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ABSTRACT

The eukaryotic LIM domain defines a double zincfinger like structure that functions
as a protein-protein interaction module. Whereas in animals the LIM domain is found
in numerous proteins of diverse functions, plants possess only a limited number of LIM
domain-containing proteins (LIMs). It is noteworthy that most of plant LIMs belong to a
same family that is structurally related to the animal Cysteine-Rich Proteins (CRPs). In the
September issue of The Plant Cell, we have provided evidence that the tobacco WLIM1
is able to bind actin filaments in a direct manner, to stabilize them and to trigger actin
bundling both in vitro and in vivo. These data, together with recent reports on animal
CRPs, strongly suggest that these proteins represent a novel class of actin cytoskeleton
regulators. In this addendum, we give a brief history of the research that has been
conducted on plant LIMs in our lab. Additionally, we show that the GFP-fused tobacco
WILIM1 protein is able to properly localize when ectopically expressed in monkey Vero
cells, indicating that, despite a relatively low degree of identity/similarity, animal CRPs
and plant LIMs display a very similar actin binding activity.

While the first description of a plant LIM domain protein dates back to 1992, it was
only in the past few years that evidence for an association of plant LIMs with actin-based
structures was gradually obtained.* Among the first difficulties encountered was the
choice of the model plant. Sunflower, which was the first species from which a LIM
protein-coding sequence was isolated, for its recalcitrance to transformation turned out
not to be suitable for functional studies.* Although immunocytological data, obtained
using two specific monoclonal antibodies, revealed an accumulation of the sunflower
pollen protein PLIM1 in the F-actin enriched germination cones of the mature pollen
grains, no direct evidence for actin binding could be observed, neither in fixed sunflower
pollen grains, nor in in vitro overlay assays.> A second hint that plant LIMs could partici-
pate in actin-based functions was obtained with another sunflower protein, WLIMI,
which was found to accumulate along filamentous structures in the phragmoplast region
of dividing integumental cells of the sunflower ovary.® These studies also provided clear
evidence not only for a cytoplasmic, but also for a nuclear localisation of this protein and
these cytoplasmic and nuclear functions appeared to be separated in a tissue-dependent
manner: as an example, in integumental cells of the ovary the protein was predominantly
found in the nucleus, while in the cells surrounding the embryo sac it appeared exclu-
sively cytoplasmic. Switching to tobacco, an easily transformable plant species, as a new
model system for these studies did not immediately meet the expected success either. In
this case the failure to generate transgenic plants expressing a tagged tobacco LIM protein
was finally ascribed to a lethal effect of its overexpression using the constitutive CaMV35S
promoter. Numerous transformation attempts were undertaken as well on BY2 cells as on
tobacco leaf discs but no experiment went beyond the callus stage where the cells died. It
was finally the use of an inducible promoter construct (pTA7002) that led to a successful
generation of transformed BY2 cell lines. These cells, when transformed with the GFP
fusion construct of the WLIM1 protein, displayed fluorescent filaments which were iden-
tified as actin-based structures using colabeling experiments with rhodamine-phalloidin
and cytoskeleton-interfering drugs.

Plant LIM:s are related to the animal CRPs in their size and domain organization: they
both have a short N-terminus, two 52 residue-long LIM domains separated by a 45-55
residue spacer, and generally a short C-terminus. Sequence homology however is low, as
they share only about 30% of identical residues. This raises the question as to whether the
plant LIMs and the animal CRPs are functional homologues or not. Heterologous expres-
sion of the tobacco WLIMI protein in simian Vero cells showed that the plant protein
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Figure 1. Colocalization of the ectopically-expressed tobacco WLIM1 protein
and actin filaments in monkey Vero cell. (A) Actin cytoskeleton as visualized
by rhodamine-phalloidin staining. (B) Fluorescent pattern observed for the
GFP-fused WLIMT protein.

binds to filamentous structures identified as F-actin-containing stress
fibers, with thickened ends corresponding to focal adhesions (Fig. 1).
This pattern exactly reflects that of the CRPs as well as that of zyxin,
a non-CRP-type LIM domain protein which appears to be specific to
animal cells and which has also been identified in focal adhesions and
along stress fibers.” The binding of the tobacco protein to the animal
actin cytoskeleton is another indication for a direct association of
this protein with actin, and for the conservation of actin binding
sites in the plant LIMs and the animal CRPs. The animal CRP1
was found not only to bind to, but also to bundle actin filaments, as
does the tobacco WLIMI protein.? Is it therefore possible that all the
members of the CRP/plant LIM protein family are F-actin binding
and bundling proteins? Experiments in progress in our laboratory on
other plant LIMs suggest that the actin binding properties are not
necessarily conserved in all of them: for instance, the protein WLIM2
from tobacco, which shares 52% identity (+12% sequence similarity)
with WLIM1, does not exhibit a clear association with the actin
cytoskeleton neither in undifferentiated BY2 cells nor in differenti-
ated leaf epidermal cells from N. benthamiana (Gatii S, unpublished
results), very clearly indicating that the (nuclear and/or cytoplasmic)
functions of the various LIM proteins can diverge at least partially.

The use of the now classical approaches for functional studies,
e.g., insertion mutant phenotype analysis and identification of
protein partners (other than actin), should provide a better insight
into the various functions, cytoplasmic as well as nuclear, of the
different members of the LIM family in plants.
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