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Abstract: λDNA tightrope can be referred to as λDNA is suspended between two beads above the surface of the flow cell
which allows the λDNA to be viewed extended rather than in collapse form. It is use for DNA studies such DNA repairs, but
when using the normal protocol (at a velocity of 300 µl/minutes, beads size of 5 µm and concentration of 500.0 µg/ml of 1.0
λDNA) it results to multiple tightropes forming on the beads which interference with a many studies. In this study, different
conditions were optimized to develop a single stranded λDNA tight rope by taking into consideration the following conditions,
velocity (100 to 600), beads size (3 µm and 5µm), concentration (500.0 µg/ml, 375.0 µg/ml and 250.0 µg/ml) and time. To
form the tightrope, beads were added into water in an eppendorf tube, centrifuged and sonicated before putting into the flow
cell. The flow cell, syringe pump and perfusion tube were all fixed together, where ABC buffer and λDNA were put into the
perfusion tube and set according to protocol to make the tightropes. YOYO-1 dye was used to stain the λDNA before using
atomic force microscopy to image the tightropes, the same procedure was repeated for the different conditions and all dispense
readings of the flow rate were taken at not less than 3.0 µl/minutes. λDNA on the surface of the flow cell was observed at the
velocity of 100 and 200 µl/minutes for all the conditions. The optimized result was at velocity of 300µl/ml, concentration
375.0 µg/ml of 1.0 µλDNA and beads size of 3 µl which lasted for 15 minutes which gave the best result of single stranded
λDNA tightrope compared to all the conditions and the normal protocol.
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1. Introduction
Phage-Lambda DNA (λDNA) tightrope can be referred to
as when λDNA is suspended between two beads above the
surface of flow cell which allows the λDNA to be viewed
extended rather than in collapse form [1]. DNA tightrope is
very useful in Single molecular technique studies because of
the advantages it has over other methods which include, the
adjacent tightrope which are visible creates a linear network
of DNA akin which allow the simultaneous observation of
multiple DNA and protein interactions. Another importance
of tightrope is that it prevents interaction between DNA or
protein and the surface of the flow cell. In addition since the
tightropes are suspended between beads, it allows the
observation of many modes of protein interactions on the
tightrope such as jumping of DNA or protein from one

molecule to another and sliding [2-3].
The most effective and convincing way to decipher DNA
and protein interaction is to observe direct protein binding
under well-controlled condition, to actualized this scientist
have developed very powerful methods and instruments like
Total Internal Reflection Fluorescence Microscopy (TIRFM)
and Atomic Force Microscopy (AFM) [3-5]. One of these
well-controlled conditions is through the use of DNA
tightrope assay and instrument [1, 6-7]. Such single
molecular technique has been in rapid progression for the
past twenty years [3, 8-11] and has revolutionized the way to
study DNA-protein and DNA-ligand interaction in addition
to other biological processes [12-13]. This technique also
elucidates how the DNA binding protein locates their target
sites on the damaged DNA [15-17]. One of method used for
this type of study is by λDNA tightrope which is stained with
YOYO-1 dye to aid imaging and where protein can also be
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seen in real time [1, 4, 18-19].
Optimization studies have been performed to enhance real
time imaging of protein-DNA interactions following the
single molecule technique which includes DNA-binding
protein platforms. This approach was initiated over two
decades ago when Kabata and colleagues applied
dielectrophoresis to extend λDNA [20]. The common feature
of this approach for the direct visualization of single
molecule DNA-binding protein is the binding and extension
of DNA. DNA binding to a specific end on the surface is
required for visualization. However, due to the elastic nature
of DNA, the binding (tethering) on its own cannot adequately
extend a DNA molecule for use in single-molecule imaging
using high resolution equipment [1]. Studies reveal that the
applications of shear force produced by hydrodynamic flow
have been successful in stretching DNA adequately [21-23].
This DNA tightrope when formed, results in multiple
strands of DNA forming on beads or multiple tightropes and
these multiple tightropes usually clumps together which then
interfere with the activities of DNA or protein during
experimental studies. In this study, we optimized the different
conditions such as, 5 µM and 3 µM bead sizes,
Concentrations of 500.0 µg/ml, 375.0 µg/ml and 250.0 µg/ml
and Velocity of the syringe pump 100, 200, 300, 400 and
500. Where optimized result was compared to the normal
protocolof forming λDNA (beads size of 5 µM, velocity of
300 µl/Mins. concentration of 500.0 µg/ml at not less than 20
mins).

2. Materials and Methods
2.1. λ DNA
λDNA was purchased from New England biolab (NEB).
The phage lambda was ligated by adding 1 µl of 500 µg/ml
NEB stock to 2 µl 10X ligase buffer (fermentas), 7 µl water,
10 µl DNA, and 1µl T4 DNA ligase (fermentas) which was
left at room overnight and stored at -4°C. All the different
concentrations of λDNA were used at 1.0 µl and 1X ABC
buffer was used to dilute the concentration of the λDNA.
2.2. Buffers
ABC BUFFER- ABC buffer was the standard buffer used in
this experimental work and at room temperature. It is made up of
250 mM Tris (PH 7.5), 50 mM MgCl2, 250 mM Kcl and 0.1%
sodium Azide. This was made up of 5X stock and diluted to 1X,
whenever it is used except otherwise stated.
The ABC DTT Buffer (Imaging Buffer) was made up of
200 µl 1X buffer of ABC buffer, 700 µl water and 100 µL of
100 mM DTT.
2.3. 5µM Poly-Lysine and 3µM Poly-Lysine Coated Silica
Beads
500 µl of water was added to 100 µl of 5µM beads (silica
monospheres (polysciences) which was then vortex and
centrifuged at 14k rpm for 2 minutes. The water was
removed and suspended in 400 µl of 350 µl/ml water and

stored at -20°C.
500 µl water was added to the 100 µl of 3 beads of (silica
monospheres (polysciences)) which was then vortex and
centrifuged at 14k rpm for 2 mins. The water was removed
and suspended in 400 µl of 350 µl/ml water and stored at 20°C.
2.4. How Perfusion Tube Was Made
1.5µl eppendorf tube was drilled at two places above and
below each other, using a driller. The driller was first
connected to source of electricity and the first hole was
drilled at 0.5µl of the eppendorf tube while the second hole
was drilled at 1.0µl. Another hole was also drilled on centre
of the eppendorf tube cover which allows tubing to pass
through the hole to the bottom of the eppendorf tube. The
hole at the cover slide was sealed with glue after the tubing
has passed through it to prevent air flow.
2.5. Flow Cell (Flow Chamber) Construction
Two holes were drilled on standard glass microscope slide
15 mm apart. Then two tubing that fit into the holes were cut
and fixed through the two holes, it was glued using UV
curing adhesive. It was then left near the window for sun
shine to dry over night, but if it is not well dried by next day,
it is place under UV light box for one hour to dry properly.
After that gasket applied to slide were the two tubing are and
the cleaned cover slip was fixed to it to create the chamber.
The flow cell was recycled each time they used; it was placed
in acetone overnight which makes it possible for the slip
cover, gasket and tubing to be removed from the slide. Then
new tubing, gasket and cleaned cover slip are used to make
the flow cell again.
2.6. How the Syringe Pump and Slip Cover Were Cleaned
After Used
The whole contents in the tubing of the syringe pump were
usually pumped out to 1.0 µl and methanol was usually
withdrawn to 2.5µL and leftover night. The methanol was
pumped out before the syringe pump was to be use the next
day. The slip cover used is 1.5 (standard) is placed in acetone
and sonicator in a sonicator bath for one hour. It is then
removed from the sonicator bath and the acetone is poured in
the sink. Three beakers of 400 ml were filled with distilled
water was and the cover slip was dip three time into each of
the beakers and until all the water was removed.
The slip cover used is 1.5 (standard) is placed in acetone
and in a sonicator bath for one hour. It is then removed from
the sonicator bath and the acetone is poured in the sink.
Three beakers of 400 ml were filled with distilled water was
and the cover slip was dip three time into each of the beakers
and until all the water was removed.
2.7. How the Beads Were Prepared
10µl beads (5µM or 3µM) were added to 500µl water, which
was then spun at 14k rpm for 2 minutes. The water was removed
and another 500 µl of water was added and spun at 14k rpm for
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2 minutes. The water was removed and another 100 µl of water
was added. It was then sonicated at cycle 1, 80% amplitude, 4
times after 1 second each time. The beads were added
immediately to the flow cell using a special tip. The beads
density was checked using Nikkon microscope (at the intensity
of 6) and 100µl of water was used to further wash the beads then
the beads density was check again. It is then stored at -˚4, if it is
not going to be used immediately.
2.8. Addition of λDNA to Flow Cell
99 µl of 1x buffer was added to 1 µl λ DNA (NEB), then it
put into the into perfusion tube and withdraw to empty with the
help of the syringe pump. 320 µl of one time ABC buffer was
also added to the perfusion tube and Set pump according to
protocol ‘pump loop’ which allow the λDNA to flow back and
forth for not less than 20 minutes and not greater than 2 hours.
Finally YOYO dye was used to stain the λDNA before imaging.
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fixed to syringe pump. 500µl ABC was put into the perfusion
tube and withdrawn to empty; finally the λDNA was put into
the perfusion tube and set according to protocol. This was done
with careful consideration at any time to avoid air bubble.
The tightropes are constructed using a flow cell (flow
through chamber) that allows solutions to pass over beads
(poly-L-lysine-coated beads). The solutions are passed
through the flow cell using a syringe pump. These beads
randomly adhere to the surface of the slip cover when it is
passed into the flow cell, but the densities are always
checked. λDNA are then flowed into the flow cell and it
suspends the λDNA between the beads to form tightrope.
YOYO-1 dye is added to stain the tightrope that is formed
during the process, for easy visualization.
2.10. How the Imaging Was Done
After the tightrope has been formed in the flow cell and
YOYO-1 dye was used to stain the λDNA, atomic force
microscopy was used to snap the images in a dark room and
computer software (Image J) was used to view all the
snapped images.

3. Results and Discussion
3.1. Result for the Beads Size of 5 µM, Concentration of
500.0 µg/ml of λDNA, Velocity of 100, 200, 300, 400,
500 and 600 for the Flow Rate (µl/mins)
Table 1. Showing numbers tightropes snaped in flow cell at different
velocities of (100 to 600). The numbers of multiple strands formed reduces
as the velocity increased and increases as the velocity reduces.
Tightropes/Velocities
First image
Second image
Third image

100
Vel
6
6
5

200
Vel
6
6
5

300
Vel
5
4
4

400
Vel
4
4
3

500
Vel
3
3
2

600
Vel
3
2
2

Figure 1. Showing syringe pump, flow cell and perfusion tube set according
to protocol, where the syringe dispenses the λDNA in and out of the flow cell
to form tightropes.

2.9. How to Make a λDNA Tightrope
The flow cell is first filled with water to check if there is any
leakage; beads that have been sonicated at 1 cycle by 80%
amplitude were put into the flow cell using a tube with a special
tube on it that can fit the tube of the flow cell. After that beads
density is check on a light microscope at 6 to view the beads
density and if the density is less then it is throw any and another
one is made. When the beads density is right, the 1X ABC buffer,
λDNA and imaging buffer are all added according to the manual’s
instruction into the perfusion tube. Then the syringe pump, flow
cell and perfusion tube are all set fixed together and the syringe
pump was set according to protocol to form the tightrope.
500µl 1xABC buffer was put in an eppendorf tube and then
withdrawn into the tubing of syringe pump with careful
consideration making sure there is no air bubble. At one end of
flow cell tubing was fixed to the tubing of the perfusion tube
and the other end of the flow cell the tubing of flow cell was

Figure 2. Images of some multiples strand tightropes formed, chosen at
random at different velocities. The numbers of multiple strands formed
reduced as the velocities were increased and increased at lower velocities.

The result obtained here showed that more multiple strands
of tightropes were observed at lower velocity than at higher
velocity. At the velocity of 100 µl/mins we had more
multiple strands on tight rope than, where DNA on the
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surface of the flow cell was also observed and it took 1hour
for the syringe pump dispense reading to reach 3.000 µl/mins,
which means the time increased by 40 minutes compared to
the normal protocol. At the velocity of 200 µl/mins there
were still multiple strands which were almost the same with
100 µl/mins it took 40 minutes for the syringe pump to
dispense reading to reach 3.000 µl/mins, which means the
time increased by 20 minutes compared to the normal
protocol and DNA on the surface of the flow cell was also
observed at this velocity. At 300 µl/mins there was no DNA
on the surface and the number of multiple DNA tightrope
reduced compared to 100 µl/mins and 200 µl/mins it took 20
minutes for the syringe pump to dispense reading to reach
3.000 µl/mins, which is the normal time for the normal
protocol. At 400 µl/mins, there was still multiple strands of
tightrope formed and there was no DNA on the surface,
where it took 15 minutes for the syringe pump to dispense
reading of 3.000 µl/mins, which means the time reduced by 5
minutes compared to the normal protocol. At 500 µl/mins the
number of multiple strands formed was also reduced
compared at lower velocity and there were no DNA on the
surface. At 600 also there was no DNA on the surface and
the number of multiple strands reduces compared to the ones
at lower velocity. It was generally observed here that DNA
on the surface was seen at 100 µl/mins and 200 µl/mins
velocity and there was no DNA on the surface of the flow
cell at the velocity of 300 µl/mins - 600 µl/mins.

The result obtained here is similar to the previous condition but
less quantity of multiples strands were formed on beads. More
quantity of multiple tightropes strands was formed at 100 µl/mins
and 200 µl/mins flow rate than at 300, 400 500 and 600 velocities.
DNA on the surface of the flow cell also observed was observed
at 100 and 200 velocities. It took 1hour for the syringe pump to
dispensed reading to reach 3.000 µl/mins at 100 velocity, which
means the time increased by 40 minutes compared to the normal
protocol. At velocity of 200 µl/mins and it took 40 minutes for the
syringe pump to dispensed reading to reach 3.000 µl/mins, which
means the time increased by 20 minutes compared to the normal
protocol. At 300 µl/mins there was no DNA on the surface and the
number of multiple DNA tightrope reduced compared to 100
µl/mins and 200 µl/mins it took 20 minutes for the syringe pump
to dispense reading to reach 3.000 µl/mins. At 400 µl/mins, there
was still multiple strands of tightrope formed and there was no
DNA on the surface but slightly less the one at 3000, it took 15
minutes for the syringe pump to dispensed reading of 3.000
µl/mins, which means the time reduced by 5 minutes compared to
the normal protocol. At 500 µl/mins the number of multiple
strands formed was also reduced compared at lower velocity and
there were no DNA on the surface. At 600 also there was no DNA
on the surface and the number of multiple strands reduces
compared to the ones at lower velocity. It was generally observed
here that DNA on the surface was seen at 100 µl/mins and 200
µl/mins velocity and there was no DNA on the surface of the flow
cell at the velocity of 300 µl/mins - 600 µl/mins.

3.2. Result for Beads Size of 5 µM, Concentration of 250.0
µg/ml µl of λDNA, Velocity of 100, 200, 300, 400, 500
and 600 for the Flow Rate (µl/mins)

3.3. Result for Beads Size of 3 µM, Concentration of 500.0
µg/ml µl of λDNA, Velocity of 100, 200, 300, 400, 500
and 600 for the Flow Rate (µl/Mins)

Table 2. Showing numbers of multiple strands tightrope formed after
imagining the flow cells at various velocities. Higher numbers of multiples
strands were seen at lower velocities and less number of multiple strands
was seen at lower.

Table 3. Showing numbers of multiple strands tightrope formed after
imagining, where the numbers of multiple strands reduces with increase in
velocity and increased with lower velocity.

Tightropes/velocities
First image
Second image
Third image

100
Vel
5
4
3

200
Vel
5
4
3

300
Vel
5
3
3

400
Vel
4
3
3

500
Vel
3
3
2

600
Vel
3
2
2

Figure 3. Showing number of the multiple strands formed, where increased
in the velocity reduced the number of multiple strands and lower velocity
gave higher number of multiples strands.

Tightropes/velocities
First image
Second image
Third image

100
Vel
4
3
3

200
Vel
4
3
3

300
Vel
4
3
3

400
Vel
4
4
3

500
Vel
3
2
2

600
Vel
3
2
2

Figure 4. Some of the image snap at different velocity pick at random from
the flow cell of each velocity.
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The result obtained here is similar to the previous two
conditions, but the reduction in beads size also reduces the
numbers of multiple strands that are form two same beads and
more quantity of DNA at the velocity of 100 µl/mins and 200
µl/mins even though there was still multiples strands but there
was. At the velocity of 100 µl/mins we had more multiple
strands tightrope than at 200 µl/mins. At the velocity of 100
µl/mins it took 1hour for the syringe pump to dispense reading
to reach 3.000 µl/mins. At the velocity of 200 µl/mins there. At
300 µl/mins there was no DNA on the surface and the number
of multiple DNA tightropes increased compared to 100
µl/mins and 200 µl/mins. At 400 µl/mins, there was still
multiple strands of tightrope formed and there was no DNA on
the surface. At 500 µl/mins the number of multiple strands
formed was also reduced compared at lower velocity and there
were no DNA on the surface and there was no DNA on the
surface. At 600 also there was no DNA on the surface and the
number of multiple strands reduces compared to the ones at
lower velocity. It was generally observed here that DNA on
the surface was seen at 100 µl/mins and 200 µl/mins velocity
and there was no DNA on the surface of the flow cell at the
velocity of 300 µl/mins - 600 µl/mins. Higher numbers of
multiples strands was seen at 300 µl/mins and 400 µl/mins.
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400 µl/mins but 300 µl/mins had more multiple strands.
3.5. Result for the Beads Size of 3 µM, Concentration of
250.0 µg/ml µl of λDNA, Velocity of 100, 200, 300, 400,
500 and 600 for the Flow Rate (µl/Mins)
Table 5. Showing numbers of single and multiple tightropes formed at
different velocities, where the numbers of multiple strands reduces with
increase in velocity.
Tightropes/velocities
First image
Second image
Third image

100
Vel
1
0
0

200
Vel
1
1
0

300
Vel
2
2
1

400
Vel
2
1
1

500
Vel
1
1
1

600
Vel
1
0
0

3.4. Result for the Beads size of 3 µM, Concentration of
375.0 µg/ml µL of λDNA, Velocity of 100, 200, 300,
400, 500 and 600 for the Flow Rate (µL/Mins)
Table 4. Showing numbers of single and multiple tightropes formed at
different velocities, where the numbers of multiple strands reduces with
increase in velocity.
Tightropes/velocities
First image
Second image
Third image

100
Vel
1
1
0

200
Vel
1
1
1

300
Vel
3
2
2

400
Vel
2
2
2

500
Vel
1
1
1

600
Vel
1
1
0

Figure 5. Showing numbers multiple strands, there were no multiple strands
at the velocity of 100, 200 and 600.

The result obtained here is different from all the previous
conditions where there was no multiple strands on 100 µl/mins,
200 µl/mins, 500 µl/mins and 600 µl/mins velocity. DNA on the
surface surface of the floe cell was still observed at 100 µl/mins
and 200 µl/mins velocity but 100 µl/mins velocity had more DNA
on the surface. Multiples strands was observed at 300 µl/mins and

Figure 6. Some of the multiples strand tightropes from different velocities
picked at random. Where multiple strands as seen at 300 and 400 velocity.

The result obtained is similar to the previous condition but few
tightrope where formed her in general compared to the previous
one. DNA on the surface was observed at 100 µl/mins and 200
µl/mins velocity of flow rate, but 100 µl/mins had more DNA on
the surface. 100 velocity did not have many tightrope only one,
most of the DNA was seen at the surface of the flow cell. 200
µl/mins velocity had more tightropes than 100 µl/mins and it still
had DNA on the surface of the tightrope. At 300 µl/mins and 400
µl/mins there where more DNA tightrope and some multiples
tightrope but the still less compared to the previous conditions. At
500 µl/mins and 600 µl/mins, there was also no DNA on the
surface and no multiples strands of tightrope. Generally the
numbers or amount of tight ropes formed at this condition was
less generally compared to all the conditions.
3.6. Result for the Beads Size of 3µM, Concentration of
375.0 µg/ml of λDNA, Velocity of 100 µl/Mins, 200
µl/Mins, 300 µl/Mins, 400 µl/Mins, 500 µl/Mins and
600 µl/Mins for the Flow Rate Where all the Velocities
Were Performed for 15 Minutes
Table 6. Showing numbers of multiple strands and single strand image
tightrope formed after imagining, where the numbers of multiple strands
reduces with increase in velocity.
Tightropes/velocities
First image
Second image
Third image

100
Vel
1
1
0

200
Vel
1
1
1

300
Vel
1
1
1

400
Vel
1
1
1

500
Vel
1
1
1

600
Vel
1
1
0
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reported here. DNA tightropes makes manipulations of DNA
easier to be view while carry molecular studies such as DNA
repairs, cancer studies, studying some specific sites and
DNA-protein interaction. DNA tightropes provide an
environment which allows DNA to be viewed holistically by
powerful visualization tools.
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