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Aphototropic mutants of the moss Ceratodon purpureus
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 Stable chloroplast transformation of the moss Physcomitrella patens
using GFP as reporter.
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Evolution of  plastid division

Justine Kießling, Sven Kruse, Ralf  Reski and Eva Decker
Albert Ludwigs University of  Freiburg, Plant Biotechnology, Sonnenstrasse 5, D-
79104 Freiburg. e-mail: deckere@uni-freiburg.de

In contrast to the plant cell itself  plastids divide like bacteria by constriction. At the site of
constriction the so-called plastid division rings are formed as structures that can be detected by
electron microscopy. The molecular composition of  the plastid division rings is not yet identified.
However, in bacteria some of  the components involved in cell division are quite well characterised:
the crucial step at the beginning of  constriction displays the polymerisation of  FtsZ molecules to a
filamentous ring structure, the Z-ring. FtsZ shares striking features with eukaryotic tubulins, among
them binding of  GTP and GTPase activity as well as a common three dimensional structure and in
vitro polymerisation to filaments. Homologues of  bacterial FtsZ proteins have been identified in
some plant species. The targeted disruption of  Physcomitrella patens ftsZ as well as antisense suppres-
sion in Arabidopsis resulted in the inhibition of  chloroplast division within the transgenic plants (1,
2). These results indicated the involvement of  FtsZ in plastid division, but the exact function of
plant ftsZ genes remains to be shown. Whereas most bacteria contain only one ftsZ gene, in some
archaea and plants two different ftsZ cDNAs could be isolated. In vitro import studies with isolated
chloroplasts suggested that Arabidopsis FtsZ1 protein is imported into plastids while AtFtsZ2
seemed to stay in the cytoplasm (2). Hence it was concluded that FtsZ1 could form an inner and
FtsZ2 an outer plastid division ring.

Here we report the isolation and characterisation of  two different nuclear-encoded Physcomitrella ftsZ
genes. A phylogenetic analysis revealed that both gene products cluster in the same clade with
Arabidopsis FtsZ2. For a more detailed characterisation of  Physcomitrella FtsZ function we analysed
subcellular localisation and influence on plastid division of  recombinant In contrast to previous
results with Arabidopsis FtsZ2, both Physcomitrella FtsZ proteins were imported into chloroplasts.
Overexpression of  recombinant ftsZ showed dose-dependent effects on plastid division This

   A       B 

             
 
Abb. 1: Import into chloroplasts and inhibition of plastid division by  overexpression of
Phy scom itre lla FtsZ proteins. (A) Protoplast two days after transfection with FtsZ1-GFP.
Object size: 35x35x28 µm, magnification: 1000x. (B) Protonema ten days after transfection
with FtsZ2-GFP. Object size: 351x351x16.5 µm, magnification: 200x 
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correlation was also observed before in E. coli On the one hand, weak overexpression (indicated by
low GFP fluorescence) resulted in a reduced chloroplast size. On the other hand, strong
overexpressionan caused a transient inhibition of  plastid division resulting in one giant plastid per
cell. This phenotype was quite similar to the previously shown FtsZ-knockout phenotype (1). Within
the growing protonema filament the inhibition of  plastid division disappeared in parallel to decrease
of  GFP fluorescence. The dose-dependent interference with plastid division demonstrates an im-
portant role for each of  the Physcomitrella FtsZ proteins within the division process.
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Synthesis and Function of Membrane Lipids in Physcomitrella 
patens 

 
Melanie von Orlow1, Elmar Hartmann1 and Peter Dormann2 
1Freie Universitat Berlin, Institute of Plant Physiology, 14195 Berlin, Germany 
2Max-Planck-lnstitute of Molecular Plant Physiology, 14476 Golm, Germany 
 
The current project which was initiated in July 1999 at the Institute of Plant Physiology in Berlin aims at the elucidation 
of lipid metabolic pathways in plants using Physcomitrella patens as a model system. The pathways of lipid biosynthesis 
are known to form a complex network which leads to numerous lipids of different classes such as neutral lipids, 
glycolipids and phospholipids (reviewed by Ohirogge and Browse, 1995). The goal of our project is to asses the 
importance of single reactions in this metabolic network. Are there still unknown pathways which can bypass a block in 
one of the major lipid biosynthetic pathways? To which extent does a given pathway contribute to the total synthesis of a 
specific lipid? These questions can be addressed using the unique knock-out system of Physcomitrella patens. 
 
Mosses are known to possess most of the lipids and fatty acids present in higher plants (Kunzler and Eichenberger, 
1997). In addition, some moss species contain certain non-phosphorous polar lipids and fatty acids absent from higher 
plants. The suitability of Physcomitrella for the isolation and characterization of genes involved in lipid metabolism has 
been demonstrated (Girke et al., 1998). By blocking selected reactions by targeted gene-disruption, followed by 
biochemical and physiological analysis of the stable transformands, we hope to obtain a deeper insight into the pattern of 
biosynthetic pathways and their regulation in plant lipid metabolism. 
 
Step 1: Screening for genes involved in lipid metabolism 
Different cDNA-libraries of Physcomitrella patens were screened with several expressed sequence tags (ESTs) 
representing genes of lipid metabolism of Arabidopsis thaliana. In addition, ESTs from Physcomitrella with sequence 
similarities to known lipid genes were directly obtained from the public Physcomitrella EST Program (see below). For 
incomplete clones, the missing 5' end will be isolated by re-screening the Physcomitrella library or by RACE-PCR. At 
present, our project is focussing on two clones with sequence similarities to Phosphatidylserine Decarboxylase (PSD) and 
Diacylglycerol Kinase (DAGK). 
Step 2: Generation of knock-out-constructs 
Knock-out constructs will be generated by the introduction of a kanamycin-resistance (nptll) cassette into the digested 
cDNA. Only the linear construct containing the kanamycin cassette and flanking sequences of the cDNA will be used for 
Physcomitrella transformation (Girke et al. 1998). 
Step 3: Transformation of Physcomitrella protoplasts 
Physcomitrella protoplasts are currently being transformed with the knock-out constructs. Regeneration and selection on 
kanamycin is underway. 
Step 4: Confirmation of gene function 
Because the Physcomitrella cDNAs were solely selected based on their sequence similarity to known lipid genes, we will 
have to confirm the enzymatic function of the corresponding protein by heterologous expression in Escherichia coli. 
Step5: Biochemical analysis of Physcomitrella knock-out lines 
Transformed lines carrying a knock-out mutation in one of the target genes will be used for biochemical analysis of lipids 
by gas chromatography and thin-layer chromatography. Furthermore, feeding of radioactive precursors will be employed 
to compare the fate of substrates in wild-type and mutant lines. 
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