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4.4. Conclusions 

In summary, the outcomes of the SERS analysis can be summarized as 

follows. Overall, the results indicate that the interaction of the cationic 

nanoparticles with double-stranded DNA leads to (at least partial) strand 

separation of dsDNA population that molecularly mediate the nanoparticle 

clustering (i.e., DNA molecules at the interparticle junctions). The extent of such 

structural deformation is highly dependent on (i) the DNA/NP ratio and (ii) the 

nanoparticle surface charge. The former parameter directly affects the 

aggregation profile which is, in turn, strictly related to the length of the duplex 

(whereas base composition did not appear here to play a relevant role). 

Regardless of the chain length, it was possible to recognize a qualitatively 

common trend where unzipping of the double helixes is progressively maximized 

at high and low DNA/NP ratios, for a given �  potential. The potential correlation 

between the aggregation features of a DNA-mediated cluster and the tendency 

of the DNA molecule trapped at the interparticle gap to undergo unzipping was 

further investigated and confirmed by molecular dynamics in combination with 

additional SPR analysis. Differently, once fixed the DNA/NP ratio (i.e., the degree 

of aggregation) to a value corresponding to the minimal duplex perturbation and 

monitored SERS spectra for different nanoparticle surface charge, a sudden 

transition from a dominant duplex conformation to mainly separated strands 

below a critical �  potential threshold is observed. This transition appears to be 

largely independent not only from nucleobase composition but also from the chain 

length and double helical geometry. This chapter provides new fundamental 

insights into the interaction between nucleic acids and nanoparticles, and how 

the integrity of the double-helical structure is perturbed by the cooperative binding 

of nano-objects. 
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GENERAL CONCLUSIONS 

In the framework of this dissertation, a novel approach based on surface-

enhanced Raman scattering (SERS) for the label-free optical detection and 

structural analysis of nucleic acids was implemented. The method relies on the 

use of positively-charged silver nanoparticles as plasmonic substrates for SERS 

analysis of DNA in solution. This strategy was successfully applied for the 

sensitive detection of clinically relevant point mutations in the K-Ras gene, which 

are routinely screened for diagnostic purposes, especially in colorectal cancer. 

Along this study, the impact of the cationic nanoparticles on the structural features 

of the interacting DNA molecules was extensively investigated. In summary:  

I. AgSp NPs were implemented as efficient SERS substrates for the 

amplification of the Raman signal of nucleic acids. DNA adsorption onto 

the metallic particles takes place via electrostatic interaction between the 

phosphate groups and the positive charges at the surface of the NPs. 

This directly leads to the formation of stable clusters in suspension 

yielding very intense and reproducible SERS spectra obtained under an 

average SERS regime. The acquired spectra are truly vibrational 

representations of the composition and conformation of DNA molecules. 

As a result, detailed structural information can be extracted from the 

SERS spectrum of DNA by analyzing characteristic and well-defined 

spectral markers. Also, the protocol for the optimization of the 

experimental parameters in SERS measurements was described. 

II. The optimized direct SERS approach was successfully applied to the 

detection of oncogenic K-Ras point mutations in 141-nt sequences, with 

single base sensitivity. The sensing strategy exploited the concept of 

single strand conformation polymorphism (SSCP) where point mutations 

induce conformational changes in the single-stranded sequences 

(ssDNAs), which were detected in the SERS spectra and unambiguously 

classified via chemometric methods (PLS-DA). Further, these results 

were supported by theoretical simulations. Overall, the findings showed 

the potential of this technique for sensitive, fast and inexpensive detection 

of point mutations in long ssDNAs. Importantly, this method not only 
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overcame the intrinsic limitation of previously reported SERS methods, 

but also simplified the sensing scheme with respect to SSCP analysis. 

III. The intrinsic nature of the SERS method, combined with SPR 

spectroscopy and theoretical simulations, unlocked the possibility of 

selectively examine the impact of nanoparticle clustering on different 

nucleic acid duplexes (dsDNA) over a wide degree of colloidal 

aggregation and without the need of external intercalating dyes or strand 

labeling. The results showed that the interaction of AgSp NPs with 

dsDNA, trapped at the interparticle junctions, can lead to (at least partial) 

strand separation. The extent of the structural impact was mainly defined 

by two variables: the DNA/NP ratio and the nanoparticle surface charge. 

For a given NP charge (characterized by ζ potential) unzipping of the 

double helixes was maximized at high and low DNA/NP ratios. On the 

other hand, when the DNA/NP ratio corresponding to the minimal duplex 

deformation was fixed and the ζ potential varied, it was observed a 

threshold above which separated strands exist as the dominant 

conformation. Such change in conformation was found to be independent 

on chain length, nucleobase composition or duplex structure.  

Overall, this dissertation is meant to contribute to the establishment of SERS 

as a mature technique for the direct analysis and screening of nucleic acids. 

Accordingly, the research work presented shows the analytical potential of SERS 

both as sensitive tool for fast and low-cost analyses of nucleic acids, and as a 

valuable technique for investigating the interaction of nucleic acids and cationic 

nanoparticles. 
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