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Oral Presentation 

1.  20 minutes each person 
2.  One major reference (2010-2012) 
3.  Source: Nature, Science, Nature 

Biotechnology 
4.  Other journals: Nano Letter, Advanced 

Materials, PNAS, JACS, PRL 



History 

•  Atom 
•  Earth, Air, Water Fire 

SEM:  20-40 nm  
Silver 66.2% 
Gold 31.2% 
Copper 2.6% 

Red – gold at 520 nm 
Purple- larger nanoparticles 
Green- scattering >40nm 



Faraday’s Gold Sol 

1856 
20-40 nm gold 



What is nano? 

http://cohesion.rice.edu/CentersAndInst/CNST/emplibrary/Scale%20of%20Nanotechnology.jpg




Nanosciences and Nanotechnology 

•  Science 
– Theory 
– Experiment 

•  Technology 
– Development 
– Applications 
– Commercialization 



Nanotechnolgy 

•  Top-Down Approach  
•   Lithographic, Manipulation, Industrial 

process 

•  Bottom-Up 
•   Self-assembly, natural process 



What is nanobiotechnology 

•  Nano + Bio  
•  Nano-fabrication => nanopatterning, 

NEMs 
•  Nano-manipulation => optical, electrical, 

acoustic, thermal, magnetic, mechanical 
•  Nanomaterials => Q-dots, SERS, 

Plasmon, Magnetic 
•  Nano-imaging => SPM, optical tool, EM  



What is nanobiotechnology


•  Bio + nano 
•  DNA assembly 
•  Cell factory 
•  Molecular motor 
•  Energy  



Building Block 

•  Log, Brick 
•  High energy physicist –quark 
•  Physicist-proton, neutron, electron 
•    periodic table 
•  Chemist- molecule 
•  Biologist- cells 



How to assemble them 

•  Thermodynamic 
•  Chemical bond 
•  Hydrogen bond 
•  Electrostatic 
•  Van der Waals interaction 
•  Other interactions 



Self-Assembly Process in 
Nature 



Topics 
Fundamental Knowledge and Current Literatures  

•  Analytical Chemistry 
•   Spectroscopic tools 
•   Microarray 
•   Cell-surface interaction 

Ultrasensitive detection 
•  Physical Chemistry 
•   Single molecular behavior (Optical and AFM)  
•   Optical properties of Q-dot  
•   SERS 
•   Surface plasmon 
•  Material Chemistry: 
•   Nanomaterials: Q-dot, nanoparticle, DNA assembly 
•   Surface functionalization 
•   Drug delivery 
•   DNA, Protein, Cell interactions 
•      



1. Review of biochemistry and cell 
biology 

–  Building blocks 
•  Lipid 
•  Carbohydrate 
•  Amino acid 
•  Nuclear acid 

–  Structural function relation 
–  Central dogma 
–  Enzymatic reactions 
–  Cells 
–  Virus and bacteria 



2. Micro-  and Nano- Fabrication 
and Characterization Techniques  

•  Photolithography 
•  Soft-lithography 
•  E-beam lithography 
•  AFM/STM 
•  Interferences 
•  MEMs and NEMs 



2. Micro-  and Nano- Fabrication 
and Characterization Techniques  

•  Optical 
•  Electron 
•  Scanning Probe 
•  Spectroscopy 
•  Thermal 
•  Surface 



3. Synthesis and Modifications 

•  Carbon-based nanomaterials 
•  Metallic nanoparticles 
•  Quantum dots 
•  Polymers 
•  Chemical interactions at nano-scale 
•  Synthesis and modification of 

nanomaterials  



4. Properties   

•  Materials, structure and nanosurface 
•  Energy at nano scale 
•  Material Continuum 
•  Nano-thermodynamics 



5. Applications of nanoparticle in 
biotechnology 



6. Optical properties of 
nanoparticles- Fluorescence




7. Plasmonic 



8. Interaction between 
nanoparticles and cells 



9. Super-resolution optical imaging 



11. Micro- and Nano-fluidic 



Review of Biochemistry 





Chemical bond 



Functional Groups 





Amino Acid 







Protein Structure and Function 
•  Proteins are polymers of amino acids.   
•  Each amino acids in a protein contains a amino group, -

NH2, a carboxyl group, -COOH, and an R group, all 
bonded to the central carbon atom.  The R group may be 
a hydrocarbon or they may contain functional group.  

•  All amino acids present in a proteins are α-amino acids 
in which the amino group is bonded to the carbon next to 
the carboxyl group. 

•  Two or more amino acids can join together by forming 
amide bond, which is known as a peptide bond when 
they occur in proteins. 



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. 



•  By convention, peptides and 
proteins are always written with the 
amino terminal amino acid (N-
terminal) on the left and carboxyl-
terminal amino acid (C-terminal) on 
the right. 



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. 





•  
 Protein shape determining interactions 
are summarized below: 

•  Hydrogen bond between neighboring 
backbone segments. 

•  Hydrogen bonds of side chains with 
each other or with backbone atoms. 

•  Ionic attractions between side chain 
groups or salt bridge. 

•  Hydrophobic interactions between side 
chain groups. 

•  Covalent sulfur-sulfur bonds. 







• 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. 





Shape-Determining Interactions 
in Proteins 

• The essential structure-function relationship 
for each protein depends on the polypeptide 
chain being held in its necessary shape by 
the interactions of atoms in the side chains.   



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. 







Quaternary Protein Structure 

• Quaternary protein structure: The way in 
which two or more polypeptide sub-units 
associate to form a single three-dimensional 
protein unit.  Non-covalent forces are 
responsible for quaternary structure 
essential to the function of proteins. 









Chemical Properties of Proteins 

•  Protein hydrolysis: In protein hydrolysis, 
peptide bonds are hydrolyzed to yield 
amino acids. This is reverse of protein 
formation. 





•  Protein denaturation: The loss of 
secondary, tertiary, or quaternary protein 
structure due to disruption of non-
covalent interactions and or disulfide 
bonds that leaves peptide bonds and 
primary structure intact.   



Catalysis by Enzymes 
•  Enzyme A protein that acts as a catalyst 

for a biochemical reaction. 



Enzymatic Reaction 



Specificity 





Enzyme Cofactors 

•  Many enzymes are conjugated proteins 
that require nonprotein portions known as 
cofactors.  

•  Some cofactors are metal ions, others are 
nonprotein organic molecules called 
coenzymes. 

•  An enzyme may require a metal-ion, a 
coenzyme, or both to function. 



Cofactor 



•  Cofactors provide additional 
chemically active functional groups 
which are not present in the side 
chains of amino acids that made up 
the enzyme. 

•  Metal ions may anchor a substrate 
in the active site or may participate 
in the catalyzed reaction. 



How Enzyme Work 






