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Introduction:
Surface plasmon resonance (SPR) has become a power ful 
tool in recent years for the real-time, label free character-
ization of molecular binding kinetics. SPR-based biosensors 
detect changes in the refractive index of a liquid medium 
near a metallic sensor surface as an analyte interacts with 
a layer of fixed ligands [1]. These sensors use flow cells 
that require minimum sample volumes ranging from 20 
to hundreds of microliters and are typically capable of 
measuring < 1 s-1 dissociation rates [2,3].

Our goal was to design a lower volume, high resolution 
flow cell for use in a novel SPR-based microscopy platform 
which pairs the capabilities of a powerful optical microscope 
with an SPR biosensor.

Methods:
Microfluidic flow cells of several geometries were modeled 
in COMSOL to achieve the desired fluid flow dynamics and 
were fabricated with a recipe modified from established 
procedures [4,5]. Flow rates and pressures were modeled 
using MATLAB.

Flow Cell Fabrication. Several flow cell geometries and 
channel dimensions were fabricated. Four port channels 
ranged from 500 × 200 µm to 500 × 700 µm. Similar 
dimensions were used for 3-port geometries. Complete flow 
cells consisted of a polydimethylsiloxane (PDMS) channel 
on a gold patterned glass chip and achieved rapid sample-
buffer transitions by switching between two waste channels 
(Figures 1, 2).

Channel molds were fabricated by spin-coating SU-8 2015 
(28 µm thickness) onto piranha cleaned silicon wafers. 
The SU-8 molds were coated in vacuo with (tridecafluoro-
1,1,2,2-tetrahydrooctyl) trichlorosilane to facilitate multiple 
PDMS coatings. Liquid PDMS was poured over the molds, 
cured for one hour at 80°C, and finished channels were then 
peeled away from the SU-8 molds.

Gold (Au) patterned chips were fashioned by evaporating 
Au (45 nm) onto a chromium (Cr) adhesion layer (1.6 
nm) on BK7 glass microscope cover slips. Five 150 µm 
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Figure 1: Flow cell assembly.

Figure 2: Four port flow cell photographed
through our SPR microscopy platform.
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Au squares were patterned onto each chip through simple 
photolithography. One PDMS channel and glass chip were 
simultaneously treated with oxygen plasma for one minute 
immediately prior to bonding them together.

Platform:
Our novel measurement platform combined a SPR 
biosensor with a powerful optical microscope. The SPR 
components were in modified Kretschmann configuration, 
replacing the prism with a 60x APON TIRFM (UIS2) oil 
immersion objective. A Pike CCD camera recorded data 
through an Olympus IX81 optical microscope. Surface 
plasmons were excited by a 680 nm super LED. For testing, 
raw data was converted to image files with a MATLAB 
program and analyzed with ImageJ software. A WPI SP101I 
model syringe pump maintained a well controlled buffer 
and sample flow, and a VICI Cheminert multiport actuator 
and Rheodyne 6-port rear injection valve facilitated waste 
channel switching and sample delivery, respectively. A 0.004 
inch inner diameter 1 µL sample loop ensured identical 
sample injections.

Results:
Flow cells were tested with 1 µL injections of 1x Dulbecco’s 
phosphate buffered saline solution and 0.1%, 0.5%, and 
1.0% ethanol solutions to characterize and increase the 
temporal resolution and sensitivity of the platform. Figure 
3 depicts two 1.0% ethanol injections at different levels 
of sensitivity in arbitrary units, smoothed with a five point 
running average. We achieved a 60% increase in mean 
intensity for these injections and a significant reduction in 
short term noise over initial trials, yielding a signal to noise 
ratio > 200:1. The measureable temporal resolution was also 
increased from 300 ms to 50 ms, suggesting probable event 
measurements on the order of 20 s-1.

Discussion:
Simple tests of the new flow cells have affirmed that the 
platform operates well with sample volumes of 1 µL; though, 
it is our belief that volumes as low as 10-100 nL would 
yield measurable results. At present, our low volume cells 
collect data with sample volumes twenty times lower than 
the minimum requirements for top of the line commercial 
SPR biosensors. Additionally, we regularly obtained 
temporal resolutions > 2 s-1; double the resolution of some 
commercial systems. The angular resolution of our system 
(~ 1 mDeg), however, is still well below desired sensitivity, 
and for tested ethanol concentrations lower than 1.0%, the 
sensitivity was too low to justify transitions more rapid 
than 300 ms. Maximum possible resolution for the system 
ultimately depends on its mechanical limitations. The 1000 
fps maximum frame rate camera can conceivably achieve 
temporal resolutions on the order of 10-100 s-1, but at our 
current limit of sensitivity we observed long-term, high 
amplitude background oscillations which, due to flow rate 
dependence, we determined resulted from the syringe pump. 
Moreover, the time and pressure restrictions of the waste 
channel actuator limit our switching speed. However, with 
a custom actuator valve head that reduces the no-flow time 
between internal openings we expect a marked reduction in 
transition time from 300 ms to 1-10 ms while maintaining a 
high signal to noise ratio.
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Figure 3: Sensorgram of two 1.0% ethanol
injections at initial and improved sensitivities.




