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ABSTRACT

The goal of this project was to develop a nano-DESI sensor which can be used to obtain in situ, depth-resolved analyses of metabolites and
possibly proteins from biofilms at different depth. A microcapillary system was developed and tested for this goal. The microcapillary
system delivered a solvent (ethanol) from one capillary while the other capillary collected and transported a charged liquid to the mass
spectrometer inlet. We tried different configurations of microcapillary systems and optimized follow rates and its operation. The project
successfully demonstrated that a dual microcapillary system can be used to collect nanoliter sample from the biofilms at different depth.
However, the microcapillary system also collected cells which failed its use for MS.
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We proposed to use nano-DESI (nano-capillary system) sensor to collect cells at different depth in the natural biofilms in
addition to MS work.
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Statement of the problem studied

It is known that there is a wide spectrum of applications in which mass spectroscopy (MS) can
provide information from a biofilm sample, and these applications can easily translate to all areas
of biofilm research. The diversity of functions within the growing community of a biofilm
cannot be displayed because all of the analyses are done in bulk and have no spatial resolution
with respect to the biofilm. Separation techniques can be combined with MS to present a more
focused data set with regard to composition; however, MS analysis still lacks the capacity to
investigate variation with biofilm depth. Depth profiles will have the potential to elucidate the
mechanisms of the surrounding matrix and the roles of the microorganism with respect to the
biofilm layers and the growth interface. However, it has not been used for depth profiling in
biofilms. This is mostly because there was no tool available to conduct these measurements in a
biofilm. Our research group specializes in the development of microelectrodes and their
application to biofilm systems for the depth profiling of selected chemicals. The microelectrodes
we make have a several-micrometer tip diameter and can be used in a biofilm without damaging
its structure. The proposed research used the techniques developed for microelectrodes to build a
device that collects samples from biofilms for MS analysis. Ambient pressure surface ionization
mass spectrometry is used to obtain a chemical analyte for sampling from interfaces without
special sample preparation (Roach et al., 2010). Desorption electrospray ionization (DESI) is an
ambient ionization technique in which charged droplets from an electrosonic spray ionization
source are aimed towards a surface with a proximal atmospheric pressure mass spectrometer
inlet. In this technique analyte molecules are collected from flat surfaces followed by ionization
using a self-aspirating nanoelectrospray. This technique directly transports and ionizes an analyte
that is desorbed from a surface into a liquid. It is called nanospray DESI (nano-DESI). The
nanospray capillary transports the charged liquid to the mass spectrometer inlet directly,
eliminating splashing while minimizing analyte transport distance. The goal of this project was
to develop a nano-DESI sensor which can be used to obtain in situ, depth-resolved analyses of
metabolites and possibly proteins. We proposed three tasks to achieve our goal. Task 1: Develop
technology to construct dual-barrel microcapillaries and connect them to solvent and MS lines.
Task 2: Optimize the solvent and MS line flow rates for biofilm applications. Task 3: Test the
system for monitoring and obtaining depth-resolved mass spectra.

Summary of the most important results

Figure 1 shows developed nano-DESI sensor. This sensor addressed work related to task 1. The
final configuration was slightly different than originally proposed. When we tested dual capillary
system (originally proposed), we could not deliver and collect solvent at the same rates.
Therefore, we tested single capillary system as shown in Figure 1. In this system the solvent and
its collection was made from the same capillary. Figure 2 (left) shows a photograph of the tip of
nano-DESI sensor. Figure 2 (right) shows a photograph of the nano-DESI sensor with connectors
while it was operating after optimization (Task 2). We managed to operate it between 10 nL/min
and 100 pL/min flow rates. After optimization of the flow rates, we tested it in biofilms. The
biofilms were grown according to our previously published paper and book (Babauta and
Beyenal, 2014; Lewandowski and Beyenal, 2013). However the microcapillary system was
plugged by cell-clusters and stopped working (Task 3). In conclusion, we had succeeded in
developing nano-DESI sensor but could not operate it with MS due to its unexpected ability to
pick up cells in the biofilms. As a result, we used the nano-DESI sensor as a tool to collect cells



from the biofilms. Moreover, the microcapillary system developed for this project enabled us to

develop a similar system to quantify electron transfer rates in biofilms (Babauta and Beyenal,
2014).
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Figure 1. The configuration for nano-DESI sensor.
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Figure 2. Left: A photograph of the tip of nano-DESI sensor. Right: A photograph of the nano-
DESI sensor with connectors



References

Babauta, J.T., Beyenal, H., 2014. Local Current Variation by Depth in Geobacter Sulfurreducens Biofilms.
Journal of the Electrochemical Society 161, H3070-H3075.

Lewandowski, Z., Beyenal, H., 2013. Fundamentals of Biofilm Research, Second Edition Edition. CRC
Press, Boca Raton, FL.

Roach, P.J., Laskin, J., Laskin, A., 2010. Nanospray desorption electrospray ionization: an ambient
method for liquid-extraction surface sampling in mass spectrometry. Analyst 135, 2233-2236.



