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Abstract

Cellulose is a biopolymer of great relevance in the plant cell walls, where
it constitutes the most important skeletal component. Cellulose is also an
important raw material in the pulp- and paper, forest, and textile industries,
among others. Cellulose biosynthesis in particular, and xylogenesis in general
are processes which are currently poorly understood. Yet, research in cellulose
synthesis is progressing and different applications of cellulose, mainly cellulose
derivatives for e.g. pharmaceuticals and coatings, are constantly emerging.
This thesis depicts how cellulose synthase (CesA) genes in Populus were
identified and characterized by gene expression- and bioinformatics analyses.
Within an EST database of more than 100,000 clones from wood forming
tissues of three different Populus taxa, ten CesA genes were identified in
Populus tremula x tremuloides. Subsequent gene expression analyses by
using microarrays and real-time PCR experiments in woody tissues, revealed
distinct regulation patterns among the genes of interest. This enabled proper
classification and characterization of the secondary cell wall related CesA
genes, in particular. Bioinformatic analyses of the genome sequence of Populus
trichocarpa further provided a complete picture of the number of putative
CesA genes retained after several duplication events during tree evolution. In
contrast to the previously reported set of ten 'true' CesA genes in many other
plant species, the genome of P. trichocarpa encodes 18 putative proteins, which
could be assembled into nine groups according to their sequence similarities.
Interestingly, studies in the EST database suggested that paralogs within at
least two groups have corresponding orthologs in P. tremula x tremuloides,
which are furthermore transcribed. This implies that at least some of the
duplicated genes have remained functional, or may have acquired a modified
function.

By focusing on the CesA genes associated with secondary cell wall
formation, cellulose synthesis was also studied in poplar cell suspension
cultures. Selection of CesA enriched material was performed by determining
expression intensities of the CesA genes using RT-PCR, whereupon membrane
protein extraction was initiated. CesA proteins are part of large cellulose
synthesizing complexes in the plasma membrane. Subsequent proteomic
approaches comprised partial purification of these cellulose synthesizing
complexes from protein enriched culture material and in vitro cellulose
synthesis experiments. De novo synthesized material was successfully
characterized and the acquired yields were as high as 50% cellulose (compared
to previously reported yields of 30% in other plant systems) of the total in
vitro synthesized product. Elevated CesA gene expression levels can thus be
correlated to increased protein activity in poplar cell suspension cultures. In
addition, antibodies raised against CesA antigens were used in Western blot
analyses comprising samples along the protein extraction- and purification
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procedure. Proteins with corresponding molecular weight to the theoretical
120kDa of CesA proteins were recognized by a range of different specific
antibodies. The study demonstrates that poplar cell suspension cultures can
provide a valuable model system for studies of cellulose synthesis and different
aspects of xylogenesis.
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