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Abstract 

A modular peptide-functionalized gold nanoparticle (AuNP) system that displays enzyme-
activated, electrostatically driven aggregation is reported in this study. Results demonstrate that 
the Arg-Gly-Asp (RGD) sequence within surface-immobilized peptides, originally intended to be 
an integrin-binding motif, serves as a minimalistic, self-complementary peptide ligand to drive 
electrostatic assembly of the nanoparticles. These RGD motifs become exposed on the 
nanoparticle surface through enzymatic cleavage by matrix metalloproteinase-9 (MMP-9). The 
exposure of RGD ligands at the particle surface promotes multivalent electrostatic bindings and 
ultimately leads to the aggregation of the AuNPs. This study also shows that a minimal change in 
the peptide sequence, specifically, a simple inversion of two amino acids, inactivates the enzyme-
responsiveness of the system. This simple and robust nanoparticle design demonstrates the use of 
enzyme-activated electrostatic patterns in short peptide ligands to effectively trigger aqueous self-
assembly. In vitro studies show selective killing of triple negative breast cancer cells by the MMP-
9-responsive AuNPs. The MMP-9-inactivated AuNPs, in contrast, show minimal impact on the 
viability of the cancer cells.  


