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Abstract 

Nanobio materials are at the leading edge of the rapidly developing field of nanobiotechnology. Their unique size-
dependent properties make these materials superior and essential in many areas of human activity. Examples include 
Fluorescent biological labels, cancer therapy, drug and gene delivery, protein detection and separation and 
purification of biological molecules and cells etc. However Nanobio materials can also be applied to build novel 
electronic devices. For instance, the unique properties of carbon-nanotubes (CNT) have paved the way to new and 
improved sensing devices in general and electrochemical biosensor in particular. The greatly enhanced reactivity of 
hydrogen peroxide and NADH at CNT-modified electrodes makes these nanomaterials extremely attractive for 
numerous oxidase- and dehydrogenase-based amperometric biosensors. This review tries to summarise the most 
recent developments in the field of applied nanobio materials, in first step. Secondly, common designs of CNT-based 
biosensors are discussed along with practical examples of such devices. 

Keyworks: Nanobio materials,  drug and  gene delivery,  carbon - nanotubes, electrochemical biosensor, 
amperometric enzymes. 
1. Introduction 
Nanotechnology is enabling technology that deals with nano-meter sized objects. It is expected 
that nanotechnology will be developed at three major levels: materials, devices and 
systems/machines and indeed nanobiotechnology follow this roles. The nanobio materials level 
is the most advanced at present, both in scientific knowledge and in commercial applications. 
Living organisms are built of cells that are typically 10 µm across. However, the cell parts are 
much smaller and are in the sub-micron size domain. Even smaller are the proteins with a 
typical size of up to 5 nm, which is comparable with the dimensions of smallest manmade 
nanoparticles. This simple size comparison gives an idea of using nanoparticles as very small 
probes that would allow us to spy at the cellular machinery without introducing too much 
interference. However nanoparticulate bioproducts are of colloidal size and they are generally 
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sophisticated biological structures composed of one or more types of proteins, lipids and/or 
nucleic acids, such as plasmid DNA and viruses as putative gene therapy vectors, 
macromolecular assemblies as drug delivery vehicles and virus like particles as vaccine 
components etc (Figure 1). Therefore specific fabrication procedures as well as downstream 
techniques need to be taken into account[1-4]. 
As for the second level of nanotechnology, i.e. nanodevices, carbon nanotubes (CNT) have 
become the subject of intensive investigation. CNT can display metallic, superconducting 
electron transport, possess a hollow core suitable for storing quest molecules. Resent studies 
demonstrated that CNT can enhance the reactivity of biomolecules and can promote the 
electron-transfer reactions of protein. In addition CNT-modified electrodes have been shown 
useful to accumulate important biomolecules, e.g. nucleic acids, and improve surface fouling 
effects. The remarkable sensitivity of CNT conductivity to the surface adsorbates permits the 
use of CNT as highly sensitive nanoscale biosensors. These properties make CNT extremely 
attractive for a wide range of electrochemical biosensors ranging from amperometric enzyme 
electrodes to DNA hybridization biosensors. To take advantages of the remarkable properties of 
theses unique nanomaterials in such electrochemical sensing application, the CNT need to be 
properly functionalized and immobilized [5-6].  
The aim of this review is firstly to give a historic prospective of nanobio material fabrication, 
purification as well as application in different areas, secondly try to overview the most recent 
developments in this field. Furthermore, this paper summarizes the resent advances in the use of 
CNT for electrochemical biosensors. Specially, amperometric enzymes electrodes based on the 
accelerated oxidation of NADH or hydrogen peroxide by the use of CNT molecular wires, 
bioaffinity devices particularly DNA biosensors derived from the enhanced detection of the 
product of the enzyme label or of the target guanine, will be discussed. 
 
2. Nanobio Materials 
 
2.1 Drug delivery and cancer therapy 
Colloidal drug delivery systems such as microspheres, liposomes  and emulsions are now used 
as intravenously injected carriers for delivery of drugs to specific organs or target sites within 
the body. The major advantage of colloidal drug carrier system is the possibility of drug 
targeting by a modified body distribution as well as enhancement of cellular uptake of a number 
of substances[7]. Among these colloidal systems those based on nanoparticles maybe very 
promising since they are biodegradable and non-antigenic and due to their small size they can 
escape from capillary systems (see below).  
Photodynamic cancer therapy is based on the destruction of the cancer cells by laser generated 
atomic oxygen, which is cytotoxic. A greater quantity of a special dye that is used to generate 
the atomic oxygen is taken in by the cancer cells when compared with a healthy tissue. Hence, 
only the cancer cells are destroyed then exposed to a laser radiation. The hydrophobic version of 
the dye molecule is enclosed inside a porous nanoparticle. The dye stayed traps inside the 
Ormosil nanoparticle and does not spread to the other parts of the body [8].  
 
2.2 Protein detection and synthetic protein nanoparticles 
Gold nanoparticles are widely used in immunohistochemistry to identify protein-protein 
interaction. Surface-enhanced Raman scattering spectroscopy is a well-established technique for 
detection and identification of single dye molecules. By combining both methods in a single 
nanoparticle probe one can drastically improve the multiplexing capabilities of protein probes. 
A sophisticated multifunctional probe that is built around a 13 nm gold nanoparticle has been 
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recently designed. The nanoparticles are coated with hydrophilic oligonucleotides containing a 
Raman dye at one end and terminally capped with a small molecule recognition element (e.g. 
biotin). Apart from being able to recognise small molecules this probe can be modified to 
contain antibodies on the surface to recognise proteins [9]. 
However, synthetic protein nanoparticles are an example of natural macromolecules that have 
been produced as putative drug delivery vehicles for delivery of intravenous drugs to specific 
organs or target sites within the body (Figure 2). Albumin, Gelatin and Lygomin are examples 
of proteins which are widely used to prepare nanoparticles [10]. 
 
2.3 Second biotechnological products generation (Nanoparticulate bioproducts) 
There has been much interest generated in the fabrication and recovery of nanoparticulate 
bioproducts such as plasmid DNA and viruses as putative gene therapy vectors, macromolecular 
assemblies as drug delivery vehicles and virus like particles as vaccine components (Table 1). 
Such product must be manufactured in advanced stages of purity, material definition and 
sophisticated formulation to rival those demanded of the pharmaceutical macromolecules which 
dominate as first generation products. Nanoparticulates are characterised by a critical size range 
(20-300 nm diameter) and complexity of surface chemistry and internal organisation which pose 
new challenges in separation science and engineering, controlled chemistries of modification 
and material measurement not readily addressed by extant technologies [4, 11]. 
 
2.4 Manipulation of cells and separation of nanoparticulate bioproducts 
Functionalised magnetic nanoparticles have found many applications including cell separation 
and probing. Most of the magnetic particles studied so far are spherical, which somewhat limits 
the possibilities to make these nanoparticles multifunctional. Alternative cylindrically shaped 
nanoparticles can be created by employing metal electrodeposition into nanoporous alumina 
template. Depending on the properties of the template, nanocylinder radius can be selected in 
the range of 5 to 500 nm while their length can be as big as 60 µm. As surface chemistry for 
functionalisation of metal surfaces is well developed, different ligands can be selectively 
attached to different segments [12]. 
As for separation of nanoparticulate bioproducts, it may conclude from section 2.3 that 
problems governing the production of nanoparticulate highlight the need to consider specific 
downstream processing steps (Figure 3).  Among the various non-conventional methods which 
have recently received attention are selective precipitation, filtration with affinity membranes, 
adsorption with customised adsorbents, subtractive chromatography and modified aqueous two-
phase extraction. In general, ideal steps should ensure that the product stability is maintained 
and that the product can be recovered from large culture volumes [13]. Additionally, the 
operation must be easily scalable and have a relatively low cost while the processing of the end 
product must meet the Food and Drug Administration (FDA) standards for biological 

therapeutics.  
  
3. Nanobio Devices  
Due to the unique behavior of CNT, including their remarkable electrical, chemical, mechanical 
and structural properties it has been the subject of intense study since their discovery. CNT can 
be made by chemical vapor deposition, carbon arc methods, or laser evaporation and can be 
divided into single-wall carbon-nanotubes (SWCNT) and multi- wall carbon-nanotubes 
(MWCNT). SWCNT possess a cylindrical nano-structure formed by rolling up a single graphite 
sheet into a tube (Figure 4). MWCNT comprise of several layers of grapheme cylinders that are 
concentrically nested like rings of a tree trunk. 
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3.1 CNT based enzyme electrodes 
Enzyme electrodes combine the specificity of enzymes with the analytical power of electrical 
devices, and are extremely useful for clinical diagnostics or environmental monitoring. The 
attractive low-potential detection of hydrogen peroxide and NADH, along with the minimal 
surface passivation duringthe oxidation of NADH, makes CNT attractive for oxidase and 
dehydrogenase based enzyme electrodes. Many of theses enzymes catalyze specifically the 
reactions of clinically important analytes (e.g., glucose, lactate, cholesterol, amino acids, urate, 
pyruvate, glutamate, alcohol, hydroxybutyrate) to generate the electrochemically detectable 
products NADH and hydrogen peroxide. Similar sensitivity and stability improvements have 
been illustrated for electrochemical biosensors based on other enzymes, including tyrosinase, 
peroxidase, organophosphorous hydrolase or alkaline phosphatase. 
A number of application in this field are as follow: CNT-based amperometric tranducers, CNT-
based oxidase biosensors (Figure 5), CNT-promoted direct electron transfer of glucose oxidase 
(GOX) and other enzymes (Figure 6), CNT-based dehydeogenase biosensors, CNT-based 
peroxidase and catalase biosensors, Miscellenous enzyme electrod based on CNT [5,6]. 
 
3.2 CNT based electrochemical DNA sensors 
DNA biosensors, based on nucleic acid recognition processes, are rapidly being developed 
towards the goal of rapid, simple and inexpensive testing of genetic and infectious disease. 
Electrochemical hybridization biosensors rely on the immobilization of a single-standard (ss-) 
DNA probe onto the transducer surface that converts the duplex formation into a useful 
electrical signal. The performance of such devices can greatly benefit from the use of CNT. 
Such improvements are attributed to enhanced detection of the target guanine or of the product 
of an enzyme label, as well as to the use of CNT carrier platforms. For instance, an array of 
vertically aligned MWCNT embedded in SiO2 has been shown useful for ultrasensitive 
detection of DNA hybridization (Figure 7). Highly sensitive bioelectronic protocols for 
detecting of proteins and DNA were also described recently based on the coupling of several 
CNT-drived amplification processes [14] . 
 
4. Conclusion 
The majority of commercial nanobio material applications are geared everywhere particularly 
towards drug delivery. In biosciences, nanoparticles are replacing organic dyes in the 
applications that require high photo-stability as well as high multiplexing capabilities. There are 
some developments in directing and remotely controlling the functions of nano-probes, for 
example driving magnetic nanoparticles to the tumour and then making them either to release 
the drug load or just heating them in order to destroy the surrounding tissue. It can also be 
anticipated that if large scale fabrication of subtractive chromatography adsorbents is successful, 
the application of such adsorbents in the recovery of nanoparticulate bioproduct, will contribute 
to the de-bottlenecking of current biopharmaceutical manufacture.  
The major trend in further development of nanobio material is to make them multifunctional 
and controllable by external signals or by local environment thus essentially turning them into 
nano-devices. The use of CNT molecular wires offers great promise for achieving efficient 
electron transfer from electrode surfaces to the redox sites of enzymes. Better control of the 
properties of CNT and understanding of their usage should lead to more efficient electrical 
sensing devices. Such developments suggest that future interdisciplinary efforts could yield new 
generations of CNT-based biosensors for a wide range of applications. It is thus fair to say that 
the real biosensing opportunities of CNT still lie in the future. 
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Table 1: Examples of nanoparticulate bioproducts with increasing demand. 
 

Vector Titre/ concentration Location 
Viral vectors   

MMLV (retrovirus)  106 pfu ml-1 extracellular 
HIV (retrovirus) 106-107 pfu ml-1 extracellular 

Adenovirus 1012 pfu ml-1 intracellular 
Non-viral vector   
Plasmid DNA 4 -220 µg ml-1 intracellular 

Protein vaccine   
Recombinant protein 10 -100 µg ml-1 Intra-or extracellular 

 
The table shows a selection of nanoparticle used as gene therapy vectors or vaccines. Titres are 
given in plaque forming units (pfu) per unit volume of fermentation medium [4].  

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Structure of a nanoparticle (e.g. adenovirus structure). 
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Figure 2: AFM picture (a) and electron microscopy (b) of synthetic BSA nanoparticle  
 
 
 
 

 
 

Figure 3: Confocal microscopy images of commercial adsorbents contacted with 
fluorescently labelled nanoparticulate bioproducts.  
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Figure 4: Schematic structure of SWCNT. 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5: Schematic picture of two electrodes connecting a semi-conducting SWCNT with 
GOx enzyme immoblised on its surface. 
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Figure 6: Assembly of the SWCNT electrically-contacted glucose oxidase electrode. 
 
 
 
 

 
  

Figure 7: Use of CNT electrode array for sensitive detection of DNA hybridization 
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