
TC

2599

TC

7854

TC

2787

MINT - METAL ION TRAFFICKING OF NANOPARTICLES IN 
TERRESTRIAL ISOPODS: AN OVERVIEW 

Nuno G. C. Ferreira a, Fred Mosselmans b, Paola Borri a and Peter Kille a

a Cardiff University, BIOSI, Museum Avenue, CF10 3AT Cardiff - Wales, UK
b Diamond Light Source, Harwell Science & Innovation Campus, Oxfordshire, UKK  

Introduction
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EU policies (i.e. REACH or RIPoN) and Horizon 2020 define within their priorities the research and development of nanotechnologies along with the

evaluation of their ecotoxicological effects. The exponential exploitation of nanotechnologies has resulted in the release of a diverse range of

nanoparticles into the environment. The knowledge-base used by legislators and environmental regulators to perform risk assessment on the

interaction between the Environment and NPs is scarce especially given the continual generation of new NPs. This project aims to proactively

evaluate the biological impact of new generations of nickel- and gold- nanoparticles (NPs) with significant future commercial potential

exploiting the elegant and highly specific metal trafficking system of the terrestrial isopod hepatopancreas (HP) in Oniscus asellus. The

project will determine how metals are trafficked, ‘who’ are the major players (proteins and small molecules) are in the process and the impact of

these NPs on the basal metallo-biology or this organism. The project will focus on the development of a spatially resolved holistic

understanding of metal trafficking pathways within the terrestrial isopods by targeting different levels of biological organization (molecular

and cellular physiology) and how the NPs impact the homeostatic systems.

Conclusions

WP1- Approach

In conclusion, the project MINT- Metal Ion Trafficking of Nanoparticles in Terrestrial Isopods was the first

step to identify the proteins and small molecules responsible for the trafficking of metals in terrestrial isopods

from the species O. asellus. Although the data generated as not yet been fully analysed, the preliminary

results show strong evidence of the role of the hepatopancreas in the survival and resistance/tolerance of

these organisms to metals and their ability to survive in highly metal contaminated environments.

From the present project new research pathways have been identified to complete the required information

of these unique organisms to metal tolerance/resistance that include (but not only restricted) to the role of

their microbiome that can define them as an, holobiont to the different binding affinities of theirs transport

proteins within different terrestrial, aquatic and transition species or even to the role the different isoforms of

those proteins. With this data we intend to develop new research also into metal-related diseases and the

metallomic life of these organisms.
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Hames and Hopkin (1991)

Oniscus asellus (males and females) were exposed by

contaminated food to 10 mg / g food to:

- Au ions

- Au NPs 65nm

- Au NPs 111nm

- Ni ions

- Ni NPs 65nm

- Ni NPs 105nm
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Fig 1- Scheme of different tissues from O. asellus used for RNA-seq and sequences that were  5x higher or lower expressed when compared to other tissues, Image from Weiser (1978). 

(Credits – Szabolcs Hernadi, Adriano Chessa, Nuno Ferreira, Peter Kille)

WP1- Results

The organisms exposed to the carcinogenic metal Ni and

to the biosafe metal Au were dissected and

transcriptomes of the head, hepatopancreas and gut

were analysed to check the relationship that occurs from

the uptake of these metals in their ionic and

nanoparticulated form. The obtained results are still

under analyses due to the large amount of data obtained

(~300Gb). Nonetheless it was already possible to identify

key proteins and small molecules that diverge between

the two types of metals, but also between the

nanoparticulated forms. Differences between the two NPs

sizes was not so evident, maybe due to their possible

similar size when they aggregate or agglomerate.

WP2/3- Approach

Oniscus asellus (males and females) were exposed to

similar treatments described in WP1. Imaging

techniques [i.e. Synchrotron and nonlinear microscopy

method based on four-wave mixing (FWM)

interferometry triply-resonant to the surface plasmon

resonance (LSPR)] were used to pinpoint the location

of Ni and Au within the hepatopancreas cells.

WP2 and WP3 

WP2/3- Results

The project MINT allowed the use of state of the art

imaging techniques to locate the position of the studied

metals (Ni and Au).

By using Synchrotron images it was possible to observe

the accumulation of Ni in ‘B’ cells of the hepatopancreas

and even to record some ‘B’ in different phases of their

cycle with these cells bursting and releasing their content

rich in carbohydrates and lipids, along with the metal into

the lumen of the hepatopancreas (data not showed). The

metal Ni seems to accumulate in the ‘B’ cells area closest

to the lumen where they are discharged, but also on the

nucleous. The different species of Ni (data not showed)

were analysed by XANES and showed a profile of nickel

sulphide.

By using this novel technique developed by Prof Paola

Borri and her group, it was possible to locate the signal

and the Au-NPs in the hepatopancreas. These were

located on ‘S’ cells where the strong signal of

cuprosomes would not allow other techniques to identify

its location.
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Fig 2- Synchrotron image of O. asellus hepatopancreas when exposed to Ni ions and location of Ni, Fe and Cu.

(Credits to Amaia Etxabe, Stephen Short, Nuno Ferreira, Adriano Chessa, Fred Mosselmans and Peter Kille).

Fig 3- Background-free FWM detection of 20 nm Au NPs inside the

hepatopancreas of a terrestrial isopod. (a, b) bright field image; (c) co-circularly

polarized reflection amplitude; (d-f) co-circularly polarized FWM amplitude. (a)

stitched image of whole hepatopancreas (10x, 0.3 NA objective); (b) region

identified in (a) (60x, 1.27 NA objective); (c-d) FWM mage of region identified in (b)

τp = 0.5 ps showing Au NP; (e-f) zoom in on NP identified in (d), (e) τp = 0.5 ps, (f)

τp = -1ps ps. (Credits to Iestyn Pope, Nuno Ferreira, Yisu Wang, Francesco Masia,

Karl Swann, Peter Kille, Wolfgang Langbein and Paola Borri)
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