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Understanding the mechanism of plant cell wall deconstruction at the molecular level will provide valuable new insights to the nature of biomass recalcitrance.  We have employed atomic force microscopy (AFM) to image the surface structure of different faces of maize parenchyma cell walls at the nanometer scale.  In most cases, microfibrils are clearly distinguishable from background cell wall material and display an average diameter of 5-10 nm, with some small variance depending on the specific cell imaged and similar cells in different developmental stages.  Under AFM measurement, the microfibril is rather smooth with no detectable periodicity at the subnanometer scale.  Upper sheets of parallel microfibrils in the cell wall were clearly shown to be arranged or deposited in approximately 50 degree rotation with respect to lower sheets.  An interesting discovery is that the macrofibrils appear only on the surface layer of the cell wall.  Each macrofibril appears to be composed of a number of elementary fibrils, and eventually split or dispersed into a number of microfibrils towards the ends.  The microfibril is believed to contain one elementary fibril, with various amounts of non-cellulosic polymers deposited on its surface during cell growth.  Based on our direct AFM surface measurements and currently available literature data from plant cell wall biophysics, biosynthesis, and genomics, a new elementary fibril model and its possible biosynthesis are proposed.  This new 36-chain elementary fibril model may also provide new insights useful for the plant cell wall biodegradation.
