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RATIMA JANTHIMA : BIOSYNTHESIS OF IRON AND NICKEL
NANOPARTICLES BY THE WATER VELVET (4ZOLLA PINNATA R.BR.)

THESIS ADVISOR : ASSOC. PROF. SINEENAT SIRI, Ph.D. 69 PP.

BIOSYNTHESIS/ IRON/NICKEL/NANOPARTICLES/WATER VELVET

Metal nanoparticles (MNPs), especially magnetic NPs, have received many
research interests due to their outstanding properties and applications. Nevertheless,
there are few studies in the biosynthesis of magnetic NPs in living organisms, especially
in plants, even though several plant species are considered as metal-hyperaccumulators
which can uptake and store metal ions. Therefore, in this work, the capability of water
velvet (Azolla pinnata R.Br.), the metal-hyperaccumulator aquatic fern, was
investigated for its biosynthesis of iron and nickel NPs via the uptake Fe*" and Ni**
ions. The toxicity of single and combination of Fe** and Ni** ions was analyzed by the
morphological changes of leaves which suggested that both metals were toxic to the
plant in a dose-dependent manner and the additive toxicity when both metal were
combined in the treatment. At 50 mM of Fe** and Ni*' ions, the metal-uptakes were
investigated using energy dispersive X-ray fluorescence, which indicated the high
uptake levels of each metal in roots and shoots. The molecular profiles of the metal-
treated plants were analyzed by Fourier transform infrared (FTIR), which revealed the
changes of functional group vibrations. The FTIR results suggested the modulations of
some carbohydrates, proteins, and nucleic acids of the plants in response to metal
treatments. Also, the activities of some antioxidant stress-related enzymes (superoxide

dismutase, catalase, and glutathione reductase) were investigated. The results showed
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the increases of these enzyme activities which were the highest in the Fe-treated plants,
followed by Fe/Ni-treated and Ni-treated plants. Transmission electron microscopy
images revealed the formation of FeNPs but not nickel nanoparticles (NiNPs) in the
plant roots, which were identified as herﬂatite (a-Fe203) and magnetite (Fe3O4) forms
of FeNPs. In cortical and vascular cells, FeNPs were detected in vesicles and
multivesicular bodies, or individually distributed in a vicinity of the cell membranes.
Due to no observation of NiNPs, the energy-dispersive X-ray spectroscopy (EDS)
analysis was employed and the result revealed the low detected level of Ni in the plant
roots. Thus, no formation of NiNPs was likely due to the insufficient Ni concentration
to form nanoparticles in the plant roots. Taken these results together, this work
demonstrated the responses of A. pinnata R.Br. to iron and nickel and the cellular
production of iron oxide NPs from the uptake iron ions by A. pinnata R.Br. These
results enlightened some information of the responses of the plants to metal stress,
especially on the formation of metal nanoparticles from the high accumulated levels of

the uptake metal ions.
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