
Nanomaterials for Biodiagnostic  

• Nucleic Acid
– Genetic information for identification
– Diseases, bacterium, virus, pathogen
– PCR with molecular fluorophore, State of the Art
– Expansive, Non-portable, Non-multiplexing 

• Proteins
– Cancers and diseases, unusual high concentration of 

marker
– ELISA (~pM) with molecular fluorophore
– No PCR version



ELISA (Enzyme-Linked Immunosorbent Assay)
is a biochemical technique used mainly in immunology to detect the 
presence of an antibody or an antigen in a sample. It utilizes two antibodies, 
one of which is specific to the antigen and the other of which is coupled to an 
enzyme. This second antibody gives the assay its "enzyme-linked" name, 
and will cause a chromogenic or fluorogenic substrate to produce a signal. 



Why Nanomaterials?

• Molecular fluorophores
– Limited spectral response
– photostability

• Nanomaterials
– Small size (1-100 nm)
– Chemically tailorable physical properties
– Unusual target binding properties
– Structure robustness



Tailorable Physical Properties



Nanomaterial Detection 

• Optical
• Electrical and electrochemical
• Magnetic
• Nanowire and Nanotubes
• Nanofabrication



Colorimetric Detection of DNA



Nature, 1996, 382, 607
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Silver Amplification

Catalytic reduction of Ag on Au



50 fM => 0.2 fM
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Surface Plasmon





AC Dielectric Response 

Plasma frequency





Biomolecular Binding in Real 
Time

Principle of Detection - SPR (Surface Plasmon Resonance)



Gold-Dextran Surfaces

SPR (Surface Plasmon Resonance)
Detection System

Microfluidic System





Localized Plasmon

















Nanotechnology in Gene and 
Drug Delivery



Gene Therapy
• Gene therapy is a technique for correcting defective genes responsible 

for disease development. Researchers may use one of several 
approaches for correcting faulty genes:

– A normal gene may be inserted into a nonspecific location within the 
genome to replace a nonfunctional gene. This approach is most 
common.

– An abnormal gene could be swapped for a normal gene through 
homologous recombination.

– The abnormal gene could be repaired through selective reverse 
mutation, which returns the gene to its normal function.

– The regulation (the degree to which a gene is turned on or off) of a 
particular gene could be altered.



Vectors in gene therapy 

• Viruses 
• Envelope protein pseudotyping of viral 

vectors 
• Naked DNA 
• Oligonucleotides 
• Lipoplexes and polyplexes 
• Dendrimers 



Envelope protein



Virus Infection



Non-viral Gene Delivery
• Transfection- the delivery of foreign molecules 

such as DNA and RNA into eukaryotic cells
• Naked DNA is not suitable for in-vivo transport of 

genetic materials-> degradation by serum 
nucleases

• Ideal gene delivery system 
– Biocompatible 
– Non-immunogenic
– Stable in blood stream
– Protect DNA during transport
– Small enough to extravagate
– Cell and tissue specific









Endocytosis



Barrier to non-viral gene delivery

<45 kDa
< 250 bp



NLS-mediated nuclear import



NLS Peptide



Tat Protein



Nanoparticles

• 1-100 nm
• High surface/volume ratio
• Surface charge and size of nanoparticles
• Advantage

– Large payload
– Multiple targeting ligands
– Multiple drug

















Barriers to DNA Delivery

















Challenges for nanoparticles

• Escape from the reticulo endothelial 
system (RES)
– Polyethylene glycol (PEG)

• Tissue penetration
• Targeting
• Delivered into cells


