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Virus Infection







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



Endocytic pathway in mammalian cells



Barrier to non-viral gene delivery



NLS-mediated nuclear import



Barriers to DNA Delivery









Cancer Hallmark



An increasing body of research suggests that two additional hallmarks of cancer are involved in the 
pathogenesis of some and perhaps all cancers. One involves the capability to modify, or reprogram, cellular 
metabolism in order to most effectively support neoplastic proliferation. The second allows cancer cells to 
evade immunological destruction, in particular by T and B lymphocytes, macrophages, and natural killer cells. 
Because neither capability is yet generalized and fully validated, they are labeled as emerging hallmarks. 
Additionally, two consequential characteristics of neoplasia facilitate acquisition of both core and emerging 
hallmarks. Genomic instability and thus mutability endow cancer cells with genetic alterations that drive tumor 
progression. Inflammation by innate immune cells designed to fight infections and heal wounds can instead 
result in their inadvertent support of multiple hallmark capabilities, thereby manifesting the now widely 
appreciated tumor-promoting consequences of inflammatory responses.





Protein Corona



Vroman Effect



Vroman Effect

















Delivery Efficiency

< 1%ID

















EPR Effect



EPR Effect











Review



Amino Acid



Peptide bond



Primary Protein Structure
• Primary structure of a proteins is the sequence

of amino acids connected by peptide bonds.
Along the backbone of the proteins is a chain of
alternating peptide bonds and α-carbons and
the amino acid side chains are connected to
these α-carbons.



Secondary Protein Structure

• Secondary structure of a protein is the
arrangement of polypeptide backbone of
the protein in space. The secondary
structure includes two kinds of repeating
pattern known as the α-helix and β-sheet.

• Hydrogen bonding between backbone
atoms are responsible for both of these
secondary structures.





�α-Helix: A single
protein chain coiled
in a spiral with a
right-handed
(clockwise) twist.



�β-Sheet: The polypeptide chain is held in place
by hydrogen bonds between pairs of peptide units
along neighboring backbone segments.



Tertiary Protein Structure
•Tertiary Structure of a proteins The overall
three dimensional shape that results from the
folding of a protein chain. Tertiary structure
depends mainly on attractions of amino acid
side chains that are far apart along the same
backbone. Non-covalent interactions and
disulfide covalent bonds govern tertiary
structure.
•A protein with the shape in which it exist
naturally in living organisms is known as a
native protein.











Polysaccharides



Blood Type



Lipid

• Lipids are naturally occurring molecules
from plants or animals that are soluble in
nonpolar organic solvents.

• Lipid molecules contain large
hydrocarbon portion and not many polar
functional group, which accounts for their
solubility behavior.













Antibody



Antibody Binding Sites



Different Types of Antibodies



Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE)



Protein Denature



SDS-PAGE



2D PAGE



Central Dogma



•In RNA, the sugar is ribose.
•In DNA, the sugar is deoxyribose.



















Post Transcription Modification of RNA

1. RNA capping
2. PolyA tail
3. Splicing





DNA Methylation and Histone Acetylation





Self-Assembly Process in 
Nature







Surface to Volume Ratio



Surface Energy

One face surface energy: γ
27 cube: 27 x 6 γ
3 x 9 cube line: 114 γ
3 x (3x3) square: 90 γ
3 x 3 x 3 cube: 54 γ



DLVO Theory

VT = VA + VR + VS

VA = -A/(12 π D2)

VR = 2 π ε a ξ2 exp(- κD) 

A is the Hamaker constant and D is the particle separation 

a is the particle radius, π is the solvent permeability, 
κ is a function of the ionic composition and ξ is the zeta potential 





Bandgap



Bandgap



Bloch wave

A Bloch wave or Bloch state, named after Felix 
Bloch, is the wavefunction of a particle (usually, 
an electron) placed in a periodic potential. 

ϵn(k) = ϵn(k + K), 

http://en.wikipedia.org/wiki/Felix_Bloch
http://en.wikipedia.org/wiki/Wavefunction
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Particle_in_a_one-dimensional_lattice_(periodic_potential)


Electron Sea



Surface Plasmonon





Localized Surface Plasomon



Molecular Recognition



Carboxyl Presenting Surfaces

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



Amine Presenting Surface



Sulfhydryl Labeling





Silica Modification





Colorimetric Detection of DNA



50 fM => 0.2 fM







Enzyme-Linked ImmunoSorbent 
Assay (ELISA)

Labeling
BSA/PEG



GeneChip



Scheme



cDNA Microarray



hCG immunoassay

human chorionic gonadotropin (hCG)



DNA Sequencing



Sanger Sequencing



Dye Terminations





NGS Illumina

100-150 bp





Third Generation Sequencing





DNA ligase

Restriction Enzyme







Optogenetics
https://www.youtube.com/watch?v=I64X7vHSHO
E

https://www.youtube.com/watch?v=I64X7vHSHOE






Resolution



Diffraction Limit



Photoactivation localization microscopy 
(PALM)

Mean-squared position error:
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s is the standard deviation of the PSF. 
a is the pixel size in the image 
Nm is the total number of photons measured from molecule m 
bm is the number of background photons collected in the fitting window 

Russell E. Thompson, Daniel R. Larson, and Watt W. Webb, Biophysical Journal 82, 2775 (2002).
Eric Betzig, et al., Science 313, 1642 (2006).

Lateral resolution  Δxy ≈  0.61 λ / N.A.
≈ 200 nm

Axis resolution  Δz ≈ 2λ / N.A.2

≈ 450 nm 

Diffraction-limited system:









Light sheet fluorescence 
microscopy



Optical Clearing
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