Nanobiotechnology

Place: I0P 1st Meeting Room
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Reference: Review Papers

Grade: 40% midterm, 60% final report (oral + written)

Midterm: 5/18
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Oral Presentation

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

Biotec

Other journals: Nano Letter, Advanced

nnology

Materials, PNAS, JACS, PRL



History

e AtOm
e 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%200f%20Nanotechnology.jpg



Nanosciences and Nanotechnology

e Science
— Theory
— Experiment

e 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,
NEMSs

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
e Lipid
o 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
hermal
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

26 SEPTEMBER 2003 VOL 301 SCIENCE
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6. Optical properties of
nanoparticles- Fluorescence

28 JANUARY 2005 VOL 307 SCIENCE



/. Plasmonic



8. Interaction between
nanoparticles and cells

SCIENCE VOL 312 19 MAY 2006



9. Super-resolution optical imaging

15 SEPTEMBER 2006 VOL 313 SCIENCE



11. Micro- and Nano-fluidic

SCIENCE VOL 304 14 MAY 2004



Review of Biochemistry



1 1H | F:Y PeriOdic Table || F— T _"."A VIA  YILA zHe
2 |'ui [Be of Elements ‘o |n [o [ [}

N |O | F | Ne
15 |16 |17 |18

i |Na WE IYE VB YIB VIB vl B IB SI|P |S |[ClAr
1k Br | Kr
i 5q |
5> | Rb Xe
55 86
6 |Cs At | Bn
8? . ! - it
| Fr RF Ha 106 107 108 109 110
* Lanthanide[58 [59 [60 |61 |62 [62 |64 o5 [ee |67 |68 [69 |70 [71
Series Ce| Pr |Nd Sm|Eu|Gd| Tb|Dy | Ho| Er |[Tm|Yb | Lu
+ Actinide |80 |81 |92 [92 [94 [95 (|96 |97 |98 |92 [wo [1o1 |10z |i03
Series Th|Pa | U
Legend - click to find out more...
H - gas Li - solid Br - liquid
Non-Metals . Transition Metals Rare Earth Metals Halogens

Alkali Metals Alkali Earth Metals . Other Metals " nertElements



Chemical bond




Functional Groups

H H H H S L
—¢—¢— —C=¢— —c=c— ,_[~°
] B B H—C, ~ C—
L c—c
alkane alkene alkyne H H
phenyl
1 e o ]
—C— —C— —C— —C—-0—C—
| | | | |
alkyl halide amine alcohol ether
(X=F, Cl, Br, |)
I oo P I
—C-H —fC— —C-OH —C-0—C— —C—NH;
aldehyde ketone carboxylic estel amide

acid






Amino Acid
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Small Nucleophilic

OH OH
% X L X
HaN COOH HsN COOH HaoN COOH HsN COOH
Glycine (Gly, G) Alanine (Ala, A) Serine (Ser, S) Threonine (Thr, T)
MW: 57.05 MW:71.09 MW: 87.08, pK4 ~ 16 MW: 101.11, pK4 ~ 16
Hydrophobic S/
ICOOH HoN COOH HoN COOH H,N COOH
Valine (Val, V) Leucine (Leu, L) Isoleucine (lle, 1) Methionine (Met, M)
MW: 99.14 MW: 113.16 MW: 113.16 MW: 131.19
Aromatic Acidic
0
OH
H,N”~ ~COOH H,N~ ~COOH H,N~ ~COOH HN" "COOH
Phenylalanine (Phe, F) Tyrosine (Tyr, Y) Tryptophan (Trp, W) Aspartic Acid (Asp, D)
MW: 147.18 MW: 163.18 MW: 186.21 MW: 115.09, pK 3= 3.9
+
Amide Basic NH
B\
S
H,N" "COOH HzN" "COOH H,N~ ~COOH H,N~ ~COOH

Asparagine (Asn, N)

Glutamine (GIn, Q)
MW: 114.11

Histidine (His, H)
MW: 128.14

Lysine (Lys, K)
MW: 137.14, pK 4= 6.04

MW: 128.17, pK 3= 10.79

SH

L

H,N~ ~COOH

Cysteine (Cys, C)
MW: 103.15, pK 3= 8.35

¢

H

Proline (Pro, P)
MW: 97.12

COOH

H,N~ ~COOH

Glutamic Acid (Glu, E)
MW: 129.12, pK 5 = 4.07

HuN YNHZ‘"

NH

H,N~ ~COOH

Arginine (Arg, R)
MW: 156.19, pK 3= 12.48



Protein Structure and Function

Proteins are polymers of amino acids.

Each amino acids in a protein contains a amino group, -
NH,, 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 a-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 a-carbons and
the amino acid side chains are connected to

these o-carbons.




e 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

e Secondary structure of a protein iIs the
arrangement of polypeptide backbone of
the protein In space. The secondary
structure includes two kinds of repeating
pattern known as the ao-helix and p-
sheet.

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



o p =00

The Ramachandran Plot.
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handed
alpha-helix.
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alpha-helix.
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http://www.cryst.bbk.ac.uk/PPS2/course/section3/rama.html




Protein shape determining interactions

are
HyC
bac
HyC
eac

summarized below:

rogen bond between neighboring
Kbone segments.

rogen bonds of side chains with

N other or with backbone atoms.

lonic attractions between side chain
groups or salt bridge.

Hydrophobic Interactions between side
chain groups.

Covalent sulfur-sulfur bonds.









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



e -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 Iin 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
assoclate 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 vyield
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

=\ (1) The substrate, sucrose, consists Glucose Fructose

//\/ b of glucose and fructose bonded /
together. i
[ R —
\ \ S (2) The substrate binds to the enzyme,
/ -/ \ forming an enzyme-substrate
Bond \ complex (@) Products are released,
------- = \ = and the enzyme is free

\

to bind other substrates.

The binding of the

substrate and enzyme
Active site places stress on the
glucose-fructose bond,
and the bond breaks.

Enzyme




Specificity

site

substrate (© E-M. Collins 2001
products
bonds in substrate
are weakened
active (£ ( \




The specificity of an enzyme
for one of two enantiomers
1S a matter of fit. One
enantiomer fits better 1nto
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

e Many enzymes are conjugated proteins
that require nonprotein portions known as

cofactors.

e 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



o Cofactors provide additional
chemically active functional groups
which are not present Iin the side

chains of amino acids that made up
the enzyme.

 Metal lons may anchor a substrate
INn 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.









