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The work presented in this thesis focused on a further development of DCC 
based strategies for surface functionalization. Different nano-materials and 
reversible chemistries were utilized and further optimized to obtain DCC generated 
macromolecular structures for molecular recognition.  

First, the chemical stability of water-dispersed superparamagnetic iron oxide 
nanoparticles (SPIONs) was studied. Differently charged ligands, including 
zwitterionic, neutral, negatively and positively charged, were synthesized and 
decorated on the surface of SPIONs. The analysis of SPION stability at various 
pHs and ionic strengths indicated that the zwitterionic ligands are most efficient at 
stabilizing SPIONs in aqueous solutions. The SPIONs remain well-dispersed for 
more than 60 days, making them a suitable platform for further surface 
modification. Subsequently, a zwitterionic ligand carrying an aldehyde group has 
been synthesized and grafted onto the surface of the SPIONs with a tailorable (0%-
100%) surface coverage. The aldehyde allows for facile surface functionalization 
through hydrazone bond formation and the experimental data indicated that the 
aldehyde readily reacted with a hydrazide under mild reaction condition. These 
results suggest that the SPION platform holds considerable promise for DCC-based 
surface functionalization and subsequent application. However, as the ligands are 
bound to the surface by metal coordination, which is affected by the presence of 
biopolymers (proteins or DNA), undesirable exchange of SPION surface ligands 
took place after the addition of DNA templates. The exchange leads to direct DNA 
binding, making the analysis a very demanding task and therefore restricting the 
application of biological templates in dynamic combinatorial SPION libraries. One 
approach to circumvent this problem is to replace the small organic ligands with 
polymers which bind more strongly to the surface of nanoparticles by multivalent 
interactions. Two methods, pre-polymerization of functional monomers and post-
crosslinking of ligands on the surface of nanoparticles, are usually applied to obtain 
polymer stabilized nanoparticles. However, due to the fact that these methods 
require more demanding synthesis and characterization efforts, we decided to focus 
on other readily available materials (nanoparticles) that were amendable to make 
robust covalent surface functionalization.  

Building on the ligands developed in chapter 2, polyamidoamine (PAMAM) 
dendrimers were covalently conjugated with a zwitterionic aldehyde, as described 
in chapter 3. DCC on the surface of the dendrimers was studied using reversible 
hydrazone chemistry. In addition, to better understand the behavior of dynamic 
combinatorial dendrimer libraries in the presence of templates, three DNA 
sequences were introduced as templates to amplify the library members with DNA 
binding properties. This strategy provides a promising method for creating 
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antibody-like macromolecules by imprinting a precisely complementary surface for 
a specific template.  

Hydrazone exchange can be kinetically “frozen” by pH change or catalyst 
removal, allowing for isolation and manipulation of any specific library member. 
Such a platform would constitute a major step towards applications in analytical 
chemistry, diagnostics and medicine. Another interesting research goal is to 
develop a methodology which could create two different binding domains on a 
single dendrimer, similar to what occurs in antibody recognition, involving binding 
to antigen and Fc receptor. For this purpose, a reversible chemistry with a low 
equilibrium constant will be required, e.g. reversible imine chemistry in aqueous 
solution. 

Finally, as described in chapter 4, a DCC based methodology for the selective 
recognition of DNA through dynamic imine chemistry has been developed, where 
the reversible surface functionalization could be fixed by reduction of the imines. 
Specifically, five amines were provided to enable imprinting by eight different 
DNA oligonucleotides (16 nucleobases). The distribution of bound amines was 
analyzed by linear discriminant analysis (LDA), which showed classification and 
prediction of ds DNA and ss DNA templates. Dendrimers with high binding 
affinities towards different DNA templates were obtained with templated DCLs, 
indicating that receptors for biomacromolecules can be screened and identified by 
applying DCC. This DCC based methodology has the potential to be general and 
facile to implement and might find applications in diverse fields of bio-
nanotechnology, including targeting and sensing of DNA/RNA, metabolites or 
enzymes. Overall, the DCC approach allows to imprint the specific molecular 
structures of a biomacromolecule into the surface of dendrimers. As illustrated in 
chapter 1, other molecular imprinting methods are mainly based on kinetically-
controlled polymerization, whereas the described DCC methodology relies on the 
thermodynamically controlled reversible imine formation which has the important 
advantage of including the error-correction process, which should result in more 
precisely imprinted surfaces. 

Another fundamental goal of the described research was to obtain a semi-
quantitative relationship between reaction conditions and the resulting affinities 
through the use of statistical analysis. This requires the synthesis and analysis of 
more reversible chemistries and building blocks to generate a more extensive 
dataset for statistical analysis. The expansion of DCC functionalized surfaces 
should also result in a more diverse array of antibody-like macromolecular 
structures. 
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Antibodies are extensively applied in the fields of research, diagnostics and 
therapeutics. Our current DCC approach may be extendable to protein templates, 
which could give rise to synthetic antibody mimics. In our workflow, the design is 
simplified due to the thermodynamically controlled molecular imprinting, which is 
friendly to researchers with less experience in molecular biology. Preliminary work 
showed that there are some obstacles in protein templated DCLs. First of all, imine 
formation was observed between dendrimer scaffolds and protein templates. 
Additionally, the isolation of the most effective dendrimer fractions from DCLs, 
especially from a mixture of low-affinity and high-affinity dendrimers, was 
technically difficult. However, these problems can potentially be solved. Using 
acid catalyzed hydrazone formation can minimize the interference by imine 
formation. Separation by affinity chromatography combined with other techniques 
may lead to the reproducible synthesis of antibody mimics. 
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