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If in physics there’s something you don’t understand you can always hide behind the
uncharted depths of nature. You can always blame God. You didn’t make it so complex
yourself. But if your program doesn’t work, there is no one to hide behind. You cannot

hide behind an obstinate nature. A zero is a zero, a one is a one.
If it doesn’t work, you’ve messed up.

Edsger W. Dijkstra



To everyone who builds and maintains open source software,

especially under the MIT and Apache Licenses
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SUMMARY

The following work concerns increasing throughput and reducing manual labor re-
quired when conducting biological experiments. As a prerequisite for a wide range of
experiments in biology, cells must be cultured. During culturing, important parameters re-
garding the health of these cells must be either approximated by eye or manually counted in
microscope images. In the rst chapter of this work, | introduce a novel approach to detect-
ing cells in microscope images and extracting quantitative, biologically relevant parameters
to aid researchers.

The remainder of this work considers patch clamping, an important technique for char-
acterizing the electrical changes of individual, living cells. In this technique, a high-
precision robotic manipulator is driven inside of a cell, so that electrical recordings can
be taken. This technique is currently being used to better understand a wide array of ail-
ments, including Alzheimer's disease and macular degeneration. Unfortunately, the tech-
nique has been plagued by low-throughput. To improve automation and throughput | create
new high-accuracy calibration routines and an automatic patch clamping protocol.

Finally, | attempt to tackle the high barrier to entry for learning about patch clamping. A
patch clamping rig cost many tens or hundreds of thousands of dollars due to the specialized
equipment needed. This severely limits the number of people familiar with the technique.
To address this, | create a software simulation, a video game, that walks a user through the
highlights of the technique. This software is open source and free to download. Preliminary
user trials suggest that users develop a better understanding of the technique in just minutes

of playing.
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 An Introduction to Single-Cell Experiments

Single cell experimentation is an interesting and powerful area of biology. The ability

to observe characteristics of individual cells has become an important tool for researchers
studying a wide array of conditions. For example, by assessing changes in voltage potential
of a few neurons individually, ring patterns and connectivity can be deduced. Recent
efforts use this idea to study the progression Alzheimer's disease in mice [1]. Further, by
analyzing and modeling the electrical properties of the eye, researchers can gain a deeper
understanding of conditions like age-related macular degeneration [2].

It is important to consider the size of cells under experimentation. Bacteria, for ex-
ample, are considerably smaller than their eukaryotic counterparts (0.5 to 2 micrometers
in diameter) and sometimes enter experiments as unintentional contaminants [3]. The re-
mainder of this work concerns mammalian cells which are much larger, generally around
20 micrometers in diameter, or about the width of a human hair. In particular, our exper-
iments consider so-called “immortalized cell lines” or cells that have been modi ed in a
lab to divide inde nitely, similar to tumorous cells, and unlike healthy mammalian cells
found in nature [3]. These cells are generally grown oating in a solution (“suspended
cells”), after which they can they can be stuck to a thin piece of glass known as a cover
slip (“adherent cells”) for viewing under a microscope or for further experimentation [3].

In particular, our lab cultures the Human Embryonic Kidney 293 (HEK 293) and Neuro-2a
(N2a) cell lines. Although these cell lines are both derived from mammalian cells, as seen
in Figure 1.1, these cells have very different shapes and patterns of growth.

When culturing cells, it is important to assess various parameters to determine cell
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