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Gold nanoparticles for exogenously induced intracellular manipulation

Magnetic nanoparticles are key building blocks for numerous innovative functional maGold nanoparticles (AuNPs) are 
extensively used in biomedicine as therapeutic agent, since they can be drug carriers, imaging agents, gene-regulating 

agents and photoresponsive therapeutics. On the other hand, especially when dealing with intracellular activity, fundamental 
parameters such as the pH must be taken into account and can be conveniently used to direct the action of the AuNPs. Cancer 
and normal cells, among other things are characterized by different pH in several intracellular compartments, a difference that 
can be conveniently used to modulate the action inside the cells of AuNPs. In a reversed perspective,  extensive intracellular 
acidification may be induced by exogenous agents to cause a decrease of pH beyond the tolerance level of cancer cells. This is being 
implemented by designing tailored molecules which can provide protons release upon light irradiation and are also capable of cell 
internalization. The outcome is a system that can act as acidifying agent “on command”. The monitoring is typically carried out in 
a non-invasive way, i.e. by infrared spectroscopy. The protons released by irradiation bind the hydrogencarbonate abundant in the 
cells, to yield the carbonic acid which readily dissociates in H2O and CO2 according to the equilibrium: 

HCO3
-+H+_H2CO3H2O+CO2. This has the advantage of an easy monitoring, as the asymmetric stretching of the CO2 falls 

in a region free from other absorptions. This method becomes even more effective, when AuNPs are coupled to photoacids, 
since they possibly provide a more efficient permeation of the cell membrane and a localized concentration of protons, with a 
consequent local swift decrease of pH. This offers the additional advantage of a carrier for cancer cell recognition. A scheme of the 
photosensitive compounds conjugated to the AuNPs and the effects on the cells (HEK-293) is reported in Figure1. More complex 
systems are under investigation, with photoacids  coupled to AuNPs, which provide selectivity towards cancer cells as an effect of 
the irradiation.

Figure 1: A scheme of the photoacid conjugated to the AuNPs. The nanoparticles were additionally functionalized with a fluorescent agent and dosed to HEK-293. 
Once the cells are irradiated with UV-light, protons are relesed, decreasing the pH and increasing the yield of CO2. 

This effect is 400 times larger for photoacids coupled to AuNPs as compared to non-conjugated ones
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