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Introduction

In this document the first steps towards utilizing microfluidic channel techniques for robust
extraction of nucleic acids from gels and faster timings for nucleic acid electrophoresis in poly-
acrylamide gels. The benefits of this include easier heat extraction and shorter sample travel
distance . Until now extraction of DNA fragments from gels is done by cutting out the wanted
band then dissolving the gel in chemicals, a cumbersome process. Utilizing microfluidic channels,
extraction could be done by means of applying an electric field in the second dimension, extract-
ing selected parts of the sample out of the gel into a microfluidic channel located next to the gel
plane, channeling it out of the microfluidic system to a cup by pumping a liquid through the chan-
nel. By this, sorting of molecules could be carried out automatically using computer controlled
mechanics, with much more ease than has been possible before. Electrophoresis is widely used
in many different fields, including protein chemistry, pharmacology, forensic medicine, molecular
biology, as well as genome and proteome resource (Westermeier, 2008), so there is much to gain
from refining current techniques.

Fundamentals of electrophoresis

What is electrophoresis?

Electrophoresis is a method to separate molecules according to factors like size, shape and charge
by applying an electric field. It is mostly used for molecules like proteins, DNA and RNA, as
well as smaller molecules like amino acids, peptides and nucleotides (Westermeier, 2001). When
charged molecules are placed inside an electric field, they will be influenced by the electric force
and move towards either pole depending on their charge. The net force each molecule experiences
is directly proportional to the amount of charge of the molecule and the acceleration depends
on the mass of the molecule. Electrophoresis is usually performed in a matrix which is put in
an electrophoresis chamber filled with a buffer solution. Voltage is then applied on each end
of the chamber. The idea of sorting molecules by applying an electric field dates back to the
18th century. One of the key pioneers in its development was Arne Tiselius, which published
a paper in 1937 describing his "Tiselius apparatus", a device that performed moving boundary
electrophoresis which is electrophoresis in a free solution. In his paper he described how to
perform electrophoresis with charged particles in a liquid by applying an electric field, measuring
the change in density with Schlieren optics. He was awarded the Nobel Prize for his discovery
in 1948 (Olof, 1989).

The solution

Electrophoresis is usually done in a porous matrix like solution where the mobility of the particles
is affected by the properties of the solution. The matrix can be thought of as a 3 dimensional
layered net, where the bigger molecules are more likely to get trapped in the knots and lines
of the net, slowing them down. They have reduced mobility compared to smaller molecules
which are less likely to get trapped and travel further in a given amount of time. Therefore, the
size and shape of the molecules play significant roles in their mobility, while the temperature
of the solution and the field strength are also important factors. Many different materials can
be used as a matrix, including paper, cellulose acetate and starch (Magdelin, 2012). However,
polyacrylamide gel and agarose gel are most widely used (Westermeier, 2006). The choice of gel is
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determined by the task at hand, since both agarose and polyacrylamide gels have its advantages
and disadvantages. In this paper we will mostly focus on polyacrylamide gels.

Agarose gel

Agarose gel is easy to handle and is used for studying larger molecules like DNA base pairs from
the size of 50 bp to thousands of bases. Agarose is made up from long chains of uncharged
carbohydrate and the concentration of agarose in the gel is selected according to the size of the
molecule which is being analyzed. Most DNA is separated using Agarose type gel (Barril et al
2012).

Polyacrylamide gel

Polyacrylamide gel has a sponge like structure with pore sizes similar to many organic molecules,
including many proteins and DNA / RNA helices. Polyacrylamide gels have a very uniform pore
size which can be controlled by tuning the amount of acrylamide and bis-acrylamide (crosslinker)
in the gel. The gel has to be electrically neutral since interaction between the gel and the specimen
can affect the mobility of the particles, as well as introducing electroosmosis of water towards one
of the electrodes which can have a negative effect on the resolution (Westermeier, 2001). Polyacry-
lamide gel polymerization is usually initiated by adding ammonium persulfate (APS) which is a
source for free radicals and stimulates gel formation (a free radical is a molecule that has unpaired
valence electrons). APS is often mixed with a cross linker like N’-tetramethylethylenediamine
(TEMED). TEMED induces polymerization and has stabilizing effects on the free radicals. By
adding these catalysts, the gel forms into long covalently bound chains. The time it takes for
the gel to polymerize depends on the amount of free radicals in the solution. Increasing the free
radicals however has an decreasing effect on the elasticity of the gel and decreases the average
polymer chain length as well (Barril et al 2012).

Heat buildup can also be a problem if the polymerization is too fast, which can result in defects
in the gel. Therefore it is feasible to have a low catalyst to acrylamide ratio, but still high enough
for the gel to polymerize in a reasonable amount of time. Since oxygen can interact with the free
radicals, it is recommended for consistency to put the solution in vacuum while polymerization
is taking place. Polyacrylamide gel is mostly used for smaller DNA fragments. Care should
be taken since acrylamide is a neurotoxin and should be handled with caution. Cross-linked
polyacrylamide gel is on the other hand not as toxic, so handling of ready made gels is safer.

The Buffer

The purpose of a buffer in an electrophoresis system is to maintain the pH of the gel and to provide
ions that carry a current between the cathode and the anode. When doing electrophoresis in an
electrophoresis chamber, the gel is placed between the anode and the cathode. Current flowing
through the gel is usually a source for heating issues. For polyacrylamide gels, liquid buffers are
usually at each pole and serve to withhold buffer capacity (ion concentration) within the gel. The
net charge of DNA and RNA is dependent on the pH of the solution and the buffer sometimes
serves to reduce pH changes in the gel. It is possible to do electrophoresis with no liquid buffer
which is the method used in this paper, although this procedure is rare.
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Wells

Figure 1: Scan of three
DNA samples after separa-
tion, compared to a marker
sample run in the right most
lane for reference. Wells can
be observed at the top

Molecules are loaded to a well in the gel. When an electric field is ap-
plied, charged molecules will move within the gel. Positively charged
molecules will move towards the cathode, while negatively charged
molecules will move towards the anode. Different sized and shaped
molecules will travel at different speeds and form bands in the gel. In
theory the traveled distance is inversely proportional to the logarithm
of the size of the molecule However, as discussed above, other factors,
such as conformation of molecules matters as well.. The different sam-
ples are then easily compared to a size standard which is a mixture of
molecules with a predefined size as can be seen in figure 1. Wells are
usually rectangular and longer along the axis which is perpendicular
to the electric field. This is done in order to increase the resolution
since evaluating the distance traveled by a band is easier to define as
the band is thinner, and the bending of the band usually occurs at the
edges of the band.

Types of electrophoresis

There are a few types of electrophoresis methods used in practice. Isoelectric focusing (IEF),
polyacrylamide gel electrophoresis (PAGE) and SDS-PAGE to name a few. When selecting a
system for electrophoresis in gels properties like sample fragments size and gel thickness are
important factors. One has to choose between a vertical or a horizontal system. Horizontal
systems are more common since they have certain positive properties. They are usually more
simple to handle, pre made gels and buffers are widely available, resulting in less need for a bulky
buffer and controlling the temperature of the gel is usually easier (Westermeier, 2001). In one
dimensional electrophoresis the electrophoresis zone is a thin lane and many samples are usually
run parallel. Running in more than one dimension is also possible, giving more possibilities
to sort the molecules. Two dimensional gel electrophoresis (2-DE) is when the molecules are
first separated in one direction (dimension) by applying an electric field, then an electric field
orthogonal to the previous one is used, separating the molecules in another dimension. In the
second run the molecules under study are usually separated with regard to other factors than in

(a) Nucleic acid fragments are first
separated in one dimension with re-
spect to length and strandness.

(b) In the second dimension ssDNA
will form a line, while dsDNA forms
an arc

Figure 2: Example of 2D-PAGE, showing separation of sdDNA (red), from dsDNA (green).
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the first run, giving access to more information regarding the molecules properties. An example
of this is two-dimensional strandness dependent electrophoresis. In that method DNA fragments
are first separated by length and strandness, then the fragments are denatured to single stranded
DNA and separated in another direction, as can be seen in figure 2. 2-DE is widely used in the
analysis of proteins. This method can be used to separate molecules according to isoelectric
point, charge and mass, to name a few. Isoelectric focusing (IEF), also called electrofocusing, is
done is a solution with a pH gradient and is much used for amphoteric molecules like proteins
and peptides. IEF is based on the fact that the charge of the molecule is determined by the pH of
the surrounding material. The molecules move within the solution towards their isoelectric point
which is the pH at which the molecule has has no net electrical charge and therefore experiences
no force from the applied electric field. It is therefore possible to differentiate between molecules
with different isoelectric points mostly regardless of their size (Kavoosi, 2012). Nucleic Acids
have a negatively charged sugar-phosphate backbone and move towards the anode while proteins
have variable charges and shapes and are therefore usually treated with sodium dodecyl sulfate
(SDS) which provides the proteins with a negative charge. Since the amount of charge provided
by the SDS is usually proportional to the size of the protein, the charge to mass ratio is constant.
SDS treatment also unifies the shape of the proteins, resulting in an electrophoresis which is only
dependent on the size of the proteins (Kavoosi, 2012).

Visualization

To be able to visually observe the molecule under observation staining needs to be done. Proteins
for instance can be silver stained or stained with Brilliant Blue dye while DNA is usually stained
with ethidium bromide, which is fluorescent in the UV regime when it’s bound to DNA or
RNA (Barril, 2012), or with different types of Cyanine (labeled CY followed by a number), each
fluorescents on different frequencies. Cy3 and Cy5 fluorescent in the visible spectrum and are
among the most popular (Magdeldin, 2012). The samples are usually exposed with UV radiation
since most stainers fluoresce in that regime. Nucleic acids are very sensitive to UV radiation
which can easily damage the samples, therefore a stainer that fluoresces at a lower frequency is
often used when damage is not desirable. It is then possible to cut out bands from the gel and
dissolve them to get only molecules with certain properties.
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Two dimensional strandness dependent electrophoresis

Two dimensional strandness dependent electrophoresis (2D-SDE) in microgels can be used for
running 10 parallel 1D-PAGE samples in less than 10 minutes with same resolution as PAGE
mini gels. While 2-D electrophoresis can be done in 15 minutes, which is comparable to timings
of PAGE mini gels. Sample volume ranges from 1-3 µl and detection limits of this system is
1-5ng.

The gel chamber developed by BioCule is made from acrylic plastic (PMMA) and comes in three
pieces, bottom, chamber and top, as can be seen in figure 3. The plastic is transparent for
fluorescence wavelengths in the 350-650 nm regime which allows for easy scanning of samples
without removing the gel from the chamber. The outer dimensions are 90x66mm2, thickness of
the bottom and lid is 1 mm while the chamber comes in variable thicknesses from 0.5-6 mm.
Inner dimensions of the chamber are 39 x 63 mm2. The bottom plate has carbon paste contacts,
which provide contact between the gel and the electrodes. The contacts are split into many small
sections, in order to eliminate current running through inactive contacts during electrophoresis.
If the contacts were solid along each side, inactive contacts would act as a short circuit for the

Figure 3: The BioCule chamber is split into three
parts, chamber, bottom and top, respectively from
left to right. Figure 4: Sectional view of the chamber showing

holes for pogo pin access and gas exhaust.

(a) Electrophoresis in the 1st di-
mension is done by applying voltage
between the top and bottom row of
the contacts, leaving the rest uncon-
nected. The dot represents the well.
Here DNA fragments are sorted by
length and strandedness.

(b) When separating in the second di-
mension voltage double is applied be-
tween the left and right contact rows
leaving the top and bottom unconnected.
Here double stranded DNA has been bro-
ken down to single stranded DNA and the
fragments are separated by length only.

Figure 5: A schema showing the bottom plate of BioCule’s chamber. Contacts are laid along the sides. Arrows
show direction of the electric field and the propagation of the sample.
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current running through the gel. The lid and the chamber have holes above each contact, to
give the electrodes easy access to the contacts. Holes have also been cut in the lid at the end
of the contacts, to went out O2 and H2 that forms due to chemical reactions at the gel-contact
interface, as can be seen in figure 4.

This method is buffer less, the gel touches the contacts directly. The gel composition is 4.2gr
urea, 4% acrylamide, borate ion and tris buffer in 10 ml of water. Urea ( CO(NH2)2 ) is an
organic compound and serves to disassemble double stranded nucleic acid fragments to single
stranded. The tris buffer serves to maintain a relatively fixed pH in the gel. The borate ion is
the carrier ion regularly used in PAGE.

The gel is cast in the chamber and allowed to polymerize. The chamber is rested horizontally on
a peltier element which controls the temperature of the gel. Voltage is applied to the contacts
using pogo pins. During the first electrophoresis the sample is loaded into a well, the gel is cooled
down to 1-3 ◦C and voltage is applied to the top and bottom row of the contacts as can be seen
on figure 5(a).

By utilizing this experience one could develop a microfluidic PAGE gel electrophoresis, where
the second dimension would be extraction of selected DNA to a liquid phase in the microfluidic
slide.

- 8 -



Electrophoresis using microfluidic channels. Frímann Kjerúlf

Results from Comsol simulations

Comsol Multiphysics was used to model and perform simulations of the system. The purpose of
doing simulations is first of all to estimate the amount of voltage needed for electrophoresis in
a microfluidic version of BioCule’s system, based on the power dissipated in the gel. Secondly,
we have to make sure that the electric field is approximately uniform in the electrophoresis
plane. Schemas of the microfluidic electrophoresis chamber used for our experiments can be seen
in figure 6. During our modeling we have to estimate the relative permittivity of the gel, the
PDMS, the PMMA and the glass slides. The polyacrylamide gel is mostly water so εr = 60 was
used. For the PDMS the static dielectric permittivity is εr = 2.757 according to the polymer
data handbook which can be found here: http://bib.convdocs.org/v21789/?download=1.
Dielectric permittivity (at 0 Hz), was harder to find for the PMMA, so εr = 3.5 at 60Hz was used
from Kaysons, a manufacturer of acrylic sheets, found here: http://www.kaysons.in/acrylic/
physicalproperties.pdf. For the glass slides εr = 4.7 was used according to wikipedia. These
values are though not completely correct, but should give a good estimation for the simulations.
In our simulations we treated unconnected contacts as floating potentials by doing an integration
at a vertex of each potential, and setting the electric potential over the whole surface of the
contact equal to the value from the integration. This was done by using the "Point integration
variables" function in Comsol. However this should be possible to do in newer versions of
Comsol by simply defining the surface as a "floating potential". By this we made sure there was
no voltage drop across each contact. Electric power is given by P = V × I so an estimation
of the current would be needed. A reference for finding the desirable voltage could be to aim
to keep the ratio between the power and the cross-sectional area of the gel chamber similar to
BioCule’s system. When electrophoresis is done in the BioCule chamber at constant 5 watts
using 180-200V the current is around 26-30 mA. Comsol has many different physical models for
offer, for this simulation the electrostatics model was used, which uses the relative permittivity

(a) (b)

Figure 6: Schema of the microfluidic electrophoresis chamber showing location of contacts, gel chamber and
channels used for gel pumping and sample loading.

- 9 -

http://bib.convdocs.org/v21789/?download=1
http://www.kaysons.in/acrylic/physicalproperties.pdf
http://www.kaysons.in/acrylic/physicalproperties.pdf


Electrophoresis using microfluidic channels. Frímann Kjerúlf

of materials to define their properties. Problems arose when finding the current running through
the gel in simulations, so I was not able to estimate the current running through the gel. The
electric field has to be sufficiently uniform both to get better resolution in the system and to
make sure the sample doesn’t get pushed out of the gel in the z-direction (direction normal
to the chamber). In figures 7 and 8 we see the electric field broken down to it’s x, y and z
components, where x is directed from bottom of the image to the top, between the poles, y is
from left to right and z as described earlier. For the BioCule chamber we have from figure 7
that

∣∣Ex

∣∣ ' 2050 − 2350,
∣∣Ey

∣∣ ' 0 − 200 and
∣∣Ez

∣∣ ' 0 − 2 [V/m] in the electrophoresis area
when 200V voltage is applied between the top and bottom contact rows. This gives us that the
x-component of the electric field is at least 3 orders of magnitude higher than the z-component,
while the y-component is at least an order of magnitude higher than the z-component. The ratio
between the length of the chamber and the thickness is at it’s highest r = 63mm/0.5mm ' 120 or
around 2 orders of magnetite, , so we should no worry to much about the z-component. For the
y-component however, which is only an order of magnitude lower than the x-component, I would
expect resolution loss due to the y-component when doing 2D-SDE, so we might benefit from
minimizing the y-component even further by either choosing a smaller electrophoresis plane, or
extending the contacts even further towards the edges of the chamber. But since it also has a
negative effect on the resolution to reduce the electrophoresis area, a balance has to be found
when selecting the area used for electrophoresis. When we look at the simulated electric field
for the microfluidic chamber as can be seen in figure 8, we see that

∣∣Ex

∣∣ ' 900,
∣∣Ey

∣∣ ' 0 − 20

and
∣∣Ez

∣∣ ' 0− 15 [V/m], when a voltage of 50V is applied between the contacts. This gives us
that the x-component is around 2 orders of magnitude higher than then y-component and the
z-component. On it’s own the ratio between the components should not raise any warning flags
regarding loss in resolution. However in this case the ratio between the length of the gel and the
thickness of the gel is around r = 60mm/40µm ' 1300, which might give us reasons to worry
about the sample being pushed upwards against the walls of the chamber. If this will prove to
be a problem is up to experiments to decide, it is always possible to increase the thickness of
the chamber, although that might have negative effects on microfluidic properties like laminar
flow. An arrow graph of the electric field in the x-y plane for the BioCule chamber can be seen
in figure 9 and in figure 10 for the microfluidic chamber which gives a rough visual idea of the
flow of particles during electrophoresis.
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(a) Ex (b) Ey (c) Ez

Figure 7: BioCule’s chamber, showing a slice plot of the electric field when 200V voltage is applied between the
top and bottom contact rows, divided into x-y-z components.

(a) Ex (b) Ey (c) Ez

Figure 8: Microfluidic chamber, showing a slice plot of the electric field when 50V voltage is applied between the
contact, divided into x-y-z components. Gives an idea of the difference in scale between the components.
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Figure 9: The arrows show the direction of the electric field for the BioCule chamber with a voltage of 200V
applied between the left and right contact rows. The color graph shows the voltage relative to the right contact
row, which is set ground.

Figure 10: The arrows show the direction of the electric field for the microfluidic chamber with a voltage of 50V
applied between the contacts. The color graph shows the voltage relative to the right contact, which is set ground.
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Results from lab

Microfluidic channel electrophoresis chambers were cast in PDMS which is an elastic transparent
material and bonded to microscopic slides. Following is a rough description of the process, a
precise description of how to prepare microfluidic channels using SU-8 and PDMS can be found
here: https://notendur.hi.is/gks4/research/micro_procedure.pdf. The casting is done
by spinning SU-8 2035 on a silicon wafer. It is then baked, exposed to UV radiation through a
mask with a blueprint of the microfluidic channel, baked again and developed in SU-8 developer.
This results in a 35-45 µm layer of SU-8 (Stefánsson et al, 2011). The mask was created by
cutting out the chamber dimensions in black tape, which is glued to a glass plate as can be
seen in figure 11. The resulting SU-8 layer is a reusable mold which can be used to cast PDMS
microfluidic channels, an example can be seen in figure 13(a). PDMS is prepared by blending
45g Sylgard base silicone elastomer to 5g Sylgard curing agent. The mixture is quite thick and
was mixed in a dispensable plastic cup. The mixture is stirred for around 1 minute. Then put in
a vacuum chamber for about 10 minutes to eliminate air bubbles that have formed. Care should
be taken though when putting the cup in vacuum since the mixture will expand and can overflow
from the cup. As can be seen in figure 13(b), a metal ring of height 5cm is then put on top of the
wafer and the mixture is poured in. Leakage is likely to occur since the seal between the wafer
and the metal ring is not very secure. To prevent this it can be good to rest something heavy
on top of the metal ring. Curing time for the PDMS is about one day, while it can take up to
two days for it to cure if air circulation is not sufficient. Curing time can be cut down to 2 hours

Figure 11: A mask made from black tape used as a
blueprint for two microfluidic electrophoresis cham-
bers.

Figure 12: Mold experiment with an unhappy end-
ing.

(a) Blueprint of a microfluidic chan-
nel. Note that this is not the cham-
ber used in this document.

(b) A metal ring is used as a reser-
voir for casting the PDMS

(c) Positioning something heavy on
top of the metal ring helps eliminate
leakage problems from the mold.

Figure 13: Casting of PDMS
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Figure 14: Channels were cut in the PDMS using
a flat head needle.

Figure 15: An example of a collapsed chamber, due
to surfaces still being active during handling.

Figure 16: Glass slide with painted contacts on the
left and PDMS on the right before bonding.

Figure 17: Microfluidic electrophoresis chamber
ready for testing.

by baking at 65◦C which is highly recommended because of leakage problems. In order to cut
down material cost and eliminate the leaking problem from the previously explained procedure,
experiments were done by spinning SU-8 straight on microscopic slides and using black tape as
supporting walls for the mold, as can be seen in figure 12. This was however not very successful
since leakage was even a bigger problem with this technique.

After curing the PDMS is removed from the mold, care should be taken though since the silicon
wafer is quite delicate. The PDMS can easily be destroyed if the wafer breaks. Channels through
the PDMS for pumping in gel and loading DNA samples were cut by using a flat head syringe
needle as can be seen in figure 14. The channels were located at each end of the chamber,
approximately 5mm from the edges of the chamber as can be seen in figure 6. The PDMS is
then bonded to a glass microscopic slide by putting them both in plasma for 30 seconds. The
plasma will activate the surface of the glass slide and the PDMS. By doing this the PDMS and
the glass will form a strong bond once they get in contact. The PDMS is then carefully laid on
the glass slide and pressed gently until all air bubbles have disappeared from the bonding areas.
In figure 16 we see a glass slide and PDMS cube which are being prepared for bonding and on
figure 17 we see a ready made chamber. Care should be taken not to press on the chamber since
we don’t want that part of the PDMS to bond. The chamber should be set aside and allowed
to rest for 12 hours since the surface bonding can be active even after many hours, which can
result in collapsing of the chamber as can be seen in figure 15.

The dimensions of the microscope slide were 25 x 75 mm2. Outer dimensions of the PDMS were
25 x 65mm2 and the dimensions of the chamber were 10 x 55 mm2. Estimated thickness of the
chamber is 35 – 45 µm (Stefánsson et al, 2011). The pumping of the gel was done using a syringe
with a flat head needle through one end of the chamber, while a pipette tip as can be seen in
figure 19, was inserted at the other channel which acted as a reservoir for the excess gel which
flows out of the chamber. An empty chamber is easy to see, but after it has been filled with
gel, it is barely visible. No bubbles were visible in the chamber after filling, while after sitting
for one day, air bubbles had formed inside the chamber. This is most likely due to the fact
that polyacrylamide gel will dry due to H2O evaporation if left exposed to open air. While the
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(a) (b) mask2

Figure 18: Mask cut from thin plastic sheet (a) was used to paint contacts on slides (b) prior to bonding.

Figure 19: Pipette tip was used as a reservoir for
excess gel during filling of chambers.

Figure 20: Microfluidic electrophoresis chamber on
peltier element with voltage applied.

chamber is sealed in PDSM, it is known that PDMS is not completely air tight, so H2O particles
could easily have diffused through the PDMS. Due to this it is advised to store a filled chamber
in an airtight container, it might even be a good idea to airtight it with silicon spray. In order
for the electrophoresis to work we need to get current running through the gel by applying a
voltage at each end of the chamber. Contacts were painted on the microscopic slides prior to
bonding with electronically conductive carbon paste. A mask cut from a plastic sheet was used
when painting the contacts as can be seen in figure 18. It might be advisable to paint more than
one layers of contact paint for thicker contacts. Since the PDMS does not bond to the carbon
paste, a 1mm wide channel was made between the outer contact, which is connected to the power
supply, to the inner contact, which is in contact with the gel. This creates an unbonded channel
out of the chamber, which proved not to be a problem since no leakage occurred when the gel was
pumped into the chamber. The carbon paste contacts are prone to chip of from the glass slide,
so it might be advisable to use another material than glass as a bottom in the chamber. PMMA
could be a substitute since the carbon paste seems to bond better with it, and it is known that
PDMS can be bonded to PMMA, after it has been treated. More information can be found here:
http://link.springer.com/content/pdf/10.1007%2Fs13206-010-4210-0.pdf.

Two chambers with contacts were filled with gel and let sit for 12 hours. Something seems to have
gone wrong in preparation of the gel since it did not polymerize. The chambers were emptied
by pumping air through them, it was not possible to empty them completely. They were filled
again with a new gel solution which polymerized properly. There were though some air bubbles
and leftovers from the previous gel in the chamber, although there seemed to be a continuous
path of polymerized gel between the contacts. The resistance through the contacts measured to
be around 1.5MΩ on both chambers. The channel used for gel pumping was used as a well. A
pre stained sample was loaded with a flathead syringe into the well of the first chamber and a
50V voltage was applied between the contacts. Problems arose with getting a proper contact
since the carbon paste is prone to chip off the glass slides. Contact paste was used as to provide
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(a) First chamber. (b) Second chamber.

Figure 21: Scan of two microfluidic chambers after electrophoresis. Direction of electric field is marked with E.
Obvious propagation of the sample towards the cathode, although the resolution is very poor.

conductivity between the contacts and the power supply connectors. When 50V voltage was
applied we measured a current of 30 µA which gives us 1.5mW. When taking into account the
difference in sectional area of the gel from this chamber compared to the BioCule chamber and
the difference in voltage, we arrive at a similar power per area per volt (Q). For the BioCule
chamber we have Q = 25 × 10−5[W mm−2 V −1], while for the microfluidic chamber we have
Q = 8 × 10−5[W mm−2 V −1]. These numbers are of the same magnitude and the difference
could be explained by defects in the gel of the microfluidic chamber. After the first test we see
that the sample had propagated towards the cathode but did not form a clear band as we hoped
for as can be seen in figure 21(a). It is likely that the sample had smeared between the well
and the chamber walls before the electrophoresis was done, since we had to handle the chamber
rather roughly when trying to get current running between the contacts. We loaded a pre marked
sample into the second chamber, and initially didn’t see any propagation of the sample until we
tried to probe it as far as possible into the channel, and ranked the voltage up to 600V. At that
voltage we got a current of 200µA initially which lowered down to 100µA quite fast, which gives
us 60mW. We had better luck getting current running through the contacts this time, resulting
in a better state of the chamber. On figure 21(b) we see the results where we can barely make
out a line, which could resemble a band, although it is very undefined. The only thing we can say
for certain is that the sample did propagate towards the cathode as expected in both occasions.
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Possible improvements.

Figure 22: Example of a laminar flow in a
microfluidic channel.

The main drive behind our microfluidic channel elec-
trophoresis experiments is mainly the idea of being able
to sort DNA molecules faster and more easily than be-
fore. The current method used in the field today for
separating DNA fragments is by separating them in one
dimension, cutting out parts of the gel containing the
DNA with the needed properties and dissolving the gel
in chemicals. It is possible to use 2D electrophoresis
(2D-E) to extract DNA fragments out of the gel into a
microfluidic channel located next to the chamber. Se-
lected DNA fragments could then be pumped out of the

system and separated to different cups. To address the problem of gel filling the microfluidic
channel while the chamber is being filled, it might be possible to use a well known microfluidic
property. When two channels in a microfluidic system are joined the flow will be laminar as can
be seen in figure 22. Laminar flow is when layers of liquid will flow in a uniform fashion, not
mixing together. When the channels are separated the liquids will separate almost completely
as before, depending on the length of the concurrent flow. Utilizing this property the we could
pump gel into the chamber while pumping another liquid concurrently through the side of the
chamber. If everything goes as in theory we should have no mixing between the two liquids,
resulting in an open channel next to the gel inside the chamber.

The main problem we encountered was how the well should be implemented. The well should
preferably be rectangular with the side perpendicular to the direction of the electric field much
longer, as described before. The well should not be cut through the gel since the sample could
then migrate under the gel. Many ideas were put on the table, one involved putting the sample
into a well in the PDMS, which doesn’t cut completely through to the PDMS down to the
chamber. Then diffusing the sample through the bottom of the well into the gel, using an
electric field. It might also be possible to use a syringe needle with a diagonal cut at the end
and other needle located inside of the previous one, closing the channel through the needle.
Positioning the needle in the chamber, through the PDMS, prior to filling the chamber with
gel. The inner needle could then be removed after the gel has polymerized, resulting in an open

(a) (b)

Figure 23: Schemas showing (a) a sectional view of the well mold, how it cuts through half the gel chamber, and
(b) a 3d schema of the well molds position.
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channel into the gel. This would probably be problematic due to many reasons, we would have
to pump air into the chamber before the sample would reach the end of the needle, the sample
might leak under the gel etc. Probably the best idea so far involves using a well mold as can
be seen in figure 23, which would have to to be positioned in the PDMS prior to hardening.
The sides of the well mold would rest on the microscopic slide, while the middle of the mold
would go halfway through the chamber. This means that the middle part would have go into
the SU-8 layer, so possibly there could be a channel cut into the SU-8 for the mold to fit into,
done by modifying the mask used for the UV explosion of the SU-8. If this mold can by some
methods be removed/dissolved, we will have a channel cut through the PDMS, halfway into the
gel chamber, resulting in a hopefully usable well. The current chamber thickness might prove to
be a problem with this technique since aiming for half of 40µm is pretty precise! Increasing the
thickness might prove necessary, and should be possible within certain limits by changing the
spin recipe or changing to another material than SU-8. More information about SU-8 and other
possible materials can be found here: http://www.microchem.com/Prod-SU82000.htm.
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Figures

Figure 1 taken from www.Wikipedia.com

Figures 2, 3, 4 and 5 taken from www.BioCule.com
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