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The aim is to develop new material surfaces that can precisely control the locality of multiple
proteins in 2 and 3D, which is highly desirable for improving the understanding of the
biocompatibility of medical implants and tissue engineered devices. Generating protein
patterns with controllable spacing and complexity in the nanometer to micrometer scale
remains a challenge. Currently, the most widely used techniques for patterning are time
consuming and expensive and most of them are restricted to single protein patterning. We
present here a novel but simple method for generating highly ordered protein patterns,
based on our previous findings about ordered colloidal assemblies. The experiments are
performed by mixing particles of different size (50nm - 3 um), material (silica,
poly(styrene)), and surface chemistry, and drop casting them into confined spaces of
controllable dimensions (over a few cm?). This results in the self-assembly of the particles
into highly ordered arrays, in which the larger particles form a non-close packed hexagonal
structure encapsulated by the smaller particles. The pattern morphology is changed by
varying the particle size ratios and concentrations. In addition we have mixed three particles
of different size to generate ordered ternary arrays. This concept is applied to particles pre-
coating with proteins using unlabeled and/or fluorescently labeled human lysozyme and
bovine serum albumin (BSA) as model proteins. Also, when human lysozyme coated particles
are mixed with BSA coated particles, a FTIC labeled human anti-lysozyme selectively binds to
the lysozyme coated particles. XPS, fluorescent microscopy, AFM, SEM analysis and zeta
potential are used for characterization.

In another approach | will show a new method for generating chemical patterns by
sputtering of gold through the colloid crystal layer followed by lift-off of the particles. The
crystal regions of the binary pattern, composed of the smaller particles, facilitate transport
of the Au sputter beam to the substrate. After particle lift-off only the regions where the
small particles have been in contact with the silicon substrate are coated with Au. The large
particles act as a mask and remain uncoated, and the thickness of the surrounding Au layer
is controlled by the sputter time. The highly ordered chemical patterns are generated where
the size of the features are tuned by appropriate choice of particle sizes (50 nm to 3 um
diameters) and ratios. Thus chemical contrasts with Au and silica are created that can be
used for chemical patterning using thiols and silanes. We demonstrate that the resultant Au
layer can be coated with a protein resistant mercapto-oligo(ethylene glycol) layer ((1-
mercapto-11-undecyl)-tri(ethylene glycol)) that allows selective adsorption of rhodamine-
labelled albumin, only onto the Si regions of the pattern. The Au patterns and subsequent
protein adsorption are characterized by AFM, SEM and fluorescent microscopy. XPS and ToF-
SIMS are used to characterise the chemical modification steps of the patterning.

In summary, a novel method is introduced for generating highly-ordered chemical

nanopatterns that is very fast, inexpensive, and allows patterns of biomolecules to be
created over large surface areas.
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