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ARTICLE INFO ABSTRACT

Keywords: The rapid identification of pathogenic microorganisms plays a crucial role in the timely diagnosis and treatment
Bacterial diagnostic strategies during a global pandemic, especially in resource-limited area. Herein, we present a sensitive biosensor
SARS-CoV-2

strategy depended on botulinum neurotoxin type A light chain (BoNT/A LC) activated complex assay (BACA).
BoNT/A LC, the surrogate of BONT/A which embodying the most potent biological poisons, could serve as an
ultrasensitive signal reporter with high signal-to-noise ratio to avoid common strong background response, poor
stability and low intensity of current biosensor methods. A nanoparticle hybridization system, involving specific
binding probes that recognize pathogenic 16S rRNAs or SARS-CoV-2 gene site, was developed to measure double-
stranded biotinylated target DNA containing a single-stranded overhang using Fluorescence Resonance Energy
Transfer (FRET)-based assay and colorimetric method. The method is validated widely by six different bacteria
strains and severe acute respiratory related coronavirus 2 (SARS-CoV-2) nucleic acid, demonstrating a single cell
or 1 aM nucleic acid detecting sensitivity. This detection strategy offers a solution for general applications and
has a great prospect to be a simple instrument-free colorimetric tool, especially when facing public health

Botulinum toxin

Fluorescence resonance energy transfer
Colorimetric detection

Biosensors

emergency.

1. Introduction

Pathogenic microorganisms pose a massive threat to public health
safety (Sun et al., 2020; Zhou et al., 2020). The rapid diagnosis is vital
for diseases diagnosis and treatment to contain the epidemic, especially
pandemic. However, traditional culture-based methods are usually
time-consuming and tedious (Forne et al., 2000; Guan et al., 2013).
Currently, novel biosensors based diagnostic strategies have been
developed with an improved sensitivity and accuracy (Ren et al., 2019;
Song et al., 2019; Yoo and Lee, 2016; Zhang et al., 2020). Those sensors
include (Hong et al., 2020; Wan et al., 2018; Wang and Alocilja, 2015;
Wu et al., 2015) enzyme-based reporters [horseradish peroxidase (HRP)
(Wen et al., 2016), alkaline phosphatase (ALP) (Han et al., 2020), and
catalase (de la Rica and Stevens, 2012)], fluorescent molecule-based
reporters [Fluorescein probes (Cardoso et al., 2011) and Molecular
Beacons (Cao et al, 2014)] and nanomaterial-based reporters
[magneto-DNA nanoparticle system (Chung et al., 2013), Gold

nanoparticles (Yang et al., 2020)]. Although enzyme-based reporters
shortened analysis time in many experiments, their sensitivity is limited
due to strong background response (Seo et al., 2015). The functionalized
fluorescent molecule-based reporters provide an excellent way as a rapid
on-site tool for pathogenic diagnostics. However, their poor stability and
low intensity restrict the further utilization (Tsourkas et al., 2002). Most
nanomaterial-based reporters require complex operations and special-
ized training (Naja et al., 2007). Thus, there is an urgent need for a
sensitive signal reporter with a high signal-to-noise ratio that can be
used in the general pathogen detection.

Currently, Corona Virus Disease 2019 (COVID-19) caused by SARS-
COV-2 virus has become a global pandemic, with over 1,730,000
confirmed deaths and 1,730,000 confirmed cases as of December 2020.
Gold-standard assays using real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) of patient samples, such as blood, urine, stool
and nasopharyngeal swabs, have been employed to confirm the presence
of SARS-COV-2. But they are not portable and require complicated
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Fig. 1. BoNT/A LC activated complex assay
(BACA) for bacterial or virus diagnosis. The
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laboratory manipulations. Although serology tests using lateral flow
assay (LFA) is rapid and need minimal infrastructure, their application
may not be suitable for the confirmation of acute COVID-19, due to the
long window stage (1-2 weeks) for patients to obtain a detectable
antibody level. To accelerate clinical diagnostic testing for SARS-COV-2,
a novel diagnostic test for the virus should be developed in a user
friendly way (Fabiani et al., 2021; Miripour et al., 2020; Seo et al.,
2020).

Botulinum toxin (BoNT), produced by Clostridium botulinum and
related strains, has attracted significant attention in bioanalytical
chemistry due to their extraordinary neurotoxic and ultra strong cata-
lytic characters. It functions by cleaving Soluble NSF Attachment Protein
Receptor (SNARE) required for neurotransmitter release. Depending on
the protein structure and sequence differences, BoNTs can be classified
into eight types (A-H) of (Barash and Arnon, 2014; Chen and Barbieri,
2006; Dennis et al., 2000). Among them, BoNT/A is the most toxic
serotype which causes severe symptoms via specifically cleaving
synaptosome-associated protein of 25 kDa (SNAP-25) (Blasi et al.,
1993). It is the most poisonous substance known: a single gram of the
toxin can kill one million people (Dhaked et al., 2010). The light chain of
BoNT/A (BoNT/A LC) is a surrogate of BONT/A and retains the same
catalytic activity (Caglic et al., 2014). So far, there has been no report for
utilization of BoNTs as signal reporters in analytical chemistry.

Inspired by its catalytic properties for the cleavage of SNAP-25, we
established pathogenic and SARS-COV-2 detection technique based on
BoNT/A LC activated complex assay (BACA). Combined with bacterial
multiple 16S rRNA strands and magnetic enrichment, BACA enabled to
significantly improve the detection sensitivity. In this assay, the ampli-
fied bacterial/viral targets were captured by streptavidin magnetic
beads (MB) and followed by recruitment of BONT/A LC modified gold
nanoparticle detection probes (BNPs) decorated via engineered gold
binding peptide (GBP)-tagged BoNT/A LC. After magnetic separation,
the generated BoNT/A LC functionalized target-probe nanocomplexes

activated the fluorescence quenching substrates to produce fluorescence
signals. Meanwhile, the target phenotypes could be further determined
through a colorimetric biosensor. In this work, BACA demonstrated high
specificity and excellent sensitivity. It has been used for bacteria
detection and rapid detection of SARS-CoV-2.

2. Material and methods
2.1. Preparation of tag overhung targets

Escherichia coli (CICC 10412), Eberthella typhi (CICC 21483), Pseu-
domonas aeruginosa (CICC 21625), Staphylococcus aureus (CICC 10384),
Streptococcus pyogenes (CICC 10373) and Enterococcus faecalis (CICC
10396) were provided from the China Center of Industrial Culture
Collection (CICC). The 16S rRNA sequences of 6 different bacterial
genus types were downloaded from NCBI database and aligned to
choose corresponding unique regions (50-80 nucleotides in length) as
detection target sequences using MegAlign software (DNAStar). Each
pathogenic RNA was extracted using Bacterial RNA Kit (Omega) and
c¢DNA was obtained using PrimeScript II 1st Strand cDNA Synthesis Kit
(Takara). The double-stranded biotinylated target DNA containing a
single-stranded TAG (TAGCGCGACCATAGTGAAGAAATA) overhang
was then amplified by DreamTaq™ Hot Start DNA Polymerase (Thermo)
with a TAG-containing forward primer and a 5° biotinylated reverse
primer through universal PCR (Deshpande and White, 2012).

While for SARS-CoV-2 (Genbank Accession NO.MN908947.3), the
recombinant plasmid containing full-length N gene was obtained from
Tiandz Biotech as our positive COVID-19 mimic target due to clinic and
laboratory limitations. The published primer sets designed by Chinese
Center For Disease Control And Prevention (CDC) were used in this
work. BACA was tested to reveal its potential for rapid and effective
detection of SARS-CoV-2 nucleic acid. All primers and probes (Table S1)
were synthesized by Sangon Biotech and primer specificity was analyzed



F. Song et al.

Biosensors and Bioelectronics 176 (2021) 112953

1E5 250 nM ALC — e S
9E4{ 5E4- . -‘—‘ i EM
8E4q o 10 nM
TE4 - 4E4+ B 5nM
o 6E4- * ° [ 1 nM
2 5E4 | E L [T 100 pM
4F4- W 1pM
2E4 1M
3E4 [ I negative
2E4 4 1E4 1
Ld
1E4 m
0 ; ; ; 0
buffer 1 buffer 2 buffer 3
b e
100 nM ALC]
7E4 . 8E4 - —=—— [ ]500 nM
| B 100 nM
6E4 7E4 sk 10 nM
_ —
SE4- e A 5 nM
2 £ SE44 [ 1 nM
& 4E4+ P [ 100 pM
3E4 - @ 1pM
3E4 ™
2E47 2E4- [ Inegative
1E4 1E4
4 0

buffer A buffer B buffer C

TMAO + TMAO -

100 nM ALC 8E3

SE4q o g 20V
.

.

4E4

20 M

3E4 10y

RFU

2E4+

1E4+

free Zn (CH,CO0), ZnCl,

A . 5nM ALC
SNAPtide concentration .

1 2 3 4 5 6 7 8 9 10 (uM

Fig. 2. BoNT/A LC optimization. BONT/A LC cleavage activity with different cleavage buffers (a) (cleavage buffer 1: 50 mM HEPES, 0.05% TWEEN20, pH 7.4;
cleavage buffer 2: 50 mM HEPES, 20 pM ZnCly, 0.05% TWEEN20, pH 7.4; cleavage buffer 3: 10 mM Tris-HCl with 20 mM NacCl, pH 7.6), different dilution buffers (b)
(dilution buffer A: 10 mM PB buffer at pH 7.4; dilution buffer B: 50 mM HEPES, 0.05% TWEEN20, pH 7.4; dilution buffer C: 50 mM HEPES, 200 mM NacCl, pH 7.6)
and cleavage activity with 10 pM/20 pM Zn(CH3COO); or 10 pM/20 pM ZnCl, or without metal ions (c). BONT/A LC cleavage activities were detected at different
temperatures (25 °C or 37 °C) (d), TMAO in cleavage buffer (e) and different SNAPtide concentrations ranged from 1 to 10 uM (f).

by agarose gel electrophoresis.

2.2. Probe conjugations

To fabricate BONT/A LC modified gold nanoparticle detection probes
(BNP), 20 pL of 100 pM thiol-DNA in 30 mM Tris(2-carboxyethyl)
phosphine hydrochloride (TCEP, Sigma-Aldrich) buffer, 2 pL of 0.2 M
NaHPO4 at pH 5.2, and 2 pL of 30 mM TCEP were mixed and reacted at
37 °C for 1 h followed by 176 pL of 10 mM PB at pH 7.4. The freshly
prepared oligonucleotides were put into gold nanoparticles (1 OD/1 mL)
and were incubated at a 37 °C. Then, 10 mM PB buffer containing 2 M
NaCl was gradually added to the solution every 30 min until a final
concentration of 500 mM was reached. Then the reaction mixture was
incubated in overnight. To remove extra thiol-DNA, the DNA-conjugated
gold nanoparticles (DNP) were washed 3 times with PB buffer. The
number of oligonucleotides that successfully modified onto the DNP was
quantified using the Qubit® ssDNA Assay Kit (Invitrogen by Thermo
Fisher Scientific, USA). BNP probes were fabricated as follow: the DNA-
modified DNPs (10 nM, 0.2 mL) were reacted with excess GBP-tagged

BoNT/A LC (0.3 pM, 0.2 mL) for 0.5 h at 37 °C. Then it was collected
and resuspended with reaction buffer (50 mM HEPES, pH 7.4, 500 mM
NacCl, 0.05% TWEEN20) for later usage. And the amount of BoNT/A LC
conjugated onto the BNP was estimated using the SNAPtide (FITC/
DABCYL, List Biological Laboratories, Campbell, CA).

2.3. BACA assay for bacteria and SARS-CoV-2 nucleic acid detection

To gather the amplified tag overhung targets, 30 pL of streptavidin
magnetic beads (2 mg/mL, New Englands Biolabs) was added to 40 pL of
PCR amplicons and incubated for 30 min at 37 °C followed by magnetic
separation and washing with PB buffer. Subsequently, 70 pL of BNP
probes that dually decorated with anti-TAG sequences and engineered
GBP-tagged BoNT/A LC were added. After magnetic separation, the
target-probe complexes were washed with reaction buffer (50 mM
HEPES, pH 7.4, 500 mM NacCl, 0.05% TWEEN20) for two times and
finally suspended with cleavage buffer (50 mM HEPES, pH 7.4, 2.3 M
TMAO, 0.05% TWEEN20). The BoNT/A substrate SNAPtide (FITC/
DABCYL) was then added to the assay with a final concentration of 5 pM.
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Fig. 3. Bacteria detection by fluorometric
BACA biosensor. BONT/A LC based fluores-
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Reactions (10 pL, 384-well microplate format) were incubated in a
fluorescence plate reader (BioTek H1 microplate reader) for up to 180
min at 37 °C with fluorescence read every 5 min (SNAPtide reporter =
Aex: 490 nm; Aem: 523 nm) as a fluorometric biosensor. Meanwhile, the
color change of supernatant could be observed to the naked eyes or
measured by UV-vis spectrophotometer at 520 nm.

3. Results and discussion

Motivated by the increasing severe situation of pathogenic out-
breaks, we draw here the evolution and validation of BACA assays to
sense these pathogenic nucleic acids. The strategy of BACA for bacterial
and viral detection is illustrated in Fig. 1. The advantage of BACA is the
design of BoNT/A LC catalysis reaction by addition of SNAPtide sub-
strate to amplify the signal of FRET-based assay as a biosensing signal
mechanism (Bagramyan et al., 2008; Lucas et al., 2015; Simpson, 2003).

In detail, the double-stranded biotinylated target DNA containing a
single-stranded TAG overhang was firstly obtained by RT-PCR using a
TAG-containing forward primer and a 5’ biotinylated reverse primer.
Taking advantage of streptavidin magnetic beads, the sequence-specific
targets were separated, and the overhanging tag allowed hybridization
to anti-TAG probe sequence that modified on BNPs which had already
been conjugated to BoNT/A LC. The specific binding of the
double-stranded biotinylated target via sandwich hybridization reaction
would result in the presence of engineered BoONT/A LC via magnetic
separation. Sequentially, the engineered BoNT/A LC in the sandwich
complexes cleaved the SNAPtide substrate to generate fluorescence
signals. The signal of BACA was directly correlated with amplified target
derivative as a fluorometric biosensor. Meanwhile, the color change of
the assay combined with magnetic separation could be observed by the
naked eyes without any additional instruments or complicated statistical
analysis or by UV-vis spectra. Thus, this technique could not only



F. Song et al.

Biosensors and Bioelectronics 176 (2021) 112953

e@\\o v W Os \
a 3E44 Enterococcus Primer Streptococcus Primer b ‘ v v \0 6 “‘ “‘\Q éﬂe’
esece ¢
4E4 JPesatbttban 61\‘ ﬂ ‘oﬁgsw“
E. faecalis pLad E. fuecalis
o 8. pyogenes ..' - S“ enas }
2E4+ & 8. aureus 3E4 . p e
v P. acruginosa o b i e E. faecalis |
=) D&t 2 .v v : m';uymmu \ \
g coti| : . Eoot | \J\
o o '”'_I"' = k4 . <« E. typhi ,
> megative # .
1E4 . > negative
2 .
1E44 .' > S
Y Ja—— - .
v FRALAALEL = v T
o o S. pyogenes| §i Bl ¥l &
0 20 40 60 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220
time (min) time (min) v
Staphylococcus Primer Pseudomonas Primer
2E4 ‘.‘AAA.A“““ ""d'm' - \
aat E. faccalis 54 E. faccalis "
..‘ ® 5. pyogenes 2E44 "' 5. pyogenes s aureus i
A A S aureus K A S aurens = \ \ \
= & v P. aeruginosa . v v P. aeruginosa
& & o E. coll = pd o E. coli —_
1E4 p < E typhi & o <« E.nyphi
A‘ > negative 1E4 v > negative
A "
4 sebBBR ]}WQW Y L cepiifiliaa o
- v .
§ vl saspdbostt E. coli \&3
0 0

— T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220
time (min)

T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220
time (min)

2E4 A Escherichia Primer 344 Eberthella Primer

...w“mo...,
0. . "
.' E. faecalis
& o 8. pyogenes ™
i & . aureus 2E4- -
" «
=) .‘ v P. aeruginosal B
= * E. coli = P
1E44 4 3
= 4 <« E typhi = b~ 4
* e -
»— negative .
. negative 1E4 &

ettt
e

£
E. fuecalis P. aeruginosa

S. pyogenes
S. aureus

P. aeruginosa:
E. coli

E. nphi

nmegative

vAaQdaroe

E.pphi i

) )

T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 0
time (min)

—T T T T T T T
20 40 60 80 100 120 140 160 180 200 220
time (min)

Fig. 4. Specificity analysis of BACA method for bacteria detection. Bacteria species-specific target detection by fluorometric (a) and colorimetric (b) biosensor
respectively. The BoNT/A substrate SNAPtide (FITC/DABCYL) was then added to the assay with a final concentration of 5 pM. Reactions were incubated in a
fluorescence plate reader (BioTek H1 microplate reader) with fluorescence read every 5 min as a fluorometric biosensor. The color changes of supernatant could be
observed to the naked eyes or measured by UV-vis spectrophotometer at 520 nm (n = 3 technical replicates, bars represent mean + s.d.). (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)

dramatically decrease test cost, but also provide quick and precise
diagnosis, making it well fit for utilization in source-limit area.

To verify the key step of BONT/A LC-catalysis reaction of BACA, the
engineered BoNT/A LC was synthesized, and its activity was confirmed.
We initially found that plasmid pTIG-Trx-BoNT-ALC without ribosome
binding site (RBS) between the thioredoxin gene (trxA) and BoNT/A LC
gene could not be expressed in the E. coli cells. Plasmid pTIG-Trx-RBS-
BoNT-ALC was then reconstructed based on pTIG-Trx-BoNT-ALC to
obtain the signal reporter of BACA, GBP-tagged BoNT/A LC (Fig. Sla-
Sle and S2). Trx-RBS sequence was amplified and subcloned into pTIG-
Trx-BoNT-ALC to form the new recombinant plasmid pTIG-Trx-RBS-
BoNT-ALC. The activity of BONT-ALC was confirmed using SNAPtide
FRET-based assay and SDS-PAGE analysis method (Fig. S1f and S1g).

To optimize BoNT/A LC cleavage activity and to achieve highest
fluorescent signal, we tested both reactions of SNAP25 substrate cleav-
age and SNAPtide fluorescence assay in a series of cleavage buffers
(HEPES and Tris-HCl) containing two Zn?* types at different cleavage
reaction temperatures (25 °C and 37 °C). Purified BoNT/A LC protein
was diluted with three different dilution buffers (PB and HEPES) before
added to the cleavage reaction buffer. And fluorescence signals were
measured with or without 2.3 M trimethylamino oxide (TMAO) to verify
its improvement on the cleavage activity of BONT/A LC. Then, we
selected cost effective SNAPtide concentration by adding a series of
SNAPtide concentrations (1-10 pM) to the FRET detection assay. As

shown in Fig. 2 and S3, when BoNT/A LC in cleavage buffer 1 with
TMAO (2.3 M) at 37 °C, the real-time fluorescence spectra of BONT/A
LC-based assay had the strongest response. Therefore, SNAPtide FRET-
based substrate was an appropriate reporter for sensitive biosensing
assay.

To apply BoNT/A LC to bacterial diagnostic, we focused on two
important aspects: (1) building a simple fluorescent reader to offer lab-
quality sensitivity and high repeatability in resource-limit conditions;
(2) testing BACA specificity against bacteria and related strains. First, we
used the signal generation strategy based on a sandwich hybridization
assay for bacteria detection. The double-stranded biotinylated target
DNA derived from bacterial 16S rRNA was amplified through conven-
tional PCR and then separated by MBs (Fig. S4 and S5). Meanwhile, the
anti-TAG probe was conjugated to DNA-conjugated gold nanoparticles
(DNPs) and the binding efficiency between the probe and DNP was
quantified (Fig. S6a). To optimize the BNP probes, a series of conjuga-
tion protocols were employed to screen the conditions of BoONT/A LC
conjugating onto DNA-modified DNPs and the strongest binding ca-
pacity was observed under 0.3 pM BoNT/A LC with DNPs for 0.5 h
(Fig. S6b). The UV-Vis spectra also verified the binding of DNPs and
GBP-tagged BoNT/A LC (Fig. S6¢). The BoNT/A LC-modified nano-
complexes were assembled with the target-modified MBs in a shaker-
incubator. Next, we tested the performance of our method on bacterial
detection after primer specificities of six different pathogens
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this article.)

investigated (Fig. S7). P. aeruginosa was chosen as the model organism.
For synthetic nucleic acids, the limit of detection (LOD) of BACA could
reach to 1 aM using fluorescent readout (Fig. 3a-b). The BACA fluoro-
metric biosensor allowed sensitive detection of P. aeruginosa at 1 CFU/
mL (Fig. S8). The LOD of BACA fluorometric biosensor of S.pyogenes
reached 10 aM for DNA target and 10° CFU/mL for bacteria concen-
tration (Fig. S8 and S9). Besides conventional amplification of bacterial
multiple 16S and magnetic enrichment of BACA, the high sensitivity of
BACA was mainly attributed to the specific target amplification and the
catalysis activity of BONT/A LC that one toxin molecule could cleave
billions of substrate molecules in a short time. The RSD (relative stan-
dard deviation) values of intra-assay and inter-assay for target of S.
pyogenes were 7.03% and 4.36%, respectively. These assays displayed
excellent reproducibility of the tests through BACA fluorometric method
(Fig. 3c—d). BACA fluorometric method could genotype multiple species
of bacteria without cross-reactions among them (Figs. 3e-4a). These
results demonstrated that BACA was a robust and accurate way to detect
bacteria.

Another goal of BACA was to develop a visual readout requiring no
additional device. We then studied the feasibility of BACA as a generic
method using the colorimetric biosensor for detecting the presence of a
series of pathogens. For model organism P. aeruginosa, the LOD of BACA
colorimetric biosensor was observed for DNA target (1 0% aM) and bac-
teria (10! CFU/mL) (Fig. S8 and S10). While for S.pyogenes, the LOD
was 102 aM for DNA target and 10* CFU/mL for bacteria (Fig. S8 and
5S9). We found that the BACA colorimetric method had a lower sensi-
tivity than the fluorometric approach. Both the two methods displayed a

high reproducibility and excellent specificity (Fig. 4b and Fig. S10).
Thus, the BACA colorimetric method can be applied in point-of-care
platform, which was different from crosslinking colorimetry of DNA-
DNPs and salt-induced colorimetry of unmodified DNPs (Yang et al.,
2020).

For the final validation of the BACA method, we acquired and
analyzed clinical blood samples infected with pathogen. We further
confirmed the possibility of the method for the diagnosis of infectious
disease. Four suspected infectious samples and one healthy sample were
detected by BACA fluorometric and colorimetric method. These samples
were tested with BACA and qPCR method in parallel in the detecting
panel. Fig. 5 displayed the results from both methods. In these results,
the suspected infectious samples were identified for positive results of E.
coli and one healthy sample was negative (Fig. 5 and Fig. S11), which
were verified by gel electrophoresis analysis (Fig. S12). The results of
BACA were well consistent with that obtained by qPCR and traditional
culture technique that carried out by the hospital. Though very few
patient samples were analyzed here because of the clinic and laboratory
limitations, BACA performed a great potential for clinical disease diag-
nosis. Moreover, BACA also produced the prospect of different bacteria
strain detections if additional patient samples could be supplied.

COVID-19 was caused by SARS-CoV-2 coronavirus and had become a
severe global health threat because of its person-to-person contact
transmission characteristics since December 2019 (Wu et al., 2020).
Currently, Real-Time PCR (RT-PCR) was applied as the gold standard for
the clinical diagnosis of COVID-19, only 47-59% of the positive cases
were identified using RT-PCR (Li et al., 2020). Other detection methods
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such as Reverse Transcriptional Loop-Mediated Isothermal Amplifica-
tion (RT-LAMP) (Yu et al., 2020), Reverse Transcription Recombinase
Aided Amplification (RT-RAA) (Xue et al., 2020), Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) diagnostics
(Broughton et al., 2020; Guo et al., 2020), Droplet Digital PCR (ddPCR)
(Suo et al., 2020) and serological test (Shi et al., 2020) had been re-
ported till now to help advance the COVID-19 diagnostic. We finally
sought to demonstrate the potential of BACA for COVID-19 detection.
Due to some clinic and laboratory limitations, the SARS-CoV-2 N gene
plasmid was used as the mimic. As shown in Fig. 6a and b, biotinylated
target DNA of N gene could be amplified and assembled to BoNT/A LC
activated complexes. The analytical sensitivity of BACA fluorometric
and colorimetric methods for SARS-CoV-2 N gene detection were as low
as one copy per assay (Fig. 6¢ and S13). Also the BACA assay only
provided a positive result for SARS-CoV-2-abEN pseudovirus and no
cross-reactions were observed with SARS-CoV-abEN pseudovirus,
MERS-CoV-abEN pseudovirus and Human Genomic DNA as shown in
Figure S14. Thus, the BACA strategy built here was undoubtedly proved
to be a great choice for COVID-19 diagnostic and had a good potential to
be used under resource-limited circumstances.

4. Conclusions

In the current study, we have designed a universal, low-cost and
easily accessible biosensor based on BONT/A LC activated complex assay
(BACA) capable of measuring and phenotyping common pathogens and
SARS-CoV-2. By detecting the fluorescence signal or the color change of
reaction assay, the method is fast (1-2 h), sensitive (1 aM), accurate
(99%) and adaptable to many other microorganisms. Moreover, the
BACA is in excellent agreement with traditional culture and qPCR
methods and produces the clinic prospect. Although this method offers
ultrasensitive nucleic acid diagnostic ability, an optimized version of
BACA may potentially be developed in view of simple experimental
procedures and minimal instrument ways demanded by people. We look

forwards to this approach serving as a promising way for the early
diagnosis or analysis of acute virus outbreak in point-of-care scenarios in
conjunction with ready-to-use cell lysates, isothermal amplification
tools and lateral flow detection.
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