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Simulation-directed amplifiable nanoparticle enhanced 

quantitative scattering assay under low magnification dark field 

microscopy

 Dali Sun a, Li Yang b, Christopher J Lyon b, Tony Hu b*

Nanoparticle-enhanced assays read by high-magnification dark-

field microscopy require time-intensive analysis methods subject to 

selection bias, which can be resolved by using low magnification 

dark-field assays (LMDFA), at the cost of reduced sensitivity. We 

have simulated and experimentally validated a tunable linker-

based signal amplification strategy yielding 6-fold enhanced LMDFA 

sensitivity. 

Gold nanoparticles are now in relatively widespread use for a 

variety of applications due to several useful physicochemical 

properties. Substantial effort has also been devoted to developing 

gold nanoparticle-based biosensors for noninvasive and targeted 

tumor diagnosis and treatment1�6, but there are no widespread 

clinical applications for such approaches due to a trade-off 

between sensitivity and usability. We have previously described 

an automated low magnification dark-field assay (LMDFA) that 

reduces operator time and eliminates the selection bias 

associated with high magnification nanoparticle detection 

assays7,8. However, LMDFA has a different set of issues, 

including a greater susceptibility to signal artifacts, which can 

contribute to the reduced analytical sensitivity of this assay. 

LMDFA captures the signal of the entire assay well, but this 

means that nonspecific signals arising from sample contaminants 

or surface imperfections are also captured and can, therefore, 

cause artifacts that lower the signal-to-noise ratio (SNR) of the 

assay. LMDFA signal artifact effects can be attenuated through 

the use of an image processing algorithm7, but this process can 

reduce assay sensitivity, and new approaches are needed to 

improve LMDFA sensitivity.    

In this study, we report the development of a linker-based signal 

amplification approach that can be employed to increase the 

sensitivity of LMDFA detection. Nanoparticles created using 

noble metals can enhance scattering by surface plasmon 

resonance9 and a pair of such closely spaced nanoparticle can 

produce �dimer� plasmons that can further enhance the 

scattering effect10. Simulations performed to determine optimal 

space between proximity nanoparticles were validated by 

experimental approaches, which determined that linker-based 

signal amplification could produce a six-fold increase in 

LMDFA signal, while retaining all the that advantages of a 

standard LMDFA, enhancing its potential for translation to 

clinical applications. 

Theoretical modeling and simulation for amplification. Light 

scattered from AuNRs is subject to plasmonic enhancement 

when the distance between two or more AuNRs falls below the 

threshold for the formation of a local plasmon effect. In LMDFA, 

this distance is determined by the distance between two or more 

target molecules, and thus depends upon their relative expression 

on a target cell or vesicle or their surface accumulation upon 

capture from a sample of interest. The plasmonic effect used in 

LMDFA should, however, be capable of direct enhancement by 

linking other AuNRs to an AuNR already bound to the target 

protein, cell or vesicle to amplify this specific signal (Figure 1a). 

The linker approach adds two extra binding steps to the existing 

LMDFA approach: one to bind the linker to an AuNR already 

bound to a target immobilized on the detection well surface and 

a second to bind additional AuNRs to the first AuNR through its 

conjugated linkers. The length of the linkers used in this 

approach is critical to control the distance between the AuNRs 

in these assemblies and thus nanoplasmon formation and signal 

enhancement. 

Finite-difference time-domain (FDTD), Mie approximation (T-

Matrix), and finite element method (FEM) analyses are the most 

common methods used to compute the scattering of 

electromagnetic radiation by metallic nanoparticles11. FDTD 

calculates field vector components in a given instant in time, and 

Fourier transfer near-field solution to the frequency domain and 

propagated into the far-field by surface or volume integration. 

FDTD simulation confirmed the scattering enhancement of 

proximity nanoparticles (Supporting Information, Figure S1), 

but could not be used to conduct large-scale simulations due to 

the computing demands required to handle the complexity of 

such calculations. Mie approximation (T-Matrix) significantly 

simplifies the solution of the Maxwell equations by considering 

the scattering of light arisen from spherical objects. However, 

while it is possible to approximate the scattering from ellipsoid 

objects12, this is not suitable for nanorods with complex spatial 

configurations. FEM solves the scattering problem by 

discretizing the Helmholtz equation to balance the computational 

complexity and is suitable for large-scale AuNR simulations. 

Because the LMDFA analyzes the scattering of light from 

AuNR, which peaks at 650 nm, the FEM simulation was 

performed using a 650 nm incident light source, modeling 

variable distances between two AuNRs (25 × 60 nm). PEG was 

not included in the simulation since it does not deleteriously 
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