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This document provides instructions and protocols to help our customers maximize the
sensitivity of lateral flow diagnostics when using nanoComposix nanoparticle probes. We
provide a step-by-step walkthrough of all of the stages of lateral flow assay design, provide best-
mode protocols including specifics on material selection, and provide guidance on optimization
strategies to further increase specificity and sensitivity. Successful lateral flow devices are the
product of many small optimizations that are different with each particle type, target and system.
We hope that you find this information useful and if you have any questions or comments,

please feel free to contact us at info@nanocomposix.com or (858) 565-4227 x 2.
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Introduction to Lateral Flow

OVERVIEW

Lateral flow assays (LFAs) are rapid and inexpensive
diagnostic tests with long shelf lives that don't require
refrigerated storage. . One of the main advantages of this
assay format is that a result can be obtained without
additional processing of the sample or external equipment,
and with minimal training. This simplicity is especially

important for point of care or field based diagnostics.

Because of their low cost, billions of tests are produced each Fjgure 1 A commercial pregnancy te:
year to test for a variety of different analytes. In the most Which uses 40 nm gold nanopartieles
the detection label. The faint lieé

indicates that the subject is pregn:

indicates a positive test (Figure 1. A second line at the control The darker red line indicates that the
was valid.

common configuration, a colored line at the test location

location indicates that the test was valid.

The red colored line to indicate if the test is negative or positive is colloidal gold nanoparticles.
The industry standard for LF tests has been of colloidal 40 nm gold nanoparticles. The red color
arises from an optical plasmon resonance of the 40 nm gold nanoparticles, which strongly
absorb green and blue light. While 40 nm gold nanoparticles have found widespread use,
nanoComposix has developed a wide variety of high quality plasmonic nanoparticles with
various optical signatures including 40 nm gold and other unique nanoparticles which give rise
to increased sensitivity in lateral flow assays (Figure 2. Utilizing these new probes will create next
generation lateral flow tests with increased sensitivity and reproducibility. These ultra-sensitive
diagnostics can be quantified with inexpensive digital readers (e.g. cell phones). We believe this

combination has the potential to revolutionize the point of care diagnostic industry.
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LATERAL FLOW COMPONENTS

The lateral flow test is assembled from a few key components:

1 asample pad (for sample application)
I aconjugate pad (containing dried colored nanoparticles)
1 anitrocellulose membrane (striped with a test and control line)

1 awickpad
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using gold nanoshells (blue) as the probe ovem4&pherical gold (red).
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Often the strip components are housed inside of a plastic cassette so that only sample pad and
test and control lines are visible. the inner LFA components are held together on a plastic
adhesive backing card with a carefully controlled overlap, allowing for unimpeded capillary flow
of the sample from the sample pad through the conjugate pad, nitrocellulose and into the wick. A
few drops of fluid are applied to the sample pad, and the presence or absence of a test line after a
short amount of time (2-15 minutes) indicates the presence or absence of the target analyte

(Figurel).

A finished lateral flow assay contains a sample pad, conjugate pad, nitrocellulose membrane, and
a wick/absorbent pad that are all applied to an adhesive backing card. Each component overlaps
with the next by 1-2 mm so that the sample can move through the test strip via capillary action.
A brief description is provided below, with a detailed description of each component later in this

guide.

At the core of a lateral flow assay are the “conjugates”, also called detector nanoparticles or
probes. These are brightly colored nanoparticles connected to antibodies that recognize the
target test compound analyte (e.g. the hormone hCG in the case of a pregnancy test). The
readout of the assay occurs on a nitrocellulose strip that has two lines striped on the surface: a
capture line, which contains an immobilized protein that either binds to the target analyte or
competes with the target analyte for binding, and a control line that contains an antibody that
binds to the antibody on the surface of the particle, regardless of the presence or absence of
analyte, to confirm that the assay is working correctly (Figure3). The sample to be analyzed
(blood, serum, plasma, urine, saliva, or solubilized solids) is added to the sample pad and is drawn
through the lateral flow device by capillary action. The sample pad can filter unwanted portions
of the sample (such as red blood cells or solid particulates) and neutralize the sample. The liquid

wicks to the conjugate pad which contains the dried nanoparticle conjugates. The conjugate is

Test line Control line

Sample pad Conjugate pad Wicking pad
Backing card

Figure 3 Schematic of a generic lateral flow testsdmplepad absorbs the sample and transpgbgssample to the
conjugate pad. Theonjugate padcontains the dried down antilyenanoparticle conjugate. Tharocellulose
membrandastest and control listhat show thassayresults. The wick pad continues to pull the sample throt
strip at an even rate. All components are assemtddxcking card
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rapidly solubilized on contact with the aqueous sample and can bind to the analyte of interest (if
present). The nanoparticles and sample continue to flow through the nitrocellulose membrane
until they reach the test line and control line. Binding events at the test line provide a visual

indication of whether the analyte was detected or not.

ASSAY FORMATS

Lateral flow assays (LFA) can detect a wide range of targets. One of the first steps in the design of
a lateral flow assay is to understand which LFA format is right for the target analyte. The two

common formats are “sandwich” and “competitive” which are described below:

SANDWICHFORMAT

The sandwich assay format is typically employed for detecting relatively large analytes. If
the analyte has at least two distinct binding sites, a “sandwich” assay can be developed
where an antibody to one binding site on the analyte is conjugated to the nanoparticle
and an antibody to another binding site is used for the test line. If the analyte is present
in the sample, the analyte will become the "meat” of the sandwich binding the
nanoparticle conjugate to the test line, yielding a positive signal. The sandwich format
results in a signal intensity that is proportional to the amount of analyte present in the

sample.

COMPETITIVEEORMAT

A competitive format is used for detecting analytes where the analyte is too small for two
antibodies to bind simultaneously, such as steroids and drugs of abuse. In a competitive
assay, the test line contains the analyte molecule (usually a protein-analyte complex).
The nanoparticles are conjugated to an antibody that recognizes the analyte. If the
analyte is not present in the sample, the nanoparticle antibody conjugates will bind to the
analyte at the test line, yielding high signal intensity. If the target analyte is present in the
sample, the analyte will bind to the antibodies on the nanoparticle surface and prevent
the nanoparticle from binding to the test line. This will reduce the signal at the test line
resulting in a signal intensity that is inversely proportional to the amount of analyte

present in the sample.
Both assay formats utilize a second “control” line immobilized on the nitrocellulose membrane to

allow the user to verify that the assay has not been compromised and the result can be trusted.

The control line is typically a species-specific anti-IgG, and will bind to the antibody that is
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conjugated to the nanoparticle probe. For both assay types the control line should be clearly
visible regardless of the presence or absence of analyte in the sample. The lack of a control line

indicates problems with the test itself and therefore invalidates the results.

For many lateral flow diagnostics, such as those that detect pregnancy, a simple “yes” or “'no” is all
that is necessary. For other lateral flow assays, the strength of the test line can provide “semi-
quantitative” results, where the result is reported as falling within bins of a particular range (e.g.,
low, medium or high) or “quantitative” results, where a number that correlates to the
concentration of the analyte is reported. Quantitative lateral flow assays require more stringent
fabrication conditions and in most cases, a digital reader. Recent advancements in the
development of inexpensive readers based on cell phone technologies have recently become

available (Figure 4 and provide a simple and inexpensive solution for quantifying lateral flow

Figure 4(A) icalQ smartphone reader with strip holder attachment. (B) Novarum hixeshwaiaer.

assay results.

NANOPARTICLES

nanoComposix has extensive expertise in the synthesis, characterization and surface
modification of nanoparticles. We have been making highly engineered inorganic particles for
more than ten years and have developed particles specifically engineered for both their optical

properties and the conjugation to affinity ligands such as antibodies.

The methods |
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