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ABSTRACT

Gold nanoparticles (GNPs) are one of most widespread nanoparticles in use for biomedical

applications, such as immunoassays, clinical, phototherapy of cancer cells, targeted delivery of

drugs and optical bioimaging. Use of nanoparticles in plants has not yet been fully investigated

however, only few methods are available for visualizing and quantifying nanoparticles to assess

uptake, translocation and stability in planta. Recently, we found that GNPs can be easily

detected quantitatively in leaves by laser-induced photoacoustic imaging and leaf temperature
can be elevated by GNP mediated photothermal effect. Here, we detect 60 nm GNP with
photoacoustic signal and find that (i) 60 nm GNP reached to the leaf tip from leaf petiole
inside 4 hours, (i) GNPs are finally localized in leaf vein, hydathode of leaf marginal part.

This work demonstrates that nanoparticles can be rapidly taken up through the leaf vein and

expected to be eliminated through leaf phloem or hydathode.
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Fig. 1. GNP detection with laser-induced photoacoustic
signals by elapsed time. Different GNP
distribution pattern was detected between 2
hours (A) and 4 hours (B) from starting GNP
absorption. The crossing points of grid are
laser exposing location on the leaves and
GNP expecting locations are marked with
contour lines. The signal strength is grouped
by different colors and quantitative acoustic
signals amplitudes over 100 mV is expected
significant number of GNPs on the position.
The detailed GNP treatment method is

explained in the Material and Method section.
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Fig. 2. GNP localization at the microscopic level.
GNP was treated through the leaf petiole for

48 hours and localized GNPs using
photoacoustic detection method. The GNP
detecting positions are pictured under the
microscope and marked the laser exposing
point (orange circle). GNP detected organs
are hydathode of leaf marginal region (A
and D) or leaf main vein (B and C).
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