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Abstract of Thesis

Gold nanoparticles (AuNPs) possess distinctive optical and plasmonic properties, particularly localized surface
plasmon resonance (LSPR), making them promising candidates for biomedical and photothermal applications.
Despite their potential, their susceptibility to aggregation and poor colloidal stability together enhance their
cytotoxicity and limit their therapeutic potential, particularly in photothermal therapy. Here, we established a
one-pot, sustainable, controlled, and surfactant-free synthesis approach using aqueous extracts of various
microalgae to produce surface-functionalized, small AuNPs with high colloidal stability, enhanced photothermal
efficiency, and biocompatibility. Systemic optimization of reaction conditions enabling the synthesis of small and
well-dispersed AuNPs with controlled sizes and various morphologies. Hydrodynamic diameters (HDs) varied
across microalgae-derived AuNPs with negative surface charges. Fourier transform infrared spectroscopy
showed that biogenic AuNPs possess stable surface functionalization mediated by an algal corona composed of
proteins, polysaccharides, and lipids. This corona provides amphiphilic and slightly negative layers on AuNP
surfaces. Such a layer minimizes electrostatic interactions between AuNPs, thereby preventing their aggregation
and enhancing their stability. Biogenic AuNPs demonstrated great colloidal stability (up to 48 h) compared to
chemically synthesized AuNPs (Chem@AuNPs) indicated by unchangeable HDs of 26.8 + 10.3 nm and 19.2 £ 6.1
nm, respectively. Under continuous laser stimulation for 1 h, AuNPs increased the temperature by ~8 °C,
indicating efficient photothermal responses. Cytotoxicity assays displayed that biogenic AuNPs were markedly
more selective toward malignant cells, inducing ~70% HeLa cell death upon laser ablation while revealing
minimal or no toxicity toward kidney and liver cells. Conversely, Chem@AuNPs induced severe cytotoxicity in
Vero and BNL cells. Analysis using 2’ ,7/ -dichlorodihydrofluorescein diacetate and morphology confirmed that
the AuNP-induced cell death is likely due to the synergistic effects of LSPR-mediated hyperthermia and photo-
induced reactive oxygen species generation. Overall, these findings highlight microalgae as robust and
sustainable bionanofactories for synthesizing small, stable, and highly biocompatible AuNPs. The enhanced
interfacial chemistry and stability of AuNPs contributed to the formation of an algal corona, addressing the
challenges of chemically synthesized AuNPs and providing a promising alternative for photothermal therapy and

other biomedical applications.
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Microalgae-derived AuNPs with high colloidal stability and effective photothermal efficacy.

Paper information: Hamida, R.S., Sotoma, S., Kah, J.C.Y., Harada, Y. and Suzuki, M., 2025. Microalgae-Mediated
Synthesis of Functionalized Gold Nanoparticles with High Photothermal Stability. ACS Sustainable Chemistry &
Engineering. 13, 19599-19612
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