Cryo EM Structure of a Trimeric
Cellulose Synthase Complex from Poplar

Scientific Achievement

The homo-trimeric structure of Populus
tremula x tremuloides CesA8 was
determined by cryo electron microscopy
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Significance and Impact

This is the first structure of a plant cellulose
synthase at an intermediate state during cellulose
biosynthesis. The structure provides a model for
assembling cellulose synthase complexes
responsible for cellulose microfibril formation.
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Research Details

Cytosol — Poplar CesA8 forms a stable and catalytically
active trimeric complex.

— CesA’s ‘Plant Conserved Region’ (PCR)
stabilizes the trimer on the cytosolic side.

— Helical exchange within the membrane region
further connects the trimer subunits.

— Each subunit forms a cellulose transmembrane
channel occupied by a nascent polymer.

— The cellulose chains are steered towards a
common exit point.

— A CesA trimer likely facilitates the alignment of
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DOI: 10.1126/science.abb2978

PR us oceanmuenor | Office of oy, 4 [ rrimy I ey PENNOIATE <
WY ENERGY science RIDGE [ UNIVERSITYOF oo o o [INIVERSITY ’;P WV CLSE '

¥ CAMBRIDGE 7VIRGINIA

National Laboratory


Presenter
Presentation Notes
Cellulose is an essential plant cell wall component and represents the most abundant biopolymer on Earth. It stores carbon and energy collected by photosynthesis at global scale and is an important material with many current and future uses. Supramolecular plant cellulose synthase complexes organize multiple linear glucose polymers into microfibrils as load-bearing wall components. We determined the structure of a poplar cellulose synthase CesA homotrimer that suggests a molecular basis for cellulose microfibril formation. This complex, stabilized by cytosolic plant conserved regions and helical exchange within the transmembrane segment, forms three channels occupied by nascent cellulose polymers. Secretion steers the polymers toward a common exit point, which may facilitate protofibril formation. CesAs’ N-terminal domains assemble into a cytosolic stalk that interacts with a microtubule-tethering protein and may thus be involved in CesA localization. Our data suggest how cellulose synthase complexes assemble and provide the molecular basis for plant cell wall engineering. 

This structure has been a key goal of CLSF and will be landmark in the field, as it enables structural insights into the unique nanomachinery used by plants to form cellulose chains and microfibrils from sugar monomers. It provides a detailed entry point for investigating how the enzyme works, how three of the enzymes assemble into trimeric subunits, and how six of the subunits assemble into the cellulose synthesis complex which makes the cellulose microfibril. The microfibril in turn is at the heart of lignocellulosic materials that store carbon and solar energy captured in photosynthesis. The structure is also key to engineering cellulose for novel properties (reduced recalcitrance, changes in microfibril shape, length, crystallinity, surface properties and so on). 
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