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The extracellular matrix of cartilage tissue consists of a self-assembled proteoglycan network of aggrecan noncovalently bound by its G1 N-terminal domain to hyaluronic acid (HA), which is further stabilized by link protein. With increasing age, disease, and injury, the size of proteoglycan aggregates decreases correspondingly with a reduction of aggrecan size, as well as the number of aggrecan molecule per aggregate, resulting from proteolytic degradation and/or reduced and abnormal biosynthesis. It is hypothesized that the degradation of the self-assembled proteoglycan aggregate structure plays a critical role in the loss of biomechanical integrity and clinical pathology of the tissue. In the present study, we utilize atomic force microscopy (AFM) to image the spatial organization and structure of cartilage proteoglycan aggregates reconstituted in vitro at extremely high resolutions, i.e. down to the single molecule (GAG) level. Aggrecan monomers (A1A1D1) or fragments (A1A1D6) were extracted and purified from bovine cartilage by CsCl extraction and GuHCl density gradient centrifugation. Two molecular weights of HA (Healon ~4MDa and SelectHA ~250KDa) were employed separately. Aggregates were formed by combining aggrecan with 0.1% (w/w) HA in DI water for 2 hrs. Reconstituted aggregate or pure aggrecan samples were fractionated on a chromatography column and the elution profile showed that the reconstituted A1A1D1-Healon sample has larger molecular weight (>15MDa) than the pure aggrecan sample (~3MDa), indicating that aggregates were formed. The high molecular weight fractions of the A1A1D1-Healon sample were pooled, washed with DI water, concentrated with microconcentrators and adsorbed on mica for tapping mode AFM imaging (spring constant ≈ 45 N/m, tip end radius<10 nm). AFM height images revealed the direct visualization of aggregates, as well as some unassembled aggrecan and HA. Star-like aggregates consisted of 5~12 aggrecan monomers were observed with their G1 domains localized in the center and the long axes radiating outwards. This unique astral shape of aggregates might be due to a collapsed HA central filament or aggrecan self-assembly through their G1 domains without HA. Individual aggrecan were observed with their G1 domains bound to HA as well. This methodology will be able to reveal the detailed structure of reconstituted aggregates composed of aggrecan or HA with variant molecular weights, as well as the structural changes of native aggregates as a function of age and disease, and thus shed light on the mechanistic origins of age and disease related cartilage degradation in mechanical properties.

