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Abstract

Bionanotechnology is an emerging interdisciplinary field which comprises of
biotechnology and nanotechnology. In bionanotechnology, biological molecules
are used in order to improve the applicability of nanomaterials. Synthesis
of stable and functional bio-hybrid, biomimetic, self-assembled materials
is important applications of bionanotechnology. Bio-hybrids are advanced
materials which offer dual functionality and improved features. These materials
have far fetching impact in the field of remediation, biosensor, biocatalysis and
drug delivery. Herein, the focus is on the silica based bio-hybrid materials and
their applications.
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Introduction

Biological materials like microorganism, enzymes (biocatalysts)
etc., are valuable for various bioprocess applications. However, certain
limitations associated with biomolecules like poor mechanical and
chemical stability need to be addressed. Biotechnology is the discipline
wherein the focus is on the application of biological components like
organisms/their product/their part such as enzymes and Genetically
Modified Organisms (GMOs) to produce products and processes
which are useful to mankind. In other words, biotechnology creates
wealth using biological molecules. Different methods of genetic
engineering are used as tools for modification in the genetic material
of the organism of interest in order to improve the required features
in organism. Genetically Modified Organisms (GMOs) are further
used for the production of various products like enzymes, antibiotics
and vaccines etc. [1]. Biotechnology has enormous scope for use in
health care, agriculture, food industry, environmental clean-up and
biofuel.

Immobilization is another aspect in biotechnology used to
improve the applicability of biological molecules. Immobilization is a
simple and efficient method wherein a biological molecule is attached
to a suitable support which provides a favourable micro-environment
to the biomolecule and improves the various physico-chemical aspect
of the immobilized biomolecule [2]. There are various methods of
immobilization like adsorption, covalent attachment, gel entrapment,
microencapsulation etc., (Figure 1). For efficient immobilization,
suitable immobilizing supports with features like high surface area,
biocompatibility, stability etc., are required. A wide range of supports
varying from organic to inorganic supports have been explored for
immobilization [3-10]. In recent years, nanoparticles have emerged
as suitable immobilizing support. The unique quantum phenomenon
at the nanoscale size is responsible for beneficial and unique features
of nanomaterials. Scientists are in constant search for developing
advanced materials through use of nanoparticles for various
applications like drug delivery systems, biosensors with increased
sensitivity, efficient and recoverable immobilizing supports and

Covalent
attachment Gel
' ' entrapment
Adsorption . S ——
BB el ot B | -
Qmmohilization
E)-SE) 4F
/ Support \
Cross- lon Micro-
linking exchange encapsulation

Figure 1: Immobilization and various methods of immobilization.

sorbents with high sorption capacity.

Silica nanoparticles (silica NPs)

Inorganic nanoparticles are well known immobilizing supports
due to high stability, mechanical resistance and good sorption
capacity. Previously, nanoparticles of aluminium, zirconium and
titanium oxides have been explored as immobilizing support
for different enzymes [11-13]. Due to its wide availability, easy
functionalization and biocompatibility, silica nanoparticles are one of
the most suitable inorganic supports for immobilization and various
other applications [14]. Also, silica allows efficient bio-component
attachment due to availability of several silanol groups on its surface
and reduces diffusional limitations.

Colloidal silica NPs have been used as catalytic supports [15-17],
biosensor supports [18-21], remediation [22-25] and drug carriers
[26-29]. For various applications, commercially available colloidal
silica is used because naturally available mineral silica is contaminated
and is not suitable for application in scientific research and industrial
applications [30]. Also, mineral silica offers less surface area (with
a few exceptions) and exists in crystalline form which is damaging
to health. Thus, for most of the applications chemically synthesized
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Figure 2: Relation between bionanotechnology and nanobiotechnology.

colloidal silica is preferred.

Bionanotechnology

Bionantechnology is an emerging interdisciplinary field wherein
a biological molecule is applied to improve the applicability of
nanomaterials by synthesizing bio-hybrid, self-assembled and
advanced materials. On the other hand, nanobiotechnology deals
with application of the nanodevices/nanotechnology to understand
a biological phenomenon or structure of a biological molecule
[31]. In principle bionanotechnology and nanobiotechnology is
a combination of biotechnology and nanotechnology (Figure 2).
Bionanotechnology will help to understand the following aspect:

(a) The interaction between a biological and non-biological
(nanoparticles) components

(b) Developing efficient drug delivery systems for targeted
drug delivery

(¢) To understand and study toxicology

(d) Developing highly sensitive and miniature screening
systems

Important application of bionanotechnology is to help in the
development of advanced materials like bio-hybrids, biomimetic,
self-assembled materials in order to address the issues associated with
conventional materials.

Silica based bio-hybrid materials

A hybrid material is a mixture of inorganic components
and organic components, or both types of component [32]. The
combination of silica nanoparticles (as inorganic component) with
organic materials results in the synthesis of silica based hybrid
materials [33]. Extensive work has been carried out on silica based
hybrids and published wherein silica nanoparticles have emerged as
suitable inorganic component [34-36]. The requirement for materials
with advanced properties is continuously increasing. The efficiency
of mesoporous silica for various applications is mainly due to their
porous structure which allows molecules to diffuse into their large
internal surface. However, need for functionalization, small pore
size and limited accessibility to the internal surface creates are the
bottlenecks which causes mass-transport issues. In this regard,
by using a suitable method the bio-component of interest can be
conjugated with nanomaterial and new ‘bio-hybrid’ materials can
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Figure 3: Two components of a bio-hybrid and its improved features.
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Figure 4: Applications of bio-hybrid materials.

be developed. The conjugation between nanomaterial and bio-
component will lead to new functional materials with improved
features.

A number of advantages associated with silica, makes it a suitable
inorganic component for the synthesis of bio-hybrid materials. From
last decade “bio-hybrid” has gained attention wherein biological
component acts as functional unit and inorganic component acts as
structural unit and imparts dual functionality (Figure 3). Association
of biological components with silica nanoparticles have opened a
window of interest for synthesis and application bio-hybrids.

Applications of silica based hybrid/bio-hybrid materials

In present scenario, significant interest has been observed in
the synthesis of silica nanoparticles based bio-hybrid materials with
various sizes, shapes, morphologies and functional properties. These
materials have gained popularity because of their advanced features
and applied in various fields. Herein, the applications of silica
nanoparticles in four major areas i.e. remediation, bioprocessing,
biosensor and drug delivery are discussed (Figure 4).

In the field of remediation

In previous studies, silica based supports like mesoporous silica
and nanosize silica have been prepared for the remediation of metal
pollutants like uranium [22-25]. Hybrid mesoporous silica was applied
for removal of heavy metal and in another study, functionalized
mesoporous silica showed excellent binding affinity for mercury (II)
[37,38]. Among different forms of silica, SBA-15 gained attention as
sorbent for metal remediation [39] because it is hydrothermally more
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stable in comparison to MCM-41 [40]. To improve the performance
of mesostructured silica, it was organically functionalized and used
for the uptake of heavy metals [39,40].

Despite the several studies and motivating results,
functionalization of mesoporous silica is still a big hurdle which
is difficult to achieve in real environment. Thus, there is need to
devise low cost methods to functionalize silica based support with
improved features. To address the issue, we devised spray drying
as a single step, efficient route to synthesize functionalized silica
microstructures using microorganisms (Streptococcus lactis and
Saccharomyces cerevisiae). Silica-Streptococcus lactis and silica-
Saccharomyces cerevisiae microstructures were prepared and applied
for sorption of uranium (VI) and mercury (II), respectively [41,42].
Spray dried doughnut silica-Streptococcus lactis microstructures
showed significantly rapid uranium removal and maximum sorption
capacity (q, ) was 169.5 mg/g [41]. In case of silica-Saccharomyces
cerevisiae microstructures more than 98% of total mercury sorption
was observed in 30min and q__was 185.19 mg/g [42]. These studies
suggest, the use of spray drying technique as a simple route for
the functionalization of silica based microstructures using micro-
organisms as functionalizing agent. It also helps to address the
limitations associated with application of silica nanoparticles and
micro-organism alone to be used for remediation. Also bio-hybrid
has emerged as advanced material for the environment remediation.

In the field of biocatalysis

Among the available immobilizing supports in the field of
enzyme technology, silica based supports stand out because of its
beneficial features. Silica based materials are the best immobilizing
support for immobilization of enzymes. Presence of functional
groups on the surface of supporting material improves the enzyme-
support binding and therefore reduces the chances of leakage of
immobilized enzymes. Lei et al. have observed that immobilized
enzymes within functionalized mesoporous silica showed improved
activity compared to free enzymes [43]. Chong et al. have also proved
that the activity of Penicillin G Acylase (PGA) immobilized on vinyl-
functionalized mesoporous silica was higher than free PGA [44].
For efficient immobilization of enzymes and to maintain the activity
and stability of immobilized enzyme, functionalized silica based
supports are utilized as most suitable materials. However, limitations
like substrate diffusion due to small pore size of mesoporous silica,
its synthesis and multi-step functionalization processes are the
bottleneck for its application as immobilizing support.

To overcome the above issues, dendtritic/fibrous bio-hybrid
supports could be a possible solution. Our group has synthesized
fibrous silica nanoparticles-Ocimum basilicum seeds bio-hybrid
support and used it as immobilizing support for immobilization
of invertase enzyme [10]. Swollen O. basilicum seeds show fibrous
pellicular structure which was explored as template for assembly of
silica nanoparticles. Incorporation of the nanoparticles results in an
increase in the available surface area of the seeds and improvement
in the physico-chemical properties. Another added advantage is
that enzyme immobilized on bio-hybrids can be easily separated
out and reused. Further, such type of fibrous bio-hybrids also have
potential applications in other areas like remediation, carbon dioxide
capturing, developing sensitive sensors, developing drug carrier and

energy storage.

In the field of biosensor

Previously, enzymes immobilized on silica based supports have
also been applied for developing biosensors [18-21]. Ponamoreva
et al. have synthesized yeast-based self-organized hybrid for the
application as biosensor [45]. Diana et al. have encapsulated
genetically engineered Moraxella spp. cells using sol-gel technique
for the detection of organophosphates pesticide [46].

Methyl Parathion (MP) is an insecticide used in agriculture [47].
However, it also causes harm to human health. For the detection
of methyl parathion, microbial cells with Organophosphorous
Hydrolase (OPH) enzyme which hydrolyzes MP into a coloured
Product P-Nitrophenol (PNP), were immobilized on to a number
of matrices and further explored as biosensor to detect MP [48-53].
Our group has observed that immobilized Flavobacterium sp. and
Sphingomonas sp. could detect MP in the range of 1-20 ppm and
storage stability in days [50-52]. However, the low sensitivity and poor
storage stability in the previous studies motivated us to work for the
improvement in the sensitivity (up to 0.1 ppm) as well as to improve
the storage stability. To encounter the issue associated with previous
methods, functionalized silica nanoparticles were associated with
Sphingomonas sp. cells and immobilized on the 96 well microplate and
associated directly with the optical transducer of microplate reader
[14]. Immobilized bio-hybrid of functionalized silica nanoparticles-
Sphingomonas sp. significantly improved the sensitivity and storage
stability of the biosensor. There was improvement in linear detection
range from 1 - 10 ppm to 0.1 - 1 ppm which is in the range of MRL.
Also, the storage stability of developed was significantly enhanced
ten times. This study showed that interaction of functionalized silica
nanoparticles with cells has positive impact on developing bio-
component and synthesized functional bio-hybrid was enough stable
to improve the sensitivity as well as storage stability of biosensor for
detection of methyl parathion pesticide.

In the field of developing drug carriers

Silica based materials are suitable candidates for efficient
drug delivery systems because of their unique characteristics [54].
Several studies have been carried out wherein mesoporous silica
nanoparticles were applied as drug carriers for cancer treatment [26-
29]. Interestingly, the finding that cells can take up and internalize
silica NPs without any cytotoxic effects has improved the practical
applicability of applications of silica NPs as drug carriers [55].

For application of drug carriers in industry, there is need to
produce the drug carriers in large scale under Good Manufacturing
Practices (GMP) conditions with reproducibility and low cost. In
view of this, we have synthesized silica nanoparticles-sodium alginate
bio-hybrid as drug carrier for doxorubicin using spray drying [56].
Synthesized bio-hybrid drug carrier showed excellent drug loading
efficiency. In vitro release study of entrapped doxorubicin in bio-
hybrid showed a slow and pH-responsive release. The intracellular
uptake study and in vitro cytotoxicity results showed that the presence
of silica NP along with sodium alginate provided an opportunity to
enhance the drug concentration and their cytotoxicity to cancer cells.
Thus, spray drying has emerged as an efficient technique for synthesis
of drug carriers with high drug loading efficiency and also suitable for
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cancer treatment.
Conclusion & Future Prospective

Bionanotechnology (a combination of biotechnology and
nanotechnology) is helpful to develop advanced materials with
various beneficial characteristics. This utilizes beneficial aspect
of biological systems to improve the utility of a nanomaterial. The
important applications of bionanotechnology include synthesis
of stimuli responsive materials, self- assembled bio-hybrids, bio-
mimetic biological assembly, drug delivery carriers and bioelectronics
which supports biotechnological processes.

In future, bionanotechnology could be applied to develop sensitive
nanodevices and also to develop efficient in vitro processes using bio-
hybrids. Cancer bionanotechnology is also another growing area
wherein one can address the limitations associated with conventional
drug delivery systems by developing efficient and targeted drug
delivery systems using bio-hybrids with less/no adverse effects to
normal cells. In the field of biosensors, there is requirement to come
up with efficient handy and easy to use instruments for detection of
pesticides or other analytes using bio-hybrids.

References

1. Boyer H. Biotechnology: Principles and Processes. National Council of
Educational Research and Training. 2016.

2. Melo JS, Tripathi A, Kumar J, Mishra A, Bhanu S, Bhainsa K. Book chapter-
Immobilization: then and now, Book: Immobilization strategies (Biomedical,
bioengineering and environmental application). Springer nature. 2020.

3. Melo JS, D’souza SF, Nadkarni GB. Ocimum basilicum seeds as a pellicular
support for immobilizing enzymes. Biotechnol Lett. 1986; 8: 885-888.

4. Melo JS, D’Souza SF. Immobilization of invertase through its carbohydrate
moiety on Ocimum basilicum seed Appl. Biochem Biotechnol. 1992; 32: 159.

5. Melo JS, D'Souza SF. Removal of chromium by mucilaginous seeds of
Ocimum basilicum. Bioresour Technol. 2004; 92: 151-155.

6. Karimpil JJ, Melo JS, D’'Souza SF. Hen egg white as a feeder protein for
lipase immobilization. J Mol Catal B Enzym. 2011; 71: 113.

7. Karimpil JJ, Melo JS, D’'Souza SF. Immobilization of lipase on cotton cloth
using the layer-by-layer self-assembly technique. Int J Biol Macromol. 2012;
50: 300-302.

8. Saini AS, Kumar J, Melo JS. Microplate based optical biosensor for L-Dopa
using tyrosinase from Amorphophallus campanulatus. Anal Chem Acta.
2014; 849: 50-56.

9. Carlsson N, Gustafsson H, Thorn C, Olsson L, Holmberg K, Akerman B.
Enzymes immobilized in mesoporous silica: a physical-chemical perspective.
Adv Colloid Interface Sci. 2014; 205; 339-360.

10. Mishra A, Melo JS, Agrawal A, Kashyap Y, Sen D. Preparation and application
of silica nanoparticles-Ocimum basilicum seeds bio-hybrid for the efficient
immobilization of invertase enzyme. Colloids Surface B. 2020; 188: 110796.

11.Yang Z, Si S, Zhang C. Study on the activity and stability of urease
immobilized ontonanoporous alumina membranes. Micropor Mesopor Mater.
2008; 111: 359-366.

12. Reshmi R, Sanjay G, Sugunan S. Immobilization of a-amylase on zirconia:
A heterogeneous biocatalyst for starch hydrolysis. Catal Commun. 2007; 8:
393-399.

1

w

. Foresti ML, Valle G, Bonetto R, Ferreira ML, Briand LE. FTIR, SEM and fractal
dimension characterization of lipase B from Candida antarctica immobilized
onto titania at selected conditions. Appl Surf Sci. 2010; 256; 1624-1635.

14. Mishra A, Kumar J, Melo JS. An optical microplate biosensor for the detection
of methyl parathion pesticide using a biohybrid of Sphingomonas sp. cells-

15.

16

17.

18.

19.

20.

21.

2

N

2

w

2

N

25.

26.

2

BN

28.

29.

30.

31

32.

3

w

34.

silica nanoparticles. Biosens Bioelectron. 2017; 87: 332-338.

Xie W, Hu L, Yang X. Basic ionic liquid supported on mesoporous SBA-15
silica as an efficient heterogeneous catalyst for biodiesel production. Ind Eng
Chem Res. 2015; 54: 1505-1512.

.Nasir Baig RB, Varma RS. Magnetic silica-supported palladium catalyst:

synthesis of allyl aryl ether in water. Ind Eng Chem Res. 2014; 53: 18625-
18629.

Chen L, Hu J, Qi Z, Fang Y, Richards R. Gold nanoparticles intercalated into
the walls of mesoporous silica as a versatile redox ratalyst. Ind Eng Chem
Res. 2011; 50: 13642-13649.

Wang K, Liu P, Ye Y, Li J, Zhao W, Huang X. Fabrication of a novel laccase
biosensor based on silica nanoparticles modified with phytic acid for sensitive
detection of dopamine. Sens Actuators B. 2014; 197: 292-299.

Zhao W, Fang Y, Zhu Q, Wang K, Liu M, Huang X, et al. A novel glucose
biosensor based on phosphonic acid- functionalized silica nanoparticles for
sensitive detection of glucose in real samples. Electrochim Acta. 2013; 89;
278-283.

Ma F, Zhou L, Tang J, Wei S, Zhou Y, Zhou J, et al. A facile method for
haemoglobin encapsulation in silica nanoparticles and applications in
biosensors. Micropor Mesopor Mater. 2012; 160: 106-113.

Choi O, Kim BC, An JH, Min K, Kim YH, Um Y, et al. A biosensor based on
the self-entrapment of glucose oxidase within biomimetic silica nanoparticles
Induced by a fusion enzyme. Enzyme Microb Technol. 2011; 49: 441-445.

. Michard P, Guibal E, Vincent T, Cloirec PL. Sorption and desorption of uranyl

ions by silica gel: pH, particle size and porosity effects. Micropor Mater. 1996;
5: 309-324.

. Metilda P, Gladis JM, Rao TP. Catechol functionalized aminopropyl silica gel:

Synthesis, characterization and preconcentrative separation of uranium(VI)
from thorium(lV). Radiochim Acta. 2005; 93: 219-224.

. Krishna PG, Gladis JM, Rao KS, Rao TP, Naidu GRK. Synthesis of xanthate

functionalized silica gel and its application for the preconcentration and
separation of uranium(VI) from inorganic components. J Radioanal Nucl
Chem. 2005; 266: 251-257.

Sierra |, DPerez-Quintanilla D. Heavy metal complexation on hybrid
mesoporous silicas: an approach to analytical applications. Chem Soc Rev.
2013; 42: 3792-3807.

Wang A, Yang Y, Qi Y, Qi W, Fei J, Ma H, et al. Fabrication of mesoporous
silica nanoparticle with well- defined multicompartment structure as efficient
drug carrier for cancer therapy in vitro and in vivo. ACS Appl Mater Interfaces.
2016; 8: 8900-8907.

.Rajanna SK, Kumar D, Vinjamur M, Mukhopadhyay M. Silica aerogel

microparticles from rice husk ash for drug delivery. Ind Eng Chem Res. 2015;
54: 949-956.

Hao X, Hu X, Zhang C, Chen S, Li Z, Yang X, et al. Hybrid mesoporous
silica-based drug carrier nanostructures with improved degradability by
hydroxyapatite. ACS Nano. 2015; 9: 9614-9625.

Tang F, Li L, Chen D. Mesoporous silica nanoparticles: synthesis,
biocompatibility and drug Delivery. Adv Mater. 2012; 24: 1504-1534.

Rahman |A, Padavettan V. Synthesis of silica nanoparticles by sol-gel:
size-dependent properties, surface modifications and applications in silica-
polymer nanocomposites — A Review. J Nanomater. 2012.

Niemeyer CM, Mirkin CA. Nanobiotechnology: Concepts, Applications and
Perspectives. Wiley. 2004.

Aleman J, Chadwick AV, He J, Hess M, Horie K, Jones RG, et al. Definitions
of terms relating to the structure and processing of sols, gels, networks, and
inorganic-organic hybrid materials. Pure Appl Chem. 2007; 79: 1801-1829.

. Kickelbick G. Hybrid materials — past, present and future. hybrid mater. 2014;

1: 39-51.

Li J, Wu H, Liang Y, Jiang Z, Jiang Y, Zhang L. Facile fabrication of organic-
inorganic hybrid beads by aminated alginate enabled gelation and biomimetic

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Plant Biol 6(1): id1024 (2020) - Page - 04


https://ncert.nic.in/ncerts/l/lebo111.pdf
https://ncert.nic.in/ncerts/l/lebo111.pdf
https://link.springer.com/chapter/10.1007%2F978-981-15-7998-1_1
https://link.springer.com/chapter/10.1007%2F978-981-15-7998-1_1
https://link.springer.com/chapter/10.1007%2F978-981-15-7998-1_1
https://link.springer.com/article/10.1007/BF01078653
https://link.springer.com/article/10.1007/BF01078653
https://link.springer.com/article/10.1007/BF02922156
https://link.springer.com/article/10.1007/BF02922156
https://pubmed.ncbi.nlm.nih.gov/14693447/
https://pubmed.ncbi.nlm.nih.gov/14693447/
https://www.infona.pl/resource/bwmeta1.element.elsevier-5262f84b-809f-3319-b8e8-aca6adf38887
https://www.infona.pl/resource/bwmeta1.element.elsevier-5262f84b-809f-3319-b8e8-aca6adf38887
https://pubmed.ncbi.nlm.nih.gov/22062119/
https://pubmed.ncbi.nlm.nih.gov/22062119/
https://pubmed.ncbi.nlm.nih.gov/22062119/
https://pubmed.ncbi.nlm.nih.gov/25300217/
https://pubmed.ncbi.nlm.nih.gov/25300217/
https://pubmed.ncbi.nlm.nih.gov/25300217/
https://www.sciencedirect.com/science/article/abs/pii/S0001868613000997
https://www.sciencedirect.com/science/article/abs/pii/S0001868613000997
https://www.sciencedirect.com/science/article/abs/pii/S0001868613000997
https://pubmed.ncbi.nlm.nih.gov/31972442/
https://pubmed.ncbi.nlm.nih.gov/31972442/
https://pubmed.ncbi.nlm.nih.gov/31972442/
https://www.sciencedirect.com/science/article/abs/pii/S1387181107004714
https://www.sciencedirect.com/science/article/abs/pii/S1387181107004714
https://www.sciencedirect.com/science/article/abs/pii/S1387181107004714
https://www.sciencedirect.com/science/article/abs/pii/S1566736706002470
https://www.sciencedirect.com/science/article/abs/pii/S1566736706002470
https://www.sciencedirect.com/science/article/abs/pii/S1566736706002470
https://www.sciencedirect.com/science/article/abs/pii/S0169433209013907
https://www.sciencedirect.com/science/article/abs/pii/S0169433209013907
https://www.sciencedirect.com/science/article/abs/pii/S0169433209013907
https://pubmed.ncbi.nlm.nih.gov/27573300/
https://pubmed.ncbi.nlm.nih.gov/27573300/
https://pubmed.ncbi.nlm.nih.gov/27573300/
https://pubs.acs.org/doi/abs/10.1021/ie5045007
https://pubs.acs.org/doi/abs/10.1021/ie5045007
https://pubs.acs.org/doi/abs/10.1021/ie5045007
https://pubs.acs.org/doi/10.1021/ie501081q
https://pubs.acs.org/doi/10.1021/ie501081q
https://pubs.acs.org/doi/10.1021/ie501081q
http://ir.nsfc.gov.cn/paperDownload/1000002130808.pdf
http://ir.nsfc.gov.cn/paperDownload/1000002130808.pdf
http://ir.nsfc.gov.cn/paperDownload/1000002130808.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0925400514002597
https://www.sciencedirect.com/science/article/abs/pii/S0925400514002597
https://www.sciencedirect.com/science/article/abs/pii/S0925400514002597
https://www.sciencedirect.com/science/article/pii/S0013468612018257
https://www.sciencedirect.com/science/article/pii/S0013468612018257
https://www.sciencedirect.com/science/article/pii/S0013468612018257
https://www.sciencedirect.com/science/article/pii/S0013468612018257
https://www.infona.pl/resource/bwmeta1.element.elsevier-04fa7efb-ce2c-3d37-b649-ea6aaae2bf92
https://www.infona.pl/resource/bwmeta1.element.elsevier-04fa7efb-ce2c-3d37-b649-ea6aaae2bf92
https://www.infona.pl/resource/bwmeta1.element.elsevier-04fa7efb-ce2c-3d37-b649-ea6aaae2bf92
https://pubmed.ncbi.nlm.nih.gov/22112615/
https://pubmed.ncbi.nlm.nih.gov/22112615/
https://pubmed.ncbi.nlm.nih.gov/22112615/
https://www.sciencedirect.com/science/article/abs/pii/0927651395000674
https://www.sciencedirect.com/science/article/abs/pii/0927651395000674
https://www.sciencedirect.com/science/article/abs/pii/0927651395000674
https://www.semanticscholar.org/paper/Catechol-functionalized-aminopropyl-silica-gel%3A-and-P.-Metilda-Gladis/83cf64db1273fccfc57877c01fb52a182d00b122
https://www.semanticscholar.org/paper/Catechol-functionalized-aminopropyl-silica-gel%3A-and-P.-Metilda-Gladis/83cf64db1273fccfc57877c01fb52a182d00b122
https://www.semanticscholar.org/paper/Catechol-functionalized-aminopropyl-silica-gel%3A-and-P.-Metilda-Gladis/83cf64db1273fccfc57877c01fb52a182d00b122
https://link.springer.com/article/10.1007/s10967-005-0900-9
https://link.springer.com/article/10.1007/s10967-005-0900-9
https://link.springer.com/article/10.1007/s10967-005-0900-9
https://link.springer.com/article/10.1007/s10967-005-0900-9
https://europepmc.org/article/med/23097142
https://europepmc.org/article/med/23097142
https://europepmc.org/article/med/23097142
https://pubs.acs.org/doi/abs/10.1021/acsami.5b12031
https://pubs.acs.org/doi/abs/10.1021/acsami.5b12031
https://pubs.acs.org/doi/abs/10.1021/acsami.5b12031
https://pubs.acs.org/doi/abs/10.1021/acsami.5b12031
https://pubs.acs.org/doi/10.1021/ie503867p
https://pubs.acs.org/doi/10.1021/ie503867p
https://pubs.acs.org/doi/10.1021/ie503867p
https://pubs.acs.org/doi/10.1021/nn507485j
https://pubs.acs.org/doi/10.1021/nn507485j
https://pubs.acs.org/doi/10.1021/nn507485j
https://pubmed.ncbi.nlm.nih.gov/22378538/
https://pubmed.ncbi.nlm.nih.gov/22378538/
https://www.hindawi.com/journals/jnm/2012/132424/
https://www.hindawi.com/journals/jnm/2012/132424/
https://www.hindawi.com/journals/jnm/2012/132424/
https://www.wiley.com/en-in/Nanobiotechnology%3A+Concepts%2C+Applications+and+Perspectives-p-9783527306589
https://www.wiley.com/en-in/Nanobiotechnology%3A+Concepts%2C+Applications+and+Perspectives-p-9783527306589
https://www.degruyter.com/view/journals/pac/79/10/article-p1801.xml
https://www.degruyter.com/view/journals/pac/79/10/article-p1801.xml
https://www.degruyter.com/view/journals/pac/79/10/article-p1801.xml
https://pdfs.semanticscholar.org/3aab/7f2fd6ad05116071f9e3cb387f0d9eeef003.pdf
https://pdfs.semanticscholar.org/3aab/7f2fd6ad05116071f9e3cb387f0d9eeef003.pdf
https://pubmed.ncbi.nlm.nih.gov/22370121/
https://pubmed.ncbi.nlm.nih.gov/22370121/

Mishra A

Austin Publishing Group

35.

36.

37.

38.

39.

40.

41.

42.

43

44,

45.

46.

mineralization. J Biomater Sci-Polym E. 2013; 24: 119-134.

Wen J, Wilkes GL. Organic/inorganic hybrid network materials by the sol-gel
approach. Chem Mater. 1996; 8: 1667-1681.

Tian D, Dubois P, Jérome R. Biodegradable and biocompatible inorganic—
organic hybrid materials. |I. Synthesis and characterization. J Polym Sci A:
Poly Chem. 1997; 35: 2295-2309.

Feng X, Fryxell GE, Wang LQ, Kim AY, Liu J, Kemner KM. Functionalized
monolayers on ordered mesoporous supports. Science. 1997; 276: 923-926.

Mercier L, Pinnavaia TJ. Access in mesoporous materials: advantages of
a uniform pore structure in the design of a heavy metal ion adsorbent for
environmental remediation. Adv Mater. 1997; 9: 500-503.

Mercier L, Pinnavaia TJ. Heavy metal ion adsorbents formed by the grafting
of a thiol functionality to mesoporous silica molecular sieves: factors affecting
Hg(Il) uptake. Environ Sci Technol. 1998; 32: 2749-2754.

Dana E. Adsorption of heavy metals on functionalized-mesoporous silica: A
review. Micropor Mesopor Mater. 2017; 247: 145-157.

Mishra A, Melo JS, Sen D, D’Souza SF. Evaporation induced self assembled
microstructures of silica nanoparticles and Streptococcus lactis cells as
sorbent for uranium (VI)J. Colloid Interface Sci. 2014; 414: 33-40.

Shukla P, Mishra A, Manivannan S, Melo JS, Mandal D. Parametric
optimization for adsorption of mercury (1) using self assembled bio-hybrid. J
Environ Chem Eng. 2020; 8: 103725.

.Lei C, Shin Y, Liu J, Ackerman EJ. Entrapping enzyme in a functionalized

nanoporous support. J Am Chem Soc. 2002; 124: 11242.

Chong ASM, Zhao XS. Design of large-pore mesoporous materials for
immobilization of penicillin G acylase biocatalyst. Catal Today. 2004; 93:
293-299.

Ponamoreva ON, Kamanina OA, Alferov VA, Machulin AV, Rogova TV,
Arlyapov VA, et al. Yeast based self organized hybrid bio-silica sol—gels for
the design of biosensors. Biosens Bioelectro. 2015; 67: 321-326.

Diana Y, Volponi J, Chhabra S, Brinker CJ, Mulchandani A, SingAK. Aqueous

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

sol—-gel encapsulation of genetically engineered Moraxella spp. cells for the
detection of organophosphates. Biosens Bioelectron. 2005; 20: 1433-1437.

Kumar J, Mishra A, Melo JS. Biodegradation of methyl parathion and its
application in biosensors. Austin J Environ Toxicol. 2018; 4: 1024.

Mulchandani A, Pan S, Chen W. Fiber-optic enzyme biosensor for direct
determination of organophosphate nerve agents. Biotechnol Prog. 1999; 15:
130-134.

Roger KR, Wang Y, Mulchandani A, Mulchandani P, Chen W.
Organophosphorus hydrolase-based fluorescence assay fororganophosphate
pesticides. Biotechnol Prog. 1999; 15: 517-521.

Kumar J, Jha SK, D’Souza SF. Optical microbial biosensor for detection of
methyl parathion pesticide using Flavobacterium sp. whole cells adsorbed on
glass fiber filters as disposable biocomponent. Biosens Bioelectron. 2006;
21:2100-2105.

Kumar J, D’'Souza SF. An optical microbial biosensor for detection of methyl
parathion using Sphingomonas sp. immobilized on microplate as a reusable
biocomponent. Biosens Bioelectron. 2010; 26: 1292-1296.

Kumar J, D’'Souza SF. Immobilization of microbial cells on inner epidermis
of onion bulb scale for biosensor application. Biosens Bioelectron. 2011; 26:
4399-4404.

Kumar J, Melo JS. Microbial biosensors for methyl parathion: From single
to multiple samples analysis. Advances in Biosensors Research. 2015; 89.

Wang L, Zhao W, Tan W. Bioconjugated silica nanoparticles: development
and applications. Nano Res. 2008; 1: 99-115.

Lai CY, Trewyn BG, Jeftinja DM, Jeftinija K, Xu S, Jeftinija S, et al.
Mesoporous silica nanosphere based carrier system with chemically
removable CdS nanoparticle caps for stimuli-responsive controlled release
of neurotransmitters and drug molecules. J Am Chem Soc. 2003; 125: 4451-
4459.

Mishra A, Pandey VK, Shankar BS, Melo JS. Spray drying as an efficient
route for synthesis of silica nanoparticles-sodium alginate biohybrid drug
carrier of doxorubicin. Colloids & Surfaces B: Biointerfaces. 2020.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Plant Biol 6(1): id1024 (2020) - Page - 05


https://pubmed.ncbi.nlm.nih.gov/22370121/
https://pubs.acs.org/doi/10.1021/cm9601143
https://pubs.acs.org/doi/10.1021/cm9601143
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-0518%28199708%2935%3A11%3C2295%3A%3AAID-POLA21%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-0518%28199708%2935%3A11%3C2295%3A%3AAID-POLA21%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-0518%28199708%2935%3A11%3C2295%3A%3AAID-POLA21%3E3.0.CO%3B2-8
https://science.sciencemag.org/content/276/5314/923
https://science.sciencemag.org/content/276/5314/923
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=125670
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=125670
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=125670
https://pubs.acs.org/doi/10.1021/es970622t
https://pubs.acs.org/doi/10.1021/es970622t
https://pubs.acs.org/doi/10.1021/es970622t
https://www.sciencedirect.com/science/article/abs/pii/S1387181117302275
https://www.sciencedirect.com/science/article/abs/pii/S1387181117302275
https://www.sciencedirect.com/science/article/abs/pii/S0021979713008874
https://www.sciencedirect.com/science/article/abs/pii/S0021979713008874
https://www.sciencedirect.com/science/article/abs/pii/S0021979713008874
https://www.sciencedirect.com/science/article/abs/pii/S2213343720300737
https://www.sciencedirect.com/science/article/abs/pii/S2213343720300737
https://www.sciencedirect.com/science/article/abs/pii/S2213343720300737
https://pubmed.ncbi.nlm.nih.gov/12236718/
https://pubmed.ncbi.nlm.nih.gov/12236718/
https://www.sciencedirect.com/science/article/abs/pii/S0920586104002986
https://www.sciencedirect.com/science/article/abs/pii/S0920586104002986
https://www.sciencedirect.com/science/article/abs/pii/S0920586104002986
https://pubmed.ncbi.nlm.nih.gov/25201014/
https://pubmed.ncbi.nlm.nih.gov/25201014/
https://pubmed.ncbi.nlm.nih.gov/25201014/
https://www.sciencedirect.com/science/article/abs/pii/S0956566304002271
https://www.sciencedirect.com/science/article/abs/pii/S0956566304002271
https://www.sciencedirect.com/science/article/abs/pii/S0956566304002271
https://www.researchgate.net/profile/Dr_Jitendra_Kumar/publication/325923515_Biodegradation_of_Methyl_Parathion_and_its_Application_in_Biosensors/links/5cb42f58a6fdcc1d4995a504/Biodegradation-of-Methyl-Parathion-and-its-Application-in-Biosensors.pdf
https://www.researchgate.net/profile/Dr_Jitendra_Kumar/publication/325923515_Biodegradation_of_Methyl_Parathion_and_its_Application_in_Biosensors/links/5cb42f58a6fdcc1d4995a504/Biodegradation-of-Methyl-Parathion-and-its-Application-in-Biosensors.pdf
https://pubmed.ncbi.nlm.nih.gov/9933523/
https://pubmed.ncbi.nlm.nih.gov/9933523/
https://pubmed.ncbi.nlm.nih.gov/9933523/
https://pubmed.ncbi.nlm.nih.gov/10356272/
https://pubmed.ncbi.nlm.nih.gov/10356272/
https://pubmed.ncbi.nlm.nih.gov/10356272/
https://pubmed.ncbi.nlm.nih.gov/16298521/
https://pubmed.ncbi.nlm.nih.gov/16298521/
https://pubmed.ncbi.nlm.nih.gov/16298521/
https://pubmed.ncbi.nlm.nih.gov/16298521/
https://www.sciencedirect.com/science/article/abs/pii/S095656631000391X
https://www.sciencedirect.com/science/article/abs/pii/S095656631000391X
https://www.sciencedirect.com/science/article/abs/pii/S095656631000391X
https://pubmed.ncbi.nlm.nih.gov/21605968/
https://pubmed.ncbi.nlm.nih.gov/21605968/
https://pubmed.ncbi.nlm.nih.gov/21605968/
https://www.researchgate.net/publication/277543225_Microbial_biosensors_for_methyl_parathion_From_single_to_multiple_samples_analysis
https://www.researchgate.net/publication/277543225_Microbial_biosensors_for_methyl_parathion_From_single_to_multiple_samples_analysis
https://link.springer.com/article/10.1007/s12274-008-8018-3
https://link.springer.com/article/10.1007/s12274-008-8018-3
https://pubmed.ncbi.nlm.nih.gov/12683815/
https://pubmed.ncbi.nlm.nih.gov/12683815/
https://pubmed.ncbi.nlm.nih.gov/12683815/
https://pubmed.ncbi.nlm.nih.gov/12683815/
https://pubmed.ncbi.nlm.nih.gov/12683815/
https://europepmc.org/article/med/33166931
https://europepmc.org/article/med/33166931
https://europepmc.org/article/med/33166931

	Title
	Abstract
	Introduction
	Silica nanoparticles (silica NPs)
	Bionanotechnology
	Silica based bio-hybrid materials
	Applications of silica based hybrid/bio-hybrid materials 
	In the field of remediation
	In the field of biocatalysis
	In the field of biosensor
	In the field of developing drug carriers

	Conclusion & Future Prospective
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

