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Microbial adhesion to surfaces is a problem occurring in many fields of 

application, including biomaterials associated repair of human function. Several 

experimental techniques as well as predictive theoretical models are available to 

gain a better understanding of the strength by which bacteria adhere to a 

substratum. 

Chapter 1 gives an introduction on the importance of understanding the 

adhesion strength between micro-organisms, like bacteria, and substratum 

surfaces. Adhesion strengths can be determined experimentally, but also 

predicted theoretically. Experimental forces not only differ orders of magnitude, 

but also theoretical force calculations present their own class of force values. 

Furthermore, little research exists, in which adhesion parameters are 

investigated under identical experimental conditions (i.e. substratum surface, 

suspending media, growth conditions and bacterial strains).  

Therefore, the main aim of this thesis is to develop an understanding of 

the reason(s) why different techniques yield different ranges for microbial 

interaction forces with substratum surfaces. The possible relations between 

hydrodynamic shear forces obtained in the PPFC, predicted DLVO-forces and 

air bubble detachment percentages for six different bacterial strains are 

investigated in Chapter 2 by testing three hypotheses: 

1. A strong hydrodynamic shear force to prevent adhesion (Fprev) relates to a 

strong hydrodynamic shear force to detach (Fdet) an adhering organism. 

2. A weak Fdet implies that more bacteria will be stimulated to detach by a 

passing air-liquid interface through the flow chamber. 

3. DLVO interactions determine Fprev and Fdet as well as the detachment 

induced by a passing air-liquid interface. 

 

However, every hypothesis had to be rejected showing the importance to 

distinguish between forces acting parallel (hydrodynamic shear) and 

perpendicular (DLVO, air-liquid interface passages) to the substratum surface.  
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Substratum surface hydrophobicity did not have an unambiguous 

influence on Fprev. However, on the hydrophobic, dimethyldichlorosilane (DDS)-

coated glass it was more difficult to detach adhering bacteria, which was 

confirmed by air-liquid interface induced detachment. These results showed that 

the hydrophobic surface is more favourable for bacterial adhesion. 

Another indication for interaction strength is the residence time dependent 

desorption rate coefficient, which is studied in Chapter 3. Initial desorption rate 

coefficients of four strains of Staphylococcus epidermidis were similar for 

hydrophilic and hydrophobic DDS-coated glass, likely because initial desorption 

is controlled by attractive Lifshitz-Van der Waals interactions, which are 

comparable on both substratum surfaces. However, contact time allows a 

significant effect of substratum surface hydrophobicity. On DDS-coated glass, 

decay times are slower and final desorption rate coefficients smaller, suggesting 

adhesion is more favourable on the hydrophobic surface. It is concluded that the 

hydrophobic effect is the probable cause for these observations, because of the 

more close contact between bacterium and substratum surface on hydrophobic 

DDS-coated glass.  

In Chapter 4 the adhesion dynamics, a more qualitative way of 

describing bacterial affinity, were investigated for the same strains of S. 

epidermidis as those in Chapter 3. Two modes of adhesion were distinguished: 

immobile and mobile adhesion in which, despite an interaction with the 

substratum surface, sliding along a substratum surface is possible. On 

hydrophilic glass significantly more bacteria were found to adhere mobile, while 

this feature was virtually absent on hydrophobic DDS-coated glass. It was 

concluded that the presence of fully mobile adhesion depends on the Lewis acid-

base component of the free energy of interaction between the bacterium and 

substratum. On hydrophilic glass this component is repulsive, and bacteria 

cannot bind locally with a strong enough force for immobile adhesion. On DDS-
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coated glass, the Lewis acid-base component is attractive, creating stronger local 

bonds and preventing fully mobile adhesion.  

Residence time dependent adhesion forces of these staphylococcal strains 

with hydrophilic glass and DDS-coated glass can be investigated directly by 

using atomic force microscopy (AFM), as described in Chapter 5. No 

unambiguous effect of substratum surface hydrophobicity on initial adhesion 

forces was observed. However, over time, strengthening of the adhesion forces 

was virtually absent on DDS-coated glass, although in a few cases multiple 

adhesion peaks developed in the retract curves. Significant bond-strengthening 

on hydrophilic glass was observed for all four staphylococcal strains and was 

concurrent with the development of multiple adhesion peaks upon retract. It is 

concluded that on DDS-coated glass, the hydrophobic effect causes 

instantaneous adhesion, while strengthening of the bonds on hydrophilic glass is 

dominated by non-instantaneous hydrogen bond formation as determined by 

using Poisson analysis. 

So far adhesion parameters were studied for systems where only non-

specific interactions were possible. Therefore, the adhesion of two 

Staphylococcus aureus strains, one with fibronectin binding proteins (FnBP’s) 

and the other without these proteins, was studied in Chapter 6. The strain with 

FnBP’s adhered significantly faster and stronger to a fibronectin (Fn) coated 

surface. In line with this, this strain also had higher adsorption enthalpies 

(measured with isothermal titration calorimetry, ITC) of Fn as compared to the 

strain without FnBP’s. Initial desorption rate coefficients were high for both 

strains, but decreased orders of magnitude within 2 s. Bond ageing was 

confirmed by AFM adhesion force measurements. After exposure of either Fn-

coatings or staphylococcal cell surfaces to bovine serum albumin (BSA), the 

adhesion of both strains to the substratum surface was strongly reduced, 

suggesting that BSA not only suppresses non-specific cell-surface interactions 

but also specific Fn-FnBP interactions. However, adhesion forces and 
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adsorption enthalpies were only slightly affected by BSA adsorption. 

Furthermore, desorption rate coefficients were insensitive to whether or not 

specific Fn-FnBP interactions were involved. From this study it was concluded 

that the forced contact during AFM or stirring in ITC allows Fn-FnBP binding 

with deeper located FnBP’s, despite an adsorbed BSA film and that mild landing 

of an organism on a Fn-coated substratum as during convective-diffusion in the 

parallel plate flow chamber does not invoke deeper located receptors. 

In the general discussion, Chapter 7, it was noted that direct correlation 

of adhesion parameters measured with the PPFC and AFM, is obscured by the 

nature of both experimental techniques. Parameters measured in a flow chamber, 

resemble the natural process best and give the most accurate approximation of 

bioadhesion in vivo. In AFM experiments, interaction forces are measured that 

are, due to the forced contact in AFM, very often not reached in naturally 

occurring adhesion. It is concluded that researchers have to be careful in using 

AFM to prove that microbial adhesion on one surface is more favourable as 

compared to another, especially when these surfaces differ in hydrophobicity. 

However, in this thesis both experimental techniques have indicated the 

importance of hydrogen bonding in bacterial adhesion to non-specifically 

binding (inert) surfaces, especially with respect to bond strength and associated 

adhesion dynamics. 
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