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INTRODUCTION: The controlled immo-
bilization of functional (bio-)nanoparticles (NPs) 
and biomolecules on nanopatterned substrates is a 
highly flexible way to render tailored surface 
characteristics for smart biointerfaces: protein 
arrays can create functional hot spots guiding cell 
response, while arrays of metallic nanoparticles 
with plasmonic properties can be applied in 
biosensing. The controlled immobilization of 
bionanoobjects at pre-defined positions requires (a) 
tailored surface structures with nanoscale 
resolution as well as (b) a fundamental under-
standing of bio-solid interactions and deposition 
processes. We present an approach to address both 
these issues. 
METHODS: We apply self-assembly techniques 
[1] to design nanopatterned surfaces which are 
suitable templates for highly ordered large-area 
nanoobject arrays. We employ block copolymer 
(BCP) lithography for the patterning of glass, 
silicon or titanium surfaces with sub-20 nm 
features. In particular, we present nanoscale 
lamellae and arrays of nanopores (Figure 1a,b). To 
create arrays of nanoholes with diameters one 
order of magnitude larger, nanosphere lithography 
(NSL) is applied. With both techniques, we tailor 
the surface morphology, i.e. topography and local 
surface chemistry. The different structures are then 
used for the immobilization of protein micelles, 
site-selective adsorption of DNA origamis and 
deposition of ferritin and Au NPs. We investigate 
the bio-solid interactions by measurements of 
surface and particle zeta potentials as well as 
surface wettabilities and analyse the nanoobject 
arrays by SEM, AFM and TEM. 
RESULTS: We exploit convective self-assembly 
to deposit NPs selectively inside hexagonally 
arranged nanopores created by BCP lithography at 
a pattern density of 1011 cm-2. In particular, we use 
10 nm Au NPs as model system and 12 nm 
diameter ferritin bio-NPs. With a similar approach, 
we present DNA origami triangles with edge 
length of 120 nm with are deposited into nanohole 
arrays created by NSL (Figure 1c) [2]. The 
correlations between electrochemical interactions, 
tunable surface wettability (by nanostructures) and 
deposition behaviour of nanoobjects give 
fundamental insight into bio-solid interactions. 

!  
Fig. 1: SEM images of (a,b) sub-20 nm 
nanostructures by BCP lithography and AFM 
images of arrays of (c) DNA origami triangles or 
(d) immobilized protein micelles. 

Besides the deposition of objects from (aqueous) 
suspensions, we investigate an enzyme-mediated 
approach to immobilize protein micelles and 
synthesise biopolymers at pre-defined positions of 
both sub-20 nm pores and larger nanohole arrays 
(Figure 1d) [3]. 
DISCUSSION & CONCLUSIONS: We present 
ordered arrays of bionanoparticles, DNA origamis 
and proteins on prepatterned surfaces with tailored 
topography and nanoscale chemical contrasts. We 
investigate the bio-solid interactions determining 
deposition processes the control of which allows to 
create functional biointerfaces. Our findings can be 
transferred to various material systems advancing 
the knowledge of surface engineering for smart 
and functional biointerfaces. 
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