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ABSTRACT

This paper examines the in situ hybridization (ISH) coupled with nanoparticle bioconjugates in
order to address the disadvantages of using fluorescently labeled probes for ISH, as well as to
access the permeability of nanoparticles across bacterial cell walls. Accordingly, relatively high
hybridization temperatures are used, resulting in nanogold precipitation and leaving dark pre-
cipitated granules under the microscope. In particular, high dense black dots, representing
nanogold particles sized 5–10nm, are easily observable. Plasma membranes and cell walls mea-
suring approximately 25 nm in thickness can also be observed within the cell. This paper specif-
ically proves the binding of very small size (1 nm) nanogold particles exploiting streptavidin-
biotin noncovalent systems. Accordingly, functionalized DNA gold nanoparticle surfaces are
free to diffuse across bacterial membranes, hybridizing freely with 16s and 23s rRNA ribosomal
targeted DNA. This ISH coupled with nanoparticle bioconjugates represents a beneficial tool in
the detection of specific bacteria.
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1. Introduction

Biofilm processes display a number of advantages
for use in aquatic biosystems for water treatment.
These include high concentrations of relevant organ-
isms, resistance toward hostile environments, an
increase in compact reactors, and lower sludge pro-
duction. Biofilms are generally connected by various
groups of micro-organisms, resulting in nonuniformity
and heterogeneity. More importantly, dense microbial
populations and different molecular diffusion rates
generate steep substrate concentration gradients in
biofilms, resulting in the creation of diffusion barriers.

Such conditions in local microenvironments may
affect the population dynamics of bacteria and, conse-
quently, alter the microbial community architecture
[1]. A better understanding of the microbial composi-
tions of biofilms is vital to improving process perfor-
mance and control. For this reason, researchers have
extensively examined the microbial community struc-
tures of biofilms using fluorescent in situ hybridization
(FISH) together with imaging techniques [2–5]. How-
ever, despite such obvious utility, FISH/microscopy
techniques exhibit several limitations. These limita-
tions include overly fast photobleaching, possibly low
affinity of probe-to-bacterial rRNA and signal-to-noise,
as well as weak fluorescent signal strength of specific
probes [5].*Corresponding author.
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