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Effortsto link protein structure and biochemical function have focused mostly on primary structure,
largely because of the abundance of information at thislevel; al of the amino acid sequences of the
~30,000 proteins in the human proteonome are known, whereas the three-dimensional crystal
structures of only ~1000 proteins have been solved. Clearly, techniques that provide details
concerning three-dimensional protein structure are needed to discover mechanisms governing
biological function. Here, we have identified a motif in protein tertiary structure at sites of
biochemical activity using scanning force microscopy (SFM). We show that sites on aggrecan, a
cartilage proteoglycan, that are susceptible to catabolic enzymes are more flexible than other regiors
of the molecule. The results demonstrate a powerful new technique for investigating molecular scale
structure-function relationships and suggest the role of flexibility in aggrecan degradation. This
model system will be used to show how tip asymmetriescan be accounted for using morphol ogical
processing coupled with AFM imaging simulation.

InFig. 1A, we start with amodel of a surface adsorbed aggrecan molecule. The backbone of the
model isa6 element 3¢ order spline. Using an independently measured tip shape image (Fig. 1B),
we then dilate the model to produce asimulated AFM image, Fig. 1C. The simulated image is then
subtracted from areal AFM image, Fig. 1E, yielding an error image. This processisiterated using a
method previously published to find the best fit of the model to the AFM data! Theresultisan
analytical function representing the surface adsorbed molecule.

Using intrinsic asymmetries in the models, we were able to register several such functionsto obtain
an average model. We looked for kinksin this model by evaluating it' s second derivative (inversely
proportional to the local radius of curvature). The values of these derivatives were then plotted as a
function of contour length down the model backbone, Fig. 2A. Integmting previously published
TEM data,” we mapped the backbone to the known genetic sequencé of the aggrecan molecule. The
three highest sites of curvature overlap with three of the known aggrecanse cleavage sites.
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