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Abstract 
 
In this report research is described to investigate the possibility to apply Tethered Particle Motion 
(TPM) in an immunoassay. A magnetic particle binds a target molecule in a sandwich assay, where the 
magnetic particle and the target molecule bind via a biotin streptavidin bond and the target molecule 
binds to a surface with an antigen-antibody bond. The target molecule in this project is a 120 base 
pairs DNA strand functionalized with a biotin group on one end and a Texas Red group on the other. 
The magnetic particles serve as a label for target molecules that are too small to detect directly, and 
by analysing the motion pattern of a magnetic particle there can be distinct between specific and non-
specific bonds, where non-specific bonds are able to form even without target molecules.  
The magnetic particles used are MyOne Dynabeads and Microparticles which are superparamagnetic 
beads, used to capture and transport the target molecules. These particles of 1.05 𝜇m and 536 nm, 
respectively, can be detected directly using Dark Field microscopy.  
The parameters investigated to get the highest ratio of single tethered particles over the total amount 
of particles are the amount of antibodies on the surface, the amount of DNA tethers per particles, the 
wash buffer and the magnetic particle size and surface roughness. Anti-Texas Red antibody 
concentrations have an optimum at an 40 – 200 ng/mL antibody concentration. The amount of DNA 
tethers per bead has an optimum at (10 ± 3)∙ 102 DNA tethers per bead. 
BSA in the wash buffer has a positive effect for both the Microparticles and the MyOne Dynabeads as 
it comes to the ratio of single tethered particle motion, as is seen qualitatively for the Microparticles 
and is quantitatively determined for the MyOne Dynabeads. The percentage of single tethered 
particles without BSA in the wash buffer is for the MyOne Dynabeads (30 ± 3) % while with BSA in the 
wash buffer a maximum percentage of (54 ± 2) % is found. For the BSA wash buffer the total amount 
of particles shows a pattern where surprisingly enough the total amount of particles has a peak around 
an antibody concentration of 5,000 ng/mL, and seems to level off after that.  
The Microparticles however are not able to bind DNA. The supernatant assay confirms that and the 
influence of particle size and roughness is still not known but can be investigated if other smooth 
particles are available that do bind DNA. 
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1 Introduction 
 
Diabetics regularly have to check the glucose concentrations in their blood. Nowadays there are 
glucose meters available that only need a single drop of blood to determine the glucose concentration. 
A glucose meter is an example of a ‘point-of-care’ biosensor, which has to be able to detect the target 
molecule in a matter of minutes or faster, with reliable results and can be used by patients at home. 
Point-of-care biosensors can then be used to speed up and simplify treatments or diagnoses, or 
prevent having to pay a visit to the hospital. The concentration in which certain molecules are present 
in the blood is of interest, but a lot of molecules in the blood are present at a much lower concentration 
than glucose and are too small to detect directly. 
Because of the small size of these molecules it is advantageous to link those so-called target molecules 
to a fluorescent dye for instance, or in this project a micrometre sized magnetic particle. Magnetic 
particles have as advantage that they can be transported easily. The target molecules in this assay are 
DNA strands functionalized with a biotin group at one end of the strand and with a Texas Red group at 
the other. The magnetic particles used are coated with streptavidin, which has a high affinity for biotin. 
This makes it possible to capture the target molecule in a sandwich assay in which the DNA is 
sandwiched between an antibody (anti-Texas Red) on a detection surface and the streptavidin on the 
magnetic particle, which serves as a label. The label molecule can be detected and by analysing the 
Tethered Particle Motion pattern of the magnetic particle distinction can be made between specific 
binding and non-specific binding, where in the latter case the label molecule is bound to the surface 
but not by a single DNA tether.  
In this project the motion patterns of the magnetic particles bound to the substrate by a DNA tether 
are investigated to distinct between specific and non-specific bonds. The influence of the amount of 
DNA per particle and the amount of antibodies on the detection surface, and also two particles with 
distinct differences in surface roughness and size are investigated. The goal of the experiment is to get 
a high as possible ratio of specific bindings. 
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2 Theory 
 

2.1 Superparamagnetic beads 
The magnetic particles used in this study are superparamagnetic beads. The Dynabeads MyOne 
Streptavidin C1 from Invitrogen (1.05 𝜇m) and Microparticles 536 nm from Microparticles GmbH 
consist of multiple magnetic grains inside a polymer matrix. For the MyOne Dynabeads the grains have 
a size of 5 - 15 nm, and due to this small size, the magnetic moment of these grains can flip randomly 
between orientations, due to thermal energy. This means the grains do not have a net magnetic 
moment until a magnetic field is applied which then results in a net magnetization [1]. This makes that 
the beads can be used for efficient transport and as labels for detection, among others. SEM images 
of the MyOne Dynabeads and the Microparticles are shown in figure 1. MyOne Dynabeads are often 
used in literature and have a rough surface. Microparticles are chosen in this project to investigate the 
influence of surface roughness because Microparticles have a smoother surface. 

 

 

 

 
 

 

 

 
  

Figure 1: MyOne Dynabeads (top row) and Microparticles (bottom row).  

2.2 Brownian motion 
Small particles in a fluid show Brownian motion, an irregular and random motion due to the thermal 
energy. The random motion is caused by collisions with fluid molecules. For the Brownian motion of a 
spherical particle the root mean square of the displacement in any direction is given by equation 1: 
 

     < 𝑥 >= √(2𝑡𝑘𝐵𝑇)/(6𝜋𝜂𝑟)                                       (1) 
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Where 𝑡 is the time in seconds, 𝑘𝐵 is the Boltzmann constant, 𝑇 is the absolute temperature in Kelvin, 
𝜂 is the viscosity of the liquid containing the particles and 𝑟 is the radius of the spherical particle. The 
assumption is made that the viscosity of the liquid containing the particles is equal to that of water at 
room temperature. For a time of 5 ms this means the root mean square of the displacement for a 1.05 
𝜇m particle is approximately 1 nm and for a 536 nm particle 1.4 nm.  
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3 Materials and methods 
 

3.1 Dark field microscopy 
The tethered particle motion experiments were performed using dark field microscopy. Dark field 
microscopy is a technique where the direct light form a source (zeroth order) towards the specimen is 
blocked, by a central placed opaque light stop. The principle is shown in figure 2.  
 

 
Figure 2: The central light stop is placed before a condenser, which be nds the light so it 

falls on the sample from oblique angles (from all azimuths). The diffracted light of the 

sample falls on the objective.  

This technique is used to enhance contrast in specimens. After the direct light has been blocked by the 
opaque light stop, light passes through the condenser, allowing only oblique rays to reach the 
specimen. Light coming from all azimuths is diffracted, refracted, and reflected into the objective and 
the result is a bright image of the specimen, on a dark background [2,3]. 
The positions of the particles were tracked with sub-pixel precision, using a centre of mass localization 
method by measuring the intensity of each pixel. The accuracy depends on the number of photons 
falling on each pixel, with one over the square root of the number of photons. A number of particles 
under the microscope using dark field illumination are shown in figure 3. 
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Figure 3: Dark field image of three particles. 

For the assay there has to be taken into account that when a particle moves very slow and thus not 
far, the displacement of the particle still has to be tracked, so a high resolution is needed. Furthermore, 
if a particle moves very fast, enough frames per second are needed so no motion of the particles is 
missed, while on the other hand the total tracking time has to be long enough, so a realistic motion 
pattern of the particle can be analysed. In this study 1,800 frames were taken with 30 fps, resulting in 
a recording time of 60 seconds. The images consist of 512x512 pixels and each pixel has a size of 
810x810 nm2 which gives a Field Of View (FOV) of about 0.4x0.4 mm2. A 20x objective was used in 
combination with an Andor EMCCD camera. Video recording software is Andor Solis. 
 

3.2 Materials used 
The buffers used in the experiments were phosphate buffered saline (PBS) buffer, PBS buffer with 
Bovine Serum Albumin (BSA) 1% (w/v) added (referred to as block buffer or BSA 1% buffer), a wash 
buffer consisting out of PBS and a Tris EDTA (TE) buffer used for dilution of DNA. For a latter experiment 
there was also Tween-20 0.01% added to both a PBS buffer and a PBS + BSA 1% buffer. Glass coverslips 
were used to put the 23 µL fluid cell wells on and perform the experiment under the microscope with. 
The DNA consists of 120 base pairs with an approximate length of 40 nm. The DNA stock solution has 
a 100 nM concentration. Anti-Texas Red antibody stock solution has a 1 mg/mL concentration. Two 
types of particles are used: Dynabeads® MyOne Streptavidin C1 from Invitrogen, and Microparticles 
from Microparticles GmbH. The MyOne’s are monodisperse in size with an average diameter of 1.05 
µm and a coefficient of variation of max 3% [4]. The Microparticles have an average diameter of 536 
nm with a coefficient of variation of 4.5% [5]. 
 

3.3 Protocol 
The standard protocol can be seen in Appendix A1. The protocol used in the experiments is elaborated 
in this section. A fluid cell well is incubated with antibodies and flushed with PBS to wash away any 
antibodies not bound to the surface. After the antibody incubation step the fluid cell well is incubated 
with BSA 1% block buffer and again flushed with PBS to flush away any BSA not bound to the surface. 
Simultaneously particles are functionalized with DNA and magnetically washed to remove any 
unbound DNA form the supernatant. The particles functionalized with DNA are incubated in the fluid 
cell well for 5 minutes to be able to form antigen-antibody bonds. After the 5 minutes the fluid cell 
well is taped off and cleaned and the experiment under the microscope is performed. 
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The glass coverslips were cleaned by submerging them in acetone for 10 minutes in a sonic bath 
(Ultrasonic Bath Branson 1510), dry blowing them with nitrogen, and repeating this for isopropyl 
alcohol and methanol instead of acetone. After cleaning the glass coverslips were kept in a glass box 
in vacuum. 
The fluid cell wells attach to the glass coverslips. The DNA was stored at -18° Celsius, just as the anti-
Texas Red antibodies. From both a 1.5 µL eppendorf tube, referred to as epp, containing 10 µL 100 nM 
DNA and 10 µL 1 mg/mL antibodies, respectively, were thawed and with a centrifuge (MiniSpin 
eppendorf) were centrifuged so all fluid collects at the bottom of the tube.  
The antibodies are diluted with PBS buffer, the DNA diluted with TE buffer. The chosen dilutions of the 
DNA are then mixed 1:1 with stock solution superparamagnetic particles. The dilutions of the DNA and 
antibodies are shown in table 1. 
 
Table 1: Overview of DNA and antibody concentrations used.  

DNA concentrations (nM) Antibody concentrations (ng/mL) 

0 0 

0.16 8 

0.8 40 

4 200 

20 1000 

100 5000 

 
The DNA with particles solution are incubated on a rotating fin (VWR Tube Rotator) for 60 minutes. 
During the incubation the fluid cell wells are prepared. The first step is to incubate the antibodies on 
the fluid cell wells by inserting 25 µL of the incubation concentration of antibodies, this was left to 
incubate for an hour as well. During the incubation of the particles and the antibodies the BSA 1% block 
buffer could be prepared. After incubation of the magnetic particles with the DNA 180 µL PBS buffer 
(called the wash buffer) is added, the particles functionalized with DNA were then magnetically 
separated from the supernatant. Next, the particles were redispersed with 200 µL wash buffer and 
transferred into a protein low bind epp. The particles were washed twice again the same way such that 
all the DNA that did not bind to the particles was washed out. After the washing steps, 1,000 µL PBS 
was added bringing the total volume to 1,200 µL and the particles were kept at the rotating fin until 
they were used, to prevent sedimentation. After one hour incubation of the antibodies the fluid cell 
well was flushed with 1,000 µL PBS, after which 25 µL of the BSA 1% block buffer was placed. The block 
buffer was left to incubate for 5 minutes and was then flushed with 1,000 µL PBS. At this point 25 µL 
of the particles functionalized with DNA was incubated. The fluid cell wells were taped off and after 5 
minutes of incubation, the whole was turned upside down, letting all non- or weakly bound particles 
sediment. The glass object was cleaned in the meantime and after 10 to 30 minutes the experiment 
under the Nikon Ti Confocal Microscope started. After every dilution step and just before diluting and 
incubating the solution in particular was vortexed (VWR Analog Vortex Mixer/Mixer Mini Vortex) to 
assure an even distribution in the solution. 
 

3.4 Number of beads, antibodies and DNA  
An estimation of the average number of beads, antibodies and DNA per fluid cell well and per bead is 
made, together with the assumptions made in each case. The fluid cell well has an area of (52 ± 2) 
mm2.  
 

3.4.1 Antibody surface coverage 
The antibodies used on the surface of the fluid cell well were anti-Texas Red, rabbit IgG fraction 

supplied by Molecular Probes. An IgG antibody has a weight of approximately 150 kDA or 1.5∙ 105 
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g/mole. The anti-Texas Red stock solution had a concentration of 1 mg/mL as mentioned in the 
previous section. One mole contains 𝑁𝐴 = 6.02∙ 1023 molecules. The assumption is made that of all 
antibodies incubated, half is situated at the bottom half of the fluid cell well, and the other half at the 
top. The numbers of antibodies are estimated per fluid cell well per concentration. 
 
Table 2: Estimated number of antibodies on the bottom surface of a fluid cell well (the 

fluid cell well can contain 23 µL) for every antibody concentration.  

Antibody concentration 
(ng/mL) 

Estimated number of 
antibodies on the bottom 
surface of a fluid cell well (23 
µL) 

Average number of antibodies 
per 𝜇m2 

0 0 0 

8 (4 ± 4) ∙ 108 7 ± 1 

40 (19 ± 2) ∙ 108 35 ± 4 

200 (9 ± 1) ∙ 109 (18 ± 2) ∙ 101 

1,000 (46 ± 5) ∙ 109 (89 ± 9) ∙ 101 

5,000 (23 ± 2) ∙ 1010 (44 ± 4) ∙ 102 

10,000 (46 ± 5) ∙ 1010 (89 ± 9)∙ 102 

25,000 (12 ± 1) ∙ 1011 (22 ± 2) ∙ 103 

50,000 (23 ± 2) ∙ 1011 (44 ± 4) ∙ 103 

100,000 (46 ± 5) ∙ 1011 (89 ± 9) ∙ 103 

 

3.4.2 Particles per fluid cell well 

The MyOne Dynabeads stock solution had a concentration of (7-12) ∙ 109 beads/mL, so we use the 
average to continue, giving (10 ± 3) ∙ 106 beads per 𝜇L. The MyOne Dynabeads are mixed 1:1 with a 
certain concentration DNA, giving (10 ± 3) ∙ 107 beads in a 20 µL solution. The beads are washed 
magnetically 3 times, the assumption is made (since the beads are superparamagnetic) that none of 
the beads are washed out. The beads are then eventually redispersed in 1,200 µL PBS, which means 
the (10 ± 3) ∙ 107 beads are in a 1,200 µL solution. Of that solution 23 µL was placed in the fluid cell 
well, and the assumption was made that the beads were uniformly distributed through the 1,200 µL 
after vortexing the beads with the VWR Analog Vortex Mixer/Mixer Mini Vortex. Taking into account 

the variation of beads in the stock solution this comes down to (18 ± 5) ∙ 105 MyOne Dynabeads per 
fluid cell well of 23 µL. The concentration of Microparticles in the stock solution is not known, so under 
the assumption that the density of the solution is the same for both the MyOne’s and the 
Microparticles, the number of particles is the same as the number of MyOne beads, times a factor 

(𝑟𝑚𝑦𝑜𝑛𝑒
3 /𝑟𝑚𝑖𝑐𝑟𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒

3 ) which comes down to a factor 7.5 or (14 ± 4) ∙ 106 Microparticles per fluid cell 

well of 23 µL. 
 

3.4.3 Bead surface coverage 

The DNA stock solution has a concentration of 100 nM = 100 ∙ 10−9 mole/L. Thus a 1 nM concentration 
has 1∙ 10−9 ∙ 6.02∙ 1023 ∙ 10∙ 10−6 DNA tethers per 10 µL, which were mixed with the beads. The 
amount of DNA tethers per bead is then estimated while using the mean value calculated in the 
previous section, so (10 ± 3)∙ 107 beads in 10 µL. The maximum amount of DNA tethers on average 
available per bead are shown in table 3. This is the average number of DNA tethers when all DNA binds 
to the beads therefore it is called the maximum average amount. 
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Table 3: Maximum average number of DNA tethers per bead for every DNA concentration 

used. 

DNA concentration (nM) Estimated number of DNA 
tethers per MyOne bead 

Estimated number of DNA 
tethers per Microparticle 

0 0 0 

0.16 10 ± 3 1.4 ± 0.4 

0.8 (5 ± 1) ∙ 101 7 ± 2 

4 (25 ± 7) ∙ 101 34 ± 9 

20 (13 ± 3) ∙ 102 (17 ± 4) ∙ 101 

100 (6 ± 2) ∙ 103 (8 ± 2) ∙ 102 

 

3.5 Supernatant assay 
The average amount of DNA tethers available per particle has been calculated in the previous section. 
To quantitatively determine how much of the DNA actually bound to the MyOne’s and Microparticles 
a supernatant assay was performed. The MyOne’s and Microparticles were washed 3 times and the 
supernatant was replaced with TE buffer, so there were as little as possible dust particles. There was a 
calibration set of DNA in TE buffer with DNA concentrations from 0.16 to 20 nM with one negative 
control (just TE buffer), which are mixed 1:1 with Quant-iT PicoGreen, a double stranded DNA 
intercalating dye, in a solution of 25 µL PicoGreen with 4,975 µL TE buffer. The MyOne’s and 
Microparticles were mixed 1:1 with DNA concentrations just like in the DNA series, and left to incubate 
for an hour. After this hour, the supernatant was separated from the magnetic particles and mixed 1:1 
with Quant-iT PicoGreen. The mixing with PicoGreen was done only several minutes before the 
measurement with the fluorescence spectrometer, of which the settings for this assay are shown in 
Appendix A5. The dilution series were measured from low to high concentrations. Before every series 
of measurements the cuvette was rinsed with 200 𝜇L TE buffer, the measurements were performed 
from low to high concentrations (during these measurements the cuvette was not rinsed, because if 
there is 1 𝜇L of the last concentration left in the cuvette it is more representative than 1 𝜇L TE buffer), 
and after every 10 nM DNA concentration the cuvette was rinsed again with TE buffer. For every 
concentration 3 curves are taken. 
Both the MyOne Dynabeads and the Microparticles were mixed 1:1 with DNA concentrations of 0.8, 4 
and 20 nM, and also a negative control was done in which the particles were mixed 1:1 with TE buffer. 
The samples with different DNA concentrations were incubated for an hour, just like in the 
experiments. After one hour, the particles were magnetically separated from the supernatant. If the 
DNA binds via the biotin group to the streptavidin coating of the particles then there is less DNA in the 
supernatant and a decrease in fluorescence intensity should be seen. 
   

3.6 Analysing tethered particle motion 
A Matlab script was used to analyse the microscope images and determine the total amount of 
particles and the amount of single tethered particles by their motion pattern, given in Appendix A8. 
Each individual particle is tracked over time with 1,800 frames, and from these frames all locations are 
analysed, as shown in figure 4.  
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Figure 4: Locations of a single particle in time. From these positions the minor and major 

axis amplitude and the symmetry are obtained. 

Here, symmetry value 1.0 means the motion amplitude of the minor axis is exactly the size of that of 
the major axis, which would be a perfect circle. The lower the symmetry value (which has to be 
between zero and one per definition), the bigger the ratio between the minor and major axes. The 
software tracks all particles from each microscope image. For each separate particle it obtains the 
minor and major axis length and symmetry, and shows the motion patterns in a graph as shown in 
figure 5.  

 
Figure 5: Motion patterns of multiple particles arranged in rows and columns.  

Now the minor and major axis motion and symmetry of each individual particle is known and is plotted 
in a motion distribution plot as shown in figure 6. 
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Figure 6: Example of a motion distribution plot in which the symmetry is plotted against 

the minor amplitude motion.  

In figure 6 a box can be seen for a minor axis motion amplitude value between 50 and 175 nm and a 
symmetry in the motion pattern of over 0.75, which are the criteria for a particle to be assessed as 
being tethered via a single DNA tether. By counting the amount of particles with these values of minor 
motion amplitude and symmetry the amount of single tethered particles is determined. 
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4 Results & discussion 
 

4.1 Introduction 
The first experiments are the anti-Texas Red antibody and DNA series for the MyOne Dynabeads in 
sections 4.2 and 4.3, respectively, to see if there is an optimum in the amount of antibodies on the 
surface and in the amount of DNA tethers per bead. The wash buffer in these experiments consists of 
PBS. BSA is meant to prevent non-specific interactions so the influence of BSA in the wash buffer is 
investigated in sections 4.4 and 4.5 to see if it has an effect on the percentage of particles being single 
tethered and if the optimum in the amount of antibodies on the surface changes. After the MyOne 
experiments we move to the Microparticles and would start with the antibody series, but since there 
was clustering of the Microparticles first a series of different wash buffers and sonication methods are 
tested in section 4.6 to avoid clustering. For different combinations of wash buffer and sonication 
method the antibody series for the Microparticles are performed in section 4.7, after which in section 
4.8 a supernatant assay is done to quantitatively determine the amount of DNA bound by the MyOne 
Dynabeads and Microparticles.  
 

4.2 Antibody series for the MyOne Dynabeads 
Anti-Texas Red antibody concentrations are varied from 0 – 5,000 ng/mL with the DNA concentration 
fixed at 20 nM, where the 0 ng/mL antibody concentration is the negative control. MyOne Dynabeads 
bead concentration is fixed and BSA 1% surface preparation followed according to protocol. The exact 
numbers of the total amount of particles, the single tethered particles and their ratio are shown in 
Appendix A7. The experiment with antibody concentrations varying from 0 – 5000 ng/mL was 
performed two times, the second time with new MyOne beads. There are no other parameters 
changed so results should be consistent with results found in the first series. The total amount of 
particles and the amount of single tethered particles are shown in figure 7. 

-1 0 10 100 1000 10000

-250

0

250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

 Total amount of particles

 Total amount of new particles 

 Single tethered particles

 Single tethered new particles

Antibody concentration (ng/ml)

T
o
ta

l 
a
m

o
u
n
t 
o
f 
p
a
rt

ic
le

s

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

S
in

g
le

 t
e
th

e
re

d
 p

a
rt

ic
le

s

 
Figure 7: The total amount of particles and amount of single tethe red particles against 

antibody concentrations varying from 0 – 5,000 ng/mL, for the (new) MyOne Dynabeads.  

From this figure it can be seen that the total amount of particles keeps increasing for increasing 
antibody concentration, for both the old en new MyOne Dynabeads. At the 0 ng/mL antibody 
concentration there are particles bound to the surface where the surface is only covered with BSA, 
thus without any antibodies, so the MyOne bead, its streptavidin coating or the DNA strand with Texas-
Red is able to non-specifically bind to either the uncovered surface of the glass slide itself or to the 
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covering BSA, possibly due to their surface roughness. The amount of single tethered particles has a 
peak at the 40 ng/mL and possibly also at the 200 ng/mL antibody concentration, and the amount 
decreases after this antibody concentration, except for the 5,000 ng/mL concentration for the new 
MyOne Dynabeads. From this it can be concluded that more antibodies on the surface makes that 
more particles are bound, but at antibody concentrations higher than 40 ng/mL, the amount of 
tethered particles decreases, meaning there are most likely multiple DNA tethers per bead formed. 
Also, at the 0 ng/mL antibody concentration there seem to be particles making tethered-like particle 
motion, while in reality that cannot be the case. The ratio of single tethered particles over the total 
amount of particles is shown in figure 8. 
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Figure 8: The percentage of single tethered particles against antibody concentrati ons 

varying from 0 – 5,000 ng/mL, for the (new) MyOne Dynabeads.  

The ratio of single tethered particles over the total amount of particles is clearly highest at the 40 
ng/mL antibody concentration, and is about 20%. The 0 ng/mL antibody concentration shows a high 
ratio as well due to particles making tethered-like particle motion. Because figure 6 indicates that for 
higher antibody concentrations than 40 ng/mL there are multiple bonds formed and thus less single 
tethered particles, this is the concentration the DNA series will be performed with. The motion 
distribution plot of the 40 ng/mL antibody concentration for the new MyOne Dynabeads is shown in 
figure 9. 
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Figure 9: The motion distribution plot of the 40 ng/ mL antibody concentration for the 

new MyOne Dynabeads. 

4.3 DNA series for the MyOne Dynabeads 
DNA concentrations varying between 0-100 nM are used to test the influence of DNA concentration 
on the total amount of MyOne Dynabeads, the number of single tethered particles and their ratio. The 
0 nM was the negative control. An anti-Texas Red antibody concentration of 40 ng/mL was used, 
because this antibody concentration showed the best results in the antibody concentration series. 
MyOne bead concentration is fixed and BSA 1% block buffer surface preparation followed according 
to protocol. The exact numbers of the total amount of particles, the single tethered particles and their 
ratio are shown in Appendix A7. Something did not go as expected in the first DNA series, for at the 20 
nM DNA concentration one would expect the same results as for the 40 ng/mL antibody concentration 
experiments, which is obviously not the case since in this experiment there were no particles detected 
as being tethered as is shown in figure 10. 
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Figure 10: The total amount of particles and amount of single tethered particles against 

DNA concentrations varying from 0 – 100 nM, for the new MyOne Dynabeads.  
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Instead all particles detected at the 20 and 100 nM DNA concentration of the first series have a very 
small minor and major amplitude motion (major amplitude motion around 50 nm, and under 110 nm), 
meaning the particles did not move far enough from their centre position to be marked as tethered 
particles. This indicates the particles are non-specific bound to the BSA, antibodies or the glass object 
itself, however not via a single DNA tether, but via either multiple DNA tethers, the streptavidin coating 
or the particle itself, or a combination of these. Changing the way the background correction is 
calculated did not have any influence, so this is most likely a human error. The 100 nM measurement 
however was taken from a different DNA sample, so there is a chance this measurement did not go 
wrong. In the 100 nM DNA concentration there are no particles marked as tethered. This could be 
possible because in this case there are (on average) a factor 5 more DNA tethers available per bead 
than in the 20 nM DNA concentration. Therefore it could be that each bead has multiple tethers 
attached to it and multiple tethers stuck or bound to the surface, the antibodies or to the BSA, causing 
it to have a short minor (and major) axis motion. 
 
The second DNA concentration series does show the expected behaviour, as is shows comparable 
results to the 40 ng/mL antibody concentration at 20 nM DNA concentration, which had ratios of 16,9% 
and 21.1%, and 120 and 76 tethered particles, respectively. Figure 10 shows an increase in the total 
amount of particles as well as the amount of single tethered particles with increasing DNA 
concentrations. The ratio of the amount of single tethered particles over the total amount of particles 
is shown in figure 11, for series 2 only. 
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Figure 11: The percentage of single tethered particles and total amount of particles 

against DNA concentrations varying from 0 – 100 nM, for the new MyOne Dynabeads.  

However there are more particles in total at the 100 nM concentration and also more particles single 
tethered, the ratio of tethered particles is highest at the 20 nM concentration, as can be seen in figure 
11. This indicates that for higher DNA concentrations there are more particles bound to the surface via 
DNA tethers, but when the DNA concentration becomes higher than 20 nM there begin to form 
multiple tethers per bead which confines the motion of the bead.  
The goal of the project is to investigate the ideal circumstances under which the highest ratio of 
tethered particles can be achieved, and therefore the DNA concentration of 20 nM is used in further 
experiments. The negative control, that is a 0 nM DNA concentration, shows that even without DNA 
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there are still particles able to non-specific bind to the surface, and of those particles 10.7% even show 
tethered-like particle motion. 
The motion distribution plot for the 20 nM DNA concentration at the fixed 40 ng/mL antibody 
concentration is shown in figure 12, which should be comparable to figure 7 since there are no 
parameters changed. In this experiment (30 ± 3)% of the total amount of particles were single tethered 
particles, as can be seen in Appendix A7. All motion distribution plots for the MyOne Dynabeads DNA 
series are shown in Appendix A3. 
 

 
Figure 12: The motion distribution plot of the 20 nM DNA concentration at a fixed 40 

ng/mL antibody concentration for the new MyOne Dynabeads.  

4.4 BSA wash buffer influence on MyOne Dynabeads 
In the protocol can be seen that after incubating the antibodies and flushing the fluid cell well, BSA 1% 
is incubated as block buffer, because BSA is supposed to prevent non-specific binding. In literature 
often BSA 1% is also used in the wash buffer, which is the buffer used to separate the magnetic particles 
functionalized with DNA from the supernatant, to remove unbound DNA tethers. The influence of the 
wash buffer, one consisting of PBS and one consisting of PBS with BSA 1% was therefore tested using 
the MyOne Dynabeads. The experiment was performed for a larger range of antibody concentrations 
than in the antibody series in case the BSA in the wash buffer affects the optimum antibody 
concentration for the highest ratio of single tethered particles. This led to the choice of antibody 
concentrations of 0 (negative control), 40, 5,000 and 100,000 ng/mL antibodies, of which the 0, 40 and 
5,000 ng/mL antibody concentrations with PBS wash buffer had already been tested for the MyOne’s. 
DNA concentration used was 20 nM, since this gave the best results for the highest ratio of single 
tethered particles. The exact numbers of the total amount of particles, the single tethered particles 
and their ratio, also compared with the same antibody concentrations from the antibody series, are 
shown in Appendix A7. The results of the BSA wash buffer experiments are shown in figures 13 and 14. 
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Figure 13: The total amount of particles  and amount of single tethered particles against 

antibody concentrations varying from 0 – 100,000 ng/mL, for the new MyOne 

Dynabeads, testing the influence of BSA in the wash buffer.  

With BSA in the wash buffer it can be seen that the highest amount of single tethered particles is at 
the 40 ng/mL antibody concentration, and furthermore the total amount of particles seems to 
decrease for the highest antibody concentration.  
In Appendix A7 it can be seen the results show agreement in the ratios for the 0, 40 and 5,000 ng/mL 
antibody concentrations for the MyOne Dynabeads where a wash buffer of PBS is used, because the 
ratios are within 3% of each other, in comparison to the antibody series. The absolute amount of 
particles however differ a factor 2 to 3. 
It also shows for every antibody concentration tested with a wash buffer containing BSA a decrease in 
the total amount of particles on the surface, but an increase in the ratio of single tethered particles 
over the total amount of particles. A remark should be made about the 100,000 ng/mL antibody 
concentration in combination with the wash buffer containing BSA, because in this case not all beads 
were tracked due to the fact part of the beads were out of focus on the video, due to the curvature of 
the fluid cell wells and the glass object. The locations of the beads for the 0 and 100,000 ng/mL 
concentration can be seen in Appendix A4, the latter for the wash buffer containing PBS and BSA 1%, 
of which part was out of focus. 
The results in figure 14 show that the wash buffer containing BSA 1% clearly influences the ratio of the 
single tethered particles over the total amount of particles. At each of the antibody concentrations an 
increase in the ratio can be seen of approximately a factor 2. There has to be taken into account that 
the 100,000 ng/mL antibody concentration in combination with the BSA 1% wash buffer did not include 
all the particles, and that for the 0 ng/mL antibody concentration in combination with the wash buffer 
with BSA 1% the ratio might not be representative because of the low amount of particles present at 
the surface.  



20 

 

-1 0 10 100 1000 10000 100000 1000000

0

10

20

30

40

50

60

 

 

 PBS

 BSA 1%

P
e
rc

e
n
ta

g
e
 o

f 
s
in

g
le

 t
e
th

e
re

d
 p

a
rt

ic
le

s

Antibody concentration (ng/ml)

 
Figure 14: The percentage of single tethered particles against antibody c oncentrations 

varying from 0 – 100,000 ng/mL, for the MyOne Dynabeads, investigating the influence 

of BSA 1% in the wash buffer.  

The antibody concentration at which the highest ratio of single tethered particles is found does not 
seem to change or does not change much when BSA 1% is added to the wash buffer. At the 40 ng/mL 
antibody concentration we now see a (54 ± 2)% percentage of single tethered particles, so adding BSA 
1% to the wash buffer does indeed seem to prevent non-specific binding. The motion distribution plots 
for the 40 ng/mL antibody concentration and 20 nM DNA concentration with and without BSA 1% in 
the wash buffer are shown in figure 15. 
 

  
 
Figure 15: The motion distribution plot of the 20 nM DNA concentration at a 40 ng/ mL 

antibody concentration for the new MyOne Dynabeads, with (left) and without (right) 

BSA 1% added to the wash buffer.  
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4.5 BSA wash buffer antibody series for MyOne Dynabeads  
Due to the high ratio of tethered particles found while using a BSA 1% wash buffer the MyOne 
Dynabeads antibody series were performed again while using this wash buffer, to see if it is possible 
to reproduce the high ratio of single tethered particles and to see if the optimum antibody 
concentration for the highest ratio did not shift. Antibody concentrations used varied from 0 – 100,000 
ng/mL. The numbers found for antibody series 1 and 2 can be seen in Appendix A7. The results from 
both series are compared with the BSA wash buffer influence series and shown in figures 16, 17 and 
18, showing the amount of single tethered particles, the total amount of particles and their ratio, 
respectively for all three series. The BSA wash buffer influence is called series 1 in the figures. 
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Figure 16: The amount of single tethered particles against antibody concentrations 

varying from 0 – 100,000 ng/mL, for the new MyOne Dynabeads, testing the influence 

of BSA 1% in the wash buffer.  

The amount of single tethered particles has an optimum between the 200 and 1,000 ng/mL antibody 
concentration for series 2 and 3. With a lower antibody concentration not enough tethers are formed 
and for a too high antibody concentration multiple tethers per bead are being formed, although this is 
not the case at the BSA wash buffer influence series (series 1). The number of tethered particles does 
not decrease to zero for the two or three highest antibody concentrations but remains roughly the 
same number, and is about the same number that was detected as being tethered-like at the negative 
control of 0 ng/mL antibodies. This leads to believe that in every experiment about the same number 
of particles are non-specifically bound but not tethered to the surface.  
The total amount of particles found in the series are shown in figure 17. All 3 series follow the same 
pattern for increasing antibody concentration. As was also seen at the antibody series up until 5,000 
ng/mL the total amount of particles increases. After this point however, for antibody concentrations 
of 10,000 ng/mL and higher the amount of total particles on the surface decreases again and seems to 
level off. This could also indicate that there are every experiment a number of particles bound to the 
surface that show tethered-like particle motion while that is not the case. 
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Figure 17: The total amount of particles against antibody concentrations varying from 0 

– 100,000 ng/mL, for the new MyOne Dynabeads, testing the influence of BSA 1% in the 

wash buffer.  

When looking at the ratios of the single tethered particles over the total amount of particles, shown in 
figure 18, it can be seen that the highest ratio is still at the 40 ng/mL antibody concentration, so using 
a wash buffer with BSA 1% added does not shift the optimum antibody concentration. Even for the 
highest antibody concentration were multiple tethers per bead are formed, there can still be particles 
showing single tethered particle motion which is also possible is multiple tethers are very close 
together. The 0 ng/mL antibody concentration shows a high ratio in every series, which is due to the 
low total amount of particles. Each FOV is analysed separately for the MyOne Dynabeads and is shown 
in Appendix A6. The motion distribution plots for the MyOne Dynabeads DNA series 2 are shown in 
Appendix A2. 
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Figure 18: The percentage of single tethered particles over the t otal amount of particles 

against antibody concentrations varying from 0 –  100,000 ng/mL, for the new MyOne 

Dynabeads, testing the influence of BSA 1% in the wash buffer.  



23 

 

When looking at antibody concentrations higher than 5,000 ng/mL a few common motion patterns 
can be distinct. The bead traces of a 50,000 ng/mL antibody concentration with BSA 1% in the wash 
buffer are shown in figure 19. The first motion pattern in the left bottom corner shows a single tethered 
motion pattern. The motion pattern in the top row, second from right is probably a particle tethered 
by multiple tethers, so that the motion pattern still has a high symmetry, but with the DNA tethers 
close together, so it also has some axis amplitude. Directly right and above the single tethered particle 
motion pattern are two dots, which indicate a particle being stuck by multiple tethers, not close 
together or such a high amount of tethers, which make the particle does not move at all. The motion 
pattern in the left row, second form the top, looks like a straight line, which indicates 2 or a low amount 
of multiple tethers on a particle between which the particle can still move in one direction.  
 

 
Figure 19: Characteristic bead traces for high antibody concentrations, in this case a 

50000 ng/mL antibody concentration with a wash buffer containing BSA 1%, for the 

MyOne Dynabeads.  

4.6 Effect of wash buffer and sonication on clustering of Microparticles  
The Microparticles have a smooth surface compared to the MyOne beads, so the first step is to 
investigate where the optimum antibody concentration is for the Microparticles. In the first 
experiment however it could be seen that the Microparticles formed clusters when incubated with 
DNA. To prevent this clustering an assay was performed investigating the influence of different wash 
buffers and sonication methods on cluster formation of Microparticles. The excursion of beads on 
identical DNA tethers is sensitive to (among others) the composition of the buffer used, which also 
affects confined diffusion [6]. The influence on cluster formation of Microparticles was tested using six 
different buffers, which consisted of just PBS, PBS with one weight percent BSA added, and PBS with 
0.1 weight percent BSA added, as well as all three buffers with 0.01% Tween-20 added. It was shown 
by Dunlap et al. [6] that with 0.5% Tween-20 added, the excursion of the beads was significantly 
reduced for the entire range of DNA tether lengths tested. Only the influence of 0.01% Tween-20 was 
tested. Also, BSA is meant to prevent non-specific binding, but it is suspected to be able to bind to the 
particle or the Texas-Red, so the choice of the BSA concentrations were chosen to be 1% and 0.1%. 
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Table 4: Results of clustering assay for the Microparticles.  

 SF SB, RF 

PBS 
PBS + BSA 0.1% 
PBS + Tw-20 
PBS + BSA 0.1% + Tw-20 
PBS + BSA 1% + Tw-20 

Big clusters Small clusters 

PBS + Tw-20 Least amount of clusters, 
clusters that are present are 
small 

Small  clusters 

 
DNA tethers and Microparticles were functionalized according to protocol (Appendix A1) and the six 
different buffers were used to magnetically wash the functionalized Microparticles. After the magnetic 
wash steps and before incubating, the functionalized Microparticles in buffer were treated with either 
a sonicator with probe (Hielscher ultrasound technology UIS 250V), referred to as sonic finger, or in a 
sonic bath (Ultrasonic bath Branson 1510), to investigate the influence of sonication of cluster 
formation. There was a third control group which was not treated with a sonication method, but was 
kept on a rotating fin to prevent sedimentation. Images were taken at ten different positions in a fluid 
cell well corresponding to a particular combination of buffer and sonication method, and a five second 
video was made to be able to determine whether or not the Microparticles still moved or not. 
In these series of experiments no antibodies were used, because the goal of this experiment was to 
assess the degree of cluster formation for different buffers and sonic cleaning methods. The DNA 
concentration was fixed at 20 nM, because this showed the best results (highest ratio of tethered 
particles) for the DNA concentrations used for the MyOne Dynabeads. 
It was qualitatively determined that when the wash buffer for the Microparticles did not contain BSA 
(1% or 0.1%), the particles did not show any motion anymore, at least not enough to be marked as 
tethered via a single tether. When using the rotating fin instead of one of the sonication methods, the 
clusters found consisted of about 3 to 6 particles, but no more than that. There were no distinct 
differences found between using BSA 1% or 0.1%. For the wash buffer consisting of PBS with 0.01% 
Tween-20 added and without BSA, in combination with the sonic finger as sonication method almost 
no clusters were observed at any of the ten positions. For the other wash buffers in combination with 
the sonic finger however, large clusters were observed, consisting of 10 to 15 particles. The sonic bath 
as sonication method showed the same results as the rotating fin, meaning no clusters of more than 3 
to 6 particles were observed. The goal of the experiment was to find a combination of wash buffer and 
sonication method to prevent the Microparticles from forming clusters, and therefore the combination 
of a wash buffer consisting of PBS with 0.01% Tween-20 added with the sonic probe as sonication 
method is chosen to perform the Microparticles antibody series with. Tween-20 is expected to prevent 
non-specific binding. 
 

4.7 Antibody series for the Microparticles 
Antibody concentrations varying from 0 – 5,000 ng/mL were tested with DNA fixed at 20 nM, where 
the 0 ng/mL is the negative control so these are the same antibody concentrations as for the MyOne 
Dynabeads. The numbers found for the antibody series can be seen in Appendix A7. Microparticles 
concentration is fixed and surface preparation with BSA followed according to protocol. In the first 
experiment a wash buffer consisting of PBS with 0.01% Tween is used and as sonication method the 
sonic finger, because this combination of wash buffer and sonication method gave the best results 
with respect to cluster formation in the clustering experiment with the Microparticles.  
The results of the first antibody series for the Microparticles in Appendix A7 show that with a wash 
buffer of PBS with Tween 0.01% and sonication method the sonic finger, a lot of particles stuck or 
bound to either uncovered surface, BSA on the surface, or antibodies. There are different possibilities 
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for the particle to non-specific bind to the surface. The particle could bound via the DNA tether to an 
antibody, or there could be any non-specific interaction between the Microparticle, its coating or the 
tether and the (un)covered surface. However, the Microparticles are less rough than the MyOne 
Dynabeads so it was assumed these were less likely to bind non-specific. These results show (almost) 
no Microparticles as being tethered via a single DNA tether, with the highest ratio of single tethered 
particles over the total amount of particles being 0.3%, at the 5,000 ng/mL antibody concentration. 
Also it is noticed that without any antibodies, there are still a lot of particles non-specific bound to the 
surface, where there were even 2 particles showing tethered-like motion. This implies that the DNA 
tether with its Texas Red group is able to bind or stick to BSA or uncovered surface, and given the 
number of particles tracked it could be quite an effective bond. There is however a possibility that 
something went wrong in the experiment, just like the previous time an experiment showed almost 
no tethered particles (first DNA series experiment for the MyOne Dynabeads). Therefore the 
experiment is reproduced, following the exact same protocol, with the same antibody concentrations, 
DNA concentration, wash buffer and sonication method.  
 
The second series shows approximately the same results as the first antibody series for the 
Microparticles. In Appendix A7, table 9 only one fifth of the generated data was analysed due to the 
large amount of data. For both series approximately the same total amount of particles is present at 
the antibody concentrations, even for the negative control group. Besides that the total number of 
single tethered particles and the ratio seem to go up at the 5,000 ng/mL concentration. The second 
experiment confirms that a wash buffer consisting of PBS with 0.01% Tween in combination with the 
sonic finger as sonication method is not an effective method to get Microparticles tethered via a single 
tether to an antibody.  
The experiment where the influence of different wash buffers in combination with different sonication 
methods on cluster formation was tested, showed (qualitatively) the best results (the least clusters 
and no clusters consisting of more than approximately 5 Microparticles) for the combination of the 
tested wash buffer (PBS with 0.01% Tween) and sonication method (sonic finger). However, in the 
video recorded for this particular combination could be seen that the Microparticles did not display 
any movement on the surface. This was the case for all six combinations of wash buffers with 
sonication methods, when the wash buffer did not contain BSA. This being the case, it was decided to 
use a wash buffer consisting of PBS with BSA 0.1% and without Tween-20, and as sonication method 
not the sonic finger, but the rotating fin. The rotating fin is in fact not a sonication method, but sort of 
a negative control group. The rotating fin prevents sedimentation of the Microparticles. This 
combination of wash buffer and ‘sonication’ method was chosen because this combination was used 
also in the MyOne Dynabeads antibody series, and therefore the 0.01% Tween was left out of the 
buffer. The only difference now is that the wash buffer contains 0.1% BSA (and instead of MyOne 
Dynabeads the Microparticles were used). In the experiment that tested the influence of combinations 
of wash buffers and sonication methods, there were wash buffers tested with PBS with either BSA 1% 
or BSA 0.1%. There were no differences in number or size of clusters visible (qualitatively), and because 
it is believed BSA might bind to the tether’s Texas Red group, the choice was made to use PBS with 
BSA 0.1%. 
 
A third antibody series is thus performed with the Microparticles, with the buffer consisting out of PBS 
(without Tween 0.01%) with BSA 0.1%. Also, the sonication method with the sonic finger was not used 
in contrast to the previous two experiments. This was done to be able to compare with the antibody 
series for the MyOne beads, because the only difference with those series is (except for the particles), 
the usage of BSA 0.1% in the wash buffer. The results of all antibody series for the Microparticles are 
shown in table 5.  
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Table 5: All antibody series performed for the Microparticles. The combination of wash 

buffer and sonication method used is shown in the left column.  

Sonication method: Sonic Finger 
Wash buffer: PBS + Tw-20 0.01% 
2 series 

Max percentage < 2% 
No in- or decrease in amount of total particles 
for varying antibody concentrations 

Sonication method: None, Rotating Fin used 
Wash buffer: PBS + BSA 0.1%  

Max 34 particles present, no in- or decrease in 
amount of particles for varying antibody 
concentrations 

Sonication method: None, Rotating Fin used 
Wash buffer: PBS + BSA 0.1%  
Up to 20x higher antibody concentrations 

no in- or decrease in amount of particles for 
varying antibody concentrations, same ratio at 
every concentration 

 
For the wash buffer consisting of PBS with 0.1% BSA, without sonication method (the rotating fin was 
used instead of the sonic finger) a very low amount of particles is present at the surface (2 orders of 
magnitude smaller) in comparison to the first 2 series for the Microparticles. The experiment testing 
the influence of combinations of wash buffers and sonication methods showed (qualitatively 
determined) almost no difference when Tween 0.01% was added (except for the combination PBS with 
Tween 0.01% with sonication method sonic finger), and the videos showed the Microparticles did not 
move when a wash buffer without BSA was used. The third experiment with BSA in the wash buffer 
shows there are tethered particles, yet it also shows again almost no difference between antibody 
concentrations and the negative control group. At the 5,000 ng/mL concentration there were more 
particles bound but not more particles tethered than at the other concentrations, however this is still 
in the same order of magnitude as for the other antibody concentrations in this experiment. 
 
Because of the low amount of particles it is possible there are not enough DNA tethers per bead or not 
enough antibodies present on the surface to bind. Therefore a fourth Microparticles antibody series is 
performed with higher concentrations of antibodies, ranging from 5,000-100,000 ng/mL antibodies, 
with a negative control of 0 ng/mL. In this fourth series the wash buffer consisting of PBS with BSA 
0.1% and without Tween was used, and the sonic finger sonication method was not used, as in the 
previous experiment (instead the rotating fin was used). The results are shown in Appendix A7, table 
11. At the 0 and 5,000 ng/mL concentrations approximately the same numbers are suspected as in 
series 3. The fourth series shows that the total amount of particles and single tethered particles are in 
the same range of magnitude for the 0 and 5,000 ng/mL antibody concentrations of the previous 
experiment. It however did not show the desired dose response curve, but showed again little 
difference between antibody concentrations separately and the negative control group. In fact, the 
negative control group even showed the highest ratio of single tethered particles which is not possible. 
In all Microparticles antibody series the DNA concentration was 20 nM. The motion distribution plots 
for the first, third and fourth series are shown in figure 20, which are the motion distributions of a 
series with a PBS + Tw-20 0.01% wash buffer in combination with sonic finger sonication method (left) 
for a 5,000 ng/mL antibody concentration, a series with a PBS + BSA 0.1% wash buffer in combination 
with the rotating fin for a 5,000 ng/mL antibody concentration (middle), and a series with a PBS + BSA 
0.1% wash buffer in combination with the rotating fin for a 50,000 ng/mL antibody concentration 
(right), respectively. 
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Figure 20: motion distributions of a series with a PBS + Tw-20 0.01% wash buffer in 

combination with sonic finger sonication method (left) for a 5 ,000 ng/mL antibody 

concentration, a series with a PBS + BSA 0.1% wash buffer in combination with the 

rotating fin for a 5,000 ng/mL antibody concentration (middle), and a series with a PBS 

+ BSA 0.1% wash buffer in combination with the rotating fin for a 50 ,000 ng/mL antibody 

concentration (right).  

 

4.8 Testing streptavidin biotin bond of Microparticles 
To assess how much of the DNA binds to the MyOne Dynabeads and the Microparticles, a supernatant 
assay is performed with a fluorescence spectrometer. In a supernatant assay the particles are 
functionalized with DNA following protocol. The functionalized particles are magnetically separated 
from the supernatant, and instead of the functionalized particles, the supernatant is used to determine 
how much DNA is present. When particles bind a large fraction of the DNA, that means a small fraction 
of DNA is left in the supernatant, and the other way around. A fluorescence spectrometer is able to 
measure the fluorescence intensity at a certain wavelength.  
PicoGreen double stranded DNA (dsDNA) quantitation reagent, which is a intercalating dye, is used to 
bound to the DNA. When PicoGreen binds to the DNA its green fluorescent colour starts to show. The 
intensity measured by the fluorescence spectrometer gives a measure for the concentration of DNA in 
a particular sample. First, there was a calibration measurement performed, as explained in section 3.5. 
The negative control in the calibration series was just TE buffer mixed with PicoGreen. In the whole 
experiment only one cuvette was used to perform all measurements.  
If the DNA binds via their biotin group to the streptavidin coating on the particles, then a decrease of 
fluorescence intensity in the supernatant should be seen. Before the measurements with the 
supernatant of either the MyOne’s or the Microparticles, a measurement with TE buffer containing 
PicoGreen was performed. All three calibration 0 nM measurements showed the same fluorescence 
intensity, which confirms that the rinsing with TE buffer is a good way to rinse the cuvette. In the 
measurement where the particles (of either MyOne’s or Microparticles) were mixed with just TE buffer 
there is no DNA for the PicoGreen to attach to, so it was assumed any differences in signal intensity, 
in comparison with the calibration 0 nM, are due to either dust or to beads still present in the solution. 
The assumption was made that in every supernatant of the MyOne Dynabeads and the Microparticles 
a number of beads were still present and that these beads made up for the small difference in 
fluorescence intensity measured, also because the three 0 nM calibration measurements performed 
before and between the particles measurements gave the same results. Therefore the average 
fluorescence intensities of the 0 nM measurements per series were subtracted to calculate the 
percentage of DNA bound to the particles.  
Figure 21 shows the calibration curve fitted and the points of the supernatant of both the 
Microparticles and the MyOne Dynabeads. The following power1 fit formula is used:  
  
     y =  A ∗ (abs(x − xc))^P,    (2) 
 
where A = 74 ± 4, xc = -0,11 ± 0,08 and P = 0,85 ± 0,02. 
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Figure 21: Fluorescence intensity at an emission wavelength of 530 nm against 

supernatant of DNA concentrations incubated without particles (calibration), with 

MyOne Dynabeads and with Microparticles. 

Figure 21 shows the calibration curve, and the points of the supernatant of both types of particles. The 
DNA concentration on the x-axis is the DNA concentration during incubation with the particles, so not 
the DNA concentration found in the supernatant. The fluorescence intensity of the MyOne Dynabeads 
supernatant is clearly lower than the intensity of the calibration curve, as can be seen at the 10 nM 
concentration, where the MyOne supernatant and the calibration curve have intensities of 116 a.u. 
and 526 a.u., respectively. This indicates the MyOne supernatant has a lower DNA concentration and 
thus that the MyOne’s do in fact bind DNA. The Microparticles’ supernatant however shows 
approximately the same intensities as the calibration curve, indicating the Microparticles do not 
(effectively) bind DNA. In table 6 the fluorescence intensities are shown. 
 
Table 6: Fluorescence intensities of the calibration measurement, the supernatant of 

both the MyOne Dynabeads and of the Microparticles, and percentage DNA bound per 

DNA concentration.  

DNA 
concentration 
(nM) 

Fluorescence 
intensity 
calibration 
(a.u.) 

Fluorescence 
intensity 
MyOne’s 
corrected 
(a.u.) 

Fluorescence 
intensity 
Microparticles 
corrected (a.u.) 

Percentage 
DNA bound  
MyOne’s 
(%) 

Percentage 
DNA bound 
Microparticles 
(%) 

0 14.9 ± 0,2 14.9 ± 0,1 14.9 ± 0,1 0 0 

0.4 42 ± 1 21.9 ± 0,2 32.4 ± 0,2 75 ± 1 35 ± 1  

2 139 ± 1 56 ± 1 125 ± 1 69 ± 1 10 ± 1  

10 526 ± 3 113 ± 2 503 ± 4 84 ± 1  6 ± 1  

 
The Fluorescence intensity MyOne’s corrected (a.u.) and Fluorescence intensity Microparticles 
corrected (a.u.) are shown in table 6. The fluorescence intensity at 0 nM was higher for the supernatant 
of the MyOne’s and the Microparticles than for the calibration 0nM. Because of this, the difference 
has been subtracted from the particles’ intensities, because it was assumed this extra intensity was 
due to particles still present in the supernatant, and it was assumed that in every supernatant there 
were approximately the same amount of particles present. For the corrected fluorescence intensities 
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the corresponding DNA concentrations were determined from the calibration fit, and with this the 
percentage of DNA bound was calculated. For the MyOne’s the percentage of DNA tethered was (76 
± 8) %, while for the Microparticles a percentage of (17 ± 16) % was found. The Microparticles have a 
large uncertainty because the percentage of DNA bound is so high at the 0.4 DNA concentration. When 
looking at table 6 however, it can be seen that the absolute difference in intensity between the 
calibration and the supernatant of the Microparticles is approximately 10-20 a.u. at each DNA 
concentration. Therefore the percentages of DNA bound at higher incubated DNA concentrations are 
more representative. 
The DNA itself is able to bind to the streptavidin coating of the particles via a biotin group, but it is not 
known what percentage of the DNA is in fact functionalized with biotin and what percentage is not 
functionalized at all. Perhaps approximately 76% of the DNA is functionalized with biotin, in which case 
almost all functionalized DNA bound to the MyOne’s. The MyOne Dynabeads are capable of binding 
DNA quite effectively during incubation as shown in figure 21 and table 6, but this is not the case for 
the Microparticles.  
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5 Conclusion  
 
We have used superparamagnetic particles as labels, bound to a substrate via a DNA tether. The ideal 
concentration of anti-Texas Red antibodies on the surface of the fluid cell well has been determined 
experimentally as being in the range of 40 – 200 ng/mL antibodies in a 23 µL fluid cell well. For the 
MyOne Dynabeads the ideal average amount of DNA tethers available per bead was about 1,260, on a 
bead of average diameter of 1.05 µm. From the supernatant assay followed that about 76% of the DNA 
binds to the MyOne Dynabeads, so a MyOne Dynabead has on average when 76% of the 1,260 
available DNA tethers are bound (10 ± 3)∙ 102 DNA tethers per bead. 
Furthermore it was found that BSA in the wash buffer does have a positive effect for both the 
Microparticles and the MyOne Dynabeads as it comes to tethered particle motion, as was seen 
qualitatively for the Microparticles and shown quantitatively for the MyOne Dynabeads. The 
percentage of single tethered particles without BSA in the wash buffer were for the MyOne Dynabeads 
(30 ± 3) % while with BSA in the wash buffer a maximum percentage of (54 ± 2) % is found. 
In the negative control of the MyOne Dynabeads antibody series at the 0 ng/mL antibody 
concentration there were consistently particles bound to the surface, so the MyOne bead, its 
streptavidin coating or the DNA strand with Texas Red is able to non-specifically bind to either the 
uncovered surface of the glass slide itself or to the covering BSA. 
What is striking, is that in the Microparticles experiment with a wash buffer consisting of PBS with 
0.01% Tween-20 in combination with the sonic finger, without any antibodies, there were still a lot of 
particles non-specifically bound to the surface, where there were even 2 particles classified as 
tethered. This implies that the Microparticles are able to non-specifically bind to BSA or uncovered 
surface since Microparticles do not effectively bind DNA, and given the number of particles tracked for 
the Microparticles it could be quite an effective bond.  
For the BSA wash buffer the total amount of particles does show a pattern, but surprisingly enough 
the total amount of particles also has a peak, around an antibody concentration of 5,000 ng/mL, and 
seems to level off after that. There is clearly shows an optimum for the ratio of single tethered particles 
over total amount of particles at an antibody concentration at or around 40 or even 200 ng/mL. 
The goal of the project was to investigate the differences in motion patterns between particles with 
differences in particle surface roughness and size. The Microparticles however are not able to bind 
DNA. The supernatant assay confirms that and this question is still unanswered but can be investigated 
if other smooth particles are available that do bind DNA. 
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Appendix A1 Standard protocol 
 

Buffers 

Uitgaande van [Ommering (2010)] 

Block buffer: 

(make on day of experiment, throw away at end of the day) 

Normal PBS  

 +  1% (w/v) BSA 

Wash buffer: 

PBS + Tween, without BSA 

DNA dilution buffer: 

TE buffer 

Antibody surface incubation buffer: 

PBS 

 + 125 µg/mL (~10-6 M) Abs 

Assay 

 Prepare all the buffers 

 Sample preparation 

 Clean glass coverslip 

o 3x 10 minutes in acetone, IPA, methanol in sonic bath 

 Attach the fluid cell wells 

 DNA and Ab in spin up until 5 rpm 

 Antibody concentration 

 Dilute antibodies (stock: 10 µL of 1 mg/mL concentration ) 

o Dilute 10 µL with 990 µL PBS (gives concentration 10 µg/mL)  

o Dilute 500 µL with 500 µL PBS ( 5000 ng/mL) 

o Dilute 200 µL with 800 µL PBS (1000 ng/mL) etc until 40 ng/mL 

 Particle functionalization 

 Dilute DNA 

o Stock DNA: 10 µL of 100 nM 

 Dilute 10 µL stock with 40 µL TE buffer (20 nM), 10 µL again with 40 µL (4 nM) etc until 0,16 nM 

 Mix Microparticles and DNA in a concentration ratio (1:10) 

o Mix 10 µL Microparticles with 10 µL DNA (x nM) on vortexer (on lowest possible level) 

 Incubate particles on the rotating fin for 60 minutes  ___:___   to  ___:___ 

 Fluid cell wells washing 

 (In case of DNA series; wait approx. 35 minutes after particles incubation; in case of Ab series, 

wait approx. 5 minutes) Insert 25 µL antibody fluid on sample surface 

 Incubate antibody fluid for 60 minutes at room temperature  ___:___   to  ___:___ 

 Block buffer realization 
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 Make BSA block buffer during incubation time 1% (w/v) 

 DNA + particles  magnetic washing  

 After 60 minutes, wash particles by magnetic separation 3x with PBS + Tween 200µL, over in 

protein ep after first wash (this takes about 35 minutes for DNA series, less for Ab series) 

 Add 1000 µL of PBS (keep in rotating fin until you have to use it) 

 Fluid cell wells BSA incubation 

 Flush 1 mL PBS through the fluid cell after 60 minutes incubation of the antibodies 

 Place 25 µL BSA block buffer  

 Incubate for 5 minutes at room temperature   ___:___   to  ___:___ 

 Flush with 1000 µL PBS  (see other side for next step) 

 Final incubation 

 *Sonic finger  

 Add 25 µL (DNA + particles) to fluid cell 

 Incubate 5 minutes (activated surface at bottom)   ___:___   to  ___:___ 

 Tape the fluid cell wells shut, turn upside down for 10 to 30 minutes, clean glass object in the 

meantime  

 Perform experiment under microscope 
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Appendix A2 Motion distribution plots for MyOne’s BSA wash buffer antibody series 2 
 
As example of symmetry versus motion amplitude plots here the series of the particle motion 
distribution for antibody concentrations of 0 - 8 - 100000 ng/mL for the MyOne Dynabeads, using a 
BSA 1% wash buffer, reproduced (second) series is shown. 
 

 
Figure 1: Particle motion distribution for 
antibody concentration of 0 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2. 
 

 

 
Figure 2: Particle motion distribution for 
antibody concentration of 8 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2.  

 

 
Figure 3: Particle motion distribution for 
antibody concentration of 40 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer , 
series 2. 

 

 
Figure 4: Particle motion distribution for 
antibody concentration of 200 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer , 
series 2.  
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Figure 5: Particle motion distribution for 
antibody concentration of 1 ,000 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2. 

 

 
Figure 6: Particle motion distribution for 
antibody concentration of 5 ,000 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2.  

 
Figure 7: Particle motion distribution for 
antibody concentration of 10,000 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2. 

 

 
Figure 8: Particle motion distribution for 
antibody concentration of 25,000 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2.  

 
Figure 9: Particle motion distribution for 
antibody concentration of 50,000 ng/mL, 
MyOne Dynabeads, BSA 1% wash buffer, 
series 2. 
 

 

 
Figure 10: Particle motion distribution 
for antibody concentration of 100,000 
ng/mL, MyOne Dynabeads, BSA 1% wash 
buffer, series 2.  
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Appendix A3 Motion distribution plots for MyOne’s DNA series 1 and 2 
Particle motion distribution for DNA concentrations of 0 – 100 nM, experiments for the MyOne 
Dynabeads. 
 

 
Figure 1: Particle motion distribution for 
DNA concentration of 0 nM, series 1.   
 

 
Figure 2: Particle motion distribution for 
DNA concentration of 0.16 nM, series 1. 

 

 
Figure 3: Particle motion distribution for 
DNA concentration of 0.8 nM, series 1.  

 
Figure 4: Particle motion distribution for 
DNA concentration of 4 nM, series 1.  
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Figure 5: Particle motion distribution for 
DNA concentration of 20 nM, series 1.  

 
Figure 6: Particle motion distribution for 
DNA concentration of 100 nM, series 1.  

 

 
Figure 7: Particle motion distribution for 
DNA concentration of 0 nM, series 2.  
 

 
Figure 8: Particle motion distribution for 
DNA concentration of 0.16 nM, series 2. 

 
Figure 9: Particle motion distribution for 
DNA concentration of 0.8 nM, series 2.  

 
Figure 10: Particle motion distribution 
for DNA concentration of 4 nM, series 2. 
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Figure 11: Particle motion distribution 
for DNA concentration of 20 nM, series 
2. 

 
Figure 12: Particle motion distribution 
for DNA concentration of 100 nM, series 
2. 
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Appendix A4 Bead locations  
 
Example of ShowBeadLocations, this particular image is from the experiment for testing the influence 
of wash buffer with(out) BSA 1% on the MyOne Dynabeads antibody series, this one for the 0 ng/mL 
antibody concentration for a wash buffer consisting of just PBS.  
 

 

Figure 1: Bead locations for the 0 ng/mL antibody concentration for a wash buffer 

consisting of just PBS. 

The image beneath shows the locations of the beads for the same experiment, this time the 100000 
ng/mL antibody concentration in combination with a wash buffer containing PBS and BSA 1%. The 
image shows part of the beads not taken into account, which is due to the curvature of the fluid cell 
wells and the glass object, and makes that part of the beads are out of focus. 

 

Figure 2: Bead locations for the 100.000 ng/mL antibody concentration for a wash 

buffer consisting of just PBS.  
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Appendix A5 Settings used for supernatant assay fluorescence spectrometer  
 
PMT voltage: Manual set at 620V 
Ex. slit: 10 nm 
Em. slit: 10 nm 
Scan rate: 120 nm/min 
505 - 560 nm 
Ex. wavelength: 490 nm 
Filters: open (none) 
3 measurements per sample 
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Appendix A6 All MyOne Dynabeads BSA wash buffer antibody series analysed per FOV 
 
There were three experiments performed in which the MyOne Dynabeads were washed magnetically 
using a wash buffer containing 1% BSA. These three experiments should give the same results for the 
same antibody concentrations. 
 
Table 1: Total particles tracked, tethered particles detected and their ratio ve rsus FOV 

locations per antibody concentration, for the Microparticles, with a BSA 1% wash buffer, 

wash buffer experiment.  �̅�𝑡𝑜 is the average of the total particles tracked, �̅�𝑡𝑒 is the 

average of the tethered particles tracked.  

FOV (0 ng/mL Ab) Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 8 2 1 0.64 

2 8 3 1 0.04 

3 7 1 4 3.24 

4 11 3 4 0.04 

5 11 5 4 4.84 

N=5 �̅�𝑡𝑜 = 9 �̅�𝑡𝑒 = 2.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 14 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

8.8 

 

FOV (40 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 62 38 21,16 4,84 

2 65 31 2,56 23,04 

3 65 32 2,56 14,44 

4 80 44 179,56 67,24 

5 61 34 31,36 3,24 

N=5 �̅�𝑡𝑜 = 66.6  �̅�𝑡𝑒 = 35.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 237.2 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

112.8 

 

FOV (5000 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 772 30 1310,44 46,24 

2 753 35 295,84 3,24 

3 770 42 1169,64 27,04 

4 699 41 1354,24 17,64 

5 685 36 2580,64 0,64 

N=5 �̅�𝑡𝑜 = 735.8 �̅�𝑡𝑒 = 36.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 6710.8 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
94.8 

 

FOV (100000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 275 33 121 1,44 

2 331 37 2025 27,04 

3 321 29 1225 7,84 

4 266 37 400 27,04 

5 237 23 2401 77,44 
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N=5 �̅�𝑡𝑜 = 286 �̅�𝑡𝑒 = 31.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 6172 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
140.8 

In this notation, the standard deviation of the mean of the sample is calculated as follows: 
 

𝑆𝑚,𝑡𝑜 = √
1

𝑁(𝑁 − 1)
∑(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2

𝑁

𝑖=1

 

 
In this formula, the standard deviation of the mean of the total particles is shown (hence the under 

script ‘to(tal)’ instead of ‘te(thered)’) (for one of the antibody concentrations). 

Table 2: Total particles tracked, tethered particles detec ted and their ratio versus FOV 

locations per antibody concentration, for the Microparticles, with a BSA 1% wash buffer, 

first total antibody series experiment.  �̅�𝑡𝑜 is the average of the total particles tracked, 

�̅�𝑡𝑒 is the average of the tethered particles tracked.  

FOV (0 ng/mL Ab) Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 12 3 4,41 0,04 

2 8 1 3,61 3,24 

3 8 0 3,61 7,84 

4 11 2 1,21 0,64 

5 10 4 0,01 1,44 

6 15 6 26,01 10,24 

7 8 3 3,61 0,04 

8 6 2 15,21 0,64 

9 11 3 1,21 0,04 

10 10 4 0,01 1,44 

N=10 �̅�𝑡𝑜 = 9.9 �̅�𝑡𝑒 = 2.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 58.9 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
25.6 

 

FOV (8 ng/mL Ab) Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 17 2 0,25 5,29 

2 13 3 12,25 1,69 

3 21 6 20,25 2,89 

4 19 5 6,25 0,49 

5 17 5 0,25 0,49 

6 16 5 0,25 0,49 

7 17 1 0,25 10,89 

8 20 10 12,25 32,49 

9 14 5 6,25 0,49 

10 11 1 30,25 10,89 

N=10 �̅�𝑡𝑜 = 16.5 �̅�𝑡𝑒 = 4.3 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 88.5 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
66.1 

 

FOV (40 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 18 5 0,36 3,24 
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2 13 6 31,36 0,64 

3 22 8 11,56 1,44 

4 16 3 6,76 14,44 

5 19 10 0,16 10,24 

6 25 9 40,96 4,84 

7 16 6 6,76 0,64 

8 19 10 0,16 10,24 

9 17 6 2,56 0,64 

10 21 5 5,76 3,24 

N=10 �̅�𝑡𝑜 = 18.6 �̅�𝑡𝑒 = 6.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 106.4 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
49.6 

 

FOV (200 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 66 15 36 46,24 

2 69 24 81 4,84 

3 43 15 289 46,24 

4 56 23 16 1,44 

5 63 20 9 3,24 

6 70 24 100 4,84 

7 49 16 121 33,64 

8 62 24 4 4,84 

9 66 30 36 67,24 

10 56 27 16 27,04 

N=10 �̅�𝑡𝑜 = 60 �̅�𝑡𝑒 = 21.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 708 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

239.6 

 

FOV (1000 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 278 14 20,25 20,25 

2 266 18 272,25 0,25 

3 294 14 132,25 20,25 

4 292 28 90,25 90,25 

N=4 �̅�𝑡𝑜 = 282.5 �̅�𝑡𝑒 = 18.5 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 515 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
131  

 

FOV (5000 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 434 7 59,29 6,76 

2 413 10 176,89 0,16 

3 432 12 32,49 5,76 

N=3 �̅�𝑡𝑜 = 426.3 �̅�𝑡𝑒 = 9.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 268.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

12.7 

 

FOV (10000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 407 9 13,69 2,56 

2 409 15 32,49 19,36 

3 394 8 86,49 6,76 
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N=3 �̅�𝑡𝑜 = 403.3 �̅�𝑡𝑒 = 10.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 132.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
28.7 

 

FOV (25000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 353 10 11,56 0,36 

2 358 14 70,56 11,56 

3 338 8 134,56 6,76 

N=3 �̅�𝑡𝑜 = 349.7 �̅�𝑡𝑒 = 10.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 216.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
18.7 

 

FOV (50000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 286 13 18,49 19,36 

2 310 7 388,09 2,56 

3 275 6 234,09 6,76 

N=3 �̅�𝑡𝑜 = 290.3 �̅�𝑡𝑒 = 8.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 640.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
28.7 

 

FOV (100000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 323 1 3025 2,56 

2 240 3 784 0,16 

3 241 4 729 1,96 

N=3 �̅�𝑡𝑜 = 268 �̅�𝑡𝑒 = 2.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 4538 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

4.7 

 
Table 3: Total particles tracked, tethered particles detected and their ratio versus FOV 

locations per antibody concentration, for the Microparticles, with a BSA 1% wash buffer, 

second total antibody series experiment.  �̅�𝑡𝑜 is the average of the total particles tracked, 

�̅�𝑡𝑒 is the average of the tethered particles tracked.  

FOV (0 ng/mL Ab) Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 9 1 0,16 3,24 

2 10 5 1,96 4,84 

3 11 2 5,76 0,64 

4 7 1 2,56 3,24 

5 9 4 0,16 1,44 

6 11 5 5,76 4,84 

7 7 3 2,56 0,04 

8 8 3 0,36 0,04 

9 8 3 0,36 0,04 

10 6 1 6,76 3,24 

N=10 �̅�𝑡𝑜 = 8.6  �̅�𝑡𝑒 = 2.8 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 26.4 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
21.6  

 

FOV (8 ng/mL Ab) Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 
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1 13 4 0,16 0,36 

2 13 4 0,16 0,36 

3 15 4 5,76 0,36 

4 14 6 1,96 1,96 

5 11 7 2,56 5,76 

6 6 1 43,56 12,96 

7 16 6 11,56 1,96 

N=7 �̅�𝑡𝑜 = 12.6 �̅�𝑡𝑒 = 4.6 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 65.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
23.7 

 

FOV (40 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 29 11 1,44 5,76 

2 32 13 3,24 0,16 

3 30 17 0,04 12,96 

4 31 13 0,64 0,16 

5 29 13 1,44 0,16 

N=5 �̅�𝑡𝑜 = 30.2 �̅�𝑡𝑒 = 13.4 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 6.8 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

19.2 

 

FOV (200 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 122 36 517,5625 45,5625 

2 105 31 33,0625 3,0625 

3 90 20 85,5625 85,5625 

4 80 30 370,5625 0,5625 

N=4 �̅�𝑡𝑜 = 99.3 �̅�𝑡𝑒 = 29.3 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 1006.8 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
134.8 

 

FOV (1000 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 143 24 44,89 6,76 

2 133 28 10,89 1,96 

3 133 28 10,89 1,96 

N=3 �̅�𝑡𝑜 = 136.3 �̅�𝑡𝑒 = 26.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 66.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
10.7 

 

FOV (5000 ng/mL 
Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 245 30 100 0,36 

2 235 36 0 29,16 

3 225 26 100 21,16 

N=3 �̅�𝑡𝑜 = 235 �̅�𝑡𝑒 = 30.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 200 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
50.7 

 

FOV (10000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 228 34 73,96 32,49 

2 250 29 179,56 0,49 
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3 232 22 21,16 39,69 

N=3 �̅�𝑡𝑜 = 236.7 �̅�𝑡𝑒 = 28.3 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 274.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
72.7 

 

FOV (25000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 93 10 2,56 0 

2 100 11 29,16 1 

3 91 9 12,96 1 

N=3 �̅�𝑡𝑜 = 94.7 �̅�𝑡𝑒 = 10 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 44.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 

2 

 

FOV (50000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 48 2 21,16 10,89 

2 58 7 29,16 2,89 

3 52 7 0,36 2,89 

N=3 �̅�𝑡𝑜 = 52.7 �̅�𝑡𝑒 = 5.3 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 50.7 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
16.7 

 

FOV (100000 
ng/mL Ab) 

Total particles 
tracked 

Tethered 
particles 

(𝑥𝑡𝑜,𝑖 − �̅�𝑡𝑜)2 (𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 

1 73 1 1 21,16 

2 76 10 4 19,36 

3 73 6 1 0,16 

N=3 �̅�𝑡𝑜 = 74 �̅�𝑡𝑒 = 5.7 ∑(𝑥𝑡𝑜,𝑖 −

�̅�𝑡𝑜)2 = 6 

∑(𝑥𝑡𝑒,𝑖 − �̅�𝑡𝑒)2 = 
40.7 

 
Table 4: Standard deviations of the sample means for all samples shown in the previous 

three tables (all .Total particles tracked, tethered particles detected and their ratio 

versus FOV locations per antibody concentration, for the Microparticles, with a BSA 1% 

wash buffer, second total antibody series experiment. 

Ab (ng/mL) (wash buffer 
effect) 

�̅�𝑡𝑜 ± 𝑆𝑚,𝑡𝑜 �̅�𝑡𝑒 ±  𝑆𝑚,𝑡𝑒 

0 9 ± 1 3 ± 1 

40 67 ± 3 36 ± 2 

5000 736 ± 18 37 ± 2 

100000 286 ± 18 32 ± 3 

Ab (ng/mL) (first total Ab series)  

0 10 ± 1 3 ± 1 

8 17 ± 1 4 ± 1 

40 19 ± 1 7 ± 1 

200 60 ± 3 22 ± 2 

1000 283 ± 7 19 ± 3 

5000 426 ± 7 10 ± 1 

10000 403 ± 5 11 ± 2 

25000 350 ± 6 11 ± 2 

50000 290 ± 10 9 ± 2 
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100000 268 ± 28 3 ± 1 

Ab (ng/mL) (second total Ab series)  

0 9 ± 1 3 ± 1 

8 13 ± 1 5 ± 1 

40 30 ± 1 13 ± 1 

200 99 ± 9 29 ± 3 

1000 136 ± 3 27 ± 1 

5000 235 ± 6 31 ± 3 

10000 237 ± 7 28 ± 3 

25000 95 ± 3 10 ± 1 

50000 53 ± 3 5 ± 2 

100000 74 ± 1 6 ± 3 
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Appendix A7 Data of all MyOne and Microparticle series 
 
This Appendix shows the data for all the MyOne measurements in the same order as the results. So 
tables 1 and 2 show the numbers for the MyOne antibody series.  
 
Table 1: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, MyOne Dynabeads antibody series 1.  

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 294 31 10.5 

8 203 20 9.9 

40 711 120 16.9 

200 1073 83 7.7 

1000 2207 82 3.7 

5000 2267 71 3.1 

 
Table 2: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, MyOne Dynabeads antibody series 2.  

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 83 11 13.3 

8 112 19 16.9 

40 360 76 21.1 

200 1071 70 6.5 

1000 1770 49 2.8 

5000 2426 119 4.9 

 
Tables 3 and 4 show the numbers for the MyOne DNA series. 
 
Table 3: Ratio of single tethered particles over total amount of particles versus DNA 

concentrations, MyOne Dynabeads DNA series 1 . 

DNA (nM) Particles tracked Tethered particles Ratio (%) 

0 99 5 5.1 

0.16 46 7 15.2 

0.8 91 8 8.8 

4 101 14 13.9 

20 231 0 0.0 

100 901 0 0.0 

 
Table 4: Ratio of single tethered particles over total  amount of particles versus DNA 

concentrations, MyOne Dynabeads DNA series 2 . 

DNA (nM) Particles tracked Tethered particles Ratio (%) 

0 131 14 10.7 

0.16 305 30 9.8 

0.8 206 29 14.1 

4 209 41 19.6 

20 383 115 30.0 

100 1008 224 22.2 
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Table 5 shows the numbers for the BSA wash buffer influence experiment for the new MyOne’s. 
 
Table 5: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, for the MyOne Dynabeads, investigating the influence of PBS wash 

buffer with BSA 1%, also compared to previous experiments.  

Ab (ng/mL) Wash buffer Particles tracked Tethered particles Ratio (%) 

Antibody series 
for the new 
MyOne 
Dynabeads 

    

0 PBS 83 11 13.3 

40 PBS 360 76 21.1 

5000 PBS 2426 119 4.9 

BSA wash buffer 
influence 
experiment 

    

0 PBS 187 29 15.5 

0 PBS + BSA 1% 45 13 28.9 

40 PBS 1477 269 18.2 

40 PBS + BSA 1% 334 179 53.6 

5000 PBS 4513 87 1.9 

5000 PBS + BSA 1% 3679 184 5.0 

100000 PBS 3212 64 2.0 

100000 PBS + BSA 1% 1430 159 11.1 

 
Tables 6 and 7 shows the BSA wash buffer antibody series numbers for the MyOne’s. Table 6 shows 
the results of antibody series 1. In the third and fourth columns form the left the total amount of 
particles tracked and the number of single tethered particles are shown. However, due to the large 
amount of particles on the surface for high concentrations, and the low amount of particles on the 
surface for low antibody concentrations the number of Field Of View’s (FOVs) are not the same for 
every antibody concentration. The amount of FOVs taken is shown also in the table. In the fifth and 
sixth column from the left these numbers are scaled to 5 FOVs, so they are comparable to the previous 
tables, where the data are shown for 5 FOVs. In this experiment the MyOne Dynabeads were diluted 
an additional factor 4 so there would not be too many particles present on the surface. Columns five 
and six also account for this. 
 
Table 6: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, for the MyOne Dynabeads, investigating the influence of PBS wash 

buffer with BSA 1%. 

Ab (ng/mL) Number of 
FOVs 

Particles 
tracked 

Tethered 
particles 

Particles 
tracked 
scaled to 5 
FOVs, 
times 4  

Tethered 
particles 
scaled to 5 
FOVs, 
times 4 

Ratio (%) 

0 10 100 28 200 56 28.0 

8 10 167 43 334 86 25.7 

40 10 189 68 378 136 36.0 
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200 10 600 218 1200 436 36.3 

1000 4 1130 74 5652 372 6.5 

5000 3 1279 29 8528 192 2.3 

10000 3 1210 32 8068 212 2.6 

25000 3 1049 32 6992 212 3.1 

50000 3 871 26 5808 172 3.0 

100000 3 804 8 5360 52 1.0 

 
There are two extra columns added to the table, in which the total amount of particles tracked and 
the number of single tethered particles are shown, scaled back to 5 FOVs and calculated back to 
without diluting a factor 4. For the antibody concentrations of  0 ng/mL there were 10 FOVs taken, for 
the 8 ng/mL 7 FOVs, for the 40 and 200 ng/mL concentrations 5 FOVs and for the higher concentrations 
3 FOVs. In the fourth and fifth column from the left these numbers are scaled to 5 FOVs, so they are 
comparable to the previous tables, where the data are shown for 5 FOVs. In both this experiment as 
the previous one, the MyOne Dynabeads were diluted an additional factor 4 so there would not be too 
many particles present on the surface, especially at high antibody concentrations. Columns four and 
five also account for this. 
 
Table 7: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, for the MyOne Dynabeads, BSA 1% wash buffer antibody series 3 . 

Ab (ng/mL) Number of 
FOVs 

Particles 
tracked 

Tethered 
particles 

Particles 
tracked 
scaled to 5 
FOVs, times 
4  

Tethered 
particles 
scaled to 5 
FOVs, times 
4 

Ratio (%) 

0  86 28 172 56 32.6 

8  88 32 251 91 36.3 

40  151 67 604 268 44.4 

200  397 117 1985 585 29.5 

1000  409 80 2727 533 19.5 

5000  705 92 4700 613 13.0 

10000  710 85 4733 567 12.0 

25000  284 30 1893 200 10.6 

50000  158 16 1053 107 10.2 

100000  222 17 1480 113 7.6 

 
Table 8 to 11 show the numbers for the antibody series for the Microparticles, for antibody 
concentrations of 0 – 5000 ng/mL with Tween-20 0.01% in the wash buffer and in combination with 
the sonic finger (tables 8 and 9), antibody concentrations of 0 – 5000 ng/mL with BSA 0.1% in the wash 
buffer (table 10), and antibody concentrations of 0 – 100000 ng/mL with BSA 0.1% in the wash buffer 
(table 11). In all Microparticles experiments the DNA concentration was 20 nM. 
 
Table 8: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, for the Microparticles , PBS + 0.01% Tw-20 wash buffer in combination 

with sonic finger, series 1 . 

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 1889 2 0.1  

8 1290 1 0.0 
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40 1257 0 0.0 

200 1812 0 0.0 

1000 1939 0 0.0 

5000 3016 9 0.3 

 
Table 9: Ratio of single tethered particles over total amount of particles versus antibody 

concentrations, for the Microparticles , PBS + 0.01% Tw-20 wash buffer in combination 

with sonic finger, series 2, only one fifth of the data du e to the large amount of particles . 

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 826 0 0.0 

8 750 0 0.0 

40 805 0 0.0 

200 834 1 0.1 

1000 865 1 0.1 

5000 833 15 1.8 

 
Table 10: Ratio of single tethered particles over total amount of partic les versus 

antibody concentrations, for the Microparticles , PBS + BSA 0.1% wash buffer in 

combination with rotating fin, only one fifth of the data analysed due to the small 

amount of particles, and therefore the ratios are not representative . 

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 14 2 14.3 

8 18 4 22.2 

40 14 3 21.4 

200 17 2 11.8 

1000 15 1 6.7 

5000 34 2 5.9 

 
Table 11: Ratio of single tethered particles over total amount of particles versus higher 

antibody concentrations (0 – 100000 mg/mL), for the Microparticles, PBS + BSA 0.1% 

wash buffer in combination with rotating fin.  

Ab (ng/mL) Particles tracked Tethered particles Ratio (%) 

0 127 21 16.5 

5000 197 18 9.1 

10000 222 18 8.1 

25000 189 20 10.6 

50000 126 16 12.7 

100000 178 22 12.4 
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Appendix A8 Matlab code  
 
The following Matlab code is for selecting the images (AutomaticSelectDatasets), and analysing all 
particles positions and motion patterns (Batch_IAF_COM_20x and BatchTPMAnalysisScript). 
 
================================================================================== 
 
function Datasets = AutomaticSelectDatasets(FPS, PixelSize) 

  
CurrentFolder = cd('C:/'); 

  
Path = uigetdir('C:/', 'Select the directory where the data is located'); 

  
cd(Path); 

  
prompt = 'Enter a unique sequence. The sequence should be present at least 

once in all series and should be unique in the filelist'; 
dlg_title = 'Choose unique number'; 
Unique_number = inputdlg(prompt, dlg_title, 1, {'1678'}); 

  
Setlist = dir(['*' Unique_number{1} '*']); 

  
N_sets = size(Setlist, 1); 

  
disp('Selectors of all the filelists'); 
for i_sets = 1:N_sets 

     
    SetIdentifier = Setlist(i_sets).name;     
    SetRegExpr{i_sets} = strrep(SetIdentifier, Unique_number, '*'); 
    disp(SetRegExpr{i_sets}); 

     
end 

  

  

  

  
% Create dataset template 

  
% Load the datasets one-by-one 
for i_sets = 1:N_sets 

        
    Dataset = NewDatasetStruct(); 

     
    Dataset = LoadDataset(Dataset, SetRegExpr{i_sets}, Path); 

     
    cd(Path); 

     
    Framelist = dir(SetRegExpr{i_sets}{1}); 
%     Dataset.N_Frames = size(Framelist, 1); 

     

     

     
%     for i=1:Dataset.N_Frames 
%         Dataset.Frame(i).Filename = Framelist(i).name; 
%     end 
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    [~, datasetname, ~] = fileparts(SetRegExpr{i_sets}{1}); 
    datasetname = strrep(datasetname, '*', '') 

     
    DefaultDatasetName = datasetname; 
    DefaultFileName = datasetname; 

     
    Dataset.Camera.FPS = FPS; 
    Dataset.Camera.xPIX = PixelSize; 
    Dataset.Camera.yPIX = PixelSize; 

     
    Dataset.Path = Path; 

     
    close all; 

     

     
    %% Fit bead profile (use first dataset as template) 

     
    if i_sets == 1 
        %Load example frame 
        SampleFrame = IAF_LoadFrame(Dataset, 1); 
        % Extract the bead profile: 
        Dataset = CreateBeadTemplate(Dataset, SampleFrame, 7); 

         
        % Fit the bead profile with Gaussians 
        Dataset = FitGaussians(Dataset); 

         
        BeadTemplate = Dataset.BeadTemplate; 

         
        close(); 
    else 
        Dataset.BeadTemplate = BeadTemplate; 
    end 

     
    % Output info: 
    disp('== Dataset descriptives =='); 
    disp(' '); 
    disp(['File path: ' Dataset.Path]); 
    disp(['First file name: ' Dataset.Frame(1).Filename]); 
    disp(['Number of frames/files: ' num2str(numel(Dataset.Frame))]); 
    disp(' '); 
    disp(['FPS: ' num2str((Dataset.Camera.FPS))]); 
    disp(['Pixel size (nm): ' num2str((Dataset.Camera.xPIX))]); 
    disp(['ROI size (pixels): ' num2str((Dataset.BeadTemplate.sizeROI))]); 
    disp(' '); 

     

     

     
%     input = inputdlg({'Name of the dataset:', 'Filename for dataset 

saving:'}, 'Dataset name', 1, {DefaultDatasetName, DefaultFileName}); 
%     Dataset.Name = input{1}; 
%     Dataset.SaveFileName = input{2}; 

     
    Dataset.Name = datasetname; 
    Dataset.SaveFileName = datasetname; 

     
    disp(['Dataset name: ' Dataset.Name]); 
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    disp(['Filename for saving: ' Dataset.SaveFileName]); 

     
    disp('== End of dataset descriptives =='); 

     

     
    if i_sets == 1 
        Datasets{1} = Dataset; 
    else 
        Datasets{end+1} = Dataset; 
    end 

     
end 

     

  
cd(CurrentFolder); 

  
end 

 
================================================================================== 
 
%% Main script for the image analysis framework (IAF) 
% 
% This script defines the structure used within the IAF 
% 
% The modules of the IAF are defined in the code below in the therefore 
% indicated locations. Do not edit the rest of the code! 

  
%% General information 
% 
% The IAF has 5 main steps: 
%% 
% 
% * Step 0: Define dataset 
% * Step 1: Image prepocessing (filtering, etc...) 
% * Step 2A: Bead locating 
% * Step 2B: Bead analysis 
% * Step 3: Data analysis 
% 
% Every step is performed by one or more module(s). A module is a stand- 
% alone Matlab function that performs a certain operation on the data. The 
% input and output of the modules is highly regulated to keep all the 
% modules cross-compartible. Refer to the IAF documentation when you want 
% to write/change a module to keep everything compatible. 
% 
% The data transfer in the IAF is performed by matlab structs. The basic 
% structure of the data structs used in IAF is well defined, but can be 
% easily extended. Again refer to the documentation. 

  
%% Datasets 

  
disp('Loading datasets from the cell variable Datasets'); 

  
N_Datasets = numel(Datasets); 

  
parfor i_Dataset = 1:N_Datasets 
    disp([datestr(clock, 0), ' || Start processing dataset ', 

num2str(i_Dataset), ' of ', num2str(N_Datasets)]); 
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    Dataset = Datasets{i_Dataset}; 

     
    FrameData = double(IAF_LoadFrame(Dataset, 1)); 
    [Corrected, Background] = BackgroundCorrection_WaveletSet(FrameData,4); 
    Dataset.StaticBackgroundCorrection = Background; 

     
    %% Frame processing 
    % 
    % Perform steps 1 through 2B one by one on the frames 
    disp([datestr(clock, 0), ' || Starting image analysis']); 
    tic 
    for i_Frame = 1:Dataset.N_Frames % Do NOT edit this line 

         
%         workbar(i_Frame/Dataset.N_Frames,'Performing Image Analysis') 

         
        % FILE LOADING 
        % Call the module that loads the file associated with the frame 
        % EXAMPLE: FrameData = 

IAF_LoadFrame(Dataset.Frames(i_Frame).Filename); 
        %     tic 
        FrameData = double(IAF_LoadFrame(Dataset, i_Frame)); 
        if numel(size(FrameData)) == 3 
            FrameData = rgb2gray(FrameData(:,:,1:3)); 
        end 

         

         
        %     toc 

         
        % STEP 1Ba 
        % Call the preprocessing modules 
        % EXAMPLE: FrameData = PreProcessingModule(FrameData) 
        %     tic 
%         FrameData = BackgroundCorrection_HistogramMaximum(FrameData); 
        FrameData = FrameData - Background; 

         
        %     % Empty image to upscale image to 1024*1024 
        %     Empty = zeros(1024, 1024); 
        % 
        %     F = Empty; 
        %     F(1:1002, 1:1004) = FrameData; 
        % %     FrameData = downsamp2d(F, [2 2]); 
        %     BinSize = 1; 
        %     for i = 1:BinSize:(1024-BinSize) 
        %         for j = 1:BinSize:(1024-BinSize) 
        %             F(i:i+BinSize-1,j:j+BinSize-1) = 

sum(sum(F(i:i+BinSize-1,j:j+BinSize-1))); 
        % %             F(i/BinSize,j/BinSize) = 

sum(sum(F(i/BinSize,j/BinSize))); 
        %         end 
        %     end 
        %     FrameData = F(1:1002, 1:1004); 

         

         

         
        %FrameData = BackgroundCorrection_Wavelets(FrameData, 6); 
        %     toc 
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        % STEP 2A 
        % Call the bead locating modules and save the result in the Beads 
        % module 
        % EXAMPLE: Beads = LocateBeadsConvolution(FrameData) 
        %     tic 
        %     Population = LocateBeadsMexHat(FrameData, [40 1 10 0.3], 

false); 
        %     Population = LocateBeadsMexHat(FrameData, [3 4], false); 
        Population = LocateBeadsProfile(FrameData, 

Dataset.BeadTemplate.BeadFilter, false, 0.1, 0.5); 
        %     toc 

         
        % STEP 2B 
        % Call the modules that extracts the relevant information about the 
        % beads. The extracted data is placed in the beads struct. 
        % EXAMPLE: Beads = BeadCentroidByGaussFit(Beads, FrameData) 
        %     tic 
        %     Population = Centroid_MexHatFit(Population, FrameData, [21 

21], [3 4], false); 
        % Population = Centroid_CenterOfMass(Population, FrameData, 

Dataset.BeadTemplate.sizeROI); 
        Population = Centroid_CenterOfMass(Population, FrameData, [9 9]); 
        %     toc 

         
        % Save the bead data in the general data structure 
        %     tic 
        Dataset.Frame(i_Frame).Population = Population; % Do NOT edit this 

line 

         
        Dataset.Frame(i_Frame).Population.PopulationName = 'Particles'; 
        %     toc 

         
    end % Do NOT edit this line 
    toc 

     
    %% Data analysis 
    % 
    % Step 3 
    % Perform the relevant analysis on the obtained data 
    % EXAMPLE: Result = TrackBeadsInTime(Dataset); 

     
    % Correlate the locations 
    disp([datestr(clock, 0), ' || Starting data analysis']); 
    tic 
    Result = CorrelateLocations(Dataset, 1, 8); 
    toc 

     

     
    disp([datestr(clock, 0), ' || Saving file']); 
%     save([Dataset.SaveFileName, '.mat'], 'Dataset', 'Result'); 
    SaveVariablesToFile([Dataset.SaveFileName, '.mat'], 'Dataset', Dataset, 

'Result', Result); 
    disp([datestr(clock, 0), ' || Finished']); 

     
end 

  

  
================================================================================== 
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% function [Analysis] = BatchTPMAnalysisScript() 

  
[File, PathName] = uigetfile('*.mat', 'Selected the files that contain 

dataset+result information', 'MultiSelect', 'on'); 

  
if iscellstr(File) 
    N_Files = numel(File); 
elseif ischar(File) 
    N_Files = 1; 
    File = {File}; 
else 
    error('Not enough files selected') 
end 

  
Good = []; 
Sym = []; 
Minor = []; 
Major = []; 
CombinedResult = []; 

  
% process files one by one 
for i_File = 1:N_Files 
    % Open the data 
    disp(['Opening file: ' PathName, File{i_File}]); 
    Data = load([PathName, File{i_File}]); 

     
%     Dataset = Data.tobesavedtwo; 
%     Result = Data.tobesavedthree; 

     
    Dataset = Data.Dataset; 
    Result = Data.Result; 

     
    Result = FindStaticParticlesAndCorrectDrift(Result, 0.5, 0.5); %Normal 

0.25, 0.25 

  
    Result = CalculateTrajectoryInformation(Result, 

'DriftCorrectedTrajectory'); 

     
    % Combine results 
    CombinedResult = [CombinedResult, Result]; 

     
    % Only good tracked particles 
    GoodF = [~ExtractDataFromStruct(Result, 'oops')]'; 
    Good = [Good, GoodF]; 

     
    SymF = ExtractDataFromStruct(Result, 'Sym')'; 
    Sym = [Sym, SymF]; 
    MinorF = ExtractDataFromStruct(Result, 'MinorDev')'; 
    Minor = [Minor, MinorF]; 
    MajorF = ExtractDataFromStruct(Result, 'MajorDev')'; 
    Major = [Major, MajorF]; 

  
end 

  
% Revert good to logical 
Good = Good == 1; 
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% Select which to display 

  
% Exclude freely diffusing particles 
Selection = Good & Minor < 200/810; 
% Selection = Sym > 0.6 & Sym < 0.8 & Minor < 200/810; 

  
% Select 'ideally' tethered particles 
% Selection = Good & Minor > 60/810 & Minor < 200/810 & Sym > 0.75; 

  
N_ideally_tethered = sum(Good & Minor > 50/810 & Minor < 175/810 & Sym > 

0.75); 

  
% Selection = Good & Minor < 250/810 & Sym > 0.75; 
% Selection = Good & Minor < 60/810 & Sym > 0.75; 
% Selection = Good & Minor < 60/810; 

  
% Selection = Good & Minor < 30/810 & Sym < 0.6 & Sym > 0.55; 

  
            % subplot(3,4,[1 2 5 6]); 
            figure; 

  
Hist2DPlot([Minor(Selection) .* Dataset.Camera.xPIX ; Sym(Selection)]', 

0:0.5:500, 0:0.001:1, 20); 
hold on; 
scatter(Minor(Selection) .* Dataset.Camera.xPIX, Sym(Selection), 'xk'); 
% scatter(Minor(Good) .* Dataset.Camera.xPIX, Sym(Good), 'xk'); 
x = 0:0.1:5000; 

  
% For major motion on axis 
x3 = 0:0.1:(50/0.75); 
y3 = 50 ./ x3; 
x4 = 0:0.1:(175/0.75); 
y4 = 175 ./ x4; 
xh = [50/0.75, 175/0.75]; 
yh = [0.75, 0.75]; 

  
% For minor motion on axis 
x3 = [50 50]; y3 = [0.75 2]; 
x4 = [175 175]; y4 = [0.75 2]; 
xh = [50, 175]; 
yh = [0.75, 0.75]; 

  
plot(xh, yh, 'w'); 
hold on; 

  
% plot(x, y1); 
% plot(x, y2); 
plot(x3, y3, 'w'); 
plot(x4, y4, 'w'); 
% plot(x, y5); 
xlabel('Motion amplitude_{minor} (nm)', 'FontSize', 16); ylabel('Symmetry', 

'FontSize', 16); 
title('Motion distribution', 'FontSize', 20); 
axis([0 200 0 1]); 

  

  
            % subplot(3,4,[3 4 7 8]); 
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            figure; 

  
TraceSelection = Selection; 
if sum(TraceSelection) > 144 
    for i_ndex = 1:numel(TraceSelection) 
        if sum(TraceSelection(1:i_ndex)) > 144 
            TraceSelection(i_ndex) = 0; 
        end 
    end 
end 

  
TraceOverview(Dataset, CombinedResult, TraceSelection); 

  
% Histogram 
            % subplot(3, 4, [9 10]); 
            figure; 

  
hist(Major(Selection) .* Dataset.Camera.xPIX, 5:10:495); 
xlabel('Size_{major} (nm)'); ylabel('Counts'); 
title('Histogram of Size_{major} (nm)'); 

  
            % subplot(3,4,[11 12]); 
            figure; 

  
title('General info') 
set(findobj(gca, 'type','axes'), 'Visible','off') 
hold on; 
text(0.02, 0.9, ['Combined analysis of several datasets'], 'interpreter', 

'none'); 
text(0.02, 0.8, ['Last dataset: ', [File{i_File}]], 'interpreter', 'none'); 
text(0.02, 0.7, ['Frames in last dataset: ', num2str(Dataset.N_Frames)], 

'interpreter', 'none'); 
text(0.02, 0.6, ['Number of total tracked objects: ', 

num2str(numel(CombinedResult)), ' Number of objects displayed: ', 

num2str(sum(TraceSelection))], 'interpreter', 'none'); 
text(0.02, 0.5, ['Camera settings of last dataset:'], 'interpreter', 

'none'); 
text(0.02, 0.4, ['FPS: ', num2str(Dataset.Camera.FPS)], 'interpreter', 

'none'); 
text(0.02, 0.3, ['Pixel size: ', num2str(Dataset.Camera.xPIX), ' nm'], 

'interpreter', 'none'); 
text(0.02, 0.2, ['ROI size: ', num2str(Dataset.BeadTemplate.sizeROI(1)), ' 

x ', num2str(Dataset.BeadTemplate.sizeROI(2))], 'interpreter', 'none'); 
text(0.02, 0.1, ['Tethered: ', num2str(N_ideally_tethered)]); 

 

================================================================================== 
 
 


