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Variations of the dose-response principle
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Examples (colour maps) show the growth response of Ceratophyllum demersum



Arsenic
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Arsenic: Applications

e Semiconductor industries

» Strengthening alloys of copper and lead
» Pesticides, herbicides, insecticides

* Wood preservatives

* Feed additives

e Medical uses

e Military uses

» The Poison of Kings and the King of Poisons

Arsenic trioxide




Structures

of the most common As

compounds
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Sources of Arsenic Contamination

Through anthropogenic activities such as mining, smelting, phosphate
fertilizer, and the use of As-containing pesticides, herbicides, wood
preservatives, and feed additives.

e.g. Contamination in US fields

Through natural processes, such as weathering of rocks, volcanic
emissions and discharge from hot springs

e. g. Contamination in South east Asia
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Arsenic Toxicity to Plants

Symptoms

" »Reduced germination,

| »Inhibited root and shoot growth
»Reduced chlorophylls

OH
OH—A|s=O »Low grain yield
o||-| »To death
Mechanisms
» Through uptake competition for essential nutrients
i » Through substitution of phosphate by iAs(V) in enzyme catalyzed reactions
OH_Als »By binding of iAs(lll) to sulfhydryl group containing enzymes
olH ROS generation

»Reduction of iAs(V) to iAs(lll) using glutathione as reductant
»Oxidation of iAs(lll) to iAs (V) under physiological conditions




Arsenic Toxicity to Plants: Proteomics
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Mechanism of As toxicity under

environmentally relevant conditions in a
raccumulator plant




Ceratophyllum demersum L.

T W

Ceratophyllum demersum is
rootless aquatic weed
Shows Rapid growth, Worldwide
distributionand can be Easily
harvested.

It has been successfully used in
tests of biological life support

systems on space flights
(Bliim et al., 1994)



Simulation of environmental conditions

» Exposure to relavant arsenic
concentrations (0.5 to 20 uM,;
within the range of naturally
contaminated areas)

OH » Long exposure time of 4
| weeks
OH—As=
OIH » Sinusoidal light and
temperature (18-24 °C)cycles
* Low plant biomass to liquid
ratio
OH
OH—Als » Continuous flow to achieve
| constant concentrations of
OH each element

« Two environmentally relevant
levels of phosphate




Growth rate of As exposed plants
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Effect of As on pigments
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Effect of As on Photosynthetic Parameters
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Effect of As on Photosynthetic Parameters
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Effect of As on Photosynthetic Parameters

Low P

OH

OH—As=0

OH

OH

OH—As

O Effect of As on non-

photochemical quenching
measured in a spectrally
resolved way

Mishra S, Stark H-J, Klpper H (2014) Metallomics 6, 444-454



Effect of As on Chlorophyll Biosynthesis

120
V7] Control XYY 0.5uM 1uM 2uM 5uM [ 10uM [ 20uM |
100 H ¢ 7] 2 ” 7 ) 7
%
| 2
] ]
= 801 I
%
st i 7
-.g ":: % n
O 60 ol
S ) 7
Pt 2% NS EI 3
°7 40 - e 4 \
% N 3 % \
R4 K N
S N % NEd
NHE: ! s
s g N
NS s 2 N
3 % NG
0 Xt o . 1 DR
@ > 'S
N X2 .;52"0 N
& S S Q€
\ © ©
3 N\

Chlorophyll Precursors
A) analysis of precursors of chlorophyll and degradation metabolites revealed that the observed
decrease in chlorophyll concentration was associated with hindered biosynthesis, and was not

due to degradation
B) The results indicate that the pathway was blocked upstream of tetrapyrrole synthesis.

Mishra S, Alfeld M, Sobotka R, Andresen E, Falkenberg G, Kipper H (2016) Journal of Experimental Botany 67, 4639-4646




Effect of As on photosynthesis and respiration
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Production of Superoxide upon As exposure
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Accumulation, Dis

Arsenic in C. demersum

(HPLC-ICP-MS-ESI-MS, u-XRF, u-XANES)
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As Speciation Analysis
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Speciation of As in Plant extract through RP-HPLC (C18) coupled to ICP-MS

Mishra S, Wellenreuther G, Mattusch J, Stark H-J, Kipper H (2013) Plant Physiology 163, 1396-1408



As Speciation Analysis

ICP-MS
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HPLC-ICP-MS and ESI- MS (scan mode) chromatograms of As exposed plant extract
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As Speciation Analysis

ICP-MS : Plant exposed to MMA )
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u-XRF and p-XANES

Undulator




u-XRF

Pholoslecimn
AE:E—EO x-ray
e AE=E,-E.=K
10w
or
OH
| AE=E,_-E =K
e Incoming x—rayEZ op
OH—As=0 radiation from
| x-ray tube or
radioisotope.
OH
— sample ;’F“'
OH 0 4 standard solution R
OH—As _
| 107 3
OH -
E 10 A
i .
1 ik Imcl.' I Compion and
{gasket material) . Z
£ P clastic scallering
1" = T T T T T
6 b )] 12 14 16 18 20
energy [keV]




Sample preparation and instrumental setup for p-XRF and p-XANES
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Distribution of As and its effect on Copper and Zinc
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Sub-cellular distribution of As in C. demersum leaves

2 phase response to As toxicity

A) Initially, at sublethal
concentrations, As is accumulated
mainly in the nucleus -
genotoxicity (besides inhibition of
Chl biosynthesis)

B) At lethal concentration, As fills the
whole cell
—> various types of damage

Mishra S, Alfeld M, Sobotka R, Andresen E, Falkenberg G, Kipper H (2016) Journal of Experimental Botany 67, 4639-4646




As distribution in rice roots

2 phase response to As toxicity

A) Initially, at low sublethal
concentrations, As is

; accumulated mainly in the
Compton root tip = toxicity mainly to
- dividing new cells

» At higher but still sublethal
Mwﬁ,?ilﬁ;ﬂ,‘ .Y o concentrations, As is

¥

MR LAY i, accumulated in more tissues
—> various types of damage

Comparison with Ni distribution

Ni is accumulated more in
the mature parts of the roots
Interaction between As and
Ni distribution?
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Speciation of As in different tissues
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Tissue specific As speciation through confocal u-XANES:
linear combination fitting
with correction for absorption and baseline drift
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Speciation of arsenic in a non-accumulator plant
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Comparison of Cu vs. As Toxicity Mechanisms
Copper toxicity Arsenic toxicity
at high irradiance >0.5uM As: inhibition of
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PSI| reaction centre - decreased light harvesting
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Scheme of pathways of arsenic toxicity in plants
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All slides of my lectures can be downloaded
from my workgroup homepage

Biology Centre CAS - Institute of Plant Molecular Biology - Departments
- Department of Plant Biophysics and Biochemistry,

or directly
http://webserver.umbr.cas.cz/~kupper/AG_Kuepper_Homepage.html




