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Introduction

Results

Hydrolysis and condesation
reactions lead to a rigid, porous,
polymerized network (Gupta and
Kumar, 2008)

In the molecular imprinting process, template molecules are immobilized
within a polymer and then removed, leaving imprinted micro or nanocavities with a specific size, shape, and chemical functionality. Target
molecules will selectively re-bind to these cavities, allowing the
imprinted polymer to act as a biosensor (Dickert and Hayden ,2002).

Schematic representation of molecular imprinting process
A quartz crystal microbalance (QCM) device measures small changes in
the mass of adsorbed layers as changes in the oscillating frequency of a
quartz crystal resonator. Negative frequency shifts correspond to the
addition of a rigid mass on the surface according to the Sauerbrey
equation (Sauerbrey 1959). QCM is attractive for biosensing purposes
due to its low cost, portability, quick response, extremely high
sensitivity and real-time output. Highly selective molecularly imprinted
sol-gel derived polymers can be integrated into the QCM device to
rapidly detect specific microbial contaminants in liquid samples.

Scanning Electron Microscope Images:
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Figure 1: Staphylococcus epidermidis imprinted slides
(a) Imprinted cavities (b) Re-adsorbed

Figure 2: Deinococcus radiodurans (a) Imprinted cavities
(b) Re-adsorbed

Quartz Crystal Microbalance Analysis:
QCM data
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TEOS (Tetraethyl
orthosilicate) is a precursor
to the multistage sol-gel
reaction
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The sol-gel process is a room-temperature technique for synthesizing
porous, glass like materials and ceramics that can be doped with
organic, inorganic, and biomolecules.
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Figure 3: Preliminary QCM graphical data
representation (a) Baseline – water only (b) Addition of
buffer solution (c) Addition of bacteria

Control (Non-Imprinted Sensor)

Figure 4: Sensor response pattern of our two
bacterial strains as template molecules/analytes

Confocal Laser Scanning Microscope Images:

Materials and Methods
•
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Equipment
• Quartz Crystal
Microbalance Device
• Confocal Laser Scanning
Microscope
• Scanning Electron
Microscope

Materials
Organosilicate precursors
Deinococcus radiodurans and
Staphylococcus epidermidis
bacteria
Gram Stain Extraction kit
Fluorescent dyes

S.epidermidis
D. radiodurans

A QCM chip

Methods:
Prepare basic
components and
entrap bacteria
in sol-gel
Examine slides
through analytical
measurement
tools

Schematic of a QCM
flow cell

Coat slide with
sol-gel polymer
Gram stain
containing
the slide
entrapped bacteria

Re-adsorb
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Mechanically
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Figure 5: Image showing the tendency of bacteria to selectively bind to imprinted cavities in sol-gel

Discussion
• Bacteria exhibited a distinct tendency to bind selectively toward imprinted cavities
over the non-imprinted (control) sol-gel surface.
• The marked difference in negative frequency shift between imprinted and nonimprinted sol-gel sensors demonstrates the bacterial re-adsorption is specific and not
random
• The target bacteria form a strong bond with the cavities within minutes and are not
washed away during the system operation as occurs in the non-imprinted slides

Conclusion
Stain bacteria with
flourescent dye
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Our results conclusively demonstrate that molecularly
imprinted sol-gel derived polymers integrated into a QCM
device are a feasible, sensitive, and effective method of realtime bacterial recognition in liquids
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