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Abstract body 

Nanostructured surfaces provide highly-controllable test environments for molecular 
scale investigations of protein binding.  A number of researchers have begun to combine 
atomic force microscopy (AFM) and nanoscale lithography to develop protein assays with 
molecular level sensitivity.  Studies using AFM can be conducted in ambient buffered 
environments to directly detect and visualize the binding of biomolecules on well-defined 
nanostructured surfaces with precise control of surface reaction conditions, spatial 
arrangement, ligand density, nanopattern geometry and chemical composition.  Surfaces with 
regular arrays of protein nanopatterns of designated shapes and sizes can be used to compare 
immobilization chemistries and evaluate the specificity and selectivity of surface binding 
chemistries.  

Protein patterning is essential for the integration of biological molecules into miniature 
bioelectronic and sensing devices.  Nanopatterns of SAMs can be designed to present reactive 
groups (such as aldehyde or carboxylate) for binding proteins.  After incubating the 
nanopatterns with desired proteins, the changes in height and surface morphology of the 
nanostructures provide insight regarding biochemical surface reactions and the activity of 
immobilized proteins.  Height changes during in situ experiments furnish information 
regarding protein orientation and the selectivity and efficiency of SAMs for binding 
biomolecules to designed surfaces.  Examples will be presented displaying nanostructures of 
model proteins immobilized on SAM nanopatterns through electrostatic and covalent 
interactions.  Various immobilization strategies using SAMs will be compared at the 
nanoscale, such as the covalent attachment of proteins using 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) activation of carboxylate-
terminated SAMs.  Several series of AFM images will be presented which display protein 
arrays produced by AFM-based lithography.   

Automated scanning probe lithography, (SPL) offers tremendous advantages for the 
speed and reproducibility of nanopatterning and can generate highly sophisticated pattern 
arrangements and geometries.  Commercial atomic force microscopes (AFM) typically 
include software with capabilities to control the length, direction, speed, bias pulse duration, 
residence time, and the applied force of the scanning motion of an AFM tip, analogous to a 
pen-plotter.  Using SPL, the surface chemistry of nanopatterns of self-assembled monolayers 
(SAMs) can be chosen to present reactive groups such as aldehyde or carboxylate for binding 
biomolecules such as protein, DNA or peptides.  Due to their stability, ease of preparation and 
well-ordered surface structures, SAMs of alkanethiols and alkylsilanes provide excellent 
models for studying protein binding, since layers of defined thickness and designed properties 
can be generated.23, 24 Thiol endgroups of n-alkanethiols bond via chemisorption to metal 



surfaces.  SAM surface properties can be flexibly controlled by changing the functional (head) 
groups of the alkyl chain, also, these end groups can be used for further chemical reactions.  
The acidity, adhesion, wetting and structural properties of surfaces can be modified by 
choosing specific chemical headgroups (such as NH2, OH, COOH, CH3, glycol, etc.)  The 
preparation, characterization, and properties of SAMs have been described and reviewed 
previously.3-7  
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