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3.5 Electrofusion Chamber

The intended design of the electrofusion chamber was to facilitate cell to cell
contact prior to electroporation. It was also designed to allow the application of high
intensity electric fields to the contacted cells that would impart a fusogenic state by
creating small micropores in the cell membranes. If the cells were in contact during this
temporary phase of electropermeabilization, fusion of cell membranes would be probable.
This was accomplished by placing an aliquot of a cell suspension of a desired
concentration into the top of the chamber. The top has a rectangular shaped crevice
allowing the cell suspension to pass through onto a porous membrane. Beneath the
porous membrane is an absorbent pad. The porosity allows the solution from the
suspension to wick through onto the absorbent pad and thereby leaving a viscous cellular

paste, as shown in Figure 1.

Figure 1 Schematic of Microporous Membrane and Absorbent
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The absorption also facilitates cell to cell contact which is necessary for fusion.
Direct current pulses were delivered through the cellular paste via aluminum electrodes
that were built into the chamber. These electrodes were located on two sides of the
membrane. Since the entire chamber was a closed system except for the top crevice, the
cell suspension with the fused samples could be easily withdrawn using a pipette and a
desired solution. The cuvette was designed to fit any commercially available cuvette
holder and can be used in conjunction with any electrical generator. The chambers are

depicted in Figure 2.

Figure 2. Electrofusion Chamber
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3.5.1 Electrofusion Chamber Specifications

Detailed drawings and schematics of the electrofusion chamber were created
using AutoCAD Software. Figure 3 shows the length and width of the top of the
chamber main body, without the cap. The dimensions were approximately 0.5 inches (in)

~ 12.7 millimeters (mm), respectively.
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Figure 3. Dimensions of the Fusion Chamber Main Body (Top View)

However, the region for cell deposition indicated in the figure was 0.22 in (= 5.59
mm) in length and 0.35 in (= 8.89 mm) width. These dimensions were important in
calculating the surface area to determine the number of cell monolayers ideal for
deposition and fusion. Figure 4 shows a side view of the main chamber body. There
were multiple grooves molded into the body which allowed the aluminum electrodes to

rest along the sides of the body and fit properly. The body of the chamber measured 1.46

in (37.1mm) in overall length.
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Figure 4. Main Fusion Chamber Body (Side View)

The electrodes were a vital element of the chamber. As indicated in Figure 4,
body of the cuvette was slightly angled from bottom to top and contained grooves
indented to hold the electrodes in place. The electrodes were made from aluminum
which is a good and inexpensive conductor of current. They were designed to have a 180
degree curve on one end so that they can fit tightly against the chamber body and then
make contact with the porous membrane. The dimensions as well as the shape of the
electrodes are shown in Figure 5 in conjunction with an enlarged view of the 180 degree

curve.
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Figure 5. Electrodes
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The three dimensional structure of the main chamber body is shown in Figure 6.
The figure also indicates a recessed area to accommodate the absorbent pad and
membrane. This was the surface area used for deposition cells into layers for fusion. The
figure also indicates grooves to hold the electrodes in place. A three dimensional
diagram of the assembled fusion chamber is shown in Figure 7. This diagram shows the

relationship between the main chamber body, both electrodes, and the chamber top.
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Figure 6. 3-Dimensional Chamber Body

Figure 7. CAD Rendering of a Complete Electrofusion Chamber
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3.5.2 Fusion Chamber Materials of Construction and Assembly

The chamber body and top were injection molded using Delrin, which is an acetal
homopolymer resin. This resin is ideal for engineering applications like this as it will
retain its dimensions even when exposed to the high heat environment of an autoclave.
The electrodes, as mentioned previously, were made of aluminum. Aluminum is an
excellent conductor of electricity as well as heat. The electrodes were stamped out of bar
stock. The ends that mated with the porous membrane were finished (inspected and
sanded) by hand to make sure that there were no sharp edges that could interfere with the
application of electric fields to the cells.

All of the chamber parts indicated in Figures 3 — 7 had to be assembled to make a
complete device for use. Devcon® High Strength 5 minute setting epoxy was used to
hold the components together. The epoxy was stated to resist water and have a working
temperature range from -40°F to 200°F. This epoxy proved to be ideal for
electroporation experiments as it provided insulation at electric field strengths higher than
2500 V/em. Several other brands of epoxy dielectrically broke down in fields greater that
2500 V/em. Assembled fusion chambers were allowed to cure at room temperature for a

minimum of twenty four hours before they were used.

3.5.3 Porous Membrane and Absorbent

Throughout this research study, several porous membranes were investigated for
use in the fusion chamber. The pore size and pore density could affect results by altering
absorption time of the cell suspension and cell to cell contact on the membrane. Thus the

specifications of the membrane were and experimental variable that will be discussed in
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section 4. Results. However, a Sterlitech™ (.2 micrometer (lm) pore size membrane
was determined to be optimal. This membrane was advertised as hydrophilic with a pore
density of 3 x10® pores/cm®. With such a high density of pores, it was theorized that the
aqueous phase of cell suspensions would permeate the membrane evenly. This even
distribution would ideally leave a cellular paste on the membrane surface with cells in
contact to favor high fusion yields. The average size of the cells that were used in this
research was approximately 12 um in diameter. So, cell loss through the membrane was

not an issue as the pore size was much smaller than the cell’s diameter.

3.5.4 Incorporation of Centrifugation Prior to Electrofusion

Throughout this research study several attempts were made to increase fusion
yields using modified methods for inducing cell to cell contact on the membrane surface.
One method that differed from the standard of allowing the aqueous phase of the cell
suspension to be absorbed through the membrane by an absorbent pad was centrifugation.
This method involved placing a cell suspension into each chamber and then centrifuging

at 100 RCF at 30°C for one minute.
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Chapter 4. Results

4.1 Development of Cell Detection and Quantitation Methods

Fluorescence microscopy was one method used to detect fused cells. This method
is semiquantitative in that it required manual counting of visualized cells. In order
visualize cells using fluorescence microscopy, the cells had to be stained with fluorescent
dyes in order to aid in the detection and quantitation. One red and one green fluorescing
stain were used for any particular experiment. Fusion experiments homogenous fusion
experiments used the same cell type as partners for fusion. For this type of experiment,
half of the cells were stained with a red fluorescing dye and the other half were stained
with a green fluorescing dye. Heterogeneous fusion used two different types. One type
of cell was stained red and the other green. For both cases, red and green cells were
mixed together prior to fusion. Staining was necessary because it would otherwise be
difficult to determine if a particular cells resulting from a fusion experiment was a fusion
product or unfused cell. The dyes allowed fused cells to be visualized as dual fluorescing

whereas unfused cells were either red or green.

Two different combinations of red and green dyes were used in this study for
microscopic evaluation of fusion. The first was CMFDA which fluoresces green and
CMTMR which fluoresces red, these are described in the Chapter 3. Materials and

Methods. The cell types used in this study required different concentrations of CMFDA
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and/or CMTRM for the staining process in order to produce cells that would be
visualized under the fluorescent microscope used in this study. These concentrations are
also discussed in Chapter 3. Materials and Methods. The other combination of dyes was
Dil which fluoresces green and DiO which fluoresces red. Staining concentrations for
these dyes were also optimized for each cell type for microscopic visualization. The
staining concentrations and other particulars are provided in Chapter 3. Materials and

Methods.

The two sets of fluorescent dyes, CMFDA/CMTMR and Dil/DiO were also used
to quantitatively evaluate fusion samples using flow cytometry. Flow cytometers can
detect fluorescence at much lower levels that the human eye. Therefore, each cell type
required a much lower staining concentration of dye so that they could be detected by the
flow cytometer used in this study. The concentrations for each cell type are presented in

Chapter 3. Materials and Methods.

Fluorescent microscopy required the development of specific methods, other than
the staining, for its use. Similarly, flow cytometry required the development of specific

methodology. The resulting methods are provided immediately below.

4.1.1 Microscopy
Fluorescent microscopy was utilized in this research study to optimize dye
concentrations to detect homogeneous and heterogeneous fusion. A Leica®™ microscope

(Model DMIL), shown in Figure 8, which was equipped with fluorescent filters that
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could detect both green and red fluorescence simultaneously. The microscope was

equipped with a camera that could capture both white light and fluorescent images.

Figure 8 Fluorescent Microscope (Leica® DMIL)

Figure 9 shows images that were acquired using the fluorescence microscope and
camera. Images A and B show B16 cells that were optimally stained for microscopy with
CMFDA and CMTMR, respectively. Figure C shows a 1:1 mix of the CMFDA and
CMTMR stained prior to fusion, and Figure D shows a post fusion dual fluorescent
sample. Many dual labeled hybrids can be seen in D. They appear as having separate red
and green components. They often appear larger in size.

Manual quantitation was conducted using images like those in Figure 9. The
procedure included counting the total number of dual labeled hybrids by the total number
of cells. An average of 22.3% percent fusion was calculated for the sample shown in
Figure 9D, for example. In addition to dual labeled fusion, single labeled fusion was also
detected. Figure 10 shows and example of this in the form a multiple CMTMR (green)

stained cells that were fused. The image shows a cell in which five distinct nuclei can
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clearly be detected: There were analogous single labeled fused cells that were made form

only red stained cells.

Figure 9. Microscopic Detection of Fused Cells. A) CMFDA Stained B16 Cells, B)

CMTMR Stained B16 Cells, C) 1:1 Ratio of an Equivalent Concentrations and D) Dual

Labeled Fused Hybrids.
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Figure 10. Single Labeled Fused Cells

4.1.2 Flow Cytometry

Flow cytometry is a powerful and dynamic tool used in biological analysis. The
technology is laser based, and scans particles that are directed in a medium flow by a
pressure past a laser beam. As the particles diffract the laser beam, light and fluorescence
are emitted. The emission data is specific to each particle that diffracts the laser beam
and is recorded by a transducer that outputs vital morphological data. This data includes,
but is not limited to size, cell membrane topography, viability, and necrosis. Cell
populations of interest can also be segregated by means of sorting to further characterize
sub populations. The flow cytometer, as shown in the Figure 11, was located in the USF
College of Medicine. Dr. Charles Szekeres was the dedicated operator of the flow

cytometer and assisted with all analysis.
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Figure 11 BD LSR II Flow Cytometer

Flow cytometers can discriminate amongst subpopulation of cells within a single
sample. For example, flow cytometers can analyze a specified total number of events, or
cells from a sample. From this total population, a subpopulation can be identified and
quantitated to discriminate what percentage of those cells were green fluorescing, red
fluorescing, dual fluorescing, viable, multinucleated, or of a particular size. The same
percentage can determined based upon a variety of other biophysical and biochemical
characteristics. For this study, flow cytometry analysis focused on the size of the cells
resulting from increased cell volume due to fusion and fluorescence. Subpopulations
were identified and quantitated not only for dual labeled fusion hybrids, but also for
green to green or red to red fusion. Lastly, subpopulations were used to quantitate viable
fused cells and nonviable fused cells.

Dye concentrations were optimized due to the sensitivity of the flow cytometer, as
previously mentioned. These concentrations resulted approximately equivalent
fluorescence magnitudes as shown in Figure 12 acquired from typical experimental

controls.
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Figure 12. Flow Cytometry Scatter Plots from Typical Control Samples. A) Unstained
B16-F10 Population. B) CMFDA Stained B16-F10 Population. C) CMTMR Stained

B16-F10 Population. D) CMFDA + CMTMR Stained B16-F10 Population.
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Each of the plots in Figure 12 has a collection of dots. Each dot represents the analysis of
a single event or cell. The x-axis is labeled FITC-A in each plot, in Figure 12, which
stands for flourescein isothyocyanate and represents the fluorescent magnitude cells
detected in the 515-545 nanometers (nm) range. This range was used to detect the green
stains used in this study. The y-axis of each plot is labeled PE-A which stands for
Phycoerythryn. Cellular fluorescence detected in the 557-599 nm range has a magnitude
on this axis. Thus, this range was used to detect red stained cells. This depicts the
fluorescence magnitude (>10*) of CMFDA stained B16 cells. Analysis software was
used to differentiate these cells into a quadrant labeled 1. Figure B resulted from analysis
of CMTMR stained B16 cells. These cells had a fluorescence magnitude of (>10%) in
quadrant 4. The final plot shows data obtained from unstained B16 cells which had very
low levels of red and green fluorescence.

The control sample dot plots shown in Figure 12 were part of all experiments.
The analogous plots for fusion samples were used to discriminate additional sub
populations that corresponded to unfused red, unfused green, dual labeled hybrids, and
single color hybrids. In order to discriminate all of the possible combinations of fusion
products that could be created, refer to Figure 9D, it was envisioned that cell size would
be useful. Figure 13A shows a typical plot of forward scatter width (FSC-W) versus
forward scatter area (FSC A). This was a plot of cell width/diameter versus cell area.
This rectangular region drawn in the figure indicates that larger cells could be
discriminates from smaller ones. The viability of fusion products were a concern for this
research because a long term goal was to create hybrids for cell transplantation. DAPI

(4',6-diamidino-2-phenylindole) is a nucleic acid stain commonly used in conjunction
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with flow cytometry and microscopy. The blue stain can be used for both live and fixed
cells but can also be used to determine viability. DAPI is selective for nucleic acids
Adenine and Thymine (AT) and passes through a live cell membrane much less
efficiently than a non-viable cell membrane. The resulting cellular fluorescence can be
measured on a dot plot. Then, DAPI positive cells can be discriminated from the total

population. Figure 13B shows a plot of viability of all cells in a post fusion sample.
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Figure 13. Flow Cytometry Dot Plots for Discrimination of Cell Aggregates and
Viability A) Aggregate Cells (Viable and Non-Viable) B) Total Viability and Non-

Viability of a Cell Sample using DAPI Nucleic Stain

Flow cytometry data for each sample was output in a convenient table. The data
included the number of events counted in the sample, the number of red and green cells,
fused dual fluorescent hybrids, viable and non-viable aggregated cells. Table 1 depicts

data output from a typical sample. Initially, for each sample, a total population is counted
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