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The enormous complexity and diversity of bioconjugates presents a great challenge
to researchers attempting to reveal their chemical basis and functional aspects. Enzymes
and other biopolymers regulate and perform biochemical functions by binding to ligands.
Accordingly, characterizing the nature of ligands of bioconjugate crucial to understand
biochemical processes, aiming at the detection of a particular analyte. Qualitative and
quantitative detection of analytes is critical in any target samples for accurate detection.
Analytical biochemistry exploits an intrinsic physicochemical property of the biomolecule
to generate a unique signal, thus circumventing the detection of an analyte. In comparison
to chemical methods biological methods employing bioconjugates are often more
sensitive. Traditional analytical methods require significant biochemical protocols that are
time consuming and require advanced equipments, limiting their applicability. There is an
urgent need to develop stable bioconjugates for economical and rapid detection of analytes
that would be usable in locations far away from laboratories or in a remote geographical
location. Few biosensor applications employ optical techniques such as surface plasmon

resonance to detect binding of analytes to biomolecules immobilized on a surface.

Introduction

Bioconjugation is an important field of research resulting into
the formulation of bioconjugates for varied applications. Scope of
bioconjugation is established in the chemical industry. A prominent
example is the use of immobilized nitrile hydratase for the
production of acrylamide from acrylonitrile [1]. In biological fields
proteins and other biopolymers regulate and perform biological
functions by binding to ligands. Discovering and characterizing the
natural ligands of biopolymers is crucial to understand biological
processes [2]. The bioconjugates of enzyme immobilized on
electrode surface has been used for qualitative and quantitative
detection of analytes in clinical samples [3]. Reactive functional
groups such as primary amines, thiols or carboxylate present on the
protein can be coupled to molecules on the nanoparticles surface
using any number of cross-linking chemistries [4]. Novel methods
for the mild and site-specific derivatization of proteins, DNA, RNA
and carbohydrates have been developed for applications such as
ligand discovery, disease diagnosis and high through screening
[3,5]. Biomolecule-nanoparticles conjugates are increasingly
important in a wide range of applications including bioanalysis,
imaging and nanomedicine.

In particular protein-nanoparticles bioconjugates have been
used as electron-dense biospecific stains in electron microscopy
for many years [6-10]. Gold nanoparticles were used for extraction
of polycyclic aromatic hydrocarbons in drinking water [11]. Liu et
al. [12] reviewed the use of nanoparticles for detection and reme-
diation of environmental pollutants. Nanoparticles are frequently
employed to aid the detection of environmental pollutants as a
preconcentration medium or analytical sensor. These applications
take advantage of the unique features of nanoparticles such as their
large surface areas and their unique photochemical, electronic or
magnetic properties. Chen et al. [13] reviewed the application of
nanomaterials and nanotechnology in biosensors. Many novel na-
nomaterials with unique properties are increasing being exploited
to apply for biosensor, improving the property of biosensor and
making them higher selectivity and sensitivity, less response time
and lower detective limitation. Gold nanoparticles are of great in-
terest due to their fascinating optical properties and their promis-
ing applications [14]. Cristina et al. [15] reported different methods
for the extraction of phenol constituents from environmental sam-
ples which include water, sediments and soil. Gold-coated silica
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nanoparticles were prepared as a preconcentration phase for the
determination of mercury in natural water [16]. The presence of
gold nanoparticles in biosensor provides a biocompatible microen-
vironment for biomolecules, greatly amplified the immobilized
amount of biomolecules on the electrode surface and improved the
sensitivity of the biosensor [17].
Mini Review

The conjugation of enzymes with gold nanoparticles can lead
to the retention or even to an increase of their biological stability/
activity [18]. Enzyme nanoparticles conjugates that take advantage
of the catalytic activity of bound enzymes have been reported
for bio-analytical and biotechnological applications [19]. Certain
phenolic compounds are specific substrates for the enzymes
tyrosinase and dehydrogenase and nonspecific for peroxidases
and dehydrogenases [20]. Based on the above properties, both
electrochemical and optical methods for the detection of pesticides
and phenols have been developed. The best performing biosensor
in terms of sensitivity, limit of detection, throughout operational
and storage stability was reached for one where tyrosinase
was immobilized in nafion [20]. The use of gold nanoparticles
immobilized together with an enzyme in an electrode membrane
have been shown to improve the response of the enzyme electrode
where gold nanoparticles of small size allow more freedom in
the orientation for the anchored protein molecules and hence
maximize the utilization of their bioactive sites [21]. Methods
for tyrosinase immobilization reported in the literature include
physical adsorption [22], covalent cross linking [23], incorporation
within carbon paste [24-25], immobilization in polymer films
[26] or composites [27], covalent immobilization on the electrode
surface [28-29] and entrapment in a sol gel matrix [30]. Jacqueline
and Christine [31] reported the synthesis and characterization
of bioconjugates in which the enzyme Malate Dehydrogenase
(MDH) and Citrate Synthase (CS) were adsorbed on commercially
synthesized gold nanoparticles. Single active bioconjugate was
prepared by adsorbing single enzyme on gold nanoparticles
where as dual active bioconjugates were prepared in three way by
adsorption of MDH followed by CS; by adsorption of CS followed by
MDH and by adsorption of both enzymes from the same solution.

A tyr-AuNps/BDD biosensor was obtained by immobilizing
tyrosinase with gold nanoparticles on electro-deposited boron
doped diamond (BDD) [32]. Xiangyi etal. [33] prepared bioconjugate
of chemically synthesized gold nanoparticles and commercially
obtained Horse Raddish Peroxidase and it was characterized by
Resonance Light Scattering Correlation Spectroscopy (RLSCS).
Development of bioconjugate of tyrosinase gold nanoparticles
functionalized with peptide (CALNN) was produced [34] by
immobilizing commercially available mushroom tyrosinase with
chemically synthesized gold nanoparticles capped with peptide
(CALNN). Further, effect of pH on the activity of tyrosinase and
bioconjugate was determined. A novel immobilization strategy

based on self-assembled monolayers (SAMS) technique has been
used to immobilize tyrosinase for the determination of phenolic
compounds. Amperometric tyrosinase biosensor was formed by
the spontaneous assembly of thiolor sulphur compounds from
solution onto gold electrode. The variables of the experiment
such as pH and applied potential on the amperiometric signal for
the enzyme electrode were optimized and also stability of the
enzyme electrode was estimate [32]. Kim et al. [35] has prepared
tyrosinase gold bionanoconjuagtes on nanostructural gold
surfaces. The immobilized bionanoconjugates of tyrosinase and
gold nanoparticles prepared by SAM of thiolates on nanostructured
gold surfaces gold nanoparticles were functionalized with
mercaptoundeconoic acid (MUN) and second conjugated with
tyrosinase producing were then adsorbed on the surface of
cationic SAM (11-amino-1-Undecanethiol hydrochloride) on the

Piezoelectric quartz crystal coated with gold.

Applications of Bioconjugate

Kinnattura et al. [36] reported the use of nanoparticles for the
removal of pesticides as common contaminants in waste water.
A novel reaction nanoscale for drinking water purification was
done by the use of noble metal nanoparticl. The severely toxic
contaminants such as pesticides, halogenated organics, heavy
metals and microorganisms, found in drinking water were removed
and detected by using nanoparticles. Kinnattura et al. [36] detected
the presence of parts per billion (ppb) levels of Chloropyrifos and
Malathion, two common pesticides found in the surface water.
Enzyme biosensor based on tyrosinase for the detection of phenol
compounds have been attracting great interest for fast and simple
detection of pesticides [17,35,37] or phenol compounds in food.
Duran and Esposito [38] reported that a number of oxidative
enzymes from bacteria, fungi and plants to play an important
role in numerous waste treatment applications. Tyrosinase which
catalyzes the hydroxylation of phenols and dehydrogenation of
o-diphenols in an immobilized form exerted an excellent phenol
removal. Bevilaqua et al. [39] studied the use of biological and
combined biological/ enzymatic treatments in phenol degradation.
Biological treatment efficiently degraded effluents up to 99% in 48
h, whereas enzymatic pretreatment with tyrosinase removes phenol
by 25% after 2 h of reaction. Caecillia and Henry [40] reported the
action of tyrosinase produced from mealworms on phenols.

The action of tyrosinase on catechol formed pink color and
after some time gave reddish brown precipitate, this being due to
antioxidation to o-benzoquinone which then reacts with the aniline.
Thebufferedsolutionofphenol, p-cresol, m-cresoland homocatechol
by the action of tyrosinase became orange-yellow, orange-brown or
reddish brown. A tyrosinase modified solid composite biosensor
has been developed and its applications for the determination of
phenol and related compounds in environmental samples were
recorded [41]. Leona et al. [42] reported the catalytic activity of
tyrosinase purified from Psuedomonas putida F6, Streptomyces
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antibioticus and Agaricus bisporus towards mono and diflorinated
monophenols. The relationship between monophenol substrate
utilized and color intensity of the product was determined by molar
extinction co-efficient method [43]. Hamed et al. [44] used purified
tyrosinase from Bacillus thurengensis for the decontamination
of water polluted with phenol consitutents. Ramiz et al. [45]
developed a new type of paper based bioassay for the colorimetric
detection of phenolic compounds including phenol, bisphenol A,
catechol and cresols present in tap water and river water samples.
The sensor is based on layer by layer assembly approach on filter
paper by physically trapping the mushroom tyrosinase in these
layers. The senor response is quantified as a color change resulting
from the specific binding of the enzymatically generated quinine on
the paper.

The sensor showed excellent storage stability at room
temperature for several months with 92% residual activity after
260 days of storage. Marcella et al. [46] developed a low cost,
portable and disposable paper-based bioassay for phenolic
compounds. Mushroom tyrosinase immobilized on filter paper
with 3-Methyl-2-benothiazolinone hydrazone (MBTH) detects
the phenol in wine by forming stable colored adducts with their
enzymatic products. The proposed assay has the advantage of
rapidity and simplicity over other detection methods without need
of sophisticated instrumentation and trained personnel. Tyrosinase
based biosensors might be interesting devices for fast analytical
screening of phenols, especially if gold nanoparticles are used as
mediators of the direct electron transfer (DET) reaction between
enzyme and electrode substrate. Mushroom tyrosinase was used
to remove phenol constituents from waste water. The effect of
pH on catalytic activity of tyrosinase was studied. Tyrosinase was
unstable under acidic conditions and at elevated temperatures
and about 50% detection was observed at pH ranging between
5.0 and 8.0 [47]. Kartin et al. [48] has isolated tyrosinase from
Streptomyces antibioticus for the preparation of bi enzymatic
biosensor with glucose dehydrogenase for phenol detection. Sung
et al. [49] developed a highly sensitive mushroom tyrosinase
based amperometric biosensor using biologically designed gold
nanowires (AuNws) for pesticides detection. Narayan and Agarwal
[50] reviewed the current research based on removal of phenol
from waste streams based on class oxidoreductases such as
peroxidase, polyphenoloxidase (tyrosinase) and laccasses. Svitel
and Miertus [51] developed tyrosinase based biosensor following
electrochemical method for the determination of phenol and
related compounds in environmental samples. A biosensor was
described for the detection of phenolic compounds in water and
it was constructed by immobilizing tyrosinase in a thin layer of
Eastman AQ polymer on the surface of a screen-printed electrode
[52]. Tyrosinase based biosensor was developed for the detection
of phenol constituents by immobilizing tyrosinase on colloidal gold
modified carbon paste electrode [53].

The stability of biosensor is usually considered as one of the
key factor considerably hampering the practical applicability
of biosensor. The operation stability of biosensor was tested by
repetitive measurements during one month [41]. Duran et al. [38]
reported that amino acids bind effectively to gold nanoparticles
through the amine groups have been used in the immobilization
of proteins and enzymes on gold nanoparticles, as means of
developing a simple biocatalyst with good reuse characteristics,
pH, temperature and stability. Immobilization of enzymes directly
on gold nanoparticles in solution yielded excellent catalytic activity
of the enzymes and in many cases enhancement in the enzyme
thermal stability as well. A more practical and still highly sensitive
detection method based on nanostructured surfaces demonstrates
immense promise [31]. In this direction, understanding the surface
chemistry of the biogenic nanoparticles is most important in the
development of a desired bioconjugate for the detection of phenol
constituents from the polluted environmental samples. Enzyme-
nanoparticles conjugates are increasingly important in a wide

range of applications mainly bioanalysis.
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