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Abstract
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Abstract: We demonstrate a highly sensitive plasmon-enhanced fluorescence sensor to detect anti-
bodies to Cytomegalovirus (CMV), using their specific interaction with a peptide identified through
in silico methods. The results show high promise for sensor miniaturization, ease of spatial multi-
plexing, high sensitivity, and quick response times. The developments are readily applicable to detect
antibodies to range of other viruses (e.g., SARS-CoV-2 virus, Bird and Swine Flu).

Keywords: nanoplasmonics; metal-enhanced fluorescence; nanoarrays; immunoassays; surface-
plasmon resonance; peptide-protein interactions; biosensor

1. Introduction

Sensors to monitor the immune status of an individual play a crucial role in under-
standing acquired immunity or signs of a latent infection. Such sensors can be an effective
tool in the identification and spread of infectious diseases, not only in humans, but also
from animals to human populations. In this work, we report a sensor that detects the
acquired immunity of a patient to infection by cytomegalovirus (CMV). CMV is caused
by beta-herpesvirus, also known as HHV-5. CMV is most active in older people, young
people and in people with low immunity. CMV, the most common virus, is also reported
to be a reason for infectious mental diseases in newborns. According to reports, the
prevalence of this virus is estimated to be 50% among the population, and it can lead to
fatal complications in some cases. This study showcases the application of a plasmon-
enhanced fluorescence sensor with high sensitivity in detecting human antibodies against
Cytomegalovirus (anti-CMV).

2. Materials and Methods

Gold nanoarrays were fabricated and used as metal-enhanced fluorescence (MEF) sensors.
Gold nanoarrays were fabricated using macromolecular self-assembly and pattern-transfer
approaches, as reported earlier [1,2]. The peptide with a 16 amino acid sequence, identified as
exercising strong affinity to the anti-CMV antibodies, was received as lyophilized powder from
the University of Copenhagen, Denmark. The peptide solution was dissolved in DMSO to
prepare a stock solution that were subsequently diluted to 1 µg/mL in PBS prior to use. Gold
sensor surfaces (MEF sensor, or SPR) were functionalized with the peptide solution enabled
by thiol-gold interactions between the cysteine amino acid at the peptide’s C-terminal and the
sensor surface. Peptide-functionalized sensors were subsequently exposed to methoxy PEG
thiols to fill any non-specific binding sites prior to exposure to samples containing anti-CMV
antibodies (100 ng/mL–50 µg/mL in PBS). The surfaces were flown with BSA to additionally
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block any non-specific binding pockets, followed by exposure to Cy5 labelled anti-human
IgG. The surfaces were characterized using SPR and fluorescence microscopy.

3. Discussion
Metal-Enhanced Fluorescence (MEF) Detection

MEF sensors leverage the intense electromagnetic field enhancements on plasmonic
nanostructures to enhance fluorescence signals from fluorophores in close vicinity to the
sensor surface, thereby contributing to higher sensitivity of fluorescence immunoassays [3,4].
Here, we use MEF sensors consisting of gold nanoarrays with sub-10 nm electromagnetic
hotspots (Figure 1a, inset) that were used to detect anti-CMV antibodies using the sequence,
as illustrated in Figure 1b. The fluorescence intensities follow the concentration of Cy5-
labelled detection antibodies. The immunoassay sequence was performed on both the MEF
and SPR under equivalent conditions. This enables the use of SPR as means to quantify
the areal density of the detection antibody on a planar gold SPR chip. SPR measurements
show very low binding (~17 ng/cm2) of sec-Antibody. (Figure 1b) This is equivalent to
what can be expected for the bare Au controls (black curve Figure 1a). The analyte densities
are expected to be even lower on the MEF sensors, due to the reduced surface available for
binding arising from steric hindrance to binding on closely separated pillar arrays. Based
on the binding densities of the sec-Antibody measured using SPR, and the available surface
on the nanopillar arrays, the MEF sensor is expected to exhibit a sensitivity equivalent to
few attograms of sec-Ab/µm2. This would mean sensitivity of the sensor to only a few
tens of molecules/µm2. The strong enhancement in fluorescence intensities (red curve,
Figure 1a) despite the low densities of sec-Ab, makes the MEF sensors quite attractive for
fluorescence immunoassays. Besides high sensitivity, MEF offers significant opportunities
for miniaturizing the sensor footprints to few square microns, and thus enabling facile
multiplexing in fluorescence microarray formats. SPR is especially useful for optimization
of assay conditions prior to implementing them on the MEF sensors.
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Figure 1. Plasmonic detection of peptide–protein interactions (a) Gold nanoarrays (SEM-top view), 

and numerically simulated electromagnetic field profiles showing sub-10nm electromagnetic 

hotspots; plot compares fluorescence intensities on MEF sensors and on control surface (equivalent 

to the gold SPR chips used in (b)) (b) Illustration of the assay steps and the corresponding experi-

mentally measured SPR shifts. 
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Figure 1. Plasmonic detection of peptide–protein interactions (a) Gold nanoarrays (SEM-top view),
and numerically simulated electromagnetic field profiles showing sub-10 nm electromagnetic
hotspots; plot compares fluorescence intensities on MEF sensors and on control surface (equiv-
alent to the gold SPR chips used in (b)) (b) Illustration of the assay steps and the corresponding
experimentally measured SPR shifts.
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