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Heavy metal uptake in plants is an important research area not only in the sense of basic research, 
but also because of its impact on human nutrition and its application for the phytoremediation of 
contaminated soils. Some of the mechanisms in the uptake, toxicity and detoxification of metals are 
plant-specific (e.g. inhibition of photosynthesis or detoxification by sequestration into vacuoles), 
but many of them are very similar to mechanisms found in animals (incl. humans). For example, all 
major families of metal transporting proteins that are important in plants are found in animals, and 
often in bacteria as well. In this way, analysing such mechanisms in a plant model is also directly 
relevant for understanding metal metabolism in other groups of organisms, incl. humans. Our 
research mainly deals with mechanisms of active uptake of metals, mechanisms of metal toxicity, 
and mechanisms of metal detoxification. One of the most interesting topics in this area of research 
is the localisation of the metals&metalloids (e.g. As, Cd, Cu, Cr, Ni, Zn) inside the plant (e.g. [1]-
[5]). 

Among the methods for analyzing metal distribution in tissues, µXRF in tomography mode has the 
advantages of detecting multiple elements simultaneously in contrast to fluorescent dyes, allowing 
for higher spatial resolution than LA-ICP-MS, and offering far better sensitivity compared to EDX. 
The latter is very important for analysis of metal sensitive organisms, which are the targets of metal 
toxicity in the environment. The DORIS L beamline is attractive for these measurements because it 
allows measurements of all elements of interest for the current questions at a spatial resolution 
(5µm, as tested in our As measurements this March) that is sufficient for distinguishing between all 
relevant tissues in our model plant Ceratophyllum demersum (compare microscopic images with 
µXRF maps in Fig. 1). Further, with the help of a cryostream the samples can be kept frozen during 
the measurement, which is absolutely essential for avoiding artefacts of element re-distribution that 
would inevitably occur if a tissue piece would be measured in non-frozen state. 

The plant experiments were performed in the lab of H. Küpper, where various biochemical and 
biophysical analyses were carried for investigating changes in energetics of photosynthesis, gas 
exchange, starch synthesis, production of hydrogen peroxide and superoxide, uptake of various 
elements, and synthesis/degradation of photosynthetic pigments. There we also prepared the 
samples by excising the tissue pieces, mounting them in glass capillaries, attaching them to sample 
holders, and shock-freezing the whole assembly in supercooled isopentane. In order to optimise 
sample throughput, we designed improved sample holders that eliminate the necessity to re-center 
the stage after changing the sample during the beamtime, which led to more efficient use of the 
beamtime. 

During the experiments, the sample was cooled using either the PETRA III cryostream system 
(Oxford cryosystems) or the cryostream from P02 (Cryo Industries of America). The latter is more 
complex to use, but it’s shorter coldhead allows operation from above, which proved decisive to 
prevent icing at the sample, and also allows the detectors to be operated closer to the sample. 

The experiment itself was carried out with the multilayer-monochromator in order to maximize 
available flux. The application of the cryostream required the use of the single-bounce capillary – 
the long working distance prevents freezing and a possible fracturing of the capillary. Two Vortex-
SDD detectors were used to accumulate data perpendicular to the incident beam.  



In the first phase we 
analyzed the distribution 
of non-hyperaccumu-
lated As in the metal-
sensitive model plant 
Ceratophyllum 
demersum. Our first data 
indicate that at toxic but 
sub-lethal concentrations 
(1µM As), arsenic is 
again sequestered to 
epidermal vacuoles. 
Only low concentrations 
are found in the sensitive 
mesophyll (Fig. 1 top). 
At lethally toxic 
concentrations (5µM 
As), in contrast, arsenic 
seems to spread into the 
mesophyll, causing 
additional toxicity (Fig. 
1 bottom). It is the first 
direct evidence that in 
plants the onset of 
arsenic toxicity 
correlated with a change 
in its distribution pattern, 
rather than a general 
increase in many tissues. 
This change in 
distribution was specific 
for As, it was not 
observed for other 
elements. 
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Figure 1: Distribution of As, Cu and Zn at different concentrations of As in 
Ceratophyllum demersum. Please note that the colour maps are normalised to the 
most intense spot of each map. 


