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Regular monitoring of an HIV patient’s viral load - the amount of free virus in the
bloodstream - is crucial for clinical interventions that can maintain immunological
integrity and prevent the spread of drug-resistant HIV. However, the current standards
for viral load testing are PCR-based and require expensive equipment not suitable for
low-resource settings, where the burden of HIV is highest. Remote, centralized testing
facilities limit the financial burden on local clinics but greatly increase the time-to-
result, reducing the test’s clinical utility and hindering patient retention. Here, we
report on the development of a point-of-care viral load test incorporating an
isothermal, PNA-based ampilification method into a microfluidic device.

Peptide Nucleic Acid

Peptide nucleic acids (PNAs) are synthetic homologs of nucleic acids in which the
phosphate-sugar backbone is replaced by a pseudo-peptide oligomer. PNA forms stable
duplexes with complementary DNA, RNA, or PNA according to Watson-Crick base

pairing. PNA-RNA duplexes are stronger than DNA-RNA.
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Device Overview

Our device employs a sandwich assay that detects a conserved HIV RNA sequence and
amplifies the signal through a series of PNA coated gold nanoparticles. A PNA surface
probe (SP) immobilized in the PDMS microchannel captures the target sequence,
which has been tagged by a PNA reporter probe (RP) (1). PNA-conjugated gold
nanoparticles bind to the RP through complementary PNA interactions (2). A second
PNA-conjugated nanoparticle binds to the initiation nanoparticle, forming gold
clusters around the captured target sequence (3). Signal amplification is achieved by
adding silver enhancer solution to the channel providing a visual readout (4).
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The objective of this project was to develop a protocol for efficient capture of the
surface probe and sandwich complex in the channel through optimization of wash
times, flow rates, and blocking steps.

Channel Preparation

To capture the SP in the PDMS channel, a layer of streptavidin (SA) is first immobilized
to the channel surface. The strong hydrophobicity of PDMS allows for the ready
adsorption of uncharged proteins. Second, the surface probe PNA, functionalized with
a biotin molecule, is flowed into the channel and captured by the SA.
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Maximum streptavidin surface density is desired to increase the assay sensitivity.
The concentration of SA incubated in the channel was varied, and no significant
increase in SA coverage was observed above a concentration of 5 uM.

(a) (b) SA Concentration
zoooo]
15000

Streptavidin 10000-

< ’

PDMS

Fluorescence

5000+

N % O
SA Concentration (uM)

Figure 1. (a) Fluorophore-labeled SA is incubated in the channel at differing concentrations. (b)
The channel is saturated above 5 uM.

It is imperative that any weakly bound streptavidin is washed from the channel after
the immobilization step to prevent loss of signal. It was determined that a 2 minute
wash step with PBS at a flow rate of 1 mL/min was sufficient for the streptavidin
coverage of the channel to stabilize and remain constant over further washing. The
flow rate of the wash step was also examined to ensure SA is not stripped from the
channel during the wash step. A flow rate of 1mL/min was observed to have no
appreciable difference in SA removal from a rate of 0.1mL/min.
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Figure 2. (a) Fluorophore-labeled SA is incubated in the channel before being washed with PBS in
consecutive 30s intervals at a flowrate of 1mL/min. Channels incubated in different concentrations
of SA exhibit the same trend. (b) Fluorophore-labeled SA is incubated in the channel and washed
at a flowrate of either 0.1 mL/min or 1 mlL/min. No significant difference in SA retention is
observed.

BSA Blocking

Both the accuracy and sensitivity of the assay are dependent upon sequence-specific
interactions, and it is necessary to minimize non-specific interactions within the

channel. BSA is a small globular protein commonly used to reduce nonspecific
interactions. A 1% BSA blocking solution was found to minimize the surface of the
PDMS channel not covered by the SA layer.
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Figure 3. (a) Channels are incubated with SA, then either PBS or 1% BSA. Fluorophore-labeled BSA
(flu-BSA) is incubated in each channel before washing. (b) Blocking is shown to significantly reduce
further protein immobilization to channel surface. (c) Corresponding image from gel reader.
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Surface Probe Capture

It was desired to saturate the channel with surface probe while avoiding material
waste. The concentration of fluorescein-labeled biotin (flu-biotin) incubated in the SA-
coated channel was varied, and no significant increase in flu-biotin capture was
observed above a concentration of 1 puM.
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Figure 4. (a) Channels are coated with SA and blocked with 1% BSA in PBS, before being incubated
with flu-biotin. (b) A concentration of 1 uM flu-biotin appears sufficient to saturate the channel.

The effects of blocking were explored by observing the capture of flu-biotin as a
surrogate for the surface probe on the SA-coated channel. Blocking was shown to
have minimal impact on biotin retention, indicating that capture of the surface probe
can occur before or after the blocking step. The surrogate surface probe showed
minimal interaction with the PDMS channel.
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Figure 5. (a) Channels are incubated with either SA or PBS, then with PBS or 1% BSA. Blocking does
not have a significant effect on biotin capture. (b) Corresponding image from gel reader.

Optimized Protocol

An optimized protocol for preparation of the microfluidic channel is reported below. In
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Incubate wells with 5 uM SA for 2h at room temperature or at 4° C overnight.
Wash with PBS, 1 mL/min for 2 min.
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oate 1 uM surface probe (SP) for 10 min at room temperature.
n with PBS, 1 mL/min for 2 min.
pate wells with 1% BSA in PBS for 1h at room temperature.
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