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A B S T R A C T   

In this work, we show two different routes to synthesize polymer-dendrimer hybrids by the coupling of poly(L- 
lysine) and zwitterionic dendrimers (ZIDs). Poly(L-lysine) (PLL) is used because of its advantageous self-assembly 
properties onto silicon oxide by charged-based interactions between the lysine groups and the negatively charged 
surface, whilst the coupled ZIDs provide antifouling properties. The first route yields network-like structures in 
which PLL and ZIDs are crosslinked by multiple amide bonds. By using different ratios of PLL and ZID, we vary 
the size of the formed networks. A more defined, linear PLL-ZID macromolecule is formed via coupling of 
multiple ZIDs to PLL in a controlled way by a copper-catalyzed azide/alkyne cycloaddition (CuAAC) “click” 
reaction. Following synthesis and characterization of the two different types of PLL-ZID macromolecules, they 
are self-assembled on silicon oxide surfaces from aqueous solutions in a single step, to form thin, hydrophilic 
coatings. Their potential use as antifouling coatings is tested by fluorescence microscopy and quartz crystal 
microbalance (QCM) with foulants such a single proteins and diluted human serum. Finally, by performing an 
on-surface biofunctionalization step by biotin we demonstrate it is possible to use these polymer-dendrimer 
hybrids for selective detection of target analytes (here: streptavidin), while the underlying coating maintains 
its antifouling properties. 

This method presents a new, straightforward approach for the manufacturing of PLL-ZID based coatings that 
can be pre-synthesized partly or fully and applied as coating in a single self-assembly step. Both steps can take 
place in aqueous solution and under ambient conditions, and result in stable coatings that not only display 
antifouling properties but also maintain the possibility of further functionalization.   

1. Introduction 

Most synthetic polymers are linear or only moderately branched. In 
contrast, dendrimers are a class of macromolecules with precisely 
defined, highly branched structures and are obtained by sequential re
actions through divergent or convergent synthesis [1–5]. As a result, 
they possess a distinct molecular architecture with a core, branches and 
terminal functional groups. The high level of control over dendritic ar
chitectures, the presence of internal cavities and the possibility for 
multivalent binding have, for example, focused attention on dendrimers 
as potential carriers in biomedical applications [3,4,6]. While den
drimers modified with charged groups have found use for in vivo drug 
delivery, the presence of a high density of charged groups on the 

dendrimer structure also enables an entirely new application that has so 
far been largely overlooked. That is, highly charged dendrimers with no 
net charge, i.e. zwitterionic dendrimers (ZID) are potentially very 
interesting for surface chemistry applications since zwitterionic coatings 
have been shown to drastically reduce (bio)fouling of surfaces when 
applied as a coating [7,8]. Previously, charged dendrimers have been 
used as coating, although mainly in layer-by-layer approaches where 
alternating layers of positively and negatively charged dendrimers were 
assembled on a surface [2,9,10]. In contrast, the use of a fully and 
permanently zwitterionic dendrimer-based coating has not been re
ported in literature. So far, only the use of (partially) zwitterionic den
drimers has been reported for use in other biomedical applications such 
as drug delivery, sensing and MRI contrast agents [11,12,21,13–20]. 
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