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Higher plants response to metal-based nanoparticles:
meta-analysis of data shows transcriptomics and
proteomics rearrangements
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Metal-based nanomaterials

Metal-based NMs can be applied in many different
fields, because of their specific properties, chemical
reactivity, optical features, conductivity

But, they may enter the environment and potentially
the food chains through plants

In studying metal-based NMs it is relevant to
distinguish those peculiar effects of nanoparticles,
when they do not overlap with the effects caused by
metal ions

It is considered a purpose of risk assessment, to
promote a safe and sustainable use of NMs



A new approach to make the

technology more sustainable

Existing data available on the effects of NMs in humans, in
crop plants and in livestock are not sufficient to allow for a
complete evaluation of their potential risks or of their
safety

For this it is necessary to go deeper into functional
toxicology exploring the response at the level of specific
genes or gene products

and to find out biomarkers that can assist in risk
assessment and in evaluation of toxicity, eventually
connecting genes to proteins and to effects at the level of
organisms

Both are essential to enable a safe-by-design approach and
in making this technology more sustainable and
acceptable, especially when food production is concerned



But there is a source of new data

which can help
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Our work in summary
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The procedure used for meta-analysis
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Problems with data heterogeneity

Particle size
5-150 nm
Age of plants at treatment
0-42 days
Duration of the incubation
2 hours — 102 days
Concentration of nanoparticles
0.2 - 500 mg/L
Effects on plants

Negative (stress) or positive/neutral
Tissues sampled

whole plants, roots, shoots, seeds
Type of data reported

All data or just a subset



Repository of transcriptomics data

Data mining from the different papers and their supplementary material allowed the
construction of a matrix comparing all genes found to be regulated in the different
treatments

All data have been checked and the induction/repression level has been re-calculated,
for homogeneity

The gene inventory contains information on over 25500 genes of Arabidopsis thaliana
with data derived from 23 different experimental treatments. Hundreds of genes are
differentially regulated



Linnaeus 4.0 — a new taxonomy

Certainly «xomics» provide thousands of data,
a repository of incredible scientific value

s it the edge of the mechanistic approach, or
rather a new kind of taxonomy, which only
classifies changes, with less consideration for
their physiological and biological role or
effects?

But without a link to the phenotype and to
the behaviour of organismes, it is difficult to
solve this problem



Genes and mutants

The function of a gene can be extrapolated from the behaviour of
the mutated alleles

A population of Arabidopis lines mutagenised with Ac/DS
transposons from maize or with T-DNA insertions yielded just two
mutants resisting to CdS quantum dots: atnp01 and atnp02

It is possible to combine the detail provided by hundreds of
regulated genes with the observation that just few genes play a
significant role in resistance to nanoparticles?

Analysis of phenotype in mutants and a systems biology approach
describing the interacting genes can provide the answer

Network analysis and systems biology can identify genes/proteins
which represent hubs for regulation

Mutation in a hub gene can lead to a cascade of events, which
become visible at phenotypic level
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;& Gene networks in Arabidopsis
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thaliona

In the resistant mutant atnp01 the ELM2 transcription factor is a good candidate
for the tolerant phenotype, and its transcription is induced upon CdS QD exposure
The gene affected in the mutant atnp02, HCF101, is at the center of a gene
network interacting with genes involved in secondary metabolism and glyoxylate
metabolism. Loss of function mutants in this gene may result in reduced
photosynthesis level and chlorophyll content

ELM2 HCF101



Specific response to CdS QDs: genes

affecting photosynthesis

Genes involved in photosynthesis light reactions are up-regulated upon treatment
with CdS Quantum Dots.
Treatment with Cd?* ions does not affect the same genes.
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Common response in plants:

hormones

Nanomaterials affect the expression of genes in the main hormone signaling pathways.
The result is a modification of root development, inhibition of root elongation, inhibition of

lateral root formation, appearance of root hairs.

Ethylene, CK, BRs
auxin, ABA, JA - “iﬂ/
§ TiO; NPsgen 8 Ag NP
Cul NPs g ivFS,
Zno NPs, Ei?‘ﬁ f:"jpﬂ?
N >
_— ROOT ELONGATION + ?ﬁ%ﬁ ’ & CuO NPs
el ROOT HAIRS .
s DEVELOPMENT . Ethylene  «——— | Ks '
- o
Bl 1 T 3§ Ag NPs, 3 Ag NPs
[ ..::"“ i o Ti0, NPs Zn0 NPs
LATERAL ROOT |50 el =
HH e 4+ CuD NPs, Zn0 NPs, CdS QDs
FORMATION Ethylene, : e
auxin l
\ : __ABA
Ethylene, BRs, / JA + Tio, NPs
ABA auxin 0/ N _ﬂ_‘/' Eug -"_:I" 554
VT — n0O NPs,
] $.Ti0, NPsien, CeO, NPs CdS QDs

f TJ-ID“, NPS[I_I_I_
Cul NPs, ZnO NPs, Cds QDs

BRs, brassinosteroids — CKs, cytokinins — ABA, abscisic acid — JA, jasmonic acid



Reactive Oxygen Species (ROS) are at the center of the stress
response to nanomaterials. However, also organelles, defense
proteins, lignification and protein degradation are involved. The
existence of these mechanisms prompts additional considerations on
the effect of nanomaterials on cells, tissues, organs. Increased
knowledge will bring to a better use of nanomaterials, in terms of
safety and sustainability.
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Goals to be pursued

Identifying biomarkers of exposure, genes or proteins which can be
indicative of the stress condition induced by metal-based
nanomaterials. One of these has been identified as a chloroplast
localised function: electron carrier of the cytochrome b6f complex
in the membrane

Correlating transcriptomics, proteomics, metabolomics data to get
a deeper insight into the molecular mechanisms underlying the
response of plant cells, and to connect with the effects on
phenotype

Developing new strategies for risk assessment of nanomaterials,

particularly in relation with the food supply chain: from the field to
the fork

Identifying also positive effects for exploitation in agriculture:
nanopesticides, nanofertilisers, ...
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