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Abstract

Atomic force microscopy (AFM) has been used to
visualise the formation of bacterial biofilms on polished
surfaces of 316 stainless steel. Imaging under ambient
conditions revealed both the bacterial cells and the
matrix of exopolymeric substances (EPS). These images
exhibited good resolution with cell surface features as
small as 30 nm distinguishable. In situ imaging was also
carried out, and although the resolution was considerably
reduced, images revealing the process of bacteria divi-
sion have been obtained.
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Introduction

In recent years, the use of atomic force microscopy
(AFM) techniques in the study of biological materials
has expanded rapidly. Although most attention has fo-
cused on the smallest structures, such as DNA (Hansma
et al., 1992), there have also been a number of studies
of larger samples such as bactenal cells (Farina er al.,
1993; Kasas et al., 1994) and eukaryotic cells (Horber
et al., 1992; Henderson, 1994; Le Grimellec et al.,
1994). On the scale of a single bacterium, AFM can be
used alongside more conventional techniques such as
scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). However, unlike these
techniques, samples require little or no preparation prior
to AFM imaging. Furthermore, AFM images contain
information in three dimensions, valuable when attempt-
ing to accurately visualise complex heterogeneous struc-
tures such as biofilms.

Biofilms are ubiquitous in nature (Ellwood et al.,
1982) forming on almost any surface. In industry, the
presence of biofilms is often considered a problem, and
has been acknowledged as contributing to the accelerated
deterioration of unprotected metal surfaces (Tatnall,
1981), a process known as microbially influenced corro-
sion (MIC). This phenomenon has been studied exten-
sively using electrochemical techniques (Mansfeld and
Little, 1991), however, the detailed nature of the bio-
corrosion mechanism remains to be fully understood.

The complex structures formed by biofilms depend
on the physical, chemical and biological nature of the
environment. A simplified model consists of bacterial
cells encased in a matrix of exopolymeric substances
(EPS) (Trulear and Characklis, 1982). The use of mi-
croscopy techniques allows the direct observation of the
structure and interaction of biofilms with their substrata.
Of the techniques currently available, optical methods
lack the resolution to study individual bacterial cells in
detail, whilst SEM and TEM require potentially damag-
ing sample preparation in the form of fixation and de-
hydration. AFM has the potential to overcome both of
these drawbacks.
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Discussion with Reviewer

M.J. Miles: Can the types of bacteria be identified
from these images?

Authors: There is no reason why AFM would not pro-
vide some means of bacteria identification from size,
shape and even dehydration characteristics, although we
have not studied this in detail.
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