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Results and discussion 

In a pilot experiment we proved that coating of collagen-sealed vascular grafts using 
polycatecholamines is possible, both for dopamine and L-DOPA as monomers, as indicated by 
the appearance of a brownish black color in the coated grafts (Figure S1a).  Visually, addition 
of Cu2+ salts resulted in darker color of the grafts which may suggest higher amount of 
polycatecholamine deposited on the prosthesis surface. The yield of gentamicin immobilization 
on coated grafts and their antibacterial efficacy was selected as a main criterion of the efficacy 
of the performed modification. Therefore, gentamicin was immobilized to such modified grafts 
via covalent bonds between free amino groups of the drug and catechol moieties of polymerized 
catecholamine [1,2]. For all tested conditions of modification, the amount of graft-immobilized 
gentamicin was at least 2-fold higher (1607-5108.5 µg/g of prosthesis) than for pristine grafts 
(820.5 µg/g of prosthesis). Comparing PDA and PLD coatings, drug immobilization was higher 
when PLD was used; it also increased when copper ions (0.5 mM) were added to the coating 
solution as a catalyst. In most cases, supplementation of the buffer with specified concentrations 
of Na+ and Mg2+ ions resulted in the increase of drug binding efficiency (Figure S1a). These 
results are in agreement with our earlier observations in experiments performed on polyester 
knitted prostheses modified with PLD [3]. Concentrations of NaCl, MgCl2 and MgSO4 used in 
experiments were similar as in seawater. It is therefore possible that salinity of environment 
during the PLD formation on the grafts is beneficial for this process. This hypothesis is 
supported by the earlier observation that presence of NaCl increased several times the thickness 
of PDA layer on some surfaces in comparison with the process without NaCl [4]. 

Also, antibacterial activity of gentamicin-bound grafts tested against S. epidermidis 
strain was higher when grafts were coated with polycatecholamine layer. Bacterial growth in 
medium incubated with these samples appeared on 4th-10th day of daily exchange which was an 
equivalent of 3-9 days of antibacterial protection. While for pristine graft, the bacterial growth 
was noted on 2nd day of the test (meaning that pristine graft soaked in drug solution was able to 



protect its environment only for 1 day) (Figure S1b). Overall, collagen-sealed grafts coated with 
PLD in presence of NaCl, CuSO4 and MgCl2 exhibited the most promising results: 5108.5 µg 
gentamicin/1 g prosthesis and 9 days of bacterial growth inhibition (Figure S1a,b). This 
conclusion was similar to that withdrawn from the experiments performed on bare polyester 
knitted prostheses [3]. Therefore, this set of coating conditions was selected for further 
experiments. 

Temperature generally affects the yield of immobilization process. For example, 
glucoamylase immobilization yield in cross-linked gelatin increases from 19.8 % at 25°C to 
82.7 % at 60 °C [5]. Therefore, in our optimization experiments the effect of temperature 
(within the range 25-50 °C) on PLD-deposition on collagen-sealed prostheses and subsequent 
gentamicin binding was checked. It was observed that rise of temperature from 25 °C to 37 °C 
and 50 °C caused statistically different increase of amount of bound gentamicin (Figure S1c). 
Also, drug immobilization at 50 °C was more effective than at 37 °C. However, simultaneous 
destabilization of collagen+PLD layer was noted for the grafts treated at 50 °C (Figure 1c) – 
white areas suggesting the exposition of bare PET fibers were visible on the graft surface. It is 
known that collagen triple helices lose their stability at elevated temperatures. For collagen 
solution, the shift of triple helices to duplexes was observed at 35 °C [6]. Although immobilized 
compounds are usually more temperature-stable than the soluble ones, it is likely that treatment 
of collagen-sealed vascular grafts at 50 °C caused the denaturation and destabilization of 
collagen coating and its peeling off PET fibrous matrix. This phenomenon did not appear in 
case of the grafts modified at 37 °C. Therefore, despite the highest gentamicin immobilization 
yield observed for 50 °C, lower temperature of the prosthesis coating and subsequent drug 
immobilization (37 °C) was selected for further experiments. 

Moreover, we decided to compare the efficacy of tested modification method with other 
procedure claimed effective for drug binding to protein-sealed vascular grafts. Ginalska et al.  
[7] reported the high efficacy of glutaraldehyde activation-based immobilization of gentamicin 
to gelatin-sealed knitted vascular grafts. Glutaraldehyde is a homobifunctional linker with two 
aldehyde groups. Its mechanism of action depends on formation of covalent bonds between its 
aldehyde groups and free amine groups of other molecules. In the case of our experiment, it 
could serve as a linker between collagen and gentamicin (as both these compounds contain free 
amino groups). Therefore, we wanted to verify whether this method of drug binding can be as 
effective as PLD-based method for collagen-sealed knitted vascular grafts. It was found that 
slight but statistically insignificant increase of amount of immobilized gentamicin was observed 
only for 0.5 % glutaraldehyde – 930 µg gentamicin/1 g prosthesis. Higher glutaraldehyde 
concentration (1.0-2.5 %) caused a significant (and significantly different) decrease (below 450 
µg gentamicin/1 g of prosthesis) of immobilized drug amount (Figure S1d). This phenomenon 
may result from the preferential formation of internal crosslinking within collagen layer instead 
of reaction between collagen and gentamicin, which is possible in higher linker concentration. 
Nevertheless, this alternative activation method is not efficient for collagen-sealed grafts in 
comparison with PLD-based coating method. 
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Figure S1. Optimization of polycatecholamine (PDA – polydopamine, PLD – poly(L-DOPA)) coating 
conditions on antimicrobial activity of collagen-sealed vascular prostheses. a) Amount of the 
immobilized drug and macrophotography of Coll (pristine graft) and Coll+PDA or Coll+PLD 
(polydopamine or poly(L-DOPA)-coated graft), using different catalysts and additives; b) S. 
epidermidis growth in direct contact with the prostheses coated in different conditions; c). 
Effect of coating temperature (for the process using PLD, Cu2+, Na+ and Mg2+) on gentamicin 
binding to the prostheses and macrophotography of the grafts coated at 37 ⁰C and 50 ⁰C; d) 
Effect of glutaraldehyde (0.5-2.5 %) activation on gentamicin binding to Coll grafts. (*) 
symbol indicates statistically significant results for 37 ⁰C and 50 ⁰C in comparison to 25 ⁰C,  (#) 
symbol indicates statistically significant results between 37 ⁰C and 50 ⁰C, ($) symbol indicates 
statistically significant results between 0.5 %, 1 % and 2.5 % glutaraldehyde in comparison 
with 0 % glutaraldehyde; (&) symbol indicates statistically significant results between 0.5 % in 
comparison with 1 % and 2.5 % glutaraldehyde, according to one-way ANOVA with post-hoc 
Tukey’s test (p < 0.05). 



 

Figure S2. Uncropped and not rotated images of the HUVEC cells at sites with high and low 
density, grown on the Coll prostheses for 4 days – SEM 



 

Figure S3. Uncropped and not rotated images of the HUVEC cells at sites with high and low 
density, grown on the Coll+PLD prostheses for 4 days – SEM 



 

Figure S4. Uncropped and not rotated images of the HUVEC cells at sites with high and low 
density, grown on the Coll+PLD+Glyc prostheses for 4 days – SEM 


