Bio-nanotechnology                                                                                         Lec. 4
Approaches of nanoparticles synthesis                                                        
Nanomaterial’s fabrication methods can be classified according to whether their assembly followed either: 
i) The top-down approach, a process that starts from a large piece and subsequently uses finer and finer tools for creating correspondingly smaller structures.

ii) The bottom-up approach, where smaller components of atomic or molecular dimensions self-assemble together, according to a natural physical principle or an externally applied driving force, to give rise to larger and more organized systems; 
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Physical and chemical methods 
Various physical and chemical processes have been exploited in the synthesis of organic metal nanoparticles, and there are several problems in it, such as:
-The high energy requirement in physical methods of nanoparticle synthesis. 
-The waste disposal problems in chemical synthesis, 
-Both methods are costly. 
-and generate toxic by-products are major demerits of conventional nanoparticle synthesis. 
[bookmark: _Hlk73210190][image: ]Bio-nanotechnology (Biological synthesis) 
Increasing awareness towards green chemistry and biological processes has led to a desire to develop an environment-friendly approach for the synthesis of non-toxic nanoparticles. 

Microbial synthesis of nanoparticles has emerged as an important branch of Nanobiotechnology. Due to their rich diversity, microbes and plants have the innate potential for the synthesis of nanoparticles and they could be regarded as potential bio-factories for nanoparticle synthesis. 
Advantages of Biological synthesis of metal nanoparticles 
 Most bioprocesses occur under normal air pressure and temperature, resulting in vast energy savings. 
 High-yield, low cost, non-toxic, and environmentally procedures. 
 A vast array of biological resources available in nature including (plants and plant products, algae, fungi, yeast, bacteria, and viruses) could all be employed for the synthesis of nanoparticles. 
 Both unicellular and multicellular organisms have been known to produce intracellular or extracellular inorganic materials. 
 Clean, biocompatible, non-toxic, and eco-friendly methods. 
 Biological methods are regarded as safe, cost-effective, sustainable, and environment-friendly processes. 

Disadvantages of Biological synthesis of nanoparticles
There are some drawbacks in culturing of microbes which are: 
Time-consuming and difficult in providing better control over size distribution, shape, and crystallinity of nanoparticles. 
 The biological nanoparticles are also not monodispersible and the rate of production is slow. 
 Insights gained from strain selection.
  Optimizing the conditions such as pH, incubation temperature and time, the concentration of metal ions, exposure time to substrate, and the amount of biological material. 
 There are also the possibilities of producing genetically engineered microbes that overexpress specific reducing agents and thereby, controlling the size and shape of biological nanoparticles. 
 The complete knowledge on the underlying molecular mechanisms that mediate the microbial and plant synthesis of nanoparticles is a mandate to control the size and shape as well as crystallinity of nanoparticles.

Applications of Nanoparticles                                      
 Detection of pathogenic microorganisms and specific proteins. 
 Purification and manipulation of biological components. 
 Delivery of pharmaceuticals and genes. 
 Tumor destruction by chemical or thermal means. 
 Fluorescent labeling and optical coding. 
 Contrast enhancement in magnetic resonance imaging (MRI). 
 Nanoparticles may be used to deliver DNA, RNA, and proteins. 
 Detection of viruses by nanowires. 

Biological synthesis of metal nanoparticles by: 
A- Biosynthesis of nanoparticles by bacteria 
Microbes produce inorganic materials either intra- or extracellular often in nanoscale dimensions with exquisite morphology.
 Microbial resistance to most toxic heavy metals is due to their:
  Chemical detoxification
  Energy-dependent ion efflux from the cell by membrane proteins that function either as: 
a) ATPase 
b) Chemiosmotic action 
c) Proton anti-transporters 
 Alteration in solubility also plays a role in microbial resistance.
 Therefore, microbial systems can detoxify the metal ions by: 
 Reduction 
 Precipitation of soluble toxic inorganic ions to insoluble non-toxic metal nanoclusters. 

Microbial detoxification can be made either by:
  Extracellular biomineralization, biosorption, complexation, and precipitation.
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  Intracellular by bioaccumulation. 
Extracellular production of metal nanoparticles has more commercial applications in various fields. Since polydispersity is a major concern, it is important to optimize the conditions for monodispersity in a biological process. In the case of intracellular production, the accumulated particles are of a particular dimension and with less polydispersity. 
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B. Biosynthesis of nanoparticles by fungi 
The use of fungi in producing metallic nanoparticles has received significant interest as they offer certain advantages over the use of bacteria for the synthesis of nanoparticles. 
Silver nanoparticle (AgNPs) production has been the focus of research by the scientific community, and rightly so. AgNPs have great potential in several industries such as antimicrobials and electronics.
 The fungus Fusarium oxysporum has been used in a large number of studies attempting to create metallic nanoparticles, especially those made of silver. Pure AgNPs were synthesized at a size range of 5-15 nm and it was suggested that they were capped to stable them by proteins secreted by the fungus. 
Although the most important advance in the fungal synthesis of metal nanoparticles was that F. oxysporum produced these nanoparticles extracellularly, in contrast to all previous research which reported only the intracellular production of Ag and AuNPs. 
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Fusarium oxysporum has also been shown to produce Cadmium sulfide (CdS), lead sulfide (PbS), zinc sulfide (ZnS), and molybdenum sulfide (MoS) nanoparticles when the appropriate salt is added to the growth medium. 
A later study on the production of AgNPs was done by used Aspergillus fumigatus to synthesize extracellular silver nanoparticles in the size range of 5-25 nm. This range in size was larger than previously reported by F. oxysporum, which might cause a disadvantage when application predictability comes into play, as it would be difficult to predict the catalytic activity of the nanoparticles produced if their sizes are different in every batch. 

Disadvantages of fungal biosynthesis of nanoparticles 
 A majority of the filamentous fungi (eg, Aspergillus fumigatus) that have reportedly been used for extracellular biomass free synthesis of AgNPs are pathogenic to plants and/or humans. Thus, there is a need for developing a newer/ novel approach to testing a nonpathogenic fungus for the successful synthesis and capping of nanosized silver particles.
  The genetic manipulation of eukaryotic organisms as means of overexpressing specific enzymes (eg, the ones identified in synthesis of metallic nanoparticles) is relatively much more difficult than that in prokaryotes. 

Advantages of fungal biosynthesis of nanoparticles 
Fungi are more advantageous compared to other microorganisms in many ways:
  Fungi could be a source for large amount production of nanoparticles because they are known to secrete much higher amounts of proteins, thus might have significantly higher productivity of nanoparticles in biosynthetic approach compared with bacteria. 
 Because of their tolerance and metal bioaccumulation ability, fungi are taking the center stage of studies on the biological generation of metallic nanoparticles.

· Fungi are extremely efficient secretors of extracellular enzymes; it is thus possible to easily obtain large-scale production of enzymes.
  It is economic viability and ease in handling biomass. 

C. Virus mediated biosynthesis of nanoparticles 
Some biological molecules like fatty acids, amino acids, and polyphates are used as templates in the growth of semiconductor nanocrystals. In particular, by changing the ratio of different fatty acids (chain lengths), shapes of CdSe, CdS, and CdTe nanocrystals can be achieved. 
Interestingly, the tobacco mosaic virus (TMV) was used as a template for the synthesis of iron oxides. It happened with the help of external groups of glutamate and aspartate on the external surface of the virus. 
Self-assembled viral capsids of genetically engineered viruses were exploited as biological templates for the assembly of quantum dot nanowires. 
Recently, it has been found that the HIV-1 virus binds exclusively to silver nanoparticles whose size is in the range of 1–10 nm.
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