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Purpose: Detection of single-base mutations is important for real-time monitoring of tumor
progression, therapeutic effects, and drug resistance. However, the specific detection of
single-base mutations from excessive wild-type background sequences with routine PCR
technology remains challenging. Our objective is to develop a simple and highly specific
qPCR-based single-base mutation detection method.

Methods: Using EGRF T790M as a model, gold nanoparticles at different concentrations
were separately added into the Tagman-MGB qPCR system to test specificity improvement,
leading to the development of the optimal Tagman-MGB nanoPCR system. Then, these
optimal conditions were used to test the range of improvement in the specificity of mutant-
type and wild-type templates and the detection limit of mutation abundances in a spiked
sample.

Results: The Tagman-MGB nanoPCR was established based on the traditional qPCR, with
significantly suppressed background noise and improved specificity for single-base mutation
detection. With EGFR T790M as a template, we demonstrated that our Tagman-MGB
nanoPCR system could improve specificity across a wide concentration range from 107°
uM to 10 uM and detect as low as 0.95% mutation abundance in spiked samples, which is
lower than what the traditional Tagman-MGB gPCR and existing PCR methods can detect.
Moreover, we also proposed an experimentally validated barrier hypothesis for the mechan-
ism of improved specificity.

Conclusion: The developed Tagman-MGB nanoPCR system could be a powerful tool for
clinical single-base mutation detection.

Keywords: nanoparticle-assisted PCR, point mutation, gold nanoparticle, specificity

Introduction

Single-base mutations in the gene sequence are reportedly associated with the
occurrence, development, and prognosis of many major diseases (eg, tumors or
hereditary disease).' ™ Lots of domestic and international guidelines emphasize that
single-base mutation detection is necessary for disease diagnosis and therapy
prognosis.””’ Single-base mutation detection with a low cost, simple operation,
and fast turnaround time is preferred in clinical diagnosis. The currently available
methods for single-base mutation detection mainly include sequencing, digital
reaction (PCR), real-time PCR. The
emerging second-generation sequencing (NGS) platform accurately detects single

polymerase chain and quantitative
or multiple mutations in multiple genes. However, its high cost and complex data
analysis limit its wide applications.® '® Digital PCR enables absolute quantification

of the mutation site in a clinical sample. However, it is limited by its complex
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operation and high cost of the equipment.'"'* In compar-
ison, qPCR is the commonly used technology in the clin-
ical setting; however, it is rarely used for mutation
detection, especially single-base mutations, due to its low
specificity.'® Therefore, it is important to develop a simple
and highly specific qPCR-based method for single-base
mutation detection.

Two kinds of qPCR methods have been used for the
detection of single-base mutations by designing mis-
matched primers or probes, ie amplification refractory
mutation system (ARMS) qPCR and Tagman-MGB
gqPCR.""> These two methods are similar in principle
and specificity. Furthermore, they also have the same
limitations. For instance, the optimization of primers or
probes is time-consuming and labor-intensive and needs to
be repeated for sequences with different target mutation
sites. In contrast to ARMS qPCR, Tagman-MGB qPCR is
suitable for most mutations and even for genes with GC
content that is too high or too low,'® due to the strong
embedding of the minor groove binder (MGB) into the
double helix structure of templates and probes. However,
the MGB also enhances non-specific pairing of probes and
templates, leading to non-specific amplification and
decreased discrimination ability of Tagman-MGB qPCR.
Therefore, there is still an unmet need for a generally
suitable and highly specific Tagman-MGB qPCR method
for point mutation detection.

Due to the good physicochemical properties of nano-
particles, nanoparticle-assisted PCR (nanoPCR) could
improve PCR amplification efficiency, yield, and
specificity.'”2° For instance, gold nanoparticles (AuNPs)
were added to multiple rounds of amplification in a PCR
system, which resulted in improved specificity of the
amplified products.”’ AuNPs were also used to improve
the amplification efficiency of quantitative fluorescence
PCR* and to improve loop-mediated isothermal amplifi-
cation with significantly reduced false-positive rate of
rotavirus detection.”> The NP-assisted helicase-dependent
amplification (HDA) method was used to genotype the
KRAS gene in genomic DNA samples from colorectal
cancer patients with ultra-high specificity.>* The potential
mechanism of nanoPCR with improved specificity has
been put forward by several previous studies.*'*>° It is
suggested that the non-specific absorption of NPs to
a single-strand sequence largely minimizes mispairing
between primers and templates during DNA replication.
However, the above hypothesis lacks direct convincing

evidence and it is still not clear whether nanoPCR is able
to detect single-base mutations.

Here, we developed a highly specific AuNP-mediated
Tagman-MGB qPCR (referred Tagman-MGB
nanoPCR) method for single-base mutation detection. We
used the T790M site in EGFR as a template gene and
achieved a limit of detection (LOD) for mutation abundance
as low as 0.95%. The results showed that AuNPs signifi-
cantly suppress >85% of non-specific amplification of the

to as

wild-type (WT) site, while maintaining the amplification of
the mutation-type (MT) site. Moreover, we experimentally
verified the non-specific absorption of AuNPs in various
components of the PCR system, based on which we pro-
posed a barrier hypothesis to explain the suppression of
AuNPs with the mismatch pairing between templates and
probes in our Tagman-MGB nanoPCR. We believe that the
developed Tagman-MGB nanoPCR holds great potential in
clinical applications for single-base mutation detection.

Materials and Methods

Materials

All oligonucleotides and the 445-bp gene fragment were
synthesized and modified by Sangon Biotech Co., Ltd
(Shanghai, China). The wild-type genomic DNA was
obtained from Diyinan Biotech Co., Ltd (Suzhou, China).
The primers and probes based on target sequence were
designed using Universal Invader™ software. Two specific
probes with FAM and VIC fluorescent dyes were designed
for the WT sequence and MT sequence, respectively. The
sequences are shown in Table S1. The PCR Master mix
was purchased from Qiagen (Hilden, Germany). SYBR
Green I was purchased from Beijing Solarbio Science &
Technology Co., Ltd (Beijing, China). Ultrapure DNase/
RNase-Free distilled water was purchased from Thermo
Fisher Scientific (Waltham, MA, USA). The 8-Strip PCR
tubes were purchased from Axygen (NY, USA). The
whole blood genomic DNA extraction reagent was pur-
chased from Bioer Technology Co., Ltd (Hangzhou,
China). The corresponding experiments were approved
by the ethics committee/institutional review board of
Xi’an Jiaotong University in accordance with the
Declaration of Helsinki, and written informed consent
was obtained from all patients. (NO.2021-1334)

AuNP Synthesis

AuNPs were synthesized using the Turkevich method,
a single-step thermal reduction of chloroauric acid
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(HAuCly) in the presence of citrate. Briefly, 100 mL of
ultrapure water was added into a 250 mL three-port flask
that had been thoroughly cleaned with aqua regia. Then,
the three-port flask was boiled in an oil bath before adding
4.5 mL of 1% sodium citrate. Five minutes later, 1.16 mL
of pre-configured chloroauric acid solution (mass fraction
of 0.863%) was added. When the solution color changed
from purple to burgundy, the three-port flask was moved
from the oil bath and cooled to 25°C

AuNP Quantification

After the prepared AuNPs were dissolved in aqua regia,
the color of the solution changed from burgundy to color-
less. The solution was further diluted with concentrated
nitric acid in different multiples (4, 40, and 400) and then
quantified by inductively coupled plasma mass spectro-
metry (PerkinElmer, USA). The obtained results were
recorded as Cy, and the exact concentration of AuNP
solution can be calculated by C, using the following
equation:
Caunr= Co/(pau*VaunpXNA)

Quantitative Real-Time PCR

Real-time PCR amplification was performed using a 7500
fast real-time PCR (Applied Biosystems). To setup
a 1xqPCR reaction (10 pL), 5 pL of 2xPCR Master mix,
1 pL of DNA template, 0.5 pL of forward and reverse
primer (20 uM), 1 pL of probe (10 uM) and 2.5 pL of dH,
O or AuNP solution were pipetted in a 0.1 mL 8-Strip
PCR tube. After adding all reagents, the solution was
sealed with 5 pL of mineral oil to prevent cross-
contamination during amplification. The real-time PCR
reaction mixture was briefly vortexed, followed by 10
s of centrifugation at 1,500 xg. Thermocycling was
initiated by 3 min of denaturation, followed by 45 thermal
cycles at 95 °C for 10 s (denaturation) and 60 °C for 30
s (annealing and extension).

The Tagman-MGB nanoPCR reaction system for
detection of mutation abundance consisted of 5 pL of
2xPCR Master mix, 0.5 pL of 2500 copies wild gDNA
extracted from peripheral blood according to the manufac-
turer’s instructions and 0.5 pL of different copies of
mutant plasmids, 1 pL of primers (10 uM), 0.5 pL of
VIC probe (10 uM), 0.5 pL of FAM probe (10 pM)
were pipetted in a 0.1 mL 8-Strip PCR tube. Either
AuNPs in the appropriate concentrations or deionized
water were added to the system to reach a final volume
of 10 pL. Temperature was gradually increased up to 95 °

C for 3 min for the initial denaturation step and then
maintained at 95 °C for 10 s (step 1), and to 60 °C for
45 s for annealing and extending (step 2). The two steps
were repeated in 45 cycles.

Characterization

A FEI Talos F200C transmission electron microscope
(Thermo Fisher Scientific; USA) was used for the TEM
images of the synthesized AuNPs. All the UV-Vis spectro-
scopies were recorded with a Lambda 35 UV—vis spectro-
photometer (PerkinElmer, USA) for spectral changes in
the AuNPs subjected to qPCR. The zeta potential and
dynamic light scattering (DLS) of 10 nM AuNP suspen-
sions diluted with 1xqPCR buffer or water were performed
with a Malvern ZS90-2027 Zetasizer Nano system
(Malvern, UK). Accurate quantification of the prepared
AuNPs was measured by inductively coupled plasma
mass spectrometry. All the measurements were performed
at room temperature.

Results and Discussion

Design of the Tagman-MGB nanoPCR

To test the AuNP improvement of Tagman-MGB qPCR
detection specificity, a Tagman-MGB detection probe was
designed to detect MT sequences (Figure 1). The designed
Tagman-MGB detection probe could perfectly pair with
mutation sequence, but it involved a single-base mismatch
with WT sequence. If no AuNP was added in the PCR
system, both WT and MT sequences could be amplified
with obvious fluorescence increase (gray dash line in
Figure 1). In comparison, if the proper concentration of
AuNP was introduced into the PCR system, the non-
specific amplification of WT sequence would be signifi-
cantly suppressed, with only a slight negative effect of
AuNP for the MT sequence (red solid line in Figure 1).
In clinical samples, the number of WT sequences was
much larger than the mutation number, and the non-
specific amplification signal might mask the signal of
MT amplification in a real-world situation. Although two
Tagman-MGB probes with different fluorescent groups
were designed to distinguish the WT and MT in classical
Tagman-MGB qPCR, the non-specific amplification was
still ineluctable, especially when only single-base muta-
tions occur in the mutation sequence. Therefore, develop-
ing Tagman-MGB nanoPCR with enhanced specificity was
quite significant for the clinical diagnosis of single-base
mutation. To this end, we prepared citric acid-modified
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Figure | Schematic of the AuNP-mediated Tagman-MGB nanoPCR for single-base mutation detection. When amplification of mutant-type and wild-type templates is
mediated by the mutant-type probes, the AuNP particles inhibit the mismatch pairing of wild-type template with the probe and the corresponding amplification fluorescence
signal is significantly suppressed. While the fluorescence signal generated from the amplification of mutant template is almost unaffected.

AuNP to perform the Tagman-MGB nanoPCR. The DLS
of the prepared AuNPs revealed they possess a uniform
size of 14.33+0.04 nm (Figure S1A). The zeta potential of
AuNPs was —45.9+1.66 mV, confirming their great solu-
bility (Figure S1B). The TEM results showed that the
diameters of the prepared AuNP particles were 11.1£1.2
nm (Figure S2), which was consistent with the DLS
results.

Optimization of AUNP Concentration for

Tagman-MGB nanoPCR
To establish a stable and optimized Tagman-MGB

nanoPCR, a series of AuNPs with gradient concentrations
were added into the PCR system with a single detection
probe for MT sequences. The effect of AuNPs at different
concentrations on the amplification of WT and MT
sequences is shown in Figure 2A. As we all know, high
concentrations of nanoparticles would inhibit the PCR
reaction.”’*® AuNP in excessive concentrations (eg, 250
nM and 125 nM) revealed significant suppression for both
WT and MT amplifications. However, when the AuNP
concentration decreased to 50 nM, MT suppression sharply
became weak, and WT suppression was still strong, with
85% of non-specific signals effectively suppressed,

leading to a significantly increased signal-to-noise ratio
(SNR) (Figure 2B and C). With the continuous decrease
in AuNP concentration, the MT amplification signal was
improved, which also occurred in the WT group. To com-
pare the SNR of AuNPs in different concentrations, the
fluorescence ratios of MT and WT at 45 cycles were
quantified (Figure 2C). The maximal SNR appeared at 50
nM AuNP, where the fluorescence ratio of MT/WT
reached about 6.6 and was more than 2.5-fold higher
than that of the control group (ie 2.64 fluorescence ratio).
However, the SNR was lower than that of the control
group for all other AuNP concentrations. These results
confirmed that the concentration of AuNP has an obvious
effect on the specificity improvement of Tagman-MGB
nanoPCR. Excessive AuNP concentration suppressed all
nucleic acid amplifications significantly, which was con-
sistent with a previous report.”” However, AuNP in low
concentrations could be an enhancer for all PCR samples.
Only AuNPs in a proper concentration could improve the
specificity of PCR. Here, the optimized concentration of
AuNP was 50 nM, which obviously improved the specifi-
city of single-base detection and was therefore used in the
following experiments. Importantly, this optimization pro-
cess is only needed when developing the nanoPCR system.
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Figure 2 Effect of different AuNP concentrations on amplification signals. (A) The amplification curves of Tagman-MGB qPCR and nanoPCR with different AuNPs
concentrations. The hollow square represents the amplification curve of wild-type templates, and the solid circle represents the amplification curve of mutant templates. (B)
Comparison of the amplification single of WT and MT templates when different AuNPs concentrations are doped in Tagman-MGB nanoPCR. Mean fluorescence intensity
and standard deviation are obtained at 45 cycle number with three replicate experiments. (C) Quantification of signal-to-noise of Tagman-MGB nanoPCR with different
AuNP concentrations by calculating the amplification signal ratio of MT and WT templates.

Once the optimal concentration of AuNPs is determined,
the users could directly perform nanoPCR with the optimal
nanoPCR system.

Mechanism of AuNP-Enhanced Specificity
of Tagman-MGB nanoPCR

Based on previous reports, the AuNP specificity enhancement
of PCR might be caused by the nonspecific adsorption of
AuNPs of single-strand DNA.>**' To assess this nonspecific
absorption, the UV-Vis spectra of AuNPs and AuNPs mixed
with NA sequences (including primers, probes, and single-
strand templates) were measured (Figure S3). A discernable
redshift (~11 nm) in the surface plasmon resonance (SPR)
peak of AuNPs was observed after mixing with these single-
strand sequences (pink line in Figure S3). The redshift

demonstrated that the single-strand sequences have been
absorbed on the AuNP surface, resulting in reduced surface
electron density. When the PCR mix (including polymerase,
divalent magnesium ion, and dNTP) was added into the AuNP
solution, a redshift as large as ~100 nm occurred, which
illustrated that the AuNP surface was tightly covered by the
components of the PCR mix (green line in Figure S3). To
confirm this, we measured the DLS and zeta potential of
AuNPs before and after adding the PCR mix (Figure SI).
The obtained results revealed that the AuNP hydrodynamic
size increased from 14.33+£0.04 nm to 68.6+0.37 nm after
adding the PCR mix, further increasing to 90.5+0.19 nm
after the amplification cycle. The zeta potential was also
inhibited from —45.9£1.66 mV to —8.84+0.49 mV (before
amplification) and —8.73+0.55 mV (after amplification).
Further addition of NA sequences induced a slight further
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Figure 3 Mechanism of AuNPs for improving the specificity of Tagman-MGB nanoPCR. (A) The schematic of energy barrier hypothesis to explain the effect of AuNPs on
the perfectly and mismatch complement pairing between templates and probes. (B) Hybridization of two single-stranded template sequences (wild-type and mutation-type)
with MT probe at different AuNP particle concentrations. The fluorescent signal is derived from the double-stranded product with binding of SYBR Green I. (C) Average
fluorescence intensities of WT templates and MT templates when the fluorescence signals reach steady state after hybridization.

redshift, indicating that the NA sequence could still be
absorbed even after pre-absorption of the PCR mix compo-
nents (blue line in Figure S3). Meanwhile, the DLS results also
prove no obvious aggregation of AuNPs before and after the
PCR reaction. The above results remained consistent with
previous studies, confirming that the nanoparticle surface
could non-specifically adsorb the PCR components and inter-
act with them to affect the amplification results.?**

Next, to understand the mechanism, by which AuNPs
improve detection specificity, we proposed a barrier hypothesis
based on the non-specific absorbance of single-strand
sequences by AuNPs. In other words, the successful pairing
between probes and templates needed to stride over a barrier
and the adjustment of this barrier by the added AuNPs (Figure
3A). The non-specific absorption of AulNPs elevated the
energy that was needed for the complementary pairing
between probes and templates, where more added AuNPs
would induce a greater barrier. In summary, the above results
verified that the proposed barrier hypothesis could properly
explain the effect of AuNPs on different pairing between MT
or WT templates and probes, which theoretically supported the

specificity improvement of Tagman-MGB nanoPCR. Based
on this hypothesis, it was possible to find a proper AuNP
concentration, which could block the mismatch pairing of
WT templates and probes but permit the perfect pairing of
MT templates and probes (Figure 3A). In order to verify this
hypothesis, different AuNP concentrations and unmodified
MT probe sequences were incubated with MT and WT tem-
plates for 30 minutes at 60 °C. (Figure 3B). When the duplex
structure formed between probes and templates, SYBR Green
I was able to bind to the minor groove of the duplex structure
and exhibit significantly enhanced fluorescence. The measured
fluorescence intensity depended linearly on the length and
amount of formed duplex structures. When the AuNPs were
absent in the solution, the quantified fluorescence intensity of
the MT group was nearly twice as high as the WT group
intensity (Figure 3B and C). When 250 nM of AuNPs were
added into the system, no obvious fluorescence was observed
in either group, indicating that the addition of abundant AuNPs
significantly elevated the barrier and blocked probe pairing,
leading to rare formation of duplex structures. When 50 nM of
AuNPs were added, the elevated barrier also blocked the
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pairing of MT and WT with probes, inducing a decrease in
fluorescence intensity for the WT and MT groups.
Furthermore, the inhibition by 50 nM AuNPs was more
obvious for the WT group compared to the MT group, and
a larger intensity ratio for both groups was obtained. That was
because the weak pairing between the WT template and probe
hardly strode over the elevated barrier, but the strong pairing
between the MT template and the probe did. When the added
AuNP concentration decreased to 5 nM, no inhibition was
observed in the MT group and the inhibition in the WT
group was also very small. The results indicated that the barrier
elevation by 5 nM AuNPs was small, and the effect on the
pairing between templates and probes was weak. In summary,
the above results verified that the proposed barrier hypothesis
could properly explain the effect of AuNPs on different pairing
between MT or WT templates and probes, which theoretically
supported the specificity improvement of Taqgman-MGB
nanoPCR.
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Specificity Improvement of Tagman-MGB
nanoPCR for Various Target

Concentrations

To investigate the specificity improvement of Tagman-MGB
nanoPCR for various template concentrations, a serial concen-
tration of T790M DNA templates (ie, 10, 1, 102, 107>, 107,
10°%,107®, and 10~ uM for both MT and WT templates) were
diluted to perform the Tagman-MGB PCR. The traditional
Tagman-MGB qPCR exhibited poor discrimination at high
and low template concentrations, ie, 10° uM and 10 uM
(Figure 4A). Maximal discrimination occurred at a template
concentration of 10~ uM. In the Tagman-MGB nanoPCR,
great discrimination was achieved cross a wide template con-
centration: from 10~ uM to 10 uM (Figure 4B). To quantify
the discrimination (or specificity) of Tagman-MGB PCR
between WT and MT templates, we defined Ry as an indi-
cator by dividing the difference in WT and MT fluorescence
intensities by WT fluorescence intensity. The quantification
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Figure 4 Specificity comparison of Tagman-MGB qPCR and nanoPCR at different target concentrations. The average fluorescence intensities of (A) Tagman-MGB qPCR and
(B) nanoPCR at different target concentrations. The fluorescent intensity is extracted from the value at 45 amplification cycle number. (C) Discrimination comparison of
Tagman-MGB gPCR and nanoPCR by Rgy;s with different target concentrations. (D) The specificity improvement of Tagman-MGB nanoPCR varied with different target
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results exhibited that the overall specificity of Tagman-MGB
nanoPCR was much better than that of Tagman-MGB qPCR
(Figure 4C). The discriminations of Tagman-MGB qPCR
ranging from 102 uM to 10 uM were all below 0.6 Ry,
while all discriminations of Tagman-MGB nanoPCR were
higher than 0.6 R ;s from 10~ uM to 10 uM. To further reveal
the specificity improvement of Tagman-MGB nanoPCR, the
Ry;s ratio of Tagman-MGB nanoPCR and qPCR was quanti-
fied as the change in template concentrations (Figure 4D). The
results indicated that the specificity improvement of Tagman-
MGB nanoPCR was more obvious at high and low template
concentrations, namely 10~ uM, 10® uM, and 10 uM, which
could be ascribed to the good specificity of Tagman-MGB
gPCR in moderate template concentrations.
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In clinical diagnosis of the T790M mutation site, the positive
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sequences. To pick out the patients with T790M mutations,
the trace amount of MT sequence needed to be efficiently
detected from the abundant WT sequences. To verify the
potential clinical applications of Tagman-MGB nanoPCR, var-
ious mutation abundances (0%, 0.5%, 1%, 2.5%, 5%, and
10%) were detected and compared with traditional Tagman-
MGB gPCR (Figure 5). Here, following the clinical rules of
Tagman-MGB qPCR, two kinds of Tagman-MGB probes
separately paired perfectly with the WT and MT sequences
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Figure 5 Detection ability comparison of Tagman-MGB qPCR and nanoPCR varied different mutation abundance. (A) The amplification signal of WT templates (ie, FAM
fluorescence) varied with different mutation abundance. (B) The amplification signal of MT templates (ie, VIC fluorescence) varied with different mutation abundance. (C)
Quantification of different mutation abundance by ratio of VIC and FAM signals in Tagman-MGB qPCR and nanoPCR. The fluorescence intensity is normalized to that of 0%
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Note: The WT templates are extracted from human peripheral blood.
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were used in both the Tagman-MGB gPCR and nanoPCR. The
FAM and VIC signals were related to the amplification of WT
and MT sequences, respectively. The FAM signal obtained by
Tagman-MGB qPCR
enhancement with increasing mutation abundance, while the
FAM signal of Tagman-MGB nanoPCR just increased slightly
(Figure 5A). Theoretically, since the concentration of the WT

conventional showed significant

template was constant, the FAM signal related to its amplifica-
tion should remain unchanged, no matter if the concentration
of MT template increases or decreases. Actually, the FAM
signal was increased by the non-specific amplification of MT
templates. In comparison, the Tagman-MGB nanoPCR exhib-
ited weaker FAM enhancement, confirming the suppressing
effect of AuNPs on non-specific amplification. In Figure 5B,
the VIC signal of Tagman-MGB nanoPCR showed a gradual
increasing trend with increasing mutation abundance, which
was not observed for Tagman-MGB qPCR, indicating that the
latter was not sensitive to the increase in mutation abundance.
Finally, the standard curves between Tagman-MGB qPCR/
nanoPCR and mutation abundance were quantified using the
ratio of VIC to FAM (Figure 5C). Both Tagman-MGB qPCR
and nanoPCR exhibited great linear correlation between fluor-
escence ratio and mutation abundance. The fitting linear equa-
tion for Tagman-MGB nanoPCR was y=0.02115+0.04724x,
where R? was 0.999. The fitting exponential equation for
Tagman-MGB gqPCR was y=0.02894+0.01659x, where R*
was 0.966. For the detection of 0.5% mutation abundance,
the discrimination by both Tagman-MGB gPCR and
nanoPCR was poor. However, when the mutation abundance
increased to 1%, the specificity improvement of Tagman-MGB
nanoPCR began to stand out, and the ratio difference increased
with further increase in mutation abundance. The calculated
detection limit of Tagman-MGB qPCR and nanoPCR for
mutation abundance was 1.38% and 0.95%, respectively. The
above results exhibited that the developed Tagman-MGB
nanoPCR enabled a lower LOD than the traditional Tagman-
MGB gPCR and possessed better specificity for T790M.
Additionally, since the WT templates used here were extracted
from human peripheral blood, the detection results could thus
partly confirm its potential in clinical applications. To ensure
a satisfactory performance, it is suggested to use purified
gDNA to test the Tagman-MGB nanoPCR. Based on previous
reports, the median abundance of the T790M mutation in
patients was ~6.5%,”> which meant that the developed
Tagman-MGB nanoPCR was able to identify the most

T790M mutations. There have been several studies on
T790M mutation detection using qPCR.***®* Compared with
currently available qPCR methods for T790M mutation detec-
tion, the method developed in this study was simple in design,
and it exhibited a satisfying LOD for T790M mutation detec-
tion (Table 1). Since the AuNPs could absorb all single-strand
the developed Tagman-MGB

nanoPCR could potentially be used for the detection of multi-

nucleic acid sequences,

ple site mutations. Actually, nanoPCR has been reported to
perform multiplex detection of three viruses.”> Therefore, we
believed the developed Tagman-MGB nanoPCR would be
a powerful tool for the clinical diagnosis of single-base

mutation.

Conclusion

In summary, we demonstrated the utilization of AuNPs for
suppression of the mismatch between templates and probes
to achieve highly specific single-base variant analysis using
Tagman-MGB nanoPCR. The developed Tagman-MGB
nanoPCR enabled a significant specificity improvement
across a wide range of concentrations from 10™° uM to 10
pM, compared to the traditional Tagman-MGB qPCR.
Furthermore, it was able to detect mutation abundance as
low as 0.95% in spiked samples. Since only minute amounts
of AuNPs are required for these analyses and AuNPs were
cost-effective and readily available, the current laboratory
instrumentation and analytical protocols can easily adapt
the proposed system for routine clinical diagnosis of single-
base mutations. The method is easily scalable and outper-
forms traditional MGB probe-based qPCR in terms of speci-
ficity and sensitivity. We envision that the developed
Tagman-MGB nanoPCR system would be a powerful tool

Table | LOD Comparison of Currently Reported qPCR
Methods for T790M Mutation Abundance

International Journal of Nanomedicine 2021:16

No. Methods LOD Refs

[ ARMS-qPCR (Roche) 2%-3% [34,35]

2 ARMS-qPCR (Qiagen) 7.02% [36]

3 ARMS-qPCR (Amoydx) 2.50% [37]

4 CastPCR (Thermo 1% [38]

Fisher)
5 Tagman-MGB qPCR 1.38% This work
6 Tagman-MGB nanoPCR 0.95% This work
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for the diagnosis of various diseases induced by gene

mutations.
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