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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
•



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 -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 -carbons and
the amino acid side chains are connected to
these -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.

N           C



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 -helix and -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.







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



�-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



The specificity of an enzyme
for one of two enantiomers
is a matter of fit. One
enantiomer fits better into
the active site of the enzyme
than the other enantiomer.
Enzyme catalyzes reaction
of the enantiomer that fits
better into the active site of
the enzyme.



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

• Two modes are invoked to represent the
interaction between substrate and enzymes.
These are:

• Lock-and-key model: The substrate is described
as fitting into the active site as a key fit into a lock.

• Induced-fit-model: The enzyme has a flexible
active site that changes shape to accommodate
the substrate and facilitate the reaction.







19.5 Effect of Concentration on 
Enzyme Activity

•Variation in concentration of enzyme or
substrate alters the rate of enzyme
catalyzed reactions.
• Substrate concentration: At low
substrate concentration, the reaction rate is
directly proportional to the substrate
concentration. With increasing substrate
concentration, the rate drops off as more of
the active sites are occupied.



Fig 19.5 Change of reaction rate with substrate
concentration when enzyme concentration is constant.



• Enzyme concentration: The reaction rate
varies directly with the enzyme concentration as
long as the substrate concentration does not
become a limitation, Fig 19.6 below.



19.6 Effect of Temperature and 
pH on Enzyme Activity

•Enzymes maximum catalytic activity is
highly dependent on temperature and pH.
• Increase in temperature increases the
rate of enzyme catalyzed reactions. The
rates reach a maximum and then begins to
decrease. The decrease in rate at higher
temperature is due to denaturation of
enzymes.



Fig 19.7 (a) Effect of temperature on reaction rate



• Effect of pH on Enzyme activity: The
catalytic activity of enzymes depends on pH and
usually has a well defined optimum point for
maximum catalytic activity Fig 19.7 (b) below.



19.7 Enzyme Regulation: 
Feedback and Allosteric Control

•Concentration of thousands of different
chemicals vary continuously in living
organisms which requires regulation of
enzyme activity.
•Any process that starts or increase the
activity of an enzyme is activation.
•Any process that stops or slows the activity
of an enzyme is inhibition.



• Feedback control: Regulation of an enzyme’s
activity by the product of a reaction later in a
pathway.
• Allosteric control: Activity of an enzyme is
controlled by the binding of an activator or inhibitor
at a location other than the active site. Allosteric
controls are further classified as positive or negative.

– A positive regulator changes the activity site so that
the enzyme becomes a better catalyst and rate
accelerates.

– A negative regulator changes the activity site so that
the enzyme becomes less effective catalyst and rate
slows down.

Two of the mechanism



A positive regulator
changes the activity
site so that the enzyme
becomes a better
catalyst and rate
accelerates.

A negative regulator
changes the activity
site so that the enzyme
becomes less effective
catalyst and rate slows
down.



19.8 Enzyme Regulation: 
Inhibition

• The inhibition of an enzyme can be
reversible or irreversible.

• In reversible inhibition, the inhibitor can
leave, restoring the enzyme to its
uninhibited level of activity.

• In irreversible inhibition, the inhibitor
remains permanently bound to the
enzyme and the enzyme is permanently
inhibited.



• Inhibitions are further classified as:
• Competitive inhibition if the inhibitor binds

to the active site.



• Noncompetitive inhibition, if the inhibitor
binds elsewhere and not to the active site.



•The rates of enzyme catalyzed reactions with
or without a competitive inhibitor are shown in
the Fig 19.9 below.






