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ABSTRACT

Nano-labellers could show variable emission properties depending on the intrinsic matter constitution of the designed
nano-particle. The composition could incorporate varied non-classical light sources. Thus, the study of metal-enhanced
fluorescence (MEF), fluorescence resonance energy transfer (FRET), coupled phenomena, and other enhanced scattering light
phenomena is highlighted. We discuss the deposition of nano-emitters on biostructures for targeted studies and specific
applications. And in this context recently, it was reported different designs of nano-emitters for the generation of
ultraluminescent biostructures, single biostructure detection, targeted light delivery through biostructures, and other
applications as protection agents against antibiotics and stabilizing agents of nano-vaccines. In addition, from these studies and
applications, the perspectives of these nano-biostructures as synthetic or hybrid biostructures for targeted applications within
biotechnology were discussed. In these synthetic Nano-Biostructures, each component acts as a functional component to
generate the final function. Moreover, it was afforded to show and discuss about Dynamics of interactions between the
different components of the hybrid structure and inter-Nano-Biostructure interactions to form Nano-Bio-assemblies for
multiple uses Thus, the concept of micro-machines for nano-medicine and biotechnology was introduced. This short
communication intends to show important research developments from fundamental studies towards targeted applications.
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Introduction

The generation of bioimaging could lead to
multimodal approaches and applications
(Henderson, 2018). This communication was
centered on the basis of bioimaging generation to
achieve varied resolutions of biostructures within
different scale lengths. In this perspective, it was
focused on developments from the molecular
level toward higher sized structures. So, varied
Biostructures such as specific peptides, proteins,
DNA, RNA, viruses, bacteria, and unicellular
organisms (Ame, 2020), could be optically active
or non-active within different energy modes.
Thus, these particular properties could be used to
develop bioimaging with different resolutions.
However, the application of nano-biolabelling by
bioconjugation techniques could lead to a more
effective control of final properties (Palacios,
2021).
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Accordingly, the development of new nano-
emitters with stable and high emission intensity is
growing in interest (Woehrstein, 2017). Hence,
meta-emitters are being developed by combining
varied materials and enhanced nano-emitters
based on plasmonic properties, such as metal-
enhanced fluorescence (MEF) (Rioux, 2017), and
enhanced plasmonic phenomena (EP) (Luchowski,
2010 and Boudreau, 2019) coupled to other
phenomena. Similarly, fluorescence resonance
energy transfer (FRET) (Dacres, 2010) could
provide alternative light pathways for targeted
bio-chromophores as well as enhanced emissions
by an adequate pair of donor/acceptor coupling
(Salinas, 2020). By a controlled deposition of nano-
emitters on biostructures, synthetic nano-
biostructures with different properties in
comparison to the free components are obtained
(Gammoudi, 2013). Depending on the properties
combined, it could be achieved different Research
goals and applications.

Hence, bioimaging generation for biodetection,
quantification, early diagnosis, and further
analysis focused on single biostructure may lead to
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functional or multi-functional nano-biostructures.
For example, it could be applied, from the Nano-
Bio-labelling developments, new strategies to the
design of synthetic bio-machines towards higher
sized micro-machines (Muifios-Landin, 2021). In
these types of developments is of high
importance the proper choice of each component
of the hybrid structure to achieve a targeted
function (Magdanz, 2020). In particular, these
topics arouse interest in  biotechnology,
biophotonics, and nano-medicine as well as other
newly emerging technology such as soft nano-
robotics (Li, 2019).

In these perspectives, in the next sections it
was leaded to show and discuss the most
important recent reports related with many
Research fields involucrated in the generation of
Nano-Biostructures with applications in the
design and synthesis of Nano-, Micro-Bio-
machines.

Nano-biolabelling

In general, the capabilities of labelling
applications using different types of small
molecules with particular properties are well
known. In this context, it could be mentioned
coloured staining agents (Alturkistani, 2016),
fluorescent dyes (Lei, 2021), radioactive nuclei
(Jensen, 2021), and other spectroscopical
properties (Matsumoto, 2021) applied on tissues
and biostructures. The addition of an extra
spectroscopical property on the targeted non-
optical active biostructure generates new energy
modes that permit the biodetection and
bioimaging with a variable degree of resolution.
However, when looking for improved
performance and stable signaling, much research
is being currently conducted on the design and
synthesis of new nano-labellers (Soo Choi, 2010).
Specifically, they focus on the confined
spectroscopical properties to develop from nano-
spectroscopy to tune non-classical light in the far
field. Thus, it is applied to single nano-emitters
capable of delivering a targeted energy mode by
external optical stimulation aimed at desired
biostructures to generate bioimaging and further
applications. Note the importance of the specific
interaction between the nano-labeller and the
biostructure. This last variable mentioned could
be controlled by the surface chemistry of
nanoparticles according to the accessible
functional sites for interaction of biostructures.
For example, it could be used as a strategy, the
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addition of amine groups to the nano-surface for
covalent and non-covalent linking of many
chemical species. Thus, as for example, it could be
joined to available carboxylic groups on the
biostructure by suitable bioconjugation techniques
(In den Kirschen, 2021).

Nano-biolabeling is used for detection and
quantification  applications in  bioanalytical
developments. But, it could be extended to further
applications such as synthetic bio-machines. Thus,
it should be focused, for instance, on natural
biostructures with targeted function as in gut-
microbiota coupled to functional nanoarchitectures
as synergistic agents. Nano-Bio-Nutraceutics could
hence be easily developed (Ostojica, 2020). Other
examples could lead to the genetic engineering of
biostructures and nanostructures with
multifunctional  properties  (Golberg, 2014),
including protective and stabilizing agents,
bioimaging generation for tracking applications
(Gontero, 2018), and drug and light delivery
applications. As noticed, many approaches could
be developed to be potentially applied to biology
and Medicine.

Enhanced bioimaging

Enhanced bioimaging refers to the improvement of
the standard characteristics of bioimages by
incorporating  novel = nanotechnology  and
controlling the nano-scale. Here biostructures
could lead to favorable interactions within the
nano- and quantum-scale. Some physical
phenomena could lead to enhanced results with
the chemical control of matter in an accurate
spatial distribution. For example, to increase the
quantum yields of fluorophores and emission
signals, metal-enhanced fluorescence (MEF)
phenomena are required. This effect is based on
the plasmonic interaction from the electronic
oscillation of a metallic surface with fluorophores
in the near field (Lakowicz, 2005 and Asselin,
2016). The phenomenon produces improvements
from 2 to 100 depending on nano-structural
parameters,  experimental  variables, and
instrumental set-ups (Bondre, 2010, Golberg, 2014
and Puchkova, 2015). Major parameters include
the plasmonic fluorophore coupling in the basal
state to increase the higher occupied excited state
levels, resulting in faster radiative emissions
(Lackowicz, 2001). The increase is based on the
high intensity of the electromagnetic field
generated by the metallic surface in the near field
where it should be placed the fluorophore. Thus;
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the distance of the metallic surface-fluorophore is
an important variable to control in the
nanoparticle design for optimal excitations and
enhancements (Geddes, 2002 and Viger, 2008).
These non-classical light phenomena coupled on
biostructure, could lead to enhanced bioimaging,
affording faster detection, stable imaging over
time, improved tracking applications, and high
sensitivity used for single molecule detection
(SMD) (Oj, 2020) as well.

In-flow detection and single biostructure analysis
In-flow systems such as microfluidic channels
towards nanofluidics as well as other
technological techniques considered standard and
available in research, biochemical and clinical
laboratories could incorporate nano-tools such as
nano-labellers (Salinas, 2019). In addition, nano-
bioimaging could be used for in-flow biodetection
applications with improved performance (Cheng,
2021). Thus, these developments could be
extended to further bioanalytical analysis. From
these perspectives, the capability to track single
biostructures linked to mnano-functional-tools
could allow retrieving information from inside of
biostructures (Salinas, 2020) and 3D structures.

In addition, the performance of synthetic
nano-biostructures with targeted functions could
be evaluated or tested in vitro, for instance,
within in-flow lab-on a chip (Zhao, 2019). Many
studies report pharmacophore effects and
efficiencies, biocompatibility test, etc.

Design of nano-bio-machines and micro-machines for
targeted applications

Nano-biotechnology (Nagamune, 2017) is linked
to the design of nano-enzymes (Chen, 2021),
nano-vaccines (Zhao, 2014), and related nano-
biostructures such as stabilizing agents in
vaccines  (Pelliccia, 2016). In addition,
biostructures such as non-toxic bacteria
genetically engineered with active flagellar are
proposed as micro-swimmers (Bunea, 2020)
within colloidal dispersions for targeted cargo
applications. Similarly, optical active flagellar
motors (Stark, 2021) were reported to be
modulated with remote control by laser
excitation. The use of viral vectors as cargo
structures could also lead to controlled gene
delivery (Horner, 2021). Functional
nanoarchitectures are being considered due to
their particular properties that could be
potentially joined to biostructures. Developments
include: i) nano-emitters, ii) photodynamic
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properties and therapies, iii) non-classical light
delivery, iv) drug delivery, v) stabilizing agents,
vi) targeted recognitions, vii) incorporation of
multi-modal energy modes into confined
nanoarchitectures, viii) nano-catalyzers, and ix)
other properties such as nano-porous materials
and metamaterials that could develop designs
within fundamental and applied research
(Fernandez-Fernandez, 2011, Agrawal, 2012, Park,
2009 and Bracamonte, 2021).

The design and synthesis of nano-
biostructures and synthetic bio-machines are
providing insights into micro-machines and nano-
robots as well as for microswimmers (Soto, 2018).
These new hybrid architectures were based on the
control of molecular level and nano-chemistry
within the nano-scale and beyond. Taking into
account the property of the material incorporated
and the new properties that could be generated,
new possibilities are open up to develop new
matter properties (Bracamonte, 2022 and Palacios,
2022).

Conclusions and future perspectives

In this manner, it was briefly discussed how, from
the proof of concept of the formation of a simple
nano-biostructure, could be proposed different
research developments within life sciences. This
synthetic hybrid structure occurred between
nanoparticles designed for targeted nano-labelling
applications and varied biostructures associated
with particular biological properties. Thus, it can
be underlined the importance of these approaches
for the generation and biodetection of targeted
bioimaging and highlight the importance of the
single biostructure analysis to collect further
information such as, resolution, size, internal
composition, dynamics of interactions, and further
interaction with external biological media.
Therefore, contemplating these variables, it was
introduced to enhanced physical properties by
controlling nano-chemistry such as MEF, EP,
FRET, and coupled phenomena, where the
synthetic non-classical light could be tuned from
reduced sizes within the nano-scale and beyond. It
was possible to generate enhanced bioimaging,
allowing bacteria and cell counting with
developments of bioanalytical methods. It is to be
discussed, how these designs could be applied to
functional synthetic nano-biostructures in search
of mimetic bio-machines and micro-machines. In
these hybrid synthetic structures the point of view
was modified and these approaches will afford to
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smart functional or multifunctional nano-bio-
materials. Numerous examples were reported,
such as nano-catalyzers, nano-enzymes, and
nano-vaccines, where the bioconjugation of
nanomaterials showed to be particularly
important. Hence, an improved performance of
the targeted function, was always obtained in the
presence of both components. The future
perspectives in this direction are considered to be
wide. While, if it is found an interesting trend of
research works that could be considered as not so
many were developed and reported at the
moment. So, it is to be attended new
developments from multidisciplinary research
fields. The communication allows to open new
strategies analyzing other possibilities for
innovative developments based on
nanophotonics and biophotonics.
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