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Abstract
A novel cyanine 3 (Cy3)-based bio-conjugated sensor has been developed to detect target DNA or extracted RNA from 
COVID -19 samples using the fluorescence resonance energy transfer (FRET) experiment. A special sequence of the COVID 
-19 genome was selected as a complementary DNA (target DNA) part. The opposite chain of this target sequence was 
designed in 2 parts; one part was attached to the Cy3 organic dye (capture DNA or Cy3- DNA), and the other part was 
attached to the BHQ2 molecule (quencher DNA or BHQ2- DNA). The Cy3 molecule acts as a donor pair, and BHQ2 acts 
as an acceptor pair in the FRET experiment. The capture DNA and quencher DNA can form a sandwiched complex in the 
presence of target DNA. The formation of the entitled sandwiched hybrid causes the decrement of emission intensity of the 
Cy3 donor in bio-conjugated Cy3-DNA via energy transfer from Cy3 (as a donor) to BHQ2 (as an acceptor). Indeed, in the 
presence of non-complementary DNA, the pairing of DNA strands does not occur, the FRET phenomenon does not exist, 
and therefore fluorescence intensity of Cy3 does not decrease. Moreover, this biosensor was successfully applied to analyze 
real samples containing extracted RNA of COVID -19 prepared for the reverse transcriptase-polymerase chain reaction (RT-
PCR) test, and the results were promising.

Keywords  Bio-conjugated sensor · Organic dyes · COVID -19 Virus · Complementary DNA · Fluorescence resonance 
energy transfer

Introduction

Fluorescence resonance energy transfer (FRET) has been 
widely used as a spectroscopic method in different appli-
cations such as medical diagnostics, DNA analysis, opti-
cal imaging, and sensing [1–4]. The attractive features 
promote a simple and sensitive approach for DNA detec-
tion [5] and low cost for human virus detection [6]. For 

a highly sensitive and rapid application of FRET-based 
sensors, the labels of hybridization probes and the number 
of targets to be detected are important [7]. FRET contains 
an excited donor and an acceptor, and the efficiency of the 
FRET system is significantly dependent on the acceptor 
type [5, 8]. Organic dyes are one kind of the common 
fluorescence materials used widely in FRET experiments. 
These compounds can conjugate to various substrates, 
such as proteins and nucleic acids, and because of this, 
they have a wide range of biological applications. Besides, 
recent advances in producing photostable dyes with high 
quantum yields have increased the number of applications 
[9]. In general, organic dyes have recently attracted much 
attention in several fields, such as cell imaging, molecu-
lar diagnosis, dynamic monitoring (even in vivo imag-
ing), and human virus detection [10, 11]. One of the most 
common organic dyes is cyanine dyes, such as cyanine 
3 (Cy3) and Cy5, which are highly regarded in medical 
applications and biological research [12, 13]. They have 
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two nitrogen-containing heterocyclic rings connected via 
a conjugated olefin chain (Fig. 1a). Heterocyclic groups at 
both ends of the chain are essential for the compound to 
be stable [14]. Cy3 and Cy5 derivatives have been inves-
tigated as fluorophores to detect microRNA (miRNA) in 
a novel switch-conversion ratiometric fluorescence bio-
sensor. This probe has been developed to overcome the 
low detection performance and selectivity of previous 
ratiometric fluorescence biosensors [15]. Cy3-conjugated 
gold nanoparticles (AuNPs) have been used for the detec-
tion of chloramphenicol (CAP), in which Cy3 molecules 
functioned as energy donors and AuNPs as energy accep-
tors [16]. Moreover, the detection of multiple miRNAs 

has been investigated by DNA tetrahedron nanotags and 
FRET from one nucleic acid stain TOTO-1, including Cy3, 
Cy3.5, and Cy5 [17].

In December 2019, an acute respiratory viral disease 
was transmitted to humans by a virus called coronavi-
rus disease of 2019 (COVID -19), which originated in 
Wuhan, Hubei Province, China. The disease spread rap-
idly throughout the world and caused an increase in mor-
tality among humans, especially in the elderly [18, 19]. 
Coronaviruses are members of the Coronaviridae family 
consists of four genera: Alphacoronavirus, Betacoronavi-
rus, Gammacoronavirus, and Deltacoronavirus. Coronavi-
ruses (27–32 kb) are single-stranded, positive-sense RNA 

Fig. 1   a) Chemical structure 
of Cy3 and Cy5 organic dyes. 
b) The proposed performance 
of the Cy3-based biosensor for 
the detection of complementary 
DNA
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viruses, and their genomes are among the largest of all 
RNA viruses. Nucleocapsid protein (N) forms the capsid 
outside the genome. The genome is further backed by an 
envelope composed of membrane protein (M), spike pro-
tein (S), and envelope protein (E) [20]. The genome size of 
SARS-CoV-2, which was sequenced in 2020, is approxi-
mately 29.9 kb [21]. The S glycoprotein plays an essential 
role in the virus attachment, fusion, and entry in to host 
cells. Hence, the surface localization of the S glycoprotein 
makes it a direct target for host immune responses, mak-
ing it a prime target for neutralizing antibodies. Given its 
important roles in viral infection and adaptive immunity, 
protein S is at the heart of most vaccine strategies and 
therapeutic interventions [22–24]. Different variants of 
this SARS-CoV-2 respiratory virus (COVID-19) mainly 
affect the lungs, but it also has the potential to infect other 
vital organs, such as the heart, kidneys, and brain [25, 26].

To deal with this viral catastrophe, the first step is to 
quickly identify the suspect person to avoid the broad 
spread of the virus [27, 28]. The reverse transcription-
polymerase chain response (RT-PCR) test is the foremost 
routinely utilized strategy to identify SARS-CoV-2 con-
taminations. Although this technique seems good, other 
methods need to be introduced to deal with this pandemic. 
Of course, it should be noted that there are many false neg-
atives in the former method leading to inaccurate results. 
The false-negative results can be reached because of sam-
ple degradation, quality of sample collection, and the low 
efficiency of some test kits [27]. The present study aimed 
to introduce a novel Cy3-based biosensor for rapid and 
sensitive detection of target DNA or extracted RNA from 
COVID -19 samples using FRET experiment (Fig. 1b). 
In this regard, a simple, highly sensitive, selective, and 
quick approach is introduced to sense complementary 
DNA structure from a definite part of the COVID-19 virus 
genome with a good detection limit based on the FRET 
experiment. In addition, the intended sensor was well 
applied for the detection of RNA from COVID-19 viruses 
in clinical real samples from the upper respiratory tract 
with reasonable analytical outcomes, and the results are 
compared with RT-PCR as the established standard sys-
tem. In the existence of the target fragment, a “sandwich” 
hybrid assembly is formed that decreases the fluorescence 
intensity of the Cy3 dye via transferring energy from the 
excited state of the dye to the quencher molecule through 
the FRET mechanism. The results showed that positive 
samples with lower fluorescence levels corresponded to 
those with low Ct values in RT-PCR, suggesting a correla-
tion between viral load and fluorescence decrement. How-
ever, the entitled system is mainly based on fluorescence 
spectroscopy, and its acceptable performance opens a new 
window in COVID-19 detection research.

Experimental

Chemicals and Reagents

Tris–HCl was purchased from Carloerba Reagents. NaCl, 
MgCl2, and NaOH were prepared from Merck. The RNase-
free water and RNA of COVID -19 were provided by 
National Institute for Genetic Engineering and Biotechnol-
ogy (NIGEB), Iran. Double distilled water (DDW) with high 
purity was used during the whole analysis process. DNA 
oligonucleotides were chemically synthesized by Metabion 
(Germany) with the following sequences:

Capture DNA (Cy3- DNA): 5′-Cy3–GTA​CTG​TAGGC-3′ 
(11-mer)
Quencher DNA (BHQ2- DNA): 5′-CGG​CAC​TTGTG-
BHQ2-3′ (11-mer)
Complementary DNA (target DNA): 5′-CAC​AAG​TGC​
CGG​CCT​ACA​GTAC-3′ (22-mer: This arrangement has 
been planned based on a specific sequence of the COVID 
-19 genome)
Non- complementary DNA (non-target DNA): 5′-GTG​
ACA​TGA​CAT​CCG​TTC​GTGA -3′ (22-mer)

Preparation of DNA Stock Solutions and Tris Buffer

DNA stock solutions with a concentration of 100 μM were 
prepared by adding 162, 216, 198, and 265 μL of RNase-
free water to capture DNA, quencher DNA, complementary 
DNA, and non- complementary DNA, respectively, and 
stored at -4 ˚C.

The Tris buffer containing 960 mM Tris–HCl, 0.1 M 
NaCl, and 10 mM MgCl2 was prepared, and the pH was 
adjusted to 7.6 by adding 0.1 M NaOH.

Fluorescence and Absorption Spectra   emission spectra 
were obtained with a Shimadzu RF-6000 spectrofluorometer 
(Japan) and scanned in 540–700 nm at the excitation wave-
length of 520 nm. The slit width for excitation and emission 
were 5 nm, respectively. The UV–Vis absorption spectra of 
samples were collected using a Shimadzu UV–Vis spectro-
photometer (Japan) with wavelength of 200–700.

Detection of Target Complementary DNA

The assay procedure for the detection of complementary 
DNA was as follows: In a sterilized vial, 20 μL of capture 
DNA (Cy3-DNA [0.6 μM]) was mixed with 120 μL of 
RNase-free water (or buffer solution). Then, 20 μL quencher 
DNA (0.6 μM) and 20 μL complementary DNA (0.6 μM) 
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were added to the above solution and mixed for the appro-
priate time. Finally, the solution was transferred to a quartz 
micro-cuvette, and the corresponding spectra were taken at 
an excitation wavelength of Cy3 (520 nm). The same pro-
cedure was applied for the non- complementary DNA assay.

Optimization of Conditions

To investigate the effect of solvent on the efficiency of the 
detection system, a series of solutions containing comple-
mentary DNA or non-complementary DNA molecules with 
different concentrations (0.003 μM, 0.01 μM, 0.02 μM, 

0.04 μM, 0.07 μM, and 0.19 μM) were prepared in both 
RNase-free water and Tris buffer media. Then the fluores-
cence spectra were collected, respectively.

The effects of interaction times and temperature on the 
fluorescence emission intensity of samples containing com-
plementary and non- complementary were also investigated. 
The fluorescence spectra were collected when complemen-
tary or non- complementary (with a final concentration of 
0.06 μM) was added to the detection system, and the reaction 
time ranged from 5 to 60 min (5, 10, 15, 20, 30, 40, 50, and 
60 min) at room temperature. Besides, the same system was 
applied to optimize temperatures of about 5, 25, 40, and 
60 °C within 20 min.

Fig. 2   a) Normalized absorption and fluorescence spectra of BHQ2 
and Cy3 (1 [black]: absorption spectrum of BHQ2; 2 [blue]: absorp-
tion spectrum of Cy3; and 3 [pink]: fluorescence spectrum of Cy3). 
b) FL spectra of Cy3-DNA + BHQ2- DNA mixed solutions, sand-
wiched hybrid system (Cy3-DNA + BHQ2-DNA + complementary 

DNA), and non-hybrid system (Cy3-DNA + BHQ2-DNA + non-
complementary DNA) with same concentrations in RNase-free 
water. c) A schematic representation for pairing different DNA sin-
gle strands (containing Cy3-DNA, BHQ2-DNA, and complementary 
DNA) to form a hybrid sandwiched structure
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Real Sample Analysis

The extracted RNA samples from the saliva of COVID -19 
suspects were analyzed by the developed method. The sam-
ples containing RNA of positive COVID -19 or without it 
(negative COVID-19) were diluted with ten μL RNase-free 
water. They were added to the detection system containing a 
Cy3-DNA probe and quencher DNA in an RNase-free water 
medium. The fluorescence spectra were collected after incu-
bation for 20 min, respectively.

Results and Discussion

Optical Properties

UV–Vis spectra of quencher DNA (BHQ2-DNA), the absorp-
tion spectrum of Cy3, and fluorescence spectra of Cy3 are 
shown in Fig. 2a. As can be seen, the maximum absorption 
peak of BHQ2-DNA is 573 nm. While a shoulder was rec-
ognized in the absorption spectrum, Cy3 shows maxima 
at 550 nm and 566 nm for the absorption and fluorescence 

Fig. 3   a) Emission spectra of the biosensor containing different con-
centrations of complementary DNA in RNase-free water (a → g: 
0 μM, 0.003 μM, 0.01 μM, 0.02 μM, 0.04 μM, 0.07 μM, 0.19 μM). 
b) Emission spectra of the biosensor containing different concentra-
tions of non-complementary DNA in RNase-free water (a → e: 0 μM, 

0.01  μM, 0.02  μM, 0.07  μM, 0.19  μM). c) The different quenching 
behavior of the hybrid and non-hybrid systems for better distin-
guishing the target from the non-target DNA molecule in RNase-
free water. d) The plot for the fluorescence quenching fraction (at λ 
566 nm) of the probe versus the concentrations of target DNA
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spectra. Furthermore, the fluorescence spectra of Cy3-BHQ2 
mixed solutions, sandwiched hybrid system (containing Cy3-
DNA, BHQ2-DNA, and complementary DNA), and non-
hybrid system (including Cy3-DNA, BHQ2-DNA, and non-
complementary DNA) with same concentrations in RNase-free 
water are shown in Fig. 2b. As expected, the fluorescence 
intensity of the reference sample (containing mixed Cy3-DNA 
and BHQ2-DNA solutions) was gradually decreased by adding 
complementary DNA with a maximum emission wavelength 
of 566 nm. However, the fluorescence intensity of the reference 
sample was slightly increased by adding non-complementary 
DNA at the same maximum emission wavelength. Indeed, the 
Cy3-DNA bio-conjugated chains and the BHQ2-DNA oligonu-
cleotides were paired with the single-stranded target comple-
mentary DNA to form a hybrid sandwiched structure (Fig. 2c). 

As a result of this pairing (sandwiched form), the Cy3 donor 
molecules and the BHQ2 acceptor molecules were placed at a 
reasonable distance to transfer energy through FRET, result-
ing in a reduction in the fluorescence intensity of the molecule 
(Fig. 1b). However, in the presence of presence of the non-
complementary DNA (non-target DNA), this pairing did not 
occur (no sandwiched form). As a result, there was no energy 
transfer through FRET; hence, the emission intensity of the 
Cy3 donor molecule did not decrease.

Detection Ability in RNase‑free Water and Buffer 
Media

The difference between RNase-free water and Tris buffer as 
a solvent in the detection efficacy is depicted in Figs. 3 and 

Fig. 4   a) Emission spectra of the biosensor containing different 
concentrations of complementary DNA in Tris buffer (a → f: 0  µM, 
0.006  µM, 0.04  µM, 0.05  µM). b) Emission spectra of the biosen-
sor containing different concentrations of non-complementary DNA 

in Tris buffer (a → f: 0 µM, 0.006 µM, 0.04 µM, 0.05 µM). c) Dose–
response curve for complementary DNA and non-complementary 
DNA samples at different concentrations in Tris buffer
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4, respectively. From the emission spectra (Fig. 3a), it can be 
seen that the fluorescence intensities for the hybrid system 
containing Cy3 nanoprobe, quencher DNA, and complemen-
tary DNA were gradually decreased by increasing the con-
centration of complementary (target DNA) from 0.003 μM 
to 0.019 μM in RNase-free water. In contrast, the diminution 
of the intensity was minor, with further increasing the con-
centration of the complementary oligonucleotide. The addi-
tion of non-target DNA in RNase-free water (Cy3 nanoprobe, 
quencher DNA, and non-complementary DNA) was also 
investigated. As shown in Fig. 3b, the fluorescence intensity 
of the band at 564 nm was enhanced slightly by increasing the 
concentrations of non-complementary DNA from 0.01 μM to 
0.019 μM. Indeed, these results confirm that in the presence of 
non- complementary DNA, the pairing of DNA strands does 
not occur, the FRET phenomenon does not exist, and therefore 
fluorescence intensity of Cy3 does not decrease. As shown in 
Fig. 3c, the quenching value (Y-axis) of Cy3 increases with 
increasing the concentration of complementary (target DNA). 
At the same time, it slightly decreases with increasing the con-
centrations of non-complementary DNA in RNase-free water, 
resulting in a typical different quenching behavior curve of the 
hybrid and non-hybrid systems.

Moreover, the curve for the fluorescence quenching frac-
tion of the probe versus the concentration of complementary 
DNA presented satisfactory linearity in the concentration 
of complementary DNA, ranging from 0 µM to 0.07 µM 
(Fig. 3d). The linear regression equation was y = 12.093x + 1 
with a regression coefficient of 0.09945, indicating that the 
Cy3 probe can be used with confidence to determine the com-
plementary DNA concentration in low concentrations. The 
limit of detection (LOD) for the probe was evaluated using 
3 s/S and was found to be 0.0995 µM, where s is the standard 

deviation of the blank signal, and S is the slope of the linear 
calibration plot. The limit of quantity (LOQ) for the probe was 
evaluated using 10 s/S and was reported 0.3316 µM.

Similar experiments were performed in the Tris buffer 
medium. Due to the higher detection efficiency of RNase-
free water than the tris buffer, RNase-free water was selected 
as the optimum medium for the hybrid detection system 
(Fig. 4). The lower efficiency of the hybrid system in the 
Tris buffer could be related to the interfering effect of differ-
ent ions in the buffer to prevent DNA strands from pairing.

The Effect of Interaction Time and Temperature 
on Detection Efficacy

The fluorescence intensity of the biosensor with fixed con-
centration levels of complementary DNA (20 μL, 0.05 μM) 
in various interaction times ranging from 5 to 60 min was 
examined in RNase-free water. As can be seen in Fig. 5a, 
when the concentration of both the Cy3-DNA probe and 
quencher DNA was 20 μL (0.05 μM), the fluorescence inten-
sity of the biosensor at 564 nm gradually decreased until it 
reached 77% quenching after 20 min. After that, the fluores-
cence intensity of the biosensor did not decrease anymore 
with further increasing the interaction time. Figure 5b shows 
the effects of temperature (5, 25, 40, and 60 °C) on the fluo-
rescence emission intensity of the biosensor containing Cy3-
DNA probe, quencher DNA, and complementary DNA with 
the same concentrations in RNase-free water. It is clear that 
the fluorescence intensities of the probe were mostly similar 
to each other at room temperature and 40 °C and increased 
at 5 and 60 °C. However, the room temperature (25 °C) and 
20 min of incubation were fixed for all tests as optimum 
conditions for further experiments.

(a) (b)

Fig. 5   a) The interaction time from 0 to 60 min on the responses of the fluorescent biosensor in RNase-free water. b) The effects of temperature 
(5, 25, 40, and 60 °C) on the FL intensity of the biosensor
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Analysis of Real Samples Containing Extracted RNA 
of COVID ‑19 from the Saliva of COVID‑19 Suspects

Based on the above results, the entitled biosensor was 
applied for the analysis of 2 positive (S1 and S2: containing 
RNA of COVID -19) and 2 negative (S3 and S4: without 
RNA of COVID -19) samples received from the National 
Institute for Genetic Engineering and Biotechnology (Iran). 
These samples were collected from the saliva of individu-
als suspected of COVID -19 after extracting their RNA. 
According to Fig. 6a, the fluorescence intensities of posi-
tive samples constructing the sandwiched hybrid system 
(containing Cy3-DNA probe, quencher DNA, and RNA 
of COVID -19 as target molecules) significantly decreased 
compared to the reference probe (mixed Cy3-DNA probe 
and quencher DNA) in RNase-free water solvent. However, 
the fluorescence intensities of the negative samples without 
RNA of COVID -19 (non-hybrid system) slightly increased 
compared to the reference probe in RNase-free water. As 
expected, the entitled biosensor displayed excellent perfor-
mance for RNA of COVID -19 detection, which was in good 
agreement with the results of the standard RT-PCR method. 
The difference between positive and negative samples is 
shown very clearly by the dose–response curve in Fig. 6b.

Conclusions

A novel fluorescent biosensor based on a Cy3 organic 
dye was applied for rapid and sensitive detection of target 
complementary DNA or extracted RNA from COVID -19 
based on the FRET experiment. In this system, a Cy3-DNA 
bio-conjugated probe (as a donor) and BHQ2-DNA (as an 

acceptor; quencher) were coupled to work well in the FRET 
mechanism. Indeed, in the presence of the target DNA or 
RNA from COVID -19, a sandwiched hybrid structure was 
developed, affecting the fluorescence intensity of the donor 
molecule. Besides, the fluorescence quenching values of 
the probe versus the concentration of complementary DNA 
presented excellent linearity leading to the satisfactory LOD 
of 0.0995 µM and LOQ of 0.3316 µM. Furthermore, this 
biosensor showed good potential for the analysis of real 
samples containing extracted RNA of COVID -19 with an 
excellent ability to distinguish between positive and negative 
samples. Since the developed method is rapid and sensitive, 
this work provides new clues for further research to replace 
the expensive RT-PCR method with fluorescence probes for 
the detection of COVID -19.
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