
Chapter 19



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



Schematic drawing of the PCR cycle. (1) 
Denaturing at 94-96°C. (2) Annealing at (eg) 68°C. 
(3) Extension at 72°C (P=Polymerase). (4) The 
first cycle is complete. The two resulting DNA 
strands make up the template DNA for the next 
cycle, thus doubling the amount of DNA 
duplicated for each new cycle. 



(A) The DNA sequences that create the variability used in 
this analysis contain runs of short, repeated sequences, 
such as GTGTGT . . . , which are found in various 
positions (loci) in the human genome. The number of 
repeats in each run is highly variable in the population, 
ranging from 4 to 40 in different individuals. A run of 
repeated nucleotides of this type is commonly referred to 
as a VNTR (variable number of tandem repeat) sequence. 
Because of the variability in these sequences, each 
individual will usually inherit a different variant of each 
VNTR locus from their mother and from their father; two 
unrelated individuals will therefore not usually contain the 
same pair of sequences. A PCR reaction using primers 
that bracket the locus produces a pair of bands of amplified 
DNA from each individual, one band representing the 
maternal variant and the other representing the paternal 
variant. The length of the amplified DNA, and thus its 
position after electrophoresis, will depend on the exact 
number of repeats at the locus. (B) The DNA bands 
obtained from a set of four different PCR reactions, each of 
which amplifies the DNA from a different VNTR locus. In 
the schematic example shown here, the same three VNTR 
loci are analyzed from three suspects (individuals A, B, 
and C), giving six bands for each person. You can see that 
although some individuals have several bands in common, 
the overall pattern is quite distinctive for each. The band 
pattern can serve as a ³fingerprint² to identify an individual 
nearly uniquely. The fourth lane (F) contains the products 
of the same PCR reactions carried out on a forensic 
sample. The starting material for such a PCR reaction can 
be a single hair that was left at the scene of the crime. 
From the example, individuals A and C can be eliminated 
from enquiries, while B remains a clear suspect. 

PCR for Forensic Science



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
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Tail-to Tail





1nM => 50pM 
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Sequence specific 







Multiplexing by Q-dot



Silver Amplification

Catalytic reduction of Ag on Au



50 fM => 0.2 fM









1 fM

























Magnetic Separation



Magnetic Relaxation






























