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Abstract
In this communication were discussed Nano-Optics developments for targeted Biodetection applications. In this context, it was presented the last publications related 
with Antibodies-antigen interactions involucrated for Corona Virus (COVID-19) detection, as well as other approaches of non-covalent interactions for higher sized 
Biostructure detection based on Bioimaging generation and Optical signaling modifications. In this context it was presented the development of Lab.-on-particles 
and Functional Nanoparticles tuned for Biodetection. By this manner, it was discussed the potential use of targeted Nanoplatforms for light delivery applications. In 
this way, it was showed the importance of the control of the Nanoscale with tunable Optical properties for variable sizes of Biostructures. Moreover, in this particular 
topic it was introduced in Advance the theme related with the generation of Nanolasers, Biolasers and Living Lasers with potential uses within Biosciences, such as 
Biodetection and new Nano-Photo-thermal treatments.

Thus, it was afforded to introduce different insides within from the control of Nano-Optics towards Nano-Bio-Optics for detection of different Biostructure sizes 
with the potential capability to detect internal Biomolecules and Biological processes.

So, different themes and topics were discussed in order to stimulate Research and Development within Nano-Optics and Nano-Biophotonics for Biodetection 
applications. In addition it was contemplated as well developments within Nanomedicine.
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Introduction to bio detection
The Biodetection is a particular field with non-controlled variables 

conducted by the intrinsic matter nature and Bio-components 
involucrated in complex real matrixes. So, it should be contemplated 
variations due to interferences from the media too. Thus, the 
development of Nano-Optical platforms [1-3] could afford to target and 
detect different types of Biostructures. It is need it the development of 
new Biodetection methodologies for Virus [4] Bacteria [5] Unicellular 
Micro-organisms [6] and cells [7] related with different illness. 

In order to develop targeted Biodetection methodologies should 
be considered the main variables such as i) sizes of Biostructures 
ii) membrane constitution iii) internal complexity iv) size of 
Nanoplatforms v) chemical surface modification of Nanoplatforms vi) 
tuning of Nano-Optical properties vii) others etc. Moreover, it should 
be taken into account the Biological variability. This variable mentioned 
could be easily exemplified with the current Pandemic state related with 
the severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) 
[8] generated by a small Virus in the Nanoscale with variable genetic 
information and Biomembrane constitution [9] that could affect in 
different manners depending of the genetic of the host [10] as well.

In similar manner, if it considered Bacteria it should be 
contemplated a large variability of Biostructures associated at different 
illness. For example, it could be mentioned the well-known Escherichia 
coli with Clinical implications [11] and Cyanobacteria as Unicellular 
microorganisms [12]. In this subject it should be mentioned the variable 
sizes considered from the higher Nano-scale to the Micrometer scale. 

In this direction, in the present communication was presented 
recent advances of Biodetection by the use of the Nano-Optical 
platforms joined to Bioconjugation strategies.

The control of the nanoscale for virus, bacteria and uni-
cellular organism detection

The control of the Nanoscale could involucrate different implications 
such as Biostructure trapping within porous Polymeric materials 
[13,14] and by Optical Tweezers [15,16] Biostructure depositions on 
Lab On-particles [17] and Nano-Biolabelling [18] applications. Thus, 
the design and synthesis of Nano-Micro-platforms within Colloidal 
dispersions as well as Nano-, and Micro-patterned surfaces are of high 
impact within Life Sciences.

In this way, it should be known that Virus showed sizes within the 
Nanoscales such as for Corona Virus with 100-120 nm [19] and Zika 
Virus with 50 nm cite [20]. While, bacteria could variate sizes from 
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the higher sized Nano-scale towards micrometers [21], and Unicellular 
microorganisms, cells in higher sized micrometer scale [22]. Moreover, 
it should be noted that targeted membrane constituents could variate 
from small molecules below and close of the Nanoscale (around 1 
nm); and peptides, proteins, Glico-proteins and antibodies in smaller 
intervals of sizes of the Nanoscale. In this context, recently it could 
be mentioned the targeted distinct conformational states of SARS-
CoV-2 spike protein [23] and their use for targeted Biodetection and 
treatments based on Immuno-approaches. For example, the isolation 
of potent SARS-CoV-2 neutralizing antibodies showed protective effect 
from disease in a small animal model [24]. In this way, looking for 
improvements it was an antibody cocktail of SARS-CoV-2 spike protein 
that prevented rapid mutational escape seen with individual antibodies 
[25]. Thus, this showed a possible opened solution to the extra difficulty 
in particular of this illness related with its fast genomic mutation. In 
similar manner, it was recorded a large and broad neutralization 
monoclonal antibodies of SARS-related viruses [26] In addition, it 
should be added the role of nanotechnology in the treatment of viral 
infections [27] by the developments of Nanoparticle, Nano-carriers, 
Nanoaggregates that could interact at different levels in the Virus 
structure [28] (Figure 1), mechanism of action, and pathway within 
the host [29]. For example, by interfering the interaction, adsorption, 
internalization, RNA replication, etc.

In particular, in this communication it is highlighted the importance 
and implication of the tuning and use of varied Nanoparticles and 
Nanoplatforms to interact and provide by different strategies new 
detection approaches and treatments. In this manner, it could be 
mentioned the Nanostructures for the Inhibition of Viral Infections 
[30] based in variable material compositions and properties associated. 
For example the study of interaction of silver nanoparticles with 
Tacaribe virus [31] for potential antibiotic action, and Carbon based 
Nanodots with high Efficiency as entry Inhibitors of Herpes Simplex 
Virus Type 1 [32].

Moreover, it should be mentioned the broad-spectrum of non-toxic 
antiviral nanoparticles with a virucidal inhibition mechanism [33]. This 
mechanism consisted in the prevention of the first step of virus–cell 
interaction by mimicking heparan sulfate proteoglycans (HSPG) linked 
to Nanoparticles, to target viral attachment ligands (VALs). Thus, it was 
effectively attached on the Viral sites that generated irreversible shape 
deformations and effect modification. Other example, the virucidal 
activity of reduced sized Gold Nanoparticles synthesized by Green 
Chemistry using Garlic Extract [34], via a mechanism of deposition on 

the active binding sites and deactivation of the Virus. To these properties 
of gold Nanoparticles related with Biocompatible properties combined 
with tuneable surfaces, sizes, with electro-active properties; it should be 
mentioned the Photo-thermal properties by Laser excitation, and the 
generation of high reactive species such as radicals [35]. 

In the previous mentioned examples were showed how the non-
covalent interaction of different Nanostructures could acted by variable 
mechanism such as the followed strategies: i) simple contact of intrinsic 
potential antibiotic action properties from silver, ii) combination of 
hydrophobic properties of Carbon dots as entry inhibitors agents, 
iii) Biomolecular targeted membrane surfaces with a consequent 
membrane deformation, and iv) reduced sized gold Nano-blocking 
agents, accompanied with potential properties as, iv) intrinsic Optical 
and Electronic properties from gold Nano-surfaces related with High 
Energy Electromagnetic fields.

In addition, within higher sized Biostructures could be mentioned 
similar examples such silver nanoparticles as antimicrobial agent: 
a case study on E. coli as a model for Gram-negative bacteria [36]. 
However, due to the different ways of actions, sizes involucrated, and 
types of Biostructures, it could be expanded to other strategies. In 
the next, section it was discussed how from the control of synthetic 
Nanoarchitectures it could be tuned Optical properties from single 
Nanoplatforms for Multi-functional Bio-applications.

Nano-optics and nano-bio-optics from viruses towards 
higher sized biostructures

The developments of controlled Nano-Optical platforms by the 
right selection and tuning of Optical active Nanomaterials [37] leads 
with Multidisciplinary fields Research studies. In this manner could 
be generated variable smart responses against external stimulus that 
affects their intrinsic Optical properties. These mentioned properties 
are related with their electronic Nanomaterials properties and their 
interaction by Light excitation. Thus, Photonics and Nanophotonics 
showed high impact in other different Research fields; where Chemistry, 
Physics and Clinical Spectroscopy were closely involucrated. 

There are a many Optical active properties that could be 
developed to tune on Optical-Nanoplatforms; however in particular 
in this communications it was discussed the use of: i) Optoelectronic 
phenomena such as the generation Electromagnetic fields within 
the near fields of metallic Nanoparticles; ii) Plasmonic properties 
coupled to other Light pathways, iii) generation of non-classical Light 
phenomena, and iv) Meta-Photonics. These Research themes were 
discussed in the context of detection of Virus and higher sized Nano-
, and Micro-Biostructures by the use of different of varied Optical 
detection approaches and strategies.

In the same way of the development of the Nano-Optical platforms 
for Biodetection, it should be contemplated different strategies 
for targeting particular Biostructures. Thus, Bioconjugation with 
Biomolecules, antibodies, and synthetic chemical structures should 
be contemplated depending of the membrane composition and 
media related. So, the design and synthesis of modified Nano-Optical 
platforms could generate Multifunctional Nanoparticles as Lab.-On-
particles [38] where varied functionalities and targeted applications 
are ready to be activated by external controlled response od via Smart 
responsive strategies.

In this manner, as example of Advance Nano-Optical platforms 
for an accurate control of High Energy Electromagnetic Fields by 
an Optical guiding, it could be mentioned the reversible shape and 

Figure 1. Schematic structure of virion of SARS-CoV, MERS-CoV, and 2019-nCoV and 
its major structural proteins. Reprinted with permissions of L. Du et al. (cite 28), Front. 
Microbiol, Frontiers 2020
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Plasmon Tuning in Hollow Ag/Au Nanorods [39]. The particular Ag/
Au Nanorod structures were generated by partial galvanic replacement 
and manipulated their internal cavity reversible by Laser excitation. 
This strategy permitted to control their Electromagnetic fields known 
as Plasmons with a nanometer resolution (Figure 2). The changes 
in plasmon-induced near-field properties were then mapped with 
electron energy-loss spectroscopy without disturbing the internal 
structure. This reversible shape and near-field control in a hollow 
nanoparticle actuated by an external stimulus introduces possibilities 
for applications in reprogrammable sensors, responsive materials, and 
optical memory units.

Moreover, the generation of non-classical light emission and 
control with an accurate Nano-resolution, it could be tuned and 
developed methodologies for Bio-molecules detections towards 
Biological structures if it is targeted these applications. In this context, 
the previous example with strong Electromagnetic fields generation 
could interact with their close surrounding to sense its environmental 
changes that it could be related with different targeted Biostructures of 
interest. 

The Metal Enhanced Fluorescence (MEF) is phenomena related 
with the enhanced excitation of Fluorescent reporters within shorter 
Nano-scale interval of lengths [40,41]. By this manner, it was developed 
by us the tuning of Ultraluminiscent gold core-shell Nanoparticles as 
NanoImaging Platforms for Biosensing applications based on Metal 
enhanced fluorescence (MEF) [42] with MEF Enhancement Factors 
(MEFEF) that arrived to 40 with Laser Fluorescence Microscopy. 
These types of Nano-emitters showed Ultraluminescent properties 
accompanied with diminished photobleaching properties. The 
implication of the control of light from the Nanoscale has impact on the 
Nano-resolution, with applications such as super-resolution Nanoscopy 
by coherent control on nanoparticle emission [43]. In addition, these 
properties and resolutions could be translated on Biostructures, or 
smaller sized Biostructures deposed on Nano-, and Microplatforms. 
At the same time, these Higher Electromagnetic fields and emissions 
could generate High Photo-thermal properties with potential uses in 
for developments of new Photo-thermal treatments [44]. As example, 
it could be mentioned as recent communication the photothermally 
enhanced tumor vascular disruption treatment [45] induced by the 

aggregation of gold nanoparticles deposed on targeted modified 
vascular tissues.

So, in the context of the Pandemic situation it should be highlighted 
the importance to mention the actual methodologies applied for 
Corona Virus detection as well as other Biostructures such as Bacteria 
and other Micro-organisms. In this way, it could be mentioned that the 
Biodetection of Viruses nominated as Cargo Biostructures with genetic 
information could be sequenced and amplified by several sequencing 
technologies such Polymerase Chain Reaction (PCR) [46] and new 
developments of methodologies related [47] currently in progress. This 
technique could contemplate the problem associated with the genetic 
variability [48] due to its precision. Thus, it was tracked the positive rate 
of RT-PCR detection of SARS-CoV-2 infection in 4880 cases from one 
hospital in Wuhan, China, from Jan to Feb 2020 [49].

Moreover, it should be highlighted that actually the bacteria 
detection with Clinical implications such as Escherichia coli in 
order to confirm their presence and concentrations it is used Bright 
Field Confocal Microscopy with glass chambers for their counting 
[50]. However, it is need faster and more accurate methodologies 
with portable instrumentation to detect in different places with the 
possibility of keep moving on demands. In this way, in the current times 
it was showed the capability to response by a rapid implementation 
of mobile technology for real-time epidemiology of COVID-19 [51] 
But, it is not all developed, so the Research from basic studies towards 
applied Nanotechnology as tools or being part of Instrumentation 
could be still being developed. For this reason the Nanospectroscopy 
could afford to different developments in the recent mentioned needs. 
In this direction, it could be mentioned the use of Spectroscopy for 
Clinical studies and analysis such as Translation of diagnostic IR, 2D-IR 
and Raman spectroscopy towards the clinic uses [52] and related with 
Biostructures the diagnosis of hepatitis B and C virus infection from 
human sera using ATR-FTIR spectroscopy [53].

About, Nanoarchitectures with different Optical properties for 
targeted Viruses detection accompanied with their respective treatments, 
it could be mentioned recent publications such as Functional Carbon 
Quantum Dots as Medical Countermeasures to Human Coronavirus 
[54] and polydopamine doped virus like structured nanoparticles 
for photoacoustic imaging guided synergistic chemo-/Photothermal 
therapy [55]. The use of Optical Detection of Viruses by the use of 
metallic Nanoparticles was already used for others viruses [56] such as 
for the HIV infection with streptavidin conjugated gold nanoclusters. 
This strategy, based on a Fluorescent Nanosensor, showed to be an 
ultrasensitive early diagnosis tool for Biodetection of HIV [57]. Then, 
other important contribution of the control of the Nanoscale was by 
generation of porous Nanomaterials as cellular Nano-sponges to inhibit 
the SARS-CoV-2 Infectivity [58]. 

The different approaches showed different properties that could be 
placed within modified substrates being part of reduced sized devices 
or miniaturized portable Instrumentation as for example developments 
on Chips with Optical detections [59]. 

In this direction as well it could be highlighted as well the recent 
development of Thermoplasmonics SARS CoV-2 detection system 
based on Surface Enhanced Raman Scattering (Figure 3) [60]. In this 
Research work, it was combined a Plasmonic Photothermal (PPT) 
with Localized Surface Plasmon Resonance (LSPR) sensing. The 
PPT treatment generated the free genomic material to be targeted by 
functionalized gold Nano-islands with complementary DNA strands. 
Thus, it was achieved a high sensitive detection approach for SARS 

Figure 2. Electron Energy-Loss Spectra (EELS) spectra and maps of the three void 
positions. Plasmon resonances and the relationship between energy electron-loss 
probability and internal structure in a partially hollow AgAu nanorod for the corner 
state before any reshaping cycle, center state, and split state; for then corner state after a 
reshaping cycle. Insert image. Write/read cycle and reversibility of interior restructuring 
in partially hollow AgAu nanorods: i) Ag migrates toward the beam when a solution-filled 
volume is illuminated, ii) The void position and its effect on plasmon resonances can be 
interrogated without restructuring by acquiring electron energy-loss spectra (EELS) from 
the surroundings of the nanorod. Reprinted with permissions of D. Boudreau-E. Ringe et 
al. (cite 39), Nano Lett. ACS 2016
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CoV-2 through in situ hybridization and detection via Plasmon Laser 
excitation. By this manner, it was arrived to a lower detection limit 
below 0.22 pM. 

However, it should be highlighted the genotyping based on Optical 
active Nanoplatforms, by Single Optical-active Nanoparticle analysis 
with imaging within an In Flow Optical set up. By this manner, it was 
showed low values such femto-M concentration for similar lengths of 
single DNA strands in comparison to the SARS CoV-2 DNA lengths 
[61].

The detection it was developed based on a coupled Plasmonic 
methodology by Fluorescence Resonance Energy Transfer (FRET) and 
MEF previously discussed [62]. This Nano-Biosensor, it was validated 
in blood samples as PCR free genotyping applications such as it was 
validated for the Sex Determining region known as SRY [63].

In many of the previous examples it was showed how Optical-
Nanoplatforms based on their intrinsic matter constitution and tuning 
generated High Electromagnetic fields coupled to other phenomena 
to improve and Enhance sensitivities, detection and Energy transfer. 
Moreover, these Optical properties were as strong enough to be applied 
for Optical tweezers Set-ups. This technique showed high sensitivity 
and sensitivity to control molecules, Nano-, and Microparticles and 
even Biostructures. For example, it could be mentioned the Nano-
optical Trapping of Rayleigh Particles and Escherichia coli Bacteria 
with Resonant Optical Antennas (Figure 4) [64]. 

The patterned metallic nanoantennas on a glass substrates produced 
strong light intensity gradients responsible for the trapping mechanism 
of several individual bacteria simultaneously with their orientation 
fixed by the asymmetry of the antennas.

In similar manner considering the Biodetection of higher sized 
Biostructures such as Escherichia coli bacteria, but using a approach 
based on Ultraluminescent Nanolabellers, it was developed a Nano-
Biolabelling methodology that permitted well defined Eschericcia coli 
bacteria imaging by Laser Fluorescence Microscopy. In this manner 
it was achieved individual bacterial detection based on MEF Nano-
Bioimaging (Figure 5) [65].

The Core-shell Nanoparticles bellow 100 nm sizes previously 
mentioned were homogeneous deposed on membranes of 100-1500 nm 
longitudinal lengths of Escherichia coli based on polar non-covalent 
interactions between Biomolecules and Silanol groups of the Silanized 
Nano-surfaces. These Nano-Biostructures showed stable Dynamics 
within Colloidal dispersions that permitted the development of an In 

Flow MEF-Bioassay for Biodetection of Escherichia coli [66]. By this 
manner, it was showed the versatility of the design of Nano-Optical 
platforms for varied uses related with Biodetection. However, it should 
be noted that there is a huge opened window and different needs to 
overcome that affords to new Nanotechnology developments towards 
Nano-Biotechnology.

Finally, it is highlighted another recent publication as well with the 
concept of non-classical Light delivery applications within Optical active 
higher sized Uni-cellular micro-organisms such as Cyanobacteria. In 
this approach it was optimized the synthetic non-classical luminescence 
generation by Enhanced Silica Nanophotonics based on Nano-Bio-
FRET [67] (Nano-Bio-Fluorescence Resonance Energy Transfer), that 
permitted not only to detect this Unicellular micro-organism, but as 
well it was sensed and discriminated both natural Photo-systems 

Figure 3. Schema of Thermoplasmonics approach based on Surface Enhanced Raman 
Spectroscopy (SERS). Reprinted with permissions of J. Wang et al. (cite 60), ACS NANO, 
ACS 2020

Figure 4. Periodically arranged gold optical nanoantennas, lying on a glass substrate and 
immersed in water, are illuminated under total internal reflection through a hemispherical 
glass hemispherical lens. Inset: SEM micrograph of a single gold gap antenna (scale bar: 
200 nm). Inset image i): (A-F) Successive frames showing simultaneous trapping of E. coli 
bacteria. The incident laser (800 nm) has been switched off just before recording frame E. 
Reprinted with permissions R. Quidant et al. (cite 64), Nano Lett., ACS 2009

Figure 5. Laser fluorescence microscopy images of ultraluminescent bacteria labelled with 
Au@SiO2–RhB, silica spacer 14 nm: a) edited by green colour; and b) edited by red, green 
colour. Reprinted with permissions of D. Boudreau-A. G. Bracamonte et al. (cite 65), J. of 
Nanophotonics, SPIE 2018
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incorporated within these Biostructures. This Biosensing was by 
controlling the Laser excitation and emission that generated strong 
emissions coupling depending of the excitation applied. These Nano-
Biostructures are related as well with the generation of Living Lasers 
[68] and Biolasers [69]. Thus, these themes overloaded the extension 
of this section, but it is merited to be mentioned for a next opportunity 
still discussing about these phenomena within Life Sciences joined to 
Nanotechnology. 

Concluding remarks
It was discussed the design of Optical Nanoplatforms for 

Biodetection applications of different sizes of Biostructures and 
their future perspectives by joining new treatments. The Optical 
properties discussed on Nano-, and Microparticles were based on 
different tuneable intrinsic matter properties by chemical, physical 
and Laser methodologies. It was of our interest to show some results 
in progress recently published by us in the Research field of Nano-
Optics developments of High Energy Electromagnetic fields generation 
from metallic Nano-surfaces, in order to be used as Nanoplatforms for 
Bioconjugation.

In this way, it was afforded the Biodetection from Virus towards 
higher sized Biostructures such as bacteria, unicellular microorganisms 
and Cells. Thus, it was considered the detection based on modified 
surfaces and Lab-On particles; where non-covalent interactions were 
involucrated coupled to non-classical light pathways for detection. By 
this manner, antibodies antigens interactions were discussed as for 
example for accurate targeting of SARS CoV-2 detection.

In this manner, it was intended to discuss and motivate about the 
potential role of Biotechnology developments based on Nanophotonic 
developments; where it could be combined improved detection, 
systems coupled to future new treatments. For example, for the COVID 
19 detection it should be contemplated from the interactions between 
the spiked protein of SARS CoV-2 with the cell receptors towards 
the internalization within the cells with the consequent proliferation 
of the Virus, to develop targeted combinatory treatments [70]. 
Therefore, it should be known the different chemical environment 
where the interactions are involucrated as well as their local chemical 
environment, such as varied amino acid compositions of antibody 
proteins. This mention is related with mutations that could provide 
variable hydrophobic aliphatic regions, neutral aromatic moieties, 
thiol and sulfides groups, carboxylic and hydroxyl groups with 
hydrophilic properties, etc. by modifying their genetic expression. So, 
the Biological variation factor added to the Biodetection was showed 
to be an extra challenge to overcome. Moreover, after internalization 
of the Biostructure it should be contemplated extra interactions such 
replicating RNA for joining therapies and vaccines. However during the 
while, in the context of Pandemic situations it should be highlighted 
the prevention factor by isolation and physical distancing to avoid 
the dissemination of the SARS-CoV-2, as it was recently reported the 
shortening over time by non-pharmaceutical interventions [71]. 

In addition, it was considered the developments of Nano-Optical 
platforms for higher sized Biostructures detection based on different 
strategies and phenomena. By this manner, it was showed examples 
of bacteria such Escherichia coli; and Uni-cellular microorganism as 
Cyanobacteria.

So, different aspects were discussed, such as from the design of 
Nano-Optics, towards interactions with Bio-membranes for targeted 
Biodetection of different types of Biostructures.
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