Nanobiotechnology

Place: 10P 1st Meeting Room
Time: 9:30-12:00
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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
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What Is nano?

The Scale of Thlngs - Nanometers and More
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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

_0g, 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
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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
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Chemical bond

Hydrogen H* H*
@

Carbon oCo oCo o
Water HsOsH H-Q-H > ®

H H Hyo°
Ethylene Gl C=C

H H H H e
Acetylene H:Cs:CsH  H-C=C-H @



Functional Groups
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Functional Group Structure Type of Biomolecule
Amino group ~NH;", “NH, Amino acids and proteins
(Sections 18.3, 18.7)
Hydroxyl group -OH Monosaccharides (carbohydrates) and
glycerol: a component of triacylglycerols
(lipids) (Sections 22.4, 24.2)
Carbonyl group o Monosaccharides (carbohydrates); in
_,I;!_ acetyl group (CH,CO) used to transfer
carbon atoms during catabolism
(Sections 22.4, 21 4, 21.8)
Carboxyl group ? Amino acids, proteins, and fatty acids
[ e || (ipids) (Sections 183, 18.7, 24.2)
Amide group O Links amino acids in proteins; formed by
n II_ 3 reaction of amino group and carboxyl group
=N (Section 18.7)
Carboxylic acid ester o Triacylglycerols (and other lipids);
Il formed by reaction of carboxyl group
—~C—0—R
and hydroxyl group (Section 24.2)
Phosphates, mono-, di-, tri- (8] ATP and many metabolism intermediates
avle s lli s (Sections 17.8, 215, and throughout
1 I metabolism sections)
o-
O O
Il 1}
e e
(ol (o0
O
g8
— I—O—l;—O—Ii—O—P—O‘
o o o
Hemiacetal group (! Cyclic forms of monosaccharides;
—C—OH formed by a reaction of carbonyl group
$R with hydroxyl group (Sections 16.7, 22.4)
Acetal group | Connects monosaccharides in
—C—OR

disaccharides and larger carbohydrates;
formed by reaction of carbonyl group
with hydroxyl group (Sections 16.7,
22.7,229)
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Small

b
N COOH
Glycine (Gly, G)
MW: 57.05

Hydrophobic

e

COOH

Valine (Val, V)
MW: 99.14

Aromatic

CHz

PN

H,N” ~COOH

Alanine (Ala, A)
MW: 71.09

e

H,N~ ~COOH

Leucine (Leu, L)
MW: 113.16

Nucleophilic
OH

HzN /ECOOH

Serine (Ser, S)

MW: 87.08, pK, ~ 16

H,N~ ~COOH

Isoleucine (lle, I)
MW: 113.16

e

HoN COOH HoN COOH HoN COOH
Phenylalanine (Phe, F) Tyrosine (Tyr, Y) Tryptophan (Trp, W)
MW: 147.18 MW: 163.18 MW: 186.21

Amide Basic
HN /\\
ﬁ )
COOH
H2N 0 HoN" "COOH H,N” ~COOH

Asparagine (Asn, N) Glutamine (GIn, Q)

MW: 114.11

MW: 128.14

Histidine (His, H)
MW: 137.14, pK 3= 6.04 MW: 128.17,pK 3= 10.79

X
H,N~ ~COOH

Threonine (Thr, T)
MW: 101.11, pK4 ~ 16

S/

H,N” ~COOH

Methionine (Met, M)
MW: 131.19

Acidic

Lo

H,N” ~COOH

Aspartic Acid (Asp, D)
MW: 115.09, pK 3= 3.9

HZN/ZOOH

Lysine (Lys, K)

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 g = 4.07

HoN YNH;

NH

H,N~ ~COOH

Arginine (Arg, R)
MW: 156.19, pKa= 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

Amino acid (1) H Amino acid (2) H

Dipeptide



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 o-carbons and
the amino acid side chains are connected to

th ese Planar units along a protein chain




« 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 Is the
arrangement of polypeptide backbone of
the protein In space. The secondary
structure includes two kinds of repeating
pattern known as the «a-helix and f-sheet.

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



FULLY EXTENDED POLYPEPTIDE CHAIN

+psi

Left
handed
alpha-helix.

¢, ¢ = 180,180

® -psi Right handed
alpha-helix.
-180l A

-180 - phi 0 + phi_ 180
http://www.cryst.bbk.ac.uk/PPS2/course/section3/rama.html




Protein shape determining interactions
are summarized below:

-yC
NDacC
-yC
eac

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.



”

Hydrophobic interactions— CH,C—N—He ¢ «O—CH
Pleated sheet structure water-free pocket T | ?
O H H
Hydrogen bond
between side chains

CH, CH
3\3

Sribet it tuen
peptide groups CH, CH,
CH2@ OHe » =O \ Hydrophobic
/ interactions
Hydrogen bond between
side chain and peptide group CHZ—S—S—CHZ

/

Hsl{l bonds Disulfide bond






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




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




a helix




