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Abstract:

Dynamic chemical gradients are prevalent in many surface-associated marine habitats due to limited
diffusion and high volume specific reaction rates of key analytes such as O,. For example,
photosynthetic O, production in biofilms and algal tissues can change O, levels within a few minutes in
response to changes in irradiance. In addition, many marine systems (e.g. corals or biofilms) are
structurally complex and heterogeneous. We will discuss different possibilities of using optical
nanosensors to visualize chemical dynamics in such heterogeneous systems. Marine applications of
optical nanosensors in combination with different imaging techniques will be presented. By using
optical nanosensor-based chemical imaging, it is possible to study structurally complex samples at
high resolution; a clear advantage to other existing sensor approaches.
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Introduction

Marine  environments are highly active
ecosystems responsible for a major part of
global primary production, and essential for
biogeochemical cycling of carbon and essential
nutrients. Within the marine environment
several interesting hotspots and species can be
found. Symbiont bearing corals for example
show very high photosynthetic activity in the
light and respiration in the dark [1,2]. Also
marine aquatic plants like seagrasses manage
to thrive in anoxic and toxic H,S containing
sediments [3]. In order to understand the
chemical microenvironments involved within
such marine species or environments, it is
important to be able to measure, or even better,
visualize them. Although sensor technology is
highly used within marine sciences most of the
commonly used sensor solutions have
difficulties resolving such structurally complex
systems in 2D.

Here we describe the wuse of optical
nanosensors as a new method to visualize
chemical distributions and dynamics on
complex samples.

Materials and Methods

We used optical nanosensors for O, and pH, as
prepared by a simple and effective precipitation
method [4]. In brief, a mixture of a polymer, an
analyte sensitive dye and a reference dye are
dissolved in THF and rapidly poured into an at
least 10 times larger, vigorously stirred volume
of water. After THF removal and concentration
at elevated temperature, the particle
suspension is ready to be used. Imaging of the
analyte sensitive emission is performed using
either a ratiometric approach using a standard
SLR camera or by lifetime based imaging.

Results and discussion

Over the last years, we have shown that optical
nanosensors are valuable tools for studying
complex chemical landscapes and dynamics in
different marine systems. Nanosensors can e.g.
be used to map the surface O, levels on a coral
fragment by spray-painting the fragment and
subsequent imaging (see Fig.1) [5]. Also
chemical processes within the rhizosphere of
seagrasses can be investigated at great detail
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using optical nanosensors embedded in an
artificial sediment [6,7].

We were also able to study biofilms growing on
rock surfaces (beach rock) wusing this
methodology. Here again a special way of
applying the nanosensors was used. The
complex surfaces were coated (painted) with a
sensor layer and subsequently imaged
(manuscript in preparation). As the decribed
nanosensors can be enhanced in functionality,
for example by making them magnetic, the list
of potential applications is endless. We have
successfully collected and held in place
magnetically functionalized nanosensors on a
seagrass leave surface with the help of a
magnetic field (manuscript in preparation). This
enables imaging even at high flow speeds.

Fig. 1. By combining optical nanosensors and
imaging techniques it is possible to visualize the
complex Oz distribution on the surface of a coral
fragment. The coral is stray-painted with optical
nanosensors and later imaged using a ratiometric
imaging approach.

Imaging of the analyte-dependent sensor
luminescence can either be performed by
applying a ratiometric approach or a lifetime-
based approach. In a ratiometric system the
emission of an analyte sensitive dye and an
insensitive dye are compared in order to
compensate for e.g. fluctuations in nanosensor
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density and uneven illumination of the
monitored sample. When using lifetime-based
imaging the lifetime of the analyte sensitive dye
is measured directly. Both methods have
advantages and  shortcomings.  Sample
constrains (e.g. background fluorescence)
determine which methods is preferable.

Compared to other possible sensor techniques,
nanosensors can have clear advantages.
Microsensors enable only point measurements,
while imaging using nanosensors enables 2D
(and even 3D) visualization. Planar sensor films
(opt(r)odes) can be used to realize 2D imaging
as well, but are limited to less structurally
complex samples as the film needs to be in
physical contact with the sample.

Conclusion

Optical nanosensors present new possibilities
for studying chemical distributions and
dynamics in complex samples. The flexibility in
terms of applying the nanosensors enables
imaging of structurally challenging samples like
uneven and porous samples.
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