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the

localization of an unknown protein

etermination of subcellular
is a major step towards the elucidation
of its function. Lately, the expression of
proteins fused to fluorescent markers has
been very popular and many approaches
have been proposed to express these
proteins. Stable transformation using
tumefaciens
stable lines for downstream experiments,

Agrobacterium generates
but is time-consuming. If only colocal-
ization is required, transient techniques
save time and effort. Several methods
for transient assays have been described
including protoplast transfection, biolis-
tic bombardment, Agrobacterium tume-
faciens cocultivation and infiltration. In
general colocalizations are preferentially
performed in intact tissues of the same
species, resembling the native situa-
tion. High transformation rates were
described for cotyledons of Arabidopsis,
but never for roots. Here we report that it
is possible to transform Arabidopsis root
epidermal cells with an efficiency that is
sufficient for colocalization purposes.

Since the release of the Arabidopsis thaliana
genome sequence plant biologists set the
goal to elucidate the functions of all coded
genes. Apart from the spatio-temporal
expression patterns of genes, the subcellu-
lar localization of gene products can play
an essential role in deciphering their func-
tion. Classical immunological approaches
to localize proteins can be hindered by
cross-reactivity, time-consuming genera-
tion of antibodies and the low temporal
resolution. Expression of tagged proteins
forms a suitable alternative. Lately, fusions
with fluorescent proteins in combination
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with confocal (CLSM)' or spinning disc
microscopy” allow real time protein local-
ization and even subcellular trafficking
at high resolution. An overview of fluo-
rescent tagging approaches can be found
elsewhere.?

Currently several techniques to intro-
duce the coding region for a tagged protein
in a plant are available. The generation of
stable lines transformed by Agrobacterium
tumefaciens offers a continuous source of
plant material, but it is time-consuming
especially when only colocalization exper-
iments are required. Transient assays, on
the other hand, offer the advantage of
being fast and amenable to high through-
put strategies. Each of these techniques,
however, has some limitations and draw-
backs. (biolis-
tics)?® for example circumvents the host
specificity of Agrobacterium strains, but
requires expensive equipment. Moreover,
it is rather disruptive and imposes a sig-
nificant stress upon the plants, possibly
influencing the results. Protoplasts lack
a cell wall and protoplast transforma-
tion”® is therefore not suitable for certain
experiments related to cell wall proteins
or when interactions between cells on tis-
sue level might be important.” Moreover,
protoplasts have lost their identity which
might be critical for the correct func-
tioning of certain transgenic constructs.
Agrobacterium infiltration of tobacco
leaves' is regularly used and represents

Particle bombardment

an efficient, fast and relatively easy trans-
formation technique. However, tobacco
leaves easily show autofluoresence due to
tissue damage as a result of experimental
manipulations. As it has been reported
that some protein fusions expressed in
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Figure I. Transient transformation of Arabidopsis root cells. Expression of the protein-GFP fusion product can be seen in the epidermal (A) and root
cap cells (B) on fluorescence/transmission merged images. As seen in (A) high efficiencies of root transformation can be reached.

image (C).

Figure 2. Colocalization of mCherry and GFP constructs. Confocal image of the mCherry fluorescence (A), the GFP signal (B) and the merged

an heterologous system localize to differ-
ent subcellular localizations' it is advis-
able not to use tobacco when localizing
Arabidopsis proteins. Leaf infiltrations
have been performed in Arabidopsis,'
but apparently their leaves are much more
prone to mechanical damage and the leaf
developmental stage is critical, compli-
cating this technique. Cocultivation of
Agrobacterium with seedlings offers a
rapid and efficient approach applicable
to many mono and dicot species. It was
reported to work efficiently in Arabidopsis
cotyledons, but not in roots.” As an alter-
native method, Agrobacterium infiltra-
tion of Arabidopsis seedlings' seems an
efficient technique for transient expres-
sion. However, expression in root cells
could not be obtained. Colocalizations
are required in the native cells or tissue for
the correct localization of an unknown
protein or proteins that need interaction
partners. As a consequence this tech-
nique can not be reliably used when root
expressed gene products are studied. Here

262

we show evidence that it is possible to use
the described technique' to induce tran-
sient expression in Arabidopsis roots.

We used the Agrobacterium infiltra-
tion of Arabidopsis seedlings technique
to colocalize several C-terminal (S65T)-
sGFP fusions generated in the plant
binary vector pGWBG6." Each construct
was transformed into Agrobacterium tume-
Jaciens (C59CIRIfY) containing the helper
plasmid pMP90. Subsequently different
stable marker lines, wild type Arabidopsis
(Col-0) bearing mCherry fusion con-
structs, were transiently transformed.!
After 2 or 3 days seedlings were studied
using CLSM. Besides being expressed in
cotyledons fusion proteins were clearly
observed in root epidermis and root cap
cells (Fig. 1A and B). As reported" the
transformation efficiency in cotyledons
was considerably higher than in root cells.
However, in each experiment we obtained
a considerable amount of transformed root
epidermal cells which was more than suf-
ficient for colocalization studies (Fig. 2).

Plant Signaling & Behavior

It was remarkable that transformation was
repeatedly successful in groups of cells,
adjacent or close to each other.

In contrast to what was reported ear-
lier we show here that the Agrobacterium
infiltration technique' is perfectly capable
of transiently transforming Arabidopsis
root epidermal cells. It allows the tran-
sient production and study of proteins
in their native environment, considerably
increasing the reliability of such experi-
ments. Additionaly the use of RFP marker
constructs in colocalisation studies in the
root is free of interference by the red back-
ground autofluorescence of chlorophyll.
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