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Sammanfattning 

 
Muciner är en grupp glykoproteiner med hög molekylvikt som effektivt skyddar biologiska 
ytor från bakterieattacker och icke-önskad protein adsorption. Det har även visats att 
bakterieangrepp kan reduceras ytterligare genom att adsorbera mucin till en yta inklädd med 
jacalin. Jacalin är ett lektin som antas binda till mucinet via den s k Thomsen-Friedenreich 
antigenen. 
 
I denna studie analyserades interaktionen mellan dessa båda proteiner. Först adsorberades 
mucinet till en roterande polystyrenkristall vars frekvens minskade i och med massupptaget. 
Eftersom frekvensen plottades som funktion av tiden kunde man se när all substans hade 
fastnat, dvs då linjen planat ut. För att förhindra icke-specifik interaktion mellan jacalin och 
polystyren intäcktes kristallen med den ytaktiva substansen Pluronic F108. 
 
Mucin adsorberades sedan i olika koncentrationer till polystyrenpartiklar med en radie på 2 
µm. Även i detta fall användes Pluronic F108 för att förhindra icke-specifik interaktion. 
Jacalin har färgats med Cy3, ett fluorescent ämne, vilket innebär att interaktionen kan 
kvantifieras med en ett fluorescensmikroskop. En högre koncentration av mucin förväntas ge 
en starkare signal, eftersom mer jacalin kan binda. För att få en siffra på detta har även en 
konfokal scanner använts, som ger ett medelvärde på fluorescensen i en droppe innehållande 
polystyrenpartiklar med jacalin adsorberat till mucin. 
 
För att undersöka jacalinets bindningsspecificitet har det låtits reagera med melibios, ett 
socker med affinitet för de aktiva sätena. Är interaktionen specifik borde jacalinet binda i 
lägre grad i detta fall.   
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1 Introduction 
 
1.1 Background and aim of project 
 
Mucin coatings have been shown to reduce the adsorption of protein and bacteria to polymeric 
biomaterials (1-2). Of crucial importance, when studying mucin adlayers is the possibility to 
quantitate the actual mucin concentrations. 
 
The goal of this project is to develop a probe for the in situ quantification of mucin on various 
surfaces. An ultimate goal would be a method that could perform easily, rapidly and at low 
cost, for example the use of a simple CCD camera setup. 
 
 
1.2 Mucin 
 
The mucins belongs to a class of glycoproteins with high molecular weight that can be used to 
protect biological surfaces from bacterial attacks as well as non-desired protein adsorption (1-
2). Soluble secretory mucins protect the epithelia of organs with environmental exposure, like 
the eyes and lungs. Mucins can also be found as membrane-bound forms, where hydrophobic 
domains anchor the molecules to the plasma membrane. 
 
The molecular mass of mucins is up to several million daltons (Da) and the subunits are 
typically joined end-to-end via disulfide bridges. The subunits consist of T-domains, which 
are rich in carbohydrate-decorated serine and threonine, giving rise to densely glycosylated 
regions. Between the T-domains there are naked peptide stretches containing more normal 
distribution of amino acids. The mucin structure can bee seen in Figure 1. 
 
The mucins in different species are different, but its main components are always peptides, 
carbohydrates, and lipids. 
 
 
            Oligosaccharide side chains 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oligosaccharide 
l t
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S
S

S
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                                  Protein core 
 
Figure 1. The structure of mucin. The oligosaccharide side chains (left), and the disulfide side 
chains between stretches of protein (right).     
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When mucin is brought into contact with a hydrophobic material, like polystyrene (PS), in an 
aqueous environment, the naked parts of mucin's protein backbone will adhere, due to its 
hydrophobicity, while the hydrophilic carbohydrate side chains are thought to orient 
themselves away from the surface. (3). 
 
In Figure 2 you can see the adsorption isotherm for mucin on polystyrene beads after 24 hours 
incubation at room temperature. The diagram shows how the surface coverage (mg/m2) relates 
to the equilibrium bulk concentration of mucin (mg/ml). The maximal coverage is found to be 
2.3 mg/m2 (4). 
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Figure 2. Adsorption isotherm of mucin on polystyrene beads: surface coverage (mg/m2) vs 
mucinequilibrium bulk concentration (mg/ml).   
 
 
In this study, purified mucin from bovine submaxillary glands were used. The mucin has an 
average molecular weight (Mw) of approximately 2.9 MDa and a polydispersity index 
(Mw/Mn) of 1.5. The mucin is freeze-dried from MilliQ water and dissolved prior to the 
experiment by shaking for one hour at 6oC. This mucin has a reduced number of disulfide 
bonds which means that it exists in a monomer form. 
 
 
1.3 Polymer surfaces 
 
Polystyrene particles are often suitable choices for adsorption studies; they combine large 
surface area and good mass transport characteristics with easy handling. In the present work 
polystyrene particles of 2 µm diameter were used. The surface potential of polystyrene is -30 
mV, and the water contact angle is approximately 80°, indicating a hydrophobic substrate. 
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Alternatively, polystyrene could be spin-coated onto an analytical surface and used for studies 
with another technique, QCM-D, Quartz Crystal Microbalance with Dissipation monitoring, 
which quantifies mass uptake in a time dependent manner. 
 
 
1.4 Jacalin 
 
There is a specific interaction between carbohydrate epitopes in the mucin structure and the 
lectin jacalin, from Jackfruit. Jacalin is composed of four subunits, two of approximately 
10,000 Da and two of 16,000 daltons each. Jacalin binds O-glycosidically linked 
oligosaccharides like the Thomsen-Friedenreich antigen, which have the following structure; 
galactosyl (β-1,3) N-acetylgalactosamine. Moreover, jacalin binds this structure even in a 
mono- or disialylated form (5). 
 
It has been shown earlier, that the bacterial adhesion to a polymer surface can be further 
reduced by the specific tethering of mucin via pre-adsorbed jacalin (6). 
 
Jacalin is able to bind directly to the PS particles by hydrophobic interactions. To avoid this 
non-specific interaction, the particles were blocked with a surfactant.  
 
In this work jacalin was labelled with Cy3 dye, which has an excitation wavelength of 552 
nm.  
 
 
1.5 Pluronic F108 
 
As mentioned, to avoid non-specific interaction, the PS particles have to be protected with a 
surfactant. In this work Pluronic F108 was used. This surfactant is a triblock co-polymer and 
is composed of polyethylene oxide (PEO) and polypropylene oxide (PPO). The polyethylene 
oxide blocks are very effective in repelling proteins mainly due to steric repulsion effects. The 
exact composition of Pluronic F108 is (EO)129(PO)56(EO)129, and when adsorbed to a 
hydrophobic surface, the central (PO)56 block has a strong driving force for adsorption to the 
surface. The length of the PEO chain is also important for the steric repulsion effect (2). 
 
When a macromolecule like a protein approaches the Pluronic-coated surface the surrounding 
volume gets restricted, which results in a loss of configurational entropy. This decreased 
configurational entropy together with the forces caused by osmotic pressure and elastic 
restorting are important for the steric repulsion effect. See Figure 3. 
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∆G = ∆Η − Τ∆S  
 
 
 
 
 
 
 
 
 
 
 

∆H = 0  
∆S < 0 

 
 
 
Figure 3. Schematic illustrating the repulsive effect of Pluronic coatings. G is Gibb’s free 
energy, H is the enthalpy, and S is the entropy. Adapted from Jeon et al (1991) (7). 
 
 
This far, it has been shown that this surface protection works in repelling proteins, reducing 
platelet aggregation, suppressing bacterial adhesion, and to make inert surfaces for the study 
of cells.   
 
 
1.6 Melibiose 
 
Melibiose is a sugar with specific affinity for the active sites of jacalin. When jacalin is 
allowed to react with melibiose the number of available active sites (for mucin binding) is 
reduced. Melibiose was used as an inhibitor of specific mucin-jacalin interaction in this study. 
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2 Methodology 
 
2.1 Confocal scanning and fluorescence microscopy 
 
By the use of a confocal scanner, the bound amount of Cy3-jacalin on the PS particles can be 
measured. An experiment was performed in the following way: A drop of the sample solution 
was put on a glass slide and was then allowed to dry at room temperature. In this case, the 
sample contains a suspension of PS particles with the bound fluorescent protein. The 
fluorescent signals can be seen as different intensities in the scanned image: a coloured scale 
is used with white being the most fluorescent signal and black being the least. A white pixel is 
assigned the value 65 000 and a black the value 0.  
 
White pixels are not very informative, since that only means that the fluorescence has reached 
the maximum value of 65 000. Therefore, the sensitivity of the laser has to be adjusted in such 
a way that the majority of the fluorescent signals lie somewhere in between the minimum and 
maximum values.  Image analysis could be done in a unprecise way by just looking at the 
droplets, but is preferably done by analyzing an area element within a single droplet and 
averaging the amount of fluorescence within it with the analysis software. A possible 
drawback with the confocal scanning technique is the fact that there is a tendency for the 
particles to assemble on the edges of the drop, which possibly makes the method less 
accurate. 
 
In the fluorescence microscope experiment a droplet was put on a glass slide as described 
before, except that it was not allowed to dry. An image of the PS particles was obtained, and 
the analysis was done with an image software (Photoshop 4), where the average intensity over 
an area of a particle was calculated. The program also calculates the standard deviation in the 
area.  
 
 
2.2 Quartz Crystal Microbalance with Dissipation monitoring (QCM-D)  
 
Another way to determine the amount of bound jacalin is to use the QCM-D technique (Q-
Sense, Sweden). The frequency of an oscillating quartz crystal in real-time at the quartz basic 
frequency (5 MHz) and 3 overtones was measured with this technique. A shift in frequency 
indicates a change in the crystal mass: a negative shift inidicates mass uptake and positive 
mass loss. The mass per specified area, cm2, could for rigid films be estimated with the 
Sauerbrey relation: 
 

∆m = - ∆f*C/n 
 
where; ∆m is the mass change, ∆f is the frequency shift, C is a constant (17.7 ng /Hz *cm2) 
and n is the overtone number. 
For viscoelastic films (most proteins) the Sauerbrey equation fails to give accurate mass 
determinations. The reason for this is that that the estimated mass also includes coupled 
hydration water. To correct for this we can use the second measured parameter, namely the 
dissipation, which is a measurement of the viscoelastic property of the adsorbed film. By 
using both frequency and dissipation shifts simultaneously we can model a more correct mass, 
similar to mass estimates done with ellipsometry for example. The drawback of this is that the 
modelling is quite complex and in this study frequency shifts (total mass shifts) are simply 
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normalized against the dissipation by calculating the f/D ratios for the Cy3-jacalin adsorption 
(8). 
 
 
2.3 Protein concentration determination; the Bicinchoninic Acid (BCA) method 
 
The BCA method combines the reduction of Cu2+ to Cu1+ by protein in an alkaline medium 
(Biuret reaction) with the highly sensitive and selective colorimetric detection of the cuprous 
cation (Cu1+) using a reagent containing bicinchoninic acid (9). The BCA method is also not 
affected by the presence of detergents in the sample. In detail the BCA method uses the ability 
of proteins to reduce Cu2+ to Cu1+ under alkaline conditions, the formed Cu1+ ion then forms a 
complex with bicinchoninic acid, producing a purple solution that can be quantitatively 
measured at 562 nm. The ions are chelated with BCA, which changes from light green (free 
BCA) to the purple colour of the copper-BCA complex (10).  
 
The absorption of the complex is quite linear with increasing protein concentration over a 
working range of 20 µg/ml to 2000 µg/ml.Colour will continue to develop after incubation at 
37°C, but its rate of change is slow enough that several samples can be measured in a single 
run. 
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3 Materials and methods 
 
3.1 General chemicals 
 
The buffer system used throughout the study was phosphate buffered saline (PBS) in a 
concentration of 20 mM at pH 7.4, with a Na/K ratio of 33. The buffer was stored at room 
temperature. 
 
 
3.2 Preparation of PS particles 
 
The PS particles (Bangs Laboratories Inc.) used were 2010 nm in diameter and delivered in a 
stock solution with a concentration of 10 wt-%. Typically, 125 µl of this stock solution was 
washed three times with 125 µl MilliQ water by repeated centrifugation/supernatant 
withdrawal. The washed PS particles were then diluted to 5 wt-% by the addition of 125 µl 
MilliQ water. This solution was further diluted to 0.5 wt-% by the addition of 450 µl PBS to 
50 µl of the 5 wt-% solution. The particle solutions were stored in the refrigerator. 
 
 
3.3 Cy3 modification of jacalin 
 
Jacalin (Vectorlabs), was dissolved at 1 mg/ml in sodium carbonate-bicarbonate buffer, which 
was prepared at pH 9.3. The jacalin was labeled with Cy3 (Amersham Biosciences, Uppsala, 
Sweden). 1 ml of the protein solution was added to the dye reagent vial and mixed for 30 min. 
In order to separate the labeled protein (Cy3-jacalin) from unconjugated dye, gel filtration 
chromatography was used. First, the gel filtration column (Amerham Biosciences, Uppsala, 
Sweden) was equilibrated with 15 ml PBS, then 1 ml of sample was added and thereafter 
eluted with 1.5 ml PBS buffer. The faster eluting fraction contains the labeled jacalin. The 
Cy3-jacalin conjugate was stored in the refrigerator, 2-8 °C, until use. 
 
The ratio between Cy3 dye and protein (the F/P ratio) was determined according to the 
manufacturer´s manual except that the jacalin concentration was determined by the BCA 
method. Briefly, jacalin was diluted again, with 4.5 ml PBS, so the maximal absorbance at 
280 nm lies between 0.5 and 1.5. The concentration of Cy3 was determined by measuring the 
absorbance at 552 nm and dividing it by the molar extinction coefficient of jacalin, 150000. 
The F/P ratio is then equal to the concentration of Cy3 divided by the concentration of jacalin: 
 
F/P = [Cy3]/[jacalin] = (A552 / 150000) / [jacalin] 
 
A552 is the absorbance of Cy3 and 150000 the molar extinction coefficient of jacalin. The 
concentration of Cy3-jacalin was found to be 0.15 mg/ml, and this dilution was used in all the 
following experiments. In another experiment, the protein solution was added to the dye 
reagent vial and mixed for only 5 minutes on ice, to lower the F/P ratio, as compared with 
longer incubation times. 
 
 
3.4 Adsorption of mucin to PS particles 
 
Mucin (QS1A Lot 031119), from Sigma, at 4 mg/ml was mixed with PS particles from the 0.5 
wt-% solution, giving final concentrations of 0.1, 0.25, 1, 2, and 2.6 mg/ml. See Table 1. 

8 (22) 



 
 
C(mucin), mg/ml V(mucin), µl V(PS particles), µl 

0.1 4 140
0.25 9.3 140

1 46.6 140
2 140 140

2.6 280 140
 
Table 1. The different volumes of mucin at 4 mg/ml and PS particles, that was used in the 
experiment.   
 
 
The mixtures were incubated overnight on an end-to-end shaker. Before washing, 400 µl PBS 
was added to the three samples and they were spun down in a centrifuge at 10000 rpm (10600 
G) for one minute.  
 
In order to estimate the equilibrium concentration, 300 µl of the supernatant was diluted to 
1100 µl with PBS and the absorbance read at 280 nm. As a control experiment samples were 
also measured before addition to the particles. 
                  
In an alternative way, the protein concentration after addition to PS particles were determined 
using the BCA method. In this case 50 µl of the supernatant was withdrawn from each 
sample.  
 
For the QCM-D experiment mucin was prepared at 1.5 mg/ml: 1.3 ml PBS was added to 0.8 
ml of the original mucin stock solution (4 mg/ml). This large volume is needed since the 
QCM-D system requires an addition of at least 2 ml, of which 0.5 ml goes to the crystal. 
 
Throughout the different experiments, different batches of the same mucin have been used. 
 
 
3.5 Blocking of non-specific interaction and addition of Cy3-jacalin 
 
Pluronic F108 (BASF Inc., USA) was dissolved in PBS at 2 different concentrations, 1 and 50 
mg/ml. 100 µl of the 1 mg/ml solution was added to the mucin solutions and this blocking 
step was allowed to go on over night on an end-to-end shaker.  
 
As a negative control experiment, 100 µl of the 50 mg/ml Pluronic solution was added to bare 
PS particles and incubated overnight. 
 
All solutions were washed three times with PBS before additional steps. To the washed 
particle solutions, 100 µl of Cy3-jacalin was added and the mixture was incubated for 2 hours 
on an end-to-end shaker. As a positive control experiment 100 µl Cy3-jacalin was also added 
directly to bare particles (without any blocking step). The solutions were then washed with 
PBS three times in order to remove unbound Cy3-jacalin. In order to verify binding of the 
positive control to PS particles the solution was analysed with a fluorescence microscope 
(Axioplan II, Zeiss) at  20x magnification.  
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The other mucin solutions together with the positive and negative controls were analyzed with 
a confocal scanner (ScanArray5000).                                                             
 
 
3.6 Detection of bound Cy3-jacalin to PS with QCM-D 
 
Commercial PS-coated quartz crystals were washed with MilliQ water, ethanol (99%), and 
then MilliQ water again, before they were dried in nitrogen gas and mounted in the 
measurement chamber. Before starting an actual experiment, the system was equilibrated with 
PBS, which means that one adds 0.5 ml PBS repeatedly until the baseline stabilize. Baseline 
stabilization occured after approximately 30 minutes.  
 
After equilibration, 0.5 ml of mucin at 1.5 mg/ml was added. The mucin was prepared as 
before (see section 3.4), and the adsorption of mucin was performed overnight. In order to 
remove loosely bound mucin, the crystal was washed three times with 0.5 ml PBS.  Thereafter 
0.5 ml of Pluronic at a concentration of 1 mg/ml was added, followed by washing with PBS. 
Finally, after 2 hours 0.5 ml of Cy3-jacalin (which actually does not need to be labelled in this 
experiment) was added, followed by washing with PBS.  
 
 
3.7 Inhibition of the specific jacalin-mucin interaction with melibiose 
 
Two solutions of mucin at 2 mg/ml were prepared as before (see section 3.4). 100 µl Pluronic 
F108 at a concentration of 1 mg/ml was added to the solutions. In one of the solutions, 100 µl 
1 mM melibiose was added without shaking. Labelled jacalin on PS-particles and Pluronic 
with the concentration 50 mg/ml followed by an addition of Cy3-jacalin, were used as 
positive and negative controls. 
 
 
3.8 Jacalin with reduced degree of labeling (F/P)  
 
Jacalin with a reduced degree of labeling was prepared to conclude if it is the case that the 
active sites get affected by the labeling. The jacalin was incubated for five minutes on ice, 
which was compared with 30 minutes in the previous experiment. Mucin in the concentrations 
0.1, 0.5 and 2 mg/ml together with PS particles was prepared the same way as before (see 
section 3.4). The non-specific interactions were inhibited by the addition of 100 µl Pluronic 
F108, also as before. 100 µl of the labeled jacalin was added. Labeled jacalin on PS-particles 
and Pluronic with the concentration 50 mg/ml followed by an addition of Cy3-jacalin, were 
used as positive and negative controls. 
 
The samples were inspected with a fluorescence microscope at 20x magnification, and the 
average intensity for five different PS particles was calculated.   
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4 Results 
 
4.1 Cy3 modification of jacalin 
 
When the conjugation reaction was performed for 30 minutes the F/P ratio was calculated as 
1.6. When the incubation was allowed to go on for 5 minutes on ice the ratio was even lower, 
0.4. The manual predicts a labeling degree of approximately 4 to 12. The protocol used is 
optimized for Immunoglobulin G (IgG) though, which is larger than the jacalin molecule. 
This might influence the reaction outcome.  
 
In total, the jacalin has been diluted 6 times with PBS, first from the original 1 ml to 1.5 ml in 
the column, and then from 1.5 ml to 6 ml afterwards. This since it is desirable to get an 
absorbance maximun of 0.5 – 1.5 AU. 
 
 
4.2 Detection of bound Cy3-jacalin on PS particles 
 
When Cy3-Jacalin was added directly on PS particles one can clearly see a spherical shape, 
which means that they are covered by the fluorescent probe (Figure 3). This means that there 
is a problem with unspecific binding to the PS-particles and that it is definitely necessary to 
protect them with the surfactant Pluronic F108.  
 
 

                                    
Figure 4. Cy3-jacalin adsorbed directly on PS-particles without surfactant. Picture taken 
with 20x magnification. 
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4.3 Adsorption of mucin to PS particles 
 
The absorbances at 280 nm in solution (Table 2) were different as they should, and the 
absorbances in suspension were similar (Table 3). This would mean that we are in the same 
equilibrium concentrations in the adsorption isotherm, and that the PS particles are equally 
covered. One also has to consider the dilution factor of PBS addition, but these values indicate 
similar equilibrium concentrations.  
 
 
C(mucin), mg/ml A280 

0.1 0.01
0.5 0.01

2 0.049
 
Table 2. A280 values for different concentrations of mucin in PBS. 
 
 
C(mucin), mg/ml A280 in suspension 

0.1 0.09 
0.5 0.06 

2 0.09 
 
Table 3. A280 values of different concentrations of mucin. 
 
 
Since the absorbances were almost at the base line level, these values are not especially 
reliable. 
 
The results from the BCA method showed more reliable results. The obtained supernatant 
concentration of mucin in the 2 mg/ml case was 0.79 mg/ml and in the 0.5 mg/ml case 0.17 
mg/ml. The volume of the supernatant in the 0.1 mg/ml case was not sufficient to get a result 
from the BCA method. 
 
To compare the surface coverage in the first two cases we must do some simple calculations; 
In the 2 mg/ml case the dilution factor due to the addition of PBS (Table 4) is 2.43, which we 
must multiply to the value 0.79 mg/ml. This is because we are interested in the free mucin 
concentration in a solution of mucin and PS particles, which in this case is 0.79 * 2.43 = 1.9 
mg/ml. 
 
Doing the same calculations in the 0.5 mg/ml case, the concentration of free mucin was found 
to be 0.17 * 3.5 = 0.60 mg/ml. 
 
 
Volume (mucin), µl Volume (PS), µl Volume (PBS), µl  Volume (total), µl Dilution factor 

140 140 400 140+140+400=680 (140+140)/680=2.43 
20 140 400 20+140+400=560 (20+140)/560=3.5 

 
Table 4. Calculated dilution factor after PBS addition of the different mucin concentrations. 
 

12 (22) 



The equilibrium concentrations 0.60 and 1.9 (Table5) are found at the left in the adsorption 
isotherm (Figure 1), but definitely at the linear part of the curve. These values correspond to a 
mass uptake of 0.1 and 0.3 mg/m2. Since the equilibrium mucin concentrations are always 
approximately equal to the added mucin concentrations, this value was used in the following 
diagrams. 
 
 
C(mucin), mg/ml C(supernatant), mg/ml dilution factor C(equilibrium), mg/ml 

0.5 0.17 3.5 0.17*3.5=0.60 
2 0.79 2.43 0.79*2.43=1.9 

  
Table 5. Calculated mucin equilibrium concentrations. 
 
 
4.4 Detection of bound Cy3-jacalin to PS-particles – QCM-D 
 
As can be seen in figure 5, the frequency shifted after the addition of the mucin, and after 12 
hours equilibrium was reached. The frequence shift is 5.5 Hz which corresponds to a mass 
uptake of 0.32 mg/m2 from the Sauerbray relation. This value seems reasonable according to 
figure 2. 
 
After the addition of Pluronic F108 the frequency dropped rapidly, and then increased after 
the wash, but after the addition of the labelled jacalin it increased again, which seems strange 
at a first glance, but apparently the mucin adlayer excludes water, giving rise to mass loss. 
This was confirmed by the dissipation, which decreased significantly during the adsorption of 
Cy3-jacalin. This means that since one do not know how much water is removed, one can 
never with simplicity tell how much of each component that has adhered to the surface. 
 
The labelled jacalin was never washed, since nothing could be concluded from this 
experiment. 
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Figure 5. Frequency/Dissipation vs time plot: Mucin (1.5 mg/ml) was added at t=0 and 
washed at t=1200. Pluronic (1 mg/ml) was added at t=1200 and washed at t=1400. Cy3-
jacalin was added at t=1400.  
 
 
4.5 Detection of fluorescence: Cy3-jacalin 
 
When comparing the amount of fluorescence in the solutions with different mucin 
concentration, the fluorescence in the case of PS particles coated with Pluronic at the 
concentration 50 mg/ml, the negative control, was lowest. It differed by a factor of 
approximately six from the case with bare PS particles, the positive control. All other coatings 
were found in between, as one could expect, except one, in the case with 0.25 mg/ml, see 
figure 6. 
 
The amount of fluorescence with the other concentrations seemed to follow no pattern at all, 
which indicated a binding of jacalin that was independent of the mucin concentration. 
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Figure 6. Cy3-Jacalin adsorbed to mucin at 5 different mucin concentrations on PS particles. 
 
 
4.6 Detection of fluorescence: melibiose inhibition 
 
The fluorescence in both the solutions with or without melibiose addition was equal. The 
value was in between the positive and negative control, see figure 7.   
 
This experiment indicated that a non-specific binding of Cy3-jacalin to the surfaces existed, it 
binds to mucin even if its active sites are blocked. 
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Figure 7. Cy3-Jacalin adsorbed to mucin on PS particles, with or without melibiose 
incubation. 
 
 
4.7 Detection of fluorescence: Cy3-jacalin with reduced labeling degree 
 
When comparing the average fluorescence of five representative particles the positive control 
had values of 103.00, which most likely means that the fluorescence is higher than what can 
be measured. 
 
The negative control had the lowest average together with the 0.1 mg/ml case. 
 
Fluorescence Standard deviation 

52.1 9.37 
83.04 15.86 
44.79 3.22 
68.98 9.08 
61.54 11.17 

Average  
62.09  

     
Table 6. Average fluorescence of the negative control, Cy3-jacalin adsorbed on PS particles 
coated with Pluronic (50 mg/ml). 
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Figure 8. Negative control, Cy3-jacalin adsorbed on PS particles coated with mucin (50 
mg/ml). Picture taken with 20x magnification. 
 
 
Fluorescence Standard deviation 

75.47 8.95 
74.28 8.86 
42.88 4.71 
64.91 8 
36.16 2.65 

Average  
58.74  

 
Table 7. Average fluorescence of Cy3-jacalin adsorbed on mucin (0.1 mg/ml) on PS particles 
coated with Pluronic (1 mg/ml). 
 
 

 
Figure 9. Cy3-jacalin adsorbed on mucin (0.1 mg/ml) on PS particles coated with Pluronic (1 
mg/ml). 20x magnification. 
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It was possible to observe a difference in the amount of fluorescence between the cases with 
mucin in the concentrations 0.5 mg/ml and 2 mg/ml. 
 
 
Fluorescence Standard deviation 

60.21 8.56 
73.96 8.49 
82.13 14.34 
81.85 14.58 
94.69 12.97 

Average  
78.568  

 
Table 8. Average fluorescence of Cy3-jacalin adsorbed on mucin (0.5 mg/ml) on PS particles 
coated with Pluronic (1 mg/ml). 
 
 
 

  
Figure 10. Cy3-jacalin adsorbed on mucin (0.5 mg/ml) on PS particles coated with Pluronic 
(1 mg/ml). 20x magnification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18 (22) 



Fluorescence Standard deviation 
103 0 

92.95 10.22 
98.84 6.31 

102.32 2.06 
103 0 

Average  
100.022  

 
Table 9. Average fluorescence of Cy3-jacalin adsorbed on mucin (2 mg/ml) on PS particles 
coated with Pluronic (1 mg/ml). 
 
 

 
Figure 11. Cy3-jacalin adsorbed on mucin (2 mg/ml) on PS particles coated with Pluronic (1 
mg/ml). 20x magnification. 
 
 
These signal intensities values correlated well with the mucin concentrations, in that the 
lowest mucin concentration gave the lowest signal intensity and the highest mucin 
concentration gave the highest (Figure 12). 
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Figure 12. The amount of fluorescence of jacalin with reduced labeling adsorbed on PS 
particles with different mucin concentrations. 
 
 
5 Discussion 
 
The results from the experiments with a normal degree of jacalin labeling showed no pattern 
at all, since the signal intensities were not proportional to the mucin concentration. One 
explanation could be that there was a problem with the labeling of jacalin. From the QCM-D 
experiment it could be concluded that an overnight incubation time is sufficient for the mucin 
to adhere on the polystyrene. 
 
The results from the experiments with a reduced degree of jacalin labeling might indicate a 
relationship between signal intensity and mucin concentration, however this was not the kind 
of strong trend that was expected. The picture of the PS particles taken with the fluorescence 
microscope, was not sharp at all locations, which lowers the accuracy of the method. It is hard 
to know if a blur image of a particle is due to a weaker binding or an image out of focus. The 
confocal scanner is a better method to quantify how much that has bound and it would have 
been used in this experiment too (if the machine had not been unavailable for experiments 
during the major part of this project). 
 
When using the confocal scanner, though, one source of error may be that the number of PS 
particles of the droplets are different, even if the vials containing the solutions with the PS 
particles have been carefully vortexed. As mentioned, there is a tendency of the PS particles to 
assemble at the edges of the droplet when the water evaporates. The average fluorescence was 
measured inside a circle at the center of the droplet and it was impossible to know the density 
of the PS particles within that circle. Since the physical shape and properties of the droplets 
are not very similar maybe this affects the amount of PS particles assembling at the edges, 
which would give inconsistent results.   
 
The experiments were performed several times, and at all times the amount of fluorescence 
has differed by a factor of approximately five between the positive and negative control. This 
indicates that the measurements are significant, but it might seem smaller than one would 
expect. It indicates that even at very high Pluronic concentrations, the surface coverage was 
still unsatisfactory, or that Pluronic was not too efficient in blocking non-specific interactions.   
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Since the difference in fluorescence were so large, it could have been necessary to compare 
different droplets from the same vials in the different experiments.   
 
The labeling is designed for IgG antibodies and when mixing the dyes with jacalin for 30 
minutes, it is possible that the dye binding affects the acive sites of jacalin. This was the 
indication of the experiment with melibiose addition, since the melibiose has an affinity for 
the active sites of jacalin. The amount of fluorescence did not differ at all, which indicates that 
the active sites are already blocked, although this should not be a likely explanation from the 
labeling (F/P) ratio, since it is as low as 1.6.  
 
It should be noted that two different batches of mucin have been used throughout the project, 
which could be an explanation for the difference in amount of fluorescence at the same mucin 
concentrations but in different experiments. 
 
It has to be noticed that we are a long way to the left in the adsorption isotherm, figure 2. 
Maybe, if we had a higher mass uptake, the binding of jacalin would differ more. The mucin 
equilibrium concentrations were similar to the added mucin concentrations, indicating that the 
surface area is probably not too large and that mucin was in excess. 
 
In the QCM-D experiment it has to be noticed that when the frequency increased at the jacalin 
addition, the dissipitation value decreased, which means that the adsorbed film became more 
rigid. This was probably a result of the water exclusion which occurs when the jacalin is 
added to the mucin coated surface. 
 
The interaction between pig gastric mucin and another lectin, wheat germ agglutinin, has been 
studied (11). In this case, the mucin (in complex with chitosan) reacted with the gold-labeled 
agglutinin and were analyzed with tunneling electron microscopy (TEM). 
 
If Cy3-labeling of jacalin is a problem, a future experiment would be to label jacalin with gold 
and analyze the interaction with mucin with scanning electron microscopy (SEM). 
 
The mass uptake could be analyzed with sedimentation field flow fractionation (SedFFF), and 
using unlabelled jacalin.  
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