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Report:

Cd is extremely toxic even at low concentrationy] & is easily taken up by plants and transfetoethe
food chains thus presenting risk for animal and &rhealth1]. The use of plants that are able to take up
extreme metal concentration (so called hyperaccatord) had appeared as promising way for metal
removal from soil; however, more knowledge on plaetal accumulation and detoxification mechanissns i
needed before they can be successfully introdugedohytoextraction application®, 3. The differences in
metal compartmentalisation on tissue, cellular @odb-cellular levels are one of the basic tolerance
mechanisms in these plants, so localization stuamliesof fundamental importance to clarify and ustierd
them. In this study we usg@dXRF imaging andu-XANES to obtain direct information on localizati@amd
chemical state of Cd in tissues of Cd hyperaccutoulehlaspi praecox grown in nutrient solution supplied
with 200uM Cd as CdS@or CdCb. In preliminary study we have found out that ptasuipplied with CdS©
accumulated significantly higher Cd concentratiomstheir leaves then plant supplied with CgCrhe
observation that chemical form of Cd added to thiient solution influences the level of Cd accuatiain

is novel, so studies of localization and chemit¢atesof Cd in leaves and roots were aimed to restite
mechanisms of accumulation and tolerance of Cissti¢, cellular and sub-cellular level with the sbke
involvement of sulphur metabolism.

Within the obtained beam-time we have managed tp @@ and simultaneously S, Cl, Mg and Zn using
zone plate micro-focusing (excitation energy o53kgV) in different leaf regions (epidermis, mesgphand
veins) of T. praecox plants treated with 100M Cd as CdS@or CdC} added to the nutrient solution. In the
regions with high Cd concentratiopsXANES spectra were recorded using zoneplate nfatasing, while

in tissues with lower Cd concentrations (e.g. VEXSNES spectra were recorded using 60 pinhole. Pure
thin-foil standard reference materials were measuneorder to calibrate XRF system and quantify the
results obtained by-XRF mapping using the software, which is undered@ment in our research group. In
addition XANES spectra of reference Cd compound3S(@, CdS, CdG, Cd-pectinate, Cd-celulose, Cd-
glutathione) in form of solid pellets were measuusthg 60um pinhole.



Plant samples were prepared in our latory from plants grown in nutrient solution witdded100uM Cd
as CdSQor CdC}using cryofixation, cryc-sectioning at -30 °C and freedeying at-30 °C and 0.340 mbar.
The sections were mounted in a sandwich betweerAtvimlders with12 2 mmholes and 2 layers of dm
ultraleneand attached to the target holder of the Siin order to perform the comparison of Cd localiaa
in leaveson (sub)cellular level experimental methods witleréased sensitivity are required since
absolute concentrations ofdGn differentdry plant tissue samples grown in controlled environmery
around 500 ppm. In additiosuperior lateral resolution is needed in orderrtabde localization at the s-
cellular level. Such lateral resolution is easithi@ved by the SE-EDS technique but in this case we
limited by the detection limits, typically in theder of 0.1%, which is not enough to perform lozatiion of
metals in trace amounts (few 10 to few 100 ppm)cWwhs required in our study. The Scannin-Ray
Microscope (SXM) at the ID21 beamline is perfectly sugato perform the proposed study providing
sensitivity down to ppm level combined with excetldateral resolution and has been already |
successfully formetal localization in plant tisst [4]. In addition, it enables also the investigation
chemical form(s) of Cd employing tlu-XANES spectroscopy. CompareddBIXE or SEM-EDS where Cd
signal (L3line at 3.134 keV) partially overlaps with the stgoneighbouring K signal (a line at 3.314 keV),
which makes Cd mapping almost imposs, this can be avoided in the synchrotron experimeritubing the
beam between the Cd lIge (3.538 keV) and potassium K edge enhancimifisantly the sensitivity fo
the Cd detection.

The X-ray beantelivered by the undulator wmonochromatized by Si(11&puble crystal monochromator
and focusedo a submicron probe (0.3 x Quf?) using zoneplate micrfecusing. The fluorescence emiss
of the sample was collected by a SDD dete(The excitation energy for the scan was set to RSb (i.e
above the Cd- L3 edgend below the potassium K edge rder to get rid of the strong K sig|) to record
maps of Cd, Cl and S simultaneol. Finally the L3 —edge XANES spectra of Cd ve recorded in the
region from 3.50 to 3.66 keV iselectedpositions ofapoplast and symplast epidermal and mesophyll
cells.Obtained XRF spectra were processed using PyMCivaoé

The preliminary results showed thatleaves the pattern of Cd accumulation was smmildoth treatmen
(maps of CdGltreatment not show. Cd accumulated mainly in vacuoles of epide cells. In epidermal
cells a strong colocalization with @las observed (Figs. 1a and, lwhile no correlation with S localizatic
was found (Fig. 1c)ln mesophyll cells, however, Cd colocalization withwas observed especially in t
cell walls (Figs. 2a and 2land colocalization with sulphur was also obserlin symplas (vacuoles) (Fig.
2c). Onehas to be aware, however that colocalization of éemnents does not necessary mean that th
elements are actually coordinated to each otheretbre pXXANES spectra were recorded in marked
positions (Figs. 1A and 2A).

3
a) b) il C)
Figure 1: Epidermalmesophyll region of plants treated with 100 pM Cy, Elemental maps 100x100 },
with 1 pnfresolution. a) cadmium)kehlorine,c) sulphur.



. WETY N a) b) C)
Figure 2: Mesophyll region of plants treated with 100 uMST, Elemental maps 1(x100 unf, with 1 pnf
resolution. a) cadmium, b) chloring,sulphur

Fig. 3 shows Cd L3-edge XANESpectraof reference compounds: @latathion, Cr-pectinate and Cd¢l
complexes. In tharst complex Cd is bound to S (-S-C coordination) and in second Cd is bound to oxy
(Cd-O-C coordination). In CdglCd is bound directly to chlorir
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§ Figure 3. Cd L3-edgeXANES spectra of reference
I compounds. a) Cdhutathion, b) C-pectinate, ¢
S e CdCh.

c)

When comparing XANES spectra the reference compounds (Fig. 3) to those measuredaint fissue
(Fig.4), XANES spectrumecorded in epidermal cell waland in symplasgFig. 4a)is similar to that of Cd-
pectinate, indicatinghat Cd is bound mainly to oxygen liga (Fig. 4b), however a coordination to
cannot be ruled owtithout further quantitative analy, especially becaus# high colocalization of Cd and
Cl found in epidermal tissuesn mesophyll, XANESspectra indicatedhat Cd iscoordinated mainly to
sulphur ligands (Figs. 4c and 4XANES spectremeasuredn leaf tissues and cell parts of the plants tik
with CdC} exhibit the sameharacteristics and are therefore not shdn veins no distinct differences in (
ligands were observed between the treatments, indicatinghat mechanisms at the root level probe
govern the level of Cd accumulation in shoHowever a detailed furthenalysis using linear combination
fit of XANES spectra willgive us more precise information about chemicakstd Cd in particular tissue
and cell parts.
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Figure 4. Cd L3-edge XANES spectra measured in epidermaudis a) cell wall, b) symplast; and
mesophyll tissues c) cell wall, d) symplast.

In conclusion, the preliminary results show, tlmaépidermal cells Cd distribution intensively cdates with
that of Cl, and that Cl cannot be ruled out as mita€ligand for Cd, which represents a novelty similar
previous studies Cd was found to be linked to sud@nd oxygen ligandgt, §. We have also shown that
different Cd ligands may exist in epidermal and opéyll cells, which was also not known before [#,16
veins of plants treated with Cdg@nd CdC{] there are no distinct differences in chemicalestdtCd, so we
conclude that the mechanisms of uptake, compartatieation, complexation and transport at the revel
probably govern the level of Cd accumulation in atBo Therefore, further studies on localization and
chemical forms of Cd as well as involvement of bulpcompounds in different root partsTofpreacox are
needed to understand the differences in Cd uptekeden CdS@Qand CdC] treated plants.
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