
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



Movie http://www.youtube.com/watch?v=_YgXcJ4n-kQ







Real-time PCR



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









1nM => 50pM 



60-500 nM









Sequence specific 







Silver Amplification

Catalytic reduction of Ag on Au



50 fM => 0.2 fM







1 fM

























Cell Culture



Hemacytometer



Fluorescence Imaging Scheme

















Surface Functionalization

















• Size dependent emission spectra
• Single excitation
• Higher photostability
• Narrow emission peak
• Low toxicity for coated quantum dots









Optical Properties

• Broadband Absorption
– Single laser excitation

• Sharp Emission
– 20-30 nm symmetric emission 

• High Quantum Yield
– 20 x more than R6G

• Good Photostability
– 100 x more stable for R6G (4 Hrs vs 10 mins)

• Loner fluorescent lifetime (20-40 ns vs 5 ns)



Structure 
• Core quantum dot

– CdSe, hydrophobic, not stable, lower QE (~5%)
– Defects =>Trap state 

• Core-shell quantum dot
– ZnS/CdSe, hydrophobic, stable, higher QE (~50%)
– Coated with higher bandgap materials or passivation

reduces defects
• Water soluble quantum dot

– Hydrophilic polymer coating
• Quantum dot bioconjugation

– Bioconjugate to hydrophilic quantum dot





Photo Stability





QD Blinking









Multiplexing by Q-dot



Encoding





Quantum Dot Bio-conjugation



Q-dot Aggregation

Clustering Clustering

Non-Clustering



Biotinylated Cell 

Cell + Biotin



Q-dot Antibody Labeling
ab-Q-dot anti-ab-Q-dotQ-dot Q-dot



QDs conjugated with (1)nuclear- and(2) mitochondria-targeting 
ligands. 

(NLS)



• We report in this article the synthesis of water-soluble gold nanoparticles functionalized with a Tat 
protein-derived peptide sequence

Au@tiopronin with the Tat protein-derived 
sequence (GRKKRRQRRR) was carried out 
using the reactivity of the free carboxyl group of 
the tiopronin (Scheme 1).

the specificity of Au@Tat particles to be 
translocated and accumulate in the cell nucleus.





• Adv. Mater. 2004,16, no.12,961

(1)23mer nuclear localization sequence peptide from SV40 T 
antigen plus additional residues.

(2) 28mer mitochondrial localization sequence peptide



• The polyhistidine sequence allows the peptide to self-assemble onto the QD surface via metal-
affinity interactions, -

• (2) CdSe- Zns QDs- HIV 1



Figure 3. QD-CPP internalization 
and colocalization within endocytotic
vesicles.

QDs –peptides assemlies were 
colocalized within endosomes. 



• JACS,2003, 125, 4700



Feldherr has shown that peptide #1, the 
NLS from SV-40 virus, is translocated
to the nucleus when attached to gold 
nanoparticles, if the particles are injected 
into the cytoplasm.2e 

Surprisingly, when these complexes
were added to cell growth media, they were 
found inside the cytoplasm of HepG2 cells; 
however, they did not enter the nucleus.

NLS RME

NLS+RME

•JACS,2003, 125, 4700



The NLS-qdot conjugates are observed either in the cell nucleus (Figure 
2, panel A) or in the perinuclear region (Figure 2, panel B).



The general direction of 
movements of the
NLS-qdots goes from the 
periphery of the cytoplasm to the 
perinuclear region (Figure 4A).


