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ABSTRACT

For urgent requirement of rapid, selective and accurate techniques for detecting
pathogenic viruses, nano biosensors are developed. Nanotechnology based biosensors have found
its way towards biological detection. Fluorescence resonance energy transfer (FRET) in
association with Quantum dots (QDs) and their higher-level properties has enabled the designing
of high-tech. biosensors. QD-FRET based nano sensors gained an immense popularity in various
scientific areas for example virus detection, QD-FRET based immunoassays and pH sensors. In
this review, we have discussed the latest novelties in the development of QD-FRET Nano sensors
and their role in detection of viruses.
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1. INTRODUCTION

In medical industry, there are sensors which have ample sensitivity which can
detect diseases in their early state, the potential-live saving detection in high rates and
their intervention [1]. There were several approaches that were made to build up the
sensitivity of biomedical sensors. Nanobiotechnology is a vast field that incorporates
science and engineering to probe the synthesis, properties and the structure and
applications of materials and the critical dimension less than approximately 100nm [2].
As the size of the nanomaterial decreases to the nanometre scale, the physical and
chemical composition are dominated by high surface to volume ratios which concludes
in the nanomaterial having completely different composition as compared to the
macroscale [3]. A nanostructure is ultrasensitive to the changes associated with its
surface, which leads to the increase in the sensitivity of the device. In addition, the
motion of electrons in the nanostructure is restricted by the appearance of the
quantization effects. The foremost functions of biomedical applications ranging from
disease diagnosis to drug delivery comprises detecting and characterization of chemical
and biological species. For case, semiconductor nanocrystals and colloidal gold have
been scrutinized and considered for detection of disease biomarkers and other biological
species [5]. Optical nano biosensor is one of the important techniques in nano biosensing
approaches because of its non-invasive nature, higher sensitivity, direct detection, and
the easy coupling with other technologies [6, 7]. Some of the merits of the optical nano
biosensor in virus detection are concluded as follows: 1. It is highly sensitive with super
low limit of detection (LOD) 2. The design of naked eye readout assay for simple
readout and fast diagnosis. 3. Cost effective of the testing instrument as there is a
development of portable laser [8]. Therefore, in this review, we put in place the
development of nano biosensors which have recently used for virus detection to be
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precise those integrate with OFM (organic fluorescent molecules), QDs (quantum dots),
and gold nanoparticles (AuNPs).

2. WORKING PRINCIPLE OF OPTICAL NANO BIOSENSORS

The principle of optical nano biosensors primarily depends on the optical and
luminescent characteristics of nanomaterials, luminescence resonance energy transfer
(LRET) and the surface plasmons effects (SPs) as the nanomaterials like QDs, UNCPs
and AulNPs have intrinsic luminescence or plasmonic optical absorption features [8].
LRET is the technique by which the energy is transported from the donor to the acceptor
by using resonance interaction, which results in the declining of luminescence intensity
of up donors and enhancing of receptors [8]. The surface plasmonic biosensors are
extensively scrutinized in the fields of biotechnology, bioimaging and biochemistry are
operated as sensing probes for infectious disease diagnosis, protein-DNA interactions,
ion sensing and biological surface modification [9-11].

3.  NANOSTRUCTURED OPTICAL BIOSENSORS

Nanotechnology is a branch of study which refers to the properties and
applications of nanomaterials with sizes range of 1-100 nm. Having large surface to
volume ratios of nanoplatforms, it is advantageous and is beneficial for the interaction
with the surface analytes [12]. Based on their quantum confinement effect,
multifunctionality and the flexibility in performance, in current scenario, there have
been made progress in the field of virus detection based on the optical nanomaterials
which are the current research arena and are aiming to reduce the cost and time of
diagnosis.

4. QD-FRET BASED NANO BIOSENSOR

FRET (Forster resonance energy transfer) is the technique named after its
inventor, a German scientist Theodor Forster. This technique will come into play where
there is a presence of two fluorophores, the energy donor and receptor [13]. The non-
radiative transfer of energy between donor and acceptor fluorophores is necessary in
FRET which results in the long-range dipole-dipole interaction and photon emission is
not included [13]. One of the most captivating nanomaterials are nanoparticles,
especially Quantum dots (QDs). QDs are the semiconductors which are made with the
elements of Group Il and VI or Group III and V in periodic table.

Their size ranges between 1-10 nm and they are size dependent optical and are known
for the electronic properties caused by quantum confinement [14]. There is one unique
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characteristic of QDs incomparable with organic fluorophores; the ability of tuning the
emission range as a result of regulation of core size during synthesis and it follows
quantum confinement [15, 16].

5. QD-FRET NANO BIOSENSORS ROLE IN DETECTION OF VIRUS

Viruses are infectious agents that have either DNA or RNA as their genetic
material and they requisite a host organism for their living and replication. The genetic
mutation in viruses is rapid and because of that, the diagnostics and therapeutic
repercussions are very high [13]. Let us take an example of Porcine reproductive and
respiratory syndrome virus (PRRSV), in this two different QD-FRET based nano
biosensor have been put forward. 1. An anti-PRRSV monoclonal antibody which is
labelled with Alexa Fluor 546 (Ab546) fluorescent dye which is associated with
commercially modified-green QDs. 2. Anti- PRRSV monoclonal antibody coupled with
protein A- modified gold particles [17]. Occurrence of antibody-antigen reaction will
result in conformational changes which brings the FRET pair nearer and escalate its
efficiency. The transport of energy from QDs to A546 is less, it results in the increasing
of QDs photoluminescence and decreasing A546 fluorescence [17]. Another virus which
can be detected by QD-FRET nano biosensors is Hepatitis B Virus (HBV) which has been
reported of consisting of MPA-capped CdSe/ZnS QDs fused with amine-modified 15-
mer oligonucleotides via carbodiimide chemistry along with Cy5 dye which is used for
labelling of the target DNA. When bringing of QD-Cy5 FRET pair is together done by
hybridization, fluorescence emission of Cy5 is observed [18]. The FRET signal is not
produced by the non-complementary and unbound DNAs because they could not
hybridize with the QD-DNA conjugate [18]. Human Enterovirus 71 (EV71) and
Coxsackie virus B3 (CVB3) immunoassays are based on the energy transfer between two
colour QDs and graphene oxide (GO) to be the donors and acceptors respectively. The
limit of detection achieved.

Virus is also detected by QD-FRET based sensors [20].
6. CONCLUSION

FRET has acquired a huge importance in the field of Nanobiotechnology,
Biochemistry and in different research fields of detection sensitivity by various
analytical techniques. FRET in collaboration with QDs and their higher-level properties
to be precise, fluorescence lifetime has opened the doors for the development of new
and improved biosensors. QD-FRET based sensors are providing an edge in the
technology of miniaturization of the sensors and they are made so that they can be
affordable and can be applied in everyday life in the future research aspects.
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7.

FUTURE PERSPECTIVES

We suggest that QD-FRET based nano biosensors can be used in the many fields

of research and could play a key role in point-to-care diagnostics which is cost-effective,

easy to available and easy to use and most important sensitive. With efficiency in in-

vitro diagnosis it can also work under in-vivo diagnosis which can address the areas like

target molecules, studying the changes in biochemical pathways.

REFERENCES

1.

10.

Wang, Zongjie; Lee, Suwon; Koo, Kyo-in; Kim, Keekyoung (2016). Nanowire-Based
Sensors for Biological and Medical Applications. IEEE Transactions on NanoBioscience,
()/ 1-1.

C. P. P. Jrand F. ]. Owens, Introduction to nanotechnology. Hoboken, NJ: Wiley, 2003.

F. Patolsky, G. Zheng, and C. M. Lieber, “Nanowire sensors for medicine and the life
sciences.” Nanomedicine (Lond)., vol. 1, no. 1, pp. 51-65, 2006.

T. Kurkina and K. Balasubramanian, “Towards in vitro molecular diagnostics using
nanostructures,” Cell. Mol. Life Sci., vol. 69, no. 3, pp. 373-388, 2012.

B. Ballou, B. C. Lagerholm, L. a Ernst, M. P. Bruchez, and a S. Waggoner, “Support
Info3: Noninvasive Imaging of Quantum Dots in Mice,” Bioconjug. Chem., vol. 15, no. 1,
pp. 79-86, 2004.

Saha, K., Agasti, S.S., Kim, C., Li, X., and Rotello, V.M. (2012). Gold nanoparticles in
chemical and biological sensing. Chem. Rev. 112, 2739-2779.

Jianrong, C., Yuging, M. Nongyue, H., Xiaohua, W. and Sijino, L. (2004).
Nanotechnology and biosensors. Biotechnol. Adv. 22, 505-518.

Menglin Song; Mo Yang; [ianhua Hao; (2021). Pathogenic Virus Detection by Optical
Nanobiosensors. Cell Reports Physical Science, ().

Lee, |., Ahmed, S.R., Oh, S., Kim, ]., Suzuki, T., Parmar, K., Park, S.S., Lee, ., and Park,
E.Y. (2015). A plasmon-assisted fluoro immunoassay using gold nanoparticle decorated
carbon nanotubes for monitoring the influenza virus. Biosens. Bioelectron. 64, 311-317.

Campbell, C.T., and Kim, G. (2007). SPR microscopy and its applications to high
throughput analyses of biomolecular binding events and their kinetics. Biomaterials 28,
2380-2392.

48



Interdisciplinary approach of sciencesin nanotechnology and metabolomics

11.

12.

13.

14.

15.

1e.

17.

18.

19.

20.

Yeom, S.-H., Han, M.-E., Kang, B.-H., Kim, K.-]., Yuan, H., Eum, N.-S., and Kang, S.-
W. (2013). Enhancement of the sensitivity of LSPR-based CRP immunosensors by Au
nanoparticle antibody conjugation. Sens. Actuators B Chem. 177, 376-383.

Bellan, L.M., Wu, D., and Langer, R.S. (2011). Current trends in nanobiosensor
technology. Wiley Interdiscip. Rev. Nanomed. Nanobiotechnol. 3, 229-246.

Stanisavljevic, Maja; Krizkova, Sona; Vaculovicova, Marketa; Kizek, Rene; Adam, Vojtech
(2015). Quantum dots-fluorescence resonance energy transfer-based nanosensors and
their application. Biosensors and Bioelectronics, 74(), 562-574.

Adams, F.C., Barbante, C., 2013. Nanoscience, nanotechnology and spectrometry.
Spectrochim. Acta B 86, 3-13.

Alivisatos, A.P., Gu, WW., Larabell, C., 2005. Quantum dots as cellular probes. Annu.
Rev. Biomed. Eng. 7, 55-76.

Sun, J.J., Goldys, E.M., 2008. Linear absorption and molar extinction coefficients in direct
semiconductor quantum dots. J. Phys. Chem. C 112, 9261-9266.

Stringer, R.C., Schommer, S., Hoehn, D., Grant, S.A., 2008. Development of an optical
biosensor using gold nanoparticles and quantum dots for the detection of Porcine
Reproductive and Respiratory Syndrome Virus. Sens. Actuator B-Chem. 134, 427-431.

Wang, X., Lou, X.H., Wang, Y., Guo, Q.C., Fang, Z., Zhong, X.H., Mao, H.]., Jin, Q.H.,
Wu, L., Zhao, H., Zhao, ].L., 2010. QDs-DNA nanosensor for the detection of hepatitis B
virus DNA and the single-base mutants. Biosens. Bioelectron. 25, 1934-1940.

Chen, L., Zhang, X.W., Zhou, G.H., Xiang, X., Ji, X.H., Zheng, Z.H., He, Z.K., Wang,
H.Z., 2012. Simultaneous Determination of Human Enterovirus 71 and Coxsackievirus
B3 by Dual Color Quantum Dots and Homogeneous Immunoassay. Anal. Chem. 84,
3200-3207.

Safarpour, H., Safarnejad, M.R., Tabatabaei, M., Mohsenifar, A., Rad, F., Basirat, M.,
Shahryari, F., Hasanzadeh, F. 2012. Development of a quantum dots FRET-based
biosensor for efficient detection of Polymyxa betae. Can. ]. Plant Pathol.-Rev. Can.
Phytopathol. 34, 507-515.

49



