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The objective of this project is to develop a 
automated device used to spot protein 
samples on a hydrophobic membrane. 
Based on the position and the orientation 
of the proteins on the membrane, one can 
detect cancer earlier and determine stages 
of diseases. The goal of the automated 
device is to effectively spot the protein 
complexes such that they are able to be 
completed separated using electrophoresis. 

Abstract

The sample consists of serum protein 
dissolved in water and caprolactone. 
The purpose of the solvent caprolactone 
is to wet the surface and to fill the 
cavities of the membrane thus 
preventing the binding of the proteins 
on the surface. Ratios of water to 
protein were investigated 
experimentally and it has been shown 
that 2:1 may result in cleanest and 
fastest movement of proteins along the 
membrane. Sample is mixed prior to 
experiments. Figure 1 below shows 
preliminary results when trying 
different mixture ratios.

Sample Preparation

Protein Separation techniques have been
developed by Dr. Frank Chang and Dr. 
Christopher Yonan. A novel 2-D
Electrophoresis process is used where
proteins are separated according to their
isoelectric point. The separation is
carried out in low conductivity solvent
buffer solution. Because of the low 
conductivity of the solution, heat
generation is minimized.[1]
Electrophoresis then results in the
separation of the protein where
their position is related to their charge. 

Sample Analysis

Solenoid
This method utilizes a starter solenoid to 
dispense the protein sample using high 
force onto the membrane surface when the 
tip is less than 2mm away from the 
surface.  It is believed that the high force 
of spotting the protein onto the surface 
may allow trapped air in the membrane to 
prevent the binding of proteins on the 
surface thus allowing the complete 
separation of proteins using the 2-D 
electrophrosis established in U.S. patent 
7,326,326. [1]

Actuator

This method a small actuator that is used to 
preload the pipette tip allowing 
approximately 90 percent of the sample to 
hang from the tip. When the pneumatic 
device brings the pipette horizontally 
downward near the surface, capillary 
action draws the sample from the tip 
allowing the sample to wet the surface. 
Again, 2-D electrophrosis is performed on 
the samples. 

Methods
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Figure 1. Results and Comparison of Ratios of 
Water/Solvent where 3:1, 2:1, and 1:1 run 

respectively downward

We have developed two automated 
methods using a pneumatic tool bring 
the pipette to its desired position 

relative to the hydrophobic membrane. 
They consist of ways of dispensing the 
protein complexes on the membrane 
either by using a high force solenoid or 

preloading the pipette slowly using the 
actuator method. We have run initial 
tests to verify the operation and 
effectiveness of these methods and 

concluded that more work needs to be 
done to maximum protein separation.

Introduction

Initial results offer some insight and 
shed some light on the two spotting 
methods used. Further research is 
needed to optimize the device to 
effectively separate the protein 
complexes. 

Figure 2. 
Solenoid Method 

Figure 3. 
Actuator Method

Conclusions

Figure 4. 2-D Electrophoresis


