
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.



How Gene Therapy Works?
• In most gene therapy studies, a "normal" gene is inserted into the 

genome to replace an "abnormal," disease-causing gene. A carrier 
molecule called a vector must be used to deliver the therapeutic
gene to the patient's target cells. Currently, the most common vector 
is a virus that has been genetically altered to carry normal human 
DNA. Viruses have evolved a way of encapsulating and delivering 
their genes to human cells in a pathogenic manner. Scientists have 
tried to take advantage of this capability and manipulate the virus 
genome to remove disease-causing genes and insert therapeutic 
genes.

• Target cells such as the patient's liver or lung cells are infected with 
the viral vector. The vector then unloads its genetic material 
containing the therapeutic human gene into the target cell. The 
generation of a functional protein product from the therapeutic gene 
restores the target cell to a normal state.



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



Endocytosis
• Phagocytosis is the process by which cells ingest large 

objects, such as cells which have undergone apoptosis, 
bacteria, or viruses. The membrane folds around the 
object, and the object is sealed off into a large vacuole
known as a phagosome. 

• Pinocytosis is a synonym for endocytosis. This 
process is concerned with the uptake of solutes and 
single molecules such as proteins. 

• Receptor-mediated endocytosis is a more specific 
active event where the cytoplasm membrane folds 
inward to form coated pits. These inward budding 
vesicles bud to form cytoplasmic vesicles. 

http://highered.mcgraw-hill.com/olc/dl/120068/bio02.swf



Endocytosis pathways 
• Macropinocytosis is the invagination of the cell membrane to form a 

pocket which then pinches off into the cell to form a vesicle filled 
with extracellular fluid (and molecules within it). The filling of the 
pocket occurs in a non-specific manner. The vesicle then travels into 
the cytosol and fuses with other vesicles such as endosomes and 
lysosomes. 

• Clathrin-mediated endocytosis is the specific uptake of large 
extracellular molecules such as proteins, membrane localized 
receptors and ion-channels. These receptors are associated with the 
cytosolic protein clathrin which initiates the formation of a vesicle by 
forming a crystalline coat on the inner surface of the cell's 
membrane. 

• Caveolae consist of the protein caveolin-1 with a bilayer enriched in 
cholesterol and glycosphingolipids. Caveolae are flask shaped pits 
in the membrane that resemble the shape of a cave (hence the 
name caveolae). Uptake of extracellular molecules are also believed 
to be specifically mediated via receptors in caveolae. 



Endocytic pathway in mammalian cells







Clathrin-mediated endocytosis





Barrier to non-viral gene delivery



NLS-mediated nuclear import



Transfection



Transient and Stable Transfection 

• Transient
– No chromosome integration
– Expression 24-96 Hr
– Super-coiled plasmid 

• Stable
– Chromosome integration
– Linear DNA
– 1 in 104

– Selection 



Challenges

• Cell targeting
• Transport through the cell membrane
• Uptake and degradation in endolysome
• Intracellular trafficking of plasmid to 

nucleus



Transfection Technology
• DEAE dextran
• Calcium phosphate
• Electroporation
• Microinjection
• Ballistic particle
• Nanoparticles

– Cationic liposome
– Cationic polyermer
– Activated dendrimer
– Gold nanoparticles
– Chitosan



DEAE-dextran
• Diethylaminoethyl (DEAE)-dextran was introduced in 

1965 (5) and is one of the oldest methods for introducing 
nucleic acids into cultured mammalian cells. The 
positively charged DEAE-dextran molecule interacts with 
the negatively charged phosphate backbone of the 
nucleic acid. The DNA–DEAEdextran complexes appear 
to adsorb onto the cell surface and be taken up by 
endocytosis. The advantages of this technique are its 
relative simplicity and reproducibility of results. 
Disadvantages include cytotoxic effects and the fact that 
the amount of serum in the culture medium must be 
temporarily reduced during the transfection procedure. In 
addition, the DEAE-dextran method is best suited for 
transient transfection only.

Dextran is a complex branched polysaccharide made of many glucose
molecules joined into chains of varying lengths. 





Calcium Phosphate
• The calcium-phosphate method was first used in 1973 to introduce 

adenovirus DNA into mammalian cells (6). The principle involves 
mixing DNA in a phosphate buffer with calcium chloride. The 
resulting calcium-phosphate–DNA complexes adhere to the cell 
membrane and enter the cytoplasm by endocytosis. Advantages of 
calcium-phosphate–based transfection are its easy handling and, 
compared with the DEAE-dextran method, its much higher suitability 
for stable transfections. However, a common disadvantage is low 
reproducibility, which is mainly caused by variation in transfection 
complex size and shape. These variations can be caused by minor 
changes in the pH of the solutions used for the transfection, as well 
as the manner in which these solutions are combined. A further 
drawback of the calcium-phosphate method is that some cell types, 
including primary cells, may resist this form of DNA transfer.





Nanocontainers

• Liposomes
• Dendrimers
• Layer by Layer Deposition
• Block Copolymer
• Shell Cross-Link



Cationic Liposome
Liposomes were first introduced in 1987 by Felgner and coworkers 
(9). The liposomes currently in use typically contain a mixture of 
cationic and neutral lipids organized into lipid bilayer structures. 
Transfection-complex formation is based on the interaction of the 
positively charged liposome with the negatively charged phosphate 
groups of the nucleic acid. The uptake of the liposome–DNA 
complexes may be mediated by endocytosis. Compared to the 
DEAE-dextran and calciumphosphate methods, liposomes often 
offer higher transfection efficiency and better reproducibility.
However, one drawback of liposome-mediated transfection is that 
the presence of serum during the transfection procedure often 
lowers the transfection efficiency. For this reason, serum is often 
omitted when transfecting with liposomes. In many cases, the 
absence of serum from the medium increases the cytotoxicity of the 
liposome. Another drawback of classical liposome-mediated 
transfection is that results



Liposomes-- StabilityStability







Block Copolymers



Polymer









Dendrimers



Dendrimer







Green Fluorescent Protein (GFP)
The green fluorescent protein
(GFP) is a protein from the jellyfish
Aequorea victoria that fluoresces
green when exposed to blue light. 



GFP Rats



Gold Nanoparticles









Parameters

• Cell density
• Amount of DNA
• Transfection reagent to DNA ratio
• Incubation period with DNA complex
• Incubation time following transfection



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



Synthesis of Nanoparticles 
and Surface Modifications



1. A solution of AgNO3 (1.0 x 10-3 M) in deionized water was 
heated until it began to boil.

2. Sodium citrate solution was added dropwise to the silver 
nitrate solution as soon as the boiling commenced. The color 
of the solution slowly turned into grayish yellow, indicating 
the reduction of the Ag+ ions. 

3. Heating was continued for an additional 15 min, and then the 
solution was cooled to room temperature before employing 
for further experimentation.

Synthesis of Silver Nanoparticles



1. Add 20 mL of 1.0 mM HAuCl4 to a 50 mL round bottom flask 
on a stirring hot plate.

2. Add a magnetic stir bar and bring the solution to a boil. 
3. To the boiling solution, add 2 mL of a 1% solution of 

trisodium citrate dihydrate
4. The gold sol gradually forms as the citrate reduces the 

gold(III). Stop heating when a deep red color is obtained.

Synthesis of Gold Nanoparticles



Comparison of Ag/Au@XBzSH
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1. Under vigorous stirring, 1 ml of the silver/ gold colloids solution was mixed with 
250 mL of isopropanol and 25 mL of deionized water.

2. Immediately after the addition of 4 mL of 30% ammonium hydroxide, different 
amounts of tetraethoxysilane (TEOS) were added to the reaction mixture. 

3. To obtain different silica layer thicknesses, TEOS solutions with a concentration 
between 50% and 100% was added to the suspension. The reaction was stirred 
at room temperature for 30 minutes and then was allowed to age without 
agitation at 4°C overnight. 

4. Each suspension of silica-coated silver/gold nanoparticles was washed and 
centrifuged, followed by re-suspension in water. The thickness of the silica 
layers was determined from TEM images .

Construction of Core Shell Ag/Au@SiO2 Nanoparticles 



SERS
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Core-Shell Nanoparticles







1. To the magnetic nanoparticle suspension obtained from commercial company, 
add 50 ml of a solution of Au (III) salt or Ag (I) salt at concentration of 0.01–1% 
mmol/L , shaking for 30 minutes, allowing Au (III) or Ag (I) ion to absorb on the 
surface of magnetic nanoparticle sufficiently, 

2. Then adding 15–40 ml of reducing agent, such as hydroxylamine hydrochloride 
at concentration of 40 mmol/L, reacting for 5–40 minutes.

3. Further adding 1–10 ml of a solution of Au (III) salt or Ag (I) salt at concentration 
of 0.01–1%, shaking for 10 minutes, coating a reduced layer of gold or silver on 
the surface of the magnetic nanoparticle, forming super-paramagnetic 
composite particles having core/shell structure, separating magnetically, 
washing repeatedly with distilled water. 

. 

Preparation of Fe3O4@Ag/Au



Nanorods



Directional Growth
Cetrimonium bromide ((C16H33)N(CH3)3Br)  (CTAB) 

Ascorbic acid 





Nanorods



Nanocube and Nanorice



Synthesis of TOPO/HDA capped quantum dots of CdSe

Cadmium acetate (0.107g, 0.4mmol) and oleic acid (0.27mL, 0.4mmol) in 1:2 ratio were placed in a two neck flask degassed 

and refilled with nitrogen, stirred at 120-130 0C under nitrogen atmosphere for 2-3 hours, obtained a clear light yellow solution. 

Then a mixture of capping reagent i.e. 6g of hexadecylamine (HDA) and 6g of tri-octylphosphine oxide (TOPO) prepared in 

separate flask was added at the same temperature and stirring was done for another 30min at temperature ~ 350 0C. The 

temperature was reduced and TOPSe was added at different temperatures at 250 0C through syringe immediately the color of 

reaction mixture became dark brown (TOPSe was prepared simultaneously in a separate vessel, appropriate quantity of Se 

(0.032g) powder was heated in 2mL tri-octyl phosphine (TOP) at 70-90 0C for about an hour to get a clear solution of TOPSe), 

stirring was continued for another 30min aliquots were taken from the reaction solution to monitor the reaction. The 

temperature of the reaction was reduced the stirring was done for another 1-2 hours. 50mL  toluene was added before the 

cooling the reaction to prevent the solidification of TOPO and HDA. It was centrifuged at 3000rpm for 15min, a pallet was 

discarded, the supernatant solution was treated with the methanol for precipitation of CdSe nano-crystals, centrifuged at 

7000rpm washed with methanol (3 x 6mL) to get product. A red residue was obtained which was re-dispersed in toluene.

Synthesis of CdSe Quantum Dots



Synthesis of CdSe Quantum dots

~610nm

~600nm

~540nm

FWHM= ~28nm ± 2

Cooperative UV and PL spectra of CdSe core



20mL (31mg, 0.16 mmol) colloidal solution of CdSe QDs from stock solution (54mg 

dissolved in 35mL toluene) was placed in a two-neck flask. TOPO (6g) and HAD (6g) were 

added and then toluene was removed through vacuum, flask refilled with nitrogen. The 

reaction mixture was heated at 350 0C for two hours. In another flask zinc acetate in 1:3 ratio 

with respect of CdSe and was dissolved in 4mL of oleic acid stirred at 120 0C for 2 hours 

obtained  a light yellow coloured solution and temperature reduced to 60-70 0C. After cooling 

to room temperature, TOPSe was mixed with Zn salt solution. And the mixture was injected 

slowly through syringe in to reaction solution of CdSe-TOPO at 180-200 0C. The stirring was 

done for another an hour. The similar procedure was followed for work up of reaction as 

avobe experiment. The final product was re-dispersed in toluene.

Synthesis of CdSe/ZnS Quantum Dots



~570nm

~610nm~560nm

Ex. 
488nm

Light emission from CdSe/ZnSe Quantum 
dots

UV-Visible and PL spectra of CdSe/ZnSe re-dispersed in toluene
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Carboxyl Presenting Surfaces

EDC (1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide Hydrochloride) 



Amine Presenting Surface



Sulfhydryl Labeling



Silica Modification

















Plasmonics



Surface Plasmon







Maxwell Equations



Surface Plasmon Polaritons (SPP)



Dielectric Constant









Nanoparticle Enhancement



Localized Surface Plasmon









Plasmonic Sensors































Confocal Raman Image
Sample: 460 nm polystyrene on silicon substrate
Image scan without EM gain

Raman spectrumRaman spectrum Raman imageRaman image

Wavelength filter : 
3011.8789 ~ 3089.2393 
cm-1

Wavelength filter : 
478.33032 ~ 562.13727 
cm-1
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Blue line: 10-4 M R6G molecules
Red line: 10-5 M R6G molecules
Yellow line: 10-6 M R6G molecules
Green line: 10-7 M R6G molecules
Black line: 10-8 M R6G molecules

50% IMax
1648 cm-1 Raman peak

1010--88M R6GM R6G

1010--66M R6GM R6G

1010--55M R6GM R6G

1010--44M R6GM R6G

1010--77M R6GM R6G



Distribution of SERS active AreaDistribution of SERS active Area

≧≧10% 10% IIMaxMax => 9.90% pixel => 9.90% pixel => 46.97% intensity=> 46.97% intensityBlue area : 0~10% enhancement Blue area : 0~10% enhancement 
Red  area : 10~100% enhancementRed  area : 10~100% enhancement

＜＜ 1% 1% IIMaxMax => 45.28% pixel => 45.28% pixel => 5.20% intensity=> 5.20% intensity

Raman peak :  1648 cm-1



Excitation laser : Ar+ laser (488 nm)

Rhodamine 
6G

The Enhancement of SERS Active The Enhancement of SERS Active 
SubstrateSubstrate

Red line: R6G on silicon 
substrate 

with 460 nm PS 
covered by 

200 nm silver film.
Blue line: R6G on silicon 
substrate 

coating with 200 nm 
silver film.

Black line: R6G on silicon 
b t t
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R6G solution



10-4 M R6G on 460 nm PS with 200 
nm Ag film coating



Tip Enhanced Raman



Droplet of AG nano particles labelled with Rodamine 6G on cover glass

Experiment Parameters:

Excitation Laser: 532 nm
Scan Range: 4 µm x 4 µm
Resolution: 100 x 100 pixel
Integration Time: 110 ms per spectrum
Feedback: SNOM AC Mode

Topography Averaged Spectra of Marked AreaIntegral Intensity of Raman 
Peak @ 1650 rel. 1/cm

Near-Field Raman Microscopy



Periodic Hole Array




