolation. In such cases, gold
nanoparticles interact through Au-S bonding extracellular
DNA. (D) Both silver and gold nanoparticles also can interact
with bacterial RNA molecules especially tRNA through
electrostatic and Van der Waals interactions. Schematic
representation of various molecular level interactions
between metal nanoparticles and extracellular matrix
proteins. (E) The metallic nanoparticles interact with
quorums-signaling protein molecules (e.g., Las R) through
electrostatic, hydrophobic, and hydrogen bonding. In this
case, nanoparticles selectively interact with ligand binding
sites, making them incompetent for cell signaling. (F) metal
nanoparticles interact with metabolic proteins and enzymes
present in the biofilm through electrostatic, hydrophobic,
hydrogen-bonding, Van der Waals, and m-m interactions,
causing them to be inactive for metabolism. (G) Metallic
nanoparticles interact with membrane proteins such as

electron transport systems that collapse the membrane

Department of Chemistry, IIT (BHU), Varanasi
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Reproduced with permission (Joshi et al. 2020) under a

common creative attribution license.

1.9

Representing the molecular Mechanisms of development of
nano-resistance. a) indicating the changes in cell membrane
structure and function; b) nanoparticle modification; c)
biofilm development; d) induction of the anti-oxidative
system; e) regulation of metabolic pathways. Adopted with

permission from Zhang et.al. 2020 © Elsevier.
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1.10

Implications of nano-resistance for a) co-evolution of
antibiotic resistance; b) enhanced pathogenicity; and c)
induction of community persister. Adopted with permission

from Zhang et.al. 2020 © Elsevier.
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Microwave-assisted rapid synthesis and effect of Organic Functionality
on the antimicrobial activity of metal nanoparticles

Figure 2.1

(A) Characterization of Au-NP-1 nanoparticles by UV-visible
light spectrophotometry (i), transmission electron
microscopy imaging (ii), and selected area electron
diffraction (SAED) pattern (iii). (B) Characterization of
synthesized Au-NP-2 nanoparticles by UV-visible light
spectrophotometry (i), TEM imaging (ii), and selected area
electron diffraction pattern (SAED) (iii).

59

Figure 2.2

(A) Characterization of Ag-Au-NP-1 nanoparticles by UV-
visible light spectrophotometry (i), transmission electron
microscopy imaging (ii), and selected area electron
diffraction pattern (SAED) (iii). (B) Characterization of
synthesized Ag-Au-NP-2 nanoparticles by UV-visible light
spectrophotometry (i), TEM imaging (ii), and selected area
electron diffraction pattern (SAED) (iii).

59

Figure 2.3

(A) Characterization of Pd-Ag bimetallic nanoparticles by
UV-visible light spectrophotometry (i), transmission
electron microscopy imaging (ii), and selected area electron
diffraction pattern (SAED) (iii). (B) Characterization of
synthesized Pd-Ag-Au trimetallic nanoparticles by UV-
visible light spectrophotometry (i), TEM imaging (ii), and

selected area electron diffraction (SAED) pattern (iii).

60

Figure 2.4

Antibacterial assessment plates of bi and tri-metallic
nanoparticles against A. haumannii by the agar well diffusion
method (i-iv), and Zone of inhibition (in mm) (v). TC

representing test control (without silver cation).

61
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Figure 2.5

(A) UV-visible light spectrophotometry of Ag-NP-1 (i), Ag-
NP-2 (ii), and Ag-NP-3 (iii). (B) Transmission electron
microscopy images, a selected area diffraction pattern
(inset), and size distribution plots of Ag-NP-1 (i & iv), AgNP-
2 (ii & v), and Ag-NP-3 (iii & vi). (C) Zeta potential analysis
of Ag-NP-1 (i), Ag-NP-2 (ii), and Ag-NP-3 (iii)

63

Figure 2.6

Role of variable concentration of 1-vinyl pyrrolidone, 3-

APTMS, and silver nitrate on the synthesis of Ag-NPs.

64

Figure 2.7

Antibacterial assessment plates of AgNP-1, AgNP-2, and
AgNP-3 nanoparticles against A. baumannii by the agar well
diffusion method. TC representing test control (without

silver cation).

67

Figure 2.8

Mean zone of inhibition diameter of each type of
nanoparticle against A. baumannii planktonic cells. +C
represents positive control, -C represents negative control,

and TC represents test control (without silver cations).

68

Figure 2.9

(i) MIC (pg/ml) and MBC (pg/ml) values of AgNP-1, AgNP-2,
and AgNP-3 against A. baumannii planktonic cells. TC
represents Test control and NC represents negative control.
(ii) Time kill curve of A. baumannii with 1x MIC
concentration of each nanoparticle at 37°C under aerobic
conditions. Control represented untreated cells. (iii) Time
kill curve of A. baumannii with 1x MBC concentration of each

type of nanoparticle at 379C under aerobic conditions.

69
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Control is represented as untreated cells. (iv) The dose-
dependent kill curve at different concentrations of AgNP-1,
AgNP-2, and AgNP-3 against A. baumannii after six hours of
treatment at 379C under aerobic conditions; log reduction
cfu/ml represents the log value of cfu/ml killed at their

corresponding concentration (iv).

Scanning electron microscopy images of control (a), AgNP-1
Figure 2.10 treated cells (b), AgNP-2 treated cells (c), and AgNP-3

treated cells (d) for 1 hour at respective MIC value in MHB &

medium at 37°C.

(A) Fluorescence spectra of bovine serum albumin in the

Figure 2.11 | 3psence (1) and the presence of AgNP-1 (2). (B) -

Fluorescence spectra of A. baumannii in the absence (3) and

the presence of AgNP-1 (4).

3D fluorescence images of bovine serum albumin in the
Figure 2.12 absence (A, B) and the presence (A’, B’) of AgNP-1. A and A’
show the contour images; B, and B’ show the surface images.
3D fluorescence images of A. baumannii in the absence (C 73
and D) and the presence (C’' D) of AgNP-1. C and D show the

contour images; C’ and D’ show the surface images.

Chapter 3

Microwave-assisted rapid synthesis and molecular weight of 78-99

Polyethyleneimine-dependent selective surface interaction and

antimicrobial activity of functional silver nanoparticles
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Figure 3.1

(A) Representing the characterization of Synthesized Ag-
NPs by UV-Vis Spectrophotometry, AgNP-1 (i), AgNP-2 (ii),
and AgNP-3 (iii); (B) Showing the characterization result of
synthesized as AgNPs by TEM imaging with their SAED
pattern (inset) and size distribution plot; AgNP-1 (i, iv),
AgNP-2 (ii, v) and AgNP-3(iii, vi); (C) Representing the Zeta
potential analysis of AgNPs. AgNP-1 (i), AgNP-2 (ii) and
AgNP-3 (iii).

86

Figure 3.2

Showing the antibacterial property assessment plate (A);
MIC and MBC (pg/ml) values of each AgNP against A
baumannii planktonic cells (B). TC represents Test control

while NC is negative control.

88

Figure 3.3

A- 2D fluorescence dynamic quenching analysis of
fluorescein by PEI capped AgNPs in the presence (iii & iv)
and in the absence of A. baumannii cells (ii); while (i)
showing fluorescein blank. B- Graph showing the
quenching and de-quenching (%) of fluorescein by AgNPs
in the presence (a); and in the absence of Ag-NP (b); on
addition of 104 cells/ml (c); and further increased 108
cells/ml (d). C- 3D fluorescence imaging of dynamic
quenching of fluorescein by AgNP in the presence (iii &
iv) and in the absence of A. baumannii cells (ii); with

fluorescein blank (i).

90

Figure 3.4

2D fluorescence spectra of A. baumannii and BSA, treated
with synthesized AgNPs (1-3) for 1 and 3 hours. A (i)
showing the spectra of BSA treated with AgNPs for 1

hour; and cells treated similarly (ii); B (i) showing the
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BSA, treated with AgNPs for 3 hours; and cells treated

similarly (ii).

(A) Showing the 3D fluorescence contour plot of BSA (5

Figure 3.5 pug/ml) (i); treated with AgNP-1-3 (5pg/ml) (ii-iv) for 1 93
hour at room temperature.
(B) Showing the 3D fluorescence contour plot of bare A.
Figure 3.6 baumannii cells (106 cells/ml) (i); treated with AgNP-1-3 94
(5pg/ml) (ii-iv) for 1 hour at room temperature.
Representing the 2D Fluorescence spectra of supernatant of
Figure 3.7 6 hours treated cells with AgNPs (1-3). 94-95
Chapter 4
A whole-cell fluorescence quenching-based approach for the 100-122
investigation of Polyethyleneimine functionalized silver nanoparticles
interaction with Candida albicans
Physical characterization of PEI-f-Ag-NPs. (A) UV-VIS
Figure 4.1 spectra: inset dispersed in water, (B) respective TEM image,
(C) XRD diffractogram, (D) size distribution histogram, and 107
(E) Zeta potential distribution.
(A) Image shows the zone of inhibition of C. albicans by PEI-
Figure 4.2 f-Ag-NPs. Compound light microscopy photographs of PEI-f-
Ag-NPs treated C. albicans cells for various times: (B) 108

untreated control; (C) treated for 5 min; (D) 15 min; (E) 30
min; (F) 60 min; (G) 120 min; and (H) 240 min.
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Figure 4.3

Effect of UV exposure at variable time intervals on bare C.

albicans cells intrinsic protein fluorescence.

110

Figure 4.4

FL emission spectra of C. albicans cell surface proteins at
various incubation times with and without PEI-f-Ag-NPs. (A)
2D fluorescence emission spectrum, (B) FL quenching ratio
by PEI-f-Ag-NPs at various incubation times, (C) FL emission
spectra of C. albicans cell surface proteins with increasing
concentration of PEI-f-Ag-NPs, and (D) FL quenching ratio

with an increasing PEI-f-Ag-NPs concentration.

111

Figure 4.5

2D and 3D FL emission spectra of calcofluor white-stained C.
albicans cells at various incubation times treated with PEI-f-
Ag-NPs and without treatment: (A) 2D FL emission
spectrum, (B) 3D FL spectrum without PEI-f-Ag-NPs (cell
control), (C) 3D FL spectrum involving incubation with PEI-
f-Ag-NPs for 5 min, (D) 3D FL spectrum involving incubation
with PEI-f-Ag-NPs for 15 min, (E) 3D FL spectrum involving
incubation with PEI-f-Ag-NPs for 30 min, (F) 3D FL spectrum
involving incubation with PEI-f-Ag-NPs for 60 min, (G) 3D FL
spectrum involving incubation with PEI-f-Ag-NPs for 120
min, and (H) 3D FL spectrum involving incubation with PEI-

f-Ag-NPs for 240 min.

115

Figure 4.6

FL emission spectra of BSA protein at various times with and
without PEI-f-Ag-NPs: (A) fluorescence emission spectrum
at various incubation times, (B) FL quenching ratio at
various incubation times, (C) FL emission spectra with
increasing concentration of PEI-f-Ag-NPs, and (D) FL

quenching ratio with increasing PEI-f-Ag-NPs concentration.
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Figure 4.7

FL emission spectra of tyrosine and tryptophan amino acid
standards at various concentrations with and without PEI-f-
Ag-NPs: (A) fluorescence emission spectrum of tyrosine, (B)
FL quenching ratio by PEI-f-Ag-NPs of tyrosine at various
concentrations, (C) FL emission spectra of tryptophan at
various concentrations of PEI-f-Ag-NPs, and (D) FL

quenching ratio at various PEI-f-Ag-NPs concentration.
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Figure 4.8

(A) Binding constant (Kb) and number of binding sites (n)
for PEI-f-Ag-NP with C. albicans (B) Schematic depicts
adsorbed PEI-f-Ag-NPs on the surface of C. albicans cells.

119

Figure 4.9

Intracellular ROS level in PEI-f-Ag-NPs treated C. albicans
cells. (A) All events (B) Selected events (10000) (C)
Unstained Control (D) Stained Control (E) PEI-f-Ag-NPs

treated.

120

Figure 4.10

Schematic showing the possible antifungal mechanism of
Polyethyleneimine-functionalized silver nanoparticles. The
silver nanoparticle interacts with C. albicans cells via two
different pathways, which can be direct or indirect. In the
direct pathway, the cationic Ag-NPs interact electrostatically
with surface structural proteins and phosphor-mannolipids;
these processes induce electrostatic stress followed by ROS
generation and inactivation of cytoplasmic proteins. In
addition, nanoparticle-generated stress induces
mitochondrial ROS inside the cell, which damages
cytoplasmic biomolecules such as proteins and DNA through
oxidation. The ROS can also damage the cell membrane

through lipid peroxidation, resulting in membrane
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perforation and eventual cell death (steps 1, 2, 3, 5, and 6) as
indicated in the diagram. The indirect action involves silver
nanoparticles passing through the cell wall/membrane via
water channels or other channels and becoming internalized
inside the cell. These silver nanoparticles disintegrate the
cytoplasmic biomolecules (e.g., structural proteins and
enzymes) and nuclear DNA, collapsing cell cytoarchitectural

and resulting in cell death (step 4) as indicated in the

diagram.
Chapter 5
Size and zeta potential clicked germination attenuation and anti- 123-155
sporangiospores activity of PEI-functionalized silver nanoparticles
against COVID-19-associated Mucorales (Rhizopus arrhizus)
Physical characterization of PEI-f-Ag-NPs. (A) UV-Vis
Figure 5.1 spectra of PEI-f-AgNP-1 (i) show an absorption maximum at
A= 420 nm and PEI-f-AgNP-2 (ii) show an absorption
maximum at showing at A= 408 nm. (B) Shows the TEM 134
image and size histogram of PEI-f-AgNP-1 (i & iii) as well as
the TEM image and size histogram of PEI-f-AgNP-2 (ii & iv).
Zeta potential distribution of PEI-f-AgNP-1and 2 135
Figure 5.2
Assessment of anti-sporangiospores activity of PEI-f-Ag-
Figure 5.3 NPs. (a) Wet mounted vegetative body of R. arrhizus with
sporangiospores; (b) freshly harvested sporangiospores; (c) 136

sporangiospores treated with amphotericin B for 24 hours;
(d) control sporangiospores at 24 hours, (e) treated with

PEI-f-AgNP-1 for 24 hours; (f) treated with PEI-f-AgNP-2 for
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24 hours, (g) control sporangiospores at 48 hours; (h)
treated with PEI-f-AgNP-1 for 48 hours; (i) treated with PEI-
f-AgNP-2 for 48 hours; (j) control sporangiospores at 72
hours; (k) treated with PEI-f-AgNP-1 for 72 hours; and (1)
treated with PEI-f-AgNP-2 for 72 hours.

Figure 5.4

(a) Size distribution histogram of PEI-f-Ag-NPs treated
sporangiospores. (i) freshly harvested sporangiospores; (ii)
fully germinated sporangiospores at 24 hours; (iii) PEI-f-
AgNP-1 treated sporangiospores at 24 hours; (iv) PEI-f-
AgNP-2 treated sporangiospores at 24 hours; (v) PEI-f-
AgNP-1 treated sporangiospores at 48 hours; (vi) PEI-f-
AgNP-2 treated sporangiospores at 48 hours, (vii) PEI-f-
AgNP-1 treated sporangiospores at 72 hours, and (viii) PEI-
f-AgNP-2 treated sporangiospores at 72 hours. (b) Average
sporangiospores size during germination at various times
(24-72 hours) in PEI-f-Ag-NPs treated and control

sporangiospores.

137-138

Figure 5.5

The minimum inhibitory concentration of PEI-f-Ag-NPs
against sporangiospores of R. arrhizus. (a) and (b)
representing the % sporangiospores germination inhibition
by PEI-f-Ag-NPs in a dose-dependent manner (PEI-f-AgNP-1
MIC/4=0.41, MIC/2=0.82, MIC=1.65, 2xMIC= 3.30 pg/mL)
and PEI-f-AgNP-2 (PEI-f-AgNP-2 MIC/4=1.62, MIC/2=3.25,
MIC=6.50, 2xMIC= 13.0 ug/mL) Data are presented as

percent error bar.

139

Figure 5.6

(a). Showing the confocal laser scanning microscopy of R.

arrhizus sporangiospores treated with PEI-f-Ag-NPs and

141-143
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control stained with PI dye, for 24 hours along with their
respective DIC images. (i, ii) control sporangiospores; (iii, iv)
treated with amphotericin B; (v, vi) treated with PEI-f-AgNP-
1 and (vii, viii) treated with PEI-f-AgNP-2. (b). Showing the
confocal laser scanning microscopy of R. arrhizus
sporangiospores treated with PEI-f-Ag-NPs and control
stained with PI dye, for 48 hours along with their respective
DIC images. Control sporangiospores (i, ii); (iii, iv) treated
with PEI-f-AgNP-1 and (v, vi) treated with PEI-f-AgNP-2. (c).
Showing the confocal laser scanning microscopy of R.
arrhizus sporangiospores treated with PEI-f-Ag-NPs and
control stained with PI dye, for 72 hours along with their
respective DIC images. (i, ii) control sporangiospores; (iii, iv)
treated sporangiospores with PEI-f-AgNP-1; and (v, vi)
treated with PEI-f-AgNP-2.

Figure 5.7

Scanning electron microscopy images of sporangiospores:
(a) control, (b) treated with PEI-f-AgNP-1, and (c) treated
with PEI-f-AgNP-2 for 24 hours.

144

Figure 5.8

Elemental analysis (EDS) of sporangiospores: (a) control, (b)
treated with PEI-f-AgNP-1, and (c) treated with PEI-f-AgNP-
2 for 24 hours.

145

Figure 5.9

Comparison of the surface-enhanced Raman spectra of R.
arrhizus sporangiospores treated with PEI-f-Ag-NPs for 24
hours. (i) Raman spectrum of mycelium, (ii) SERS spectrum
of freshly harvested sporangiospores, (iii) SERS spectrum of
sporangiospores incubated with PEI-f-AgNP-1, and (iv)

SERS spectrum of sporangiospores incubated with PEI-

147

Department of Chemistry, IIT (BHU), Varanasi




AgNP-2 with corresponding confocal Raman microscopic
photographs (inset). Band peaks are assigned for matched

biomolecules.

Figure 5.10

Diagrammatic representation of the possible mechanism of
anti-sporangiospores activity of PEI-functionalized silver

nanoparticles.

154

Chapter 6

Synthesis of vancomycin functionalized fluorescent gold nanoparticles

and selective sensing of mercury (II)

156-172

Figure 6.1

(A) Real-time UV-visible spectra of vancomycin-loaded
Polyethyleneimine functionalized Au-NPs synthesis, (B)
corresponding X-ray diffractogram, (C) TEM micrograph,
and (D) size distribution plot.

162

Figure 6.2

(A) Hydrodynamic radii of vancomycin-loaded and
unloaded gold nanoparticles, (B) zeta potential, (C)
fluorescent spectra of vancomycin and vancomycin-loaded
gold nanoparticles excited at 270 nm, and (D) fluorescence
screening of vancomycin-loaded gold nanoparticles at

various excitation wavelengths (270-340 nm).

163

Figure 6.3

XPS spectra of the fluorescent Au-NPs: (A) survey scan
showing the presence of various elements, (B) O1s spectra,

(C) Au 4f spectra, (D) C1s spectra, and (E) N1s spectra.

164

Figure 6.4

(A) Dependence of Fluorescence emission intensity on Hg2+
concentration between 2 and 64 pM, and (B) Stern-Volmer

(S-V) plot with the addition of Hg2* under similar conditions

166
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into vancomycin loaded Au-NPs. The inset of Figure 4B

shows the kinetic parameters.

Figure 6.5

(A) Dependence of Fluorescence emission intensity on Hg2+
concentration between 2 and 64 pM, and (B) Stern-Volmer
(S-V) plot with the addition of Hg2* under similar conditions
into vancomycin loaded Au-NPs. The inset of Figure 4B

shows the kinetic parameters.

167

Figure 6.6

Stability of PEI-f-AuNPs@Van in different salts (A); on

variable pH (B); and effect of time on the fluorescence (C).

168

Figure 6.7

Selectivity of PEI-f-~AuNPs@Van against the tested heavy

metal analytes.

169

Figure 6.8

(A) Relationship between the fluorescence emission
intensity and spiked Hg?* concentration between 0.5-32 uM,
and (B) Stern-Volmer (S-V) plot with addition of Hg2* under
similar conditions into vancomycin-loaded Au-NPs. The

inset of Figure 8B shows the kinetic parameters.

170

Figure 6.9

The time-resolved fluorescence lifetime of PEI-f-

AuNPs@Van incubated with and without Hg?*.

171

Chapter 7

Making vancomycin a potent broad-spectrum antimicrobial agent using

PEI-stabilized gold nanoparticles as a delivery vehicle

173-212

Figure 7.1

Representing the Agar well diffusion plates antimicrobial

assessment of PEI-AuNP@Van and mean zone of Inhibition

182
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graph plot; (a) C. albicans, (b) C. tropicalis, (c) E. coli, (d) P.

aeruginosa and (e) Mean zone inhibition graph.

Figure 7.2

Representing the MIC values of vancomycin functionalized
gold nanoparticles (PEI-AuNP@Van), against C. albicans, C.

tropicalis, E. coli & P. aeruginosa.

183

Figure 7.3

Representing localization of PEI-AuNP@Van around treated
cells by using confocal microscopy along with DIC panels. (a)
DIC panel of C. albicans (b) blue emission panel of PEI-
AuNP@Van treated cells, (c) merged panel; (d) DIC panel of
C. tropicalis (e) blue emission panel of PEI-AuNP@Van
treated cells, (f) merged panel; (g) DIC panel of E. coli (h)
blue emission panel of PEI-AuNP@Van treated cells, (i)
merged panel; (j) DIC panel of P. aeruginosa, (k) blue
emission panel of PEI-AuNP@Van treated cells and (1)

merged panel.

184

Figure 7.4

Representing the intracellular localization of PEI-
AuNP@Van nanoparticles inside the cell of C. albicans (a)
and C. tropicalis (b), along with Red/blue panels and DIC

panels.

185

Figure 7.5

Representing the confocal microscopy along with DIC
images of PEI-AuNP@Van treated cells of C. albicans (a & b);
C. tropicalis (c & d); E. coli (e &f) and P. aeruginosa (g & h).

186

Figure 7.6

Representing histogram of cell Viability assay, using PI as a
probe against PEI-AuNP@Van treated microbial strains. (a)
Showing untreated and treated histograms of C. albicans; (b)

Showing untreated and treated histograms of C. tropicalis;
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(c) Showing untreated and treated histograms of E. coli and
(d) Showing untreated and treated histograms of

P.aeruginosa.

Figure 7.7

Representing histogram of endogenous ROS generation
assay of PEI-AuNP@Van treated strains. (a) untreated
control of C. albicans, (b) treated cells; (c) untreated control
of C. tropicalis, (d) treated cells; (e) untreated control of E.
coli, (f) treated cells; (g) untreated control of P.aeruginosa

and (h) treated cells.

189

Figure 7.8

Representing Phosphatidylcholine externalization assay by
using Annexin-V/PI system. (a) DIC panel of C. albicans, (b)
green panel, (c) red panel; (d) DIC panel of C. tropicalis, (e)
green panel, (f) red panel; (g) DIC panel of E. coli, (h) green
panel, (i) red panel; (j) DIC panel of P. aeruginosa, (k) green
panel and (1) red panel.

191

Figure 7.9

Raman spectrometry of PEI-AuNP@Van exposed microbial
cells along with positive control (Amphotericin B and
Meropenem) and untreated cells. (a) C. albicans (i) Raman
spectrum of untreated cell control; (ii) treated with
amphotericin B and (iii) treated with PEI-AuNP@Van. (b) C.
tropicalis, (i) Untreated cell control; (ii) treated with
Amphotericin B and (iii) treated with PEI-AuNP@Van. (c) E.
coli, (i) Untreated cell control; (ii) treated with Meropenem,
and (iii) treated with PEI-AuNP@Van. (d) P. aeruginosa, (i)
Untreated cell control; (ii) treated with Meropenem, and (iii)

treated with PEI-AuNP@Van.
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Figure 7.10

Representing TEM imaging of PEI-AuNP@Van treated cells
of C. albicans, C. tropicalis, E. coli, and P. aeruginosa. (a)
Untreated control of C. albicans, (e) PEI-AuNP@Van treated;
(b) untreated control of C. tropicalis, (f) PEI-AuNP@Van
treated; (c) untreated control of E. coli, (g) PEI-AuNP@Van
treated; (d) untreated control of P. aeruginosa and (h) PEI-
AuNP@Van treated.

196

Figure 7.11

Possible mode of action of PEI-AuNP@Van against gram-

negative E. coli and P. aeruginosa.
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