	
  

	
  
	
  

NDnano Undergraduate Research Fellowship (NURF)
2013 Project Summary
1) Student name: Claire O’Connell
2) Faculty mentor name: Prof. Zachary Schultz
3) Project title: Incorporating nanostructures into biocompatible flow detectors
4) Briefly describe any new skills you acquired during your summer research:
During my summer research I learned many new laboratory skills. I learned how to create
microchannels in polystyrene, use an evaporator to place a layer of gold onto the polystyrene and
how to use a Fourier transform infrared spectrometer to characterize the gold surfaces. I also
acquired some new chemistry skills, specifically, how to functionalize gold surfaces with
different functional groups to bind protein. Along with these skills I also learned how to use a
microscope for the purpose of surface enhanced Raman spectroscopy.
5) Please briefly share a practical application/end use of your research:
This research can be used as a comparative experiment for testing how proteins on cell
membranes bind to functionalized channels in a flow cell. Differences in cancer cell attachment
to the functionalized channels before and after metastasis can be investigated.
Project summary:
The cell membrane consists of a phospholipid bi-layer with proteins embedded in and on the
surface of this bi-layer. Investigating how proteins in cancer cell membranes attach to healthy
cells during metastasis could be a great aid in developing ways to control the initial tumor and
prevent the spread of cancer throughout the body. Studying how specific proteins present in
cancer cell membranes bind to a gold platform can be used as a comparison to how cells bind to
healthy cells in the body. The aim of my project was to design a comparative experiment for
testing the binding of protein to a gold substrate in a flow cell. Initially a flow cell was to be
designed that contained a gold substrate slide that was functionalized to bind protein. The
fuctionalized gold substrate was first to be tested with the protein Bovine Serum Albumin (BSA)
and then a protein that is found in the cell membrane such as Immunoglobulin G (IgG). Also, a
way to ascertain whether protein attachment to the functionalized slide spectroscopically needed
to be found and once all this was completed, anti-IgG nanoparticles were to be flown through the
flow cell to secondarily verify IgG attachment to the substrate.
A dual channel flow cell was designed (see figure 1 below) for the project. This flow cell
incorporates a two microchannel polystyrene slide functionalized with IgG coupled to an inlet
and outlet for a solution to flow through.
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Fig 1: Flow cell design layer by layer (left) and assembled flow cell (right)

The polystyrene slides were fabricated by melting solid polystyrene powder in a brass mold that
had two elevated ridges on one side. When the polystyrene cooled the ridges that were
protruding formed a solid slide that contained two micro channels. Gold was then evaporated
onto the polystyrene slides using the Bohn Lab evaporator in Stinson-Remick Hall.
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Fig 2: brass mold with elated ridges (A), polystyrene after being molded with two channels (B) and
polystyrene with channels after being evaporated with gold (C).

	
  

Proteins were bound to the surface of the gold by a number of steps which included self
assembled monolayers and functionalization chemistry. A self assembled monolayer of 4Mercaptobenzoic Acid (MBA) was adsorbed to the surface and then using 1-ethyl-3-(3dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysulfosuccinimide as a catalyst, BSA
was bound to the surface of the slide through an amide bond.
The Surface Enhanced Raman Spectroscopy (SERS) capability of the gold substrate was
investigated for use in verifying the binding of the BSA to the substrate. However when this was
preformed on the substrate the activity was too weak to view the binding and so another method
had to be used. The method that was chosen was Fourier Transform InfraRed (FTIR)
spectroscopy to characterize the surface of the slide. Spectra for MBA and BSA were obtained
on the gold substrate.
Comparing bands in the two spectra to each other (see figure 3 below) it suggests that the BSA
has been bound to the microchannels of the slides. Vibrational modes from MBA can be seen in
the MBA spectrum, including the two major aromatic ring bands at 1177 and 1588 cm-1. These
bands are not seen in the functionalized BSA spectrum. Also there are some amide bands in the
BSA functionalized spectrum at 1530, 1550 and 1660 cm-1also suggesting that the BSA is bound
to the slide. IgG was then functionalized to the surface of a different gold evaporated polystyrene
slide using the same method for BSA. Its FTIR spectrum was also analysed and showed binding
to the substrate. This now allowed the slide to be tested in the flow cell as shown above with
anti-IgG nanoparticles to alternatively test for binding.

Fig 3: Comparison spectra using FTIR for MBA on gold covered polystyrene slide (blue) and BSA
functionalized on gold covered polystyrene slide (green)

