e Attomolar sensitivity for protein and nucleic acid assays.

¢ Detection directly in complex samples - serum / whole blood.

e Dynamic tracking individual binding events.
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Single Nanoparticle Detection for Multiplexed Protein Diagnostics
with Attomolar Sensitivity in Serum and Unprocessed Whole Blood
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The Interferometric Reflectance Imaging Sensor (IRIS) was utilized to - (+)SPT
digitally detect and size single gold nanoparticles to identify protein
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biomarkers in unprocessed serum and blood samples. IRIS is a simple, = 'R;.'
inexpensive, multiplexed, high-throughput, and label-free optical biosensor M . i ML
that was originally used to quantify biomass captured on a surface with Target Concentration
moderate sensitivity. Here we demonstrate detection of f-lactoglobulin, a
cow’s milk whey protein spiked in serum (>10 orders of magnitude) and whole blood (>5 orders of magnitude), at attomolar
sensitivity. The clinical utility of IRIS was demonstrated by detecting allergen-specific IgE from microliters of characterized
human serum and unprocessed whole blood samples by using secondary antibodies against human IgE labeled with 40 nm gold
nanoparticles. To the best of our knowledge, this level of sensitivity over a large dynamic range has not been previously
demonstrated.
IRIS offers four main advantages compared to existing technologies: it (i) detects proteins from attomolar to nanomolar
concentrations in unprocessed biological samples, (i) unambiguously discriminates nanoparticles tags on a robust and physically
large sensor area, (iii) detects protein targets with conjugated very small nanoparticle tags (~40 nm diameter), which minimally
affect assay kinetics compared to conventional microparticle tagging methods, and (iv) utilizes components that make the
instrument inexpensive, robust, and portable. These features make IRIS an ideal candidate for clinical and diagnostic applications.
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Digital Microarrays: Single-Molecule Readout
with Interferometric Detection of Plasmonic
Nanorod Labels
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3 S A DNA and protein microarrays are a high-throughput technology ~Analog Digital -, Gold nanarod labels
o J {1 1 that allow the simultaneous quantification of tens of thousands of different . @ £ b

biomolecular species. The mediocre sensitivity and limited dynamic range of
traditional fluorescence microarrays compared to other detection techniques O @
have been the technology’s Achilles’ heel and prevented their adoption for
many biomedical and clinical diagnostic applications. Previous work to

| ] - z { 5 { enhance the sensitivity of microarray readout to the single-molecule {“digital”) O O =
: i . y . ) o . 2 DNA/Protein chip
t I { regime have either required signal amplifying chemistry or sacrificed
4 > 2 11 throughput, nixing the platform’s primary advantages. Here, we report the
! 4 | H development of a digital microarray which extends both the sensitivity and dynamic range of microarrays by about 3 orders

" L 1 1 1 ] of magnitade. This technique uses functionalized gold nanorods as single-molecule labels and an interferometric scanner
1M 10 M 1pM__10pM 100 pM which can rapidly enumerate individual nanorods by imaging them with a 10X objective lens. This approach does not
require any chemical signal enhancement such as silver deposition and scans arrays with a throughput similar to
commiercial fluor ce By combini gl particle ation and ble measur ts of spots
when the particles are very dense, this system ac}neves a dynamic range of about 6 orders of magnitude directly from a
single scan. As a proof-of-concept digital protein microarray assay, we demonstrated detection of hepatitis B virus sarface
antigen in buffer with a limit of detection of 3.2 pg/mL. More broadly, the technique’s simplicity and high-throughput
nature make digital microarrays a flexible platform technology with a wide range of potential applications in biomedical
research and clinical diagnostics.
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Beating the reaction limits
dynamic tracking of single
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The clinical need for ultrasensitive molecular analysis has moti-
vated the development of several endpoint-assay technologies
capable of single-molecule readout. These endpoint assays are
now primarily limited by the affinity and specificity of the
molecular-recognition agents for the analyte of interest. In
contrast, a kinetic assay with single-molecule readout could
distinguish between low-abundance, high-affinity (specific ana-
lyte) and high-abundance, low-affinity (nonspecific background)
binding by measuring the duration of individual binding events at
equilibrium. Here, we describe such a kinetic assay, in which
individual binding events are detected and monitored during
sample incubation. This method uses plasmonic gold nanorods
and interferometric reflectance imaging to detect thousands of
individual binding events across a multiplex solid-phase sensor
with a large area approaching that of leading bead-based
endpoint-assay technologies. A dynamic tracking procedure is
used to measure the duration of each event. From this, the total
rates of binding and debinding as well as the distribution of
binding-event durations are determined. We observe a limit of
detection of 19 fM for a proof-of-concept synthetic DNA analyte in
a 12-plex assay format.

of biosensor sensitivity with
binding events
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Significance

Low-abundance molecular biomarkers are a promising reser-
voir of diagnostic information for the early detection and
precise treatment of a range of diseases. Yet, most leading
assay technologies are currently limited by the affinity and
specificity of the molecular-recognition agents they use. This
binding “reaction limit” could be beaten by measuring the
duration of individual molecular-binding events as they hap-
pen in real time. We developed a technology to measure the
duration of thousands of individual binding events across a
large sensor area. These duration measurements allowed spe-
cific analyte binding to be distinguished from nonspecific
background binding. The sensor is large enough to accommo-
date 12 ultrasensitive tests at once.

www.nature.com/scientificreports
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Attomolar sensitivity microRNA
detection using real-time digital
microarrays

Fulya Ekiz Kanik?, Iris Celebi®, Derin Sevenler’3, Kahraman Tanriverdi*, Nese Lortlar Unlii?,
Jane E. Freedman* & M. Selim Unlij%2>

MicroRNAs (miRNAs) are a family of noncoding, functional RNAs. With recent developments in
maolecular biclogy, miRNA detection has attracted significant interest, as hundreds of miRNAs and
their expression levels have shown tao be linked to various diseases such as infections, cardiovascular
disorders and cancers. A powerful and high throughput tool for nucleic acid detection is the DNA
microarray technology. However, conventional methods do not meet the demands in sensitivity and
specificity, presenting significant challenges for the adaptation of miRNA detection for diagnostic
applications. In this study, we developed a highly sensitive and multiplexed digital microarray using
plasmonic gold nanorods as labels. For proof of concept studies, we conducted experiments with two
miRNAs, miRNA-451a (miR-451) and miRNA-223-3p (miR-223}. We demonstrated improvements in
sensitivity in comparison to traditional end-point assays that employ capture on solid phase support,
by implementing real-time tracking of the target molecules an the sensor surface. Particle tracking
overcomes the sensitivity limitations for detection of low-abundance biomarkers in the presence

of low-affinity but high-abundance background molecules, where endpoint assays fall short. The
absolute lowest measured concentration was 100 aM. The measured detection limit being well above
the blank samples, we performed theoretical calculations for an extrapolated limit of detection (LOD).
The dynamic tracking improved the extrapolated LODs from femtomolar range to ~ 10 attomolar (less
than 1300 copies in 0.2 ml of sample) for both miRNAs and the total incubation time was decreased
from 5 h to 35 min.
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