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History of Human Industry

(1) Late 1800s’ Mechanical Technology: 
Steam Engine…
(2) 1910~ Electrical Technology: 
Franklin/Edison, generator, vacuum tube, 
semiconductor…
(3) 1970 Informatics Technology:
computer & informatics
(4) Nano Technology



  

What is Nano?
Dwarf in Greek

Dimension, Size, or Scale?
1 nm = 10-9 m?

1 nm ~ 3-4 atoms



  



  

Clear lotus comes out from mud?

Leaf surface covered with a thin film 
hydrophobic cilia about 100 nm in 
length.

Auto-clean effect!!

Outer wall of a building, auto-body, 
interior tile… can be covered with such 
a film for auto-cleaning.



  

Dolphin and Whale stay in the sea for all the 
life with a polish and smooth skin, no marine 
life attach on.

Corrosion-resistant ship body will be attached 
by lots of marine life or corroded by sea water, 
after sailing for a short of time.

Ship body or diver should be covered with a 
artificial whale or dolphin “coat” before go into 
water. 



  

Insects flying in the air should balance the 
wings on both side.

Nano-structure on the wing surface keeps it 
from grime and water. 



  

No reflection and black in color of moth eyes 
prevent it from attack during flying at night.

Cornea surface with nano-structure ridges can 
absorb the light from all the directions and no 
reflection due to ridge size much smaller than 
wavelength of light.

Prepare no reflection glass for glasses, TV & 
computer monitor, and automobile glass…..



  



  

Some of creatures with photonic crystals on the 
wings or fish scale can reflect specific wavelength 
and show a colorful appearance.
The color will change with different view side.



  

Nano- and Human
6x1013 cells in human

20 um in diameter for each cell



  

2m in length

5 um in diameter



  



  



  



  

7-10nm

Inner diameter 1-2 nm
Outer diameter 10 nm



  



  



  



  

1 billion cells
can be isolated 
within 15 mins.
You can isolate 
one target cell 
from hundreds & 
thousands cells 
within relative 
short time.



  



  



  



  



  



  



  



  



  



  



  



  



  



  

The importance of nano-particles lies in
inherently large surface-to-volume ratio relative to 
that of larger particles

When UV light of wavelength < 390 nm is absorbed by 
TiO2, (step 1) an electron/hole pair is formed (step 2):

  

                                                                                                                                                                                      
Scheme showing the photochemical generation of 
superoxide and hydroxyl radicals at the surface of TiO2



  

http://www.hiranuma.com/products/envr/toc/tio2.gif
http://www.ljbi.org/images/tio2.jpg


  

Artificial Photosynthesis
Artificial photosynthesis is based on the concept of a dye 
analogous to chlorophyll absorbing light and thus 
generating electrons which enter the conduction band of 
a high surface area semiconductor film.
This is a two step photovoltaic process, unlike the one 
step process of conventional PV.

                                                                                                           

                                                                                                    
Photosynthesis
Plant leaves are tiny factories in which sunlight absorbed by 
chlorophyll converts carbon dioxide gas and water into 
carbohydrates and oxygen, thus providing for the energy 
requirements of the plant.

 

Power from Nature



  

Solid-State NMR of Complex Materials

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                                                                     
 

Solid-State NMR of Complex Materials

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                                                                     
 

http://www.chem.purdue.edu/raftery/Homepages/projects.htm
http://www.chem.purdue.edu/raftery/Homepages/projects.htm
http://www.chem.purdue.edu/raftery/Images/TiO2-ptcl.jpg


  

Non-viral Vectors

Viral Vectors

Vectors

Retroviruses

Adenovirus

Herpes simplex virus

Adenovirus-Associated Virus

naked DNA by a physical method

electroporation, 
gene gun
ultrasound

Delivery of DNA by a chemical carrier

（ 1 ） polycations ,cationic polymers and   cationic lipids
         Ex:polylysine polyethylenimine ,dendrimers and chitosan or
         liposomal preparations containing cationic lipids
（ 2 ） calcium phosphate, DEAE-dextran 



  

短暫表現短暫表現短暫表現，
劑量限制，
毒性

原始病毒可
能導致疾病

有效治療基
因小

觸發宿主
免疫反應

需在有絲分裂
時嵌入

主要缺點

所有細胞中
基因均勻表
現

容易製備，
成本效益
安全

容易製備，
成本效益
安全

多種基因的
大基因尺寸
，宿主範圍
廣， DNA 插
入的容量高

幾乎感染所
有組織，非
常安全，尺
寸小有利於
擴散及分布
在腦內

體內直接
感染，高
力價，轉
殖的宿主
及細胞範
圍廣

嵌入穩定，穩
定的長期表現
，缺少病毒蛋
白

主要優點

簡單簡單簡單簡單複雜簡單複雜載體製備

低低低低低高低免疫性

個別及非個
別細胞

個別及非個
別細胞

個別及非個
別細胞

個別及非個
別細胞，多
數組織型式

個別及非個
別細胞，所
有組織型式

個別及非
個別細胞

個別細胞標定細胞

變數變數高高變數變數變數基因表現程
度

短暫或穩定短暫短暫短暫穩定短暫穩定穩定 VS短暫

-中等高高中等高中等基因遞送效
率

-變數變數低高高低轉殖效率

->20(kb)>20(kb)<4(kb)<7.5(kb)~8(kb)<8(kb)插入大小

物理方法裸 DNA脂質體皰疹病毒腺相關病毒腺病毒反轉錄病毒載體

基因治療發展與展望



  

oil

AOT

5~200nm

5~200nm

nanoparticle

A
AA

B
B B

A A
A B B

B
A+B->C

water pool

Microemulsion processes



  

200nm500nm

TEM 20000X ,50000X 



  

TEM 100000X and 50000X

100nm
200nm



  

Determination of size of the nanoparticles by dynamic light 
scattering and FE-SEM



  



  

Agarose (1%) gel electrophoresis of 
free and entrapped pEGFP DNA
1       2      3      4      5      6

Lane1:maker,
lane2:nake pEGFP,
lane3:pEGFP with DNaseI,
lane4:CaP/DNA complex
lane5:CaP/DNA complex with DNaseI



  

Gelatin nanoparticle preparation ( with or without drugs)

Y Y
Y

Y

Y

Y

Y
Y

Y

Y

Different  ligands can be biotinlyted 
individually in aqueous phase.

Avidin was grafted 
on the  surface . 

Gelatin shell

Biotin Avidin

Core :  drug

Y Ligand 2

fluorescence

Y Ligand 1



  Encyclopedia of  Nanoscience and 
Nanotechnology www.aspbs.com/enn



  

Folic acid molecule

5-ALA/Ch-nano

Colon cancer cell

Folic acid receptor

Oral Administration
Colon Cancerous Lesion



  

Colon cancer cell

Folic acid receptor

Folic acid molecule

5-ALA/Ch-nano



  

Colon cancer cell

Folic acid receptor

5-ALA  PPIX 
Exposed to Emitted Light 

 Elimination

Light Source form Endoscope



  

Au-film Q-dot

Folic acid molecule

Ch-nano

Colon cancer cell

Folic acid receptor

Oral Administration
Colon Cancerous Lesion



  

Colon cancer cell

Folic acid receptor

Au-film Q-dot

Folic acid molecule

Ch-nano



  

Light Source 
Form Endoscope

Colon cancer cell

Folic acid 
receptor

Au-film Q-dot

Folic acid 
molecule

Ch-nano
Au-film Q-dot Emit 
Fluorescence once 
Expose d to Specific 
Light for Early Cancer 
Detection



  

Internal examination using tiny swallowed 
camera
By Michael Seaforth
Currently, the easiest way to obtain a picture of someone’s stomach or 
small intestines is to insert an endoscope attached to fiber optic cables 
through the person’s mouth and extend it down to the area of interest. 
However, a much simpler procedure is undergoing clinical trials. Given® 
Imaging has developed a unique method of peering inside even the hard to 
reach areas of the small intestine that promises to be simple to implement 
and virtually painless.
The procedure requires the patient to swallow a tiny capsule that 
incorporates a light source, miniature color video camera, battery, antenna 
and radio transmitter. As the capsule moves through the body, it transmits 
a signal to tiny antennas attached to the patient’ skin. The images are 
stored in a device attached to the patient’s belt for examination later by a 
doctor on a medical workstation. The capsule is expelled naturally from the 
body in 24 to 48 hours. A picture of the capsule, courtesy of Given® 
Imaging, is shown above and more information is available at:
http://www.givenimaging.com 

http://www.givenimaging.com/
http://www.givenimaging.com/


  

Cantilevers can make cancer tests 
faster and more efficient
One nanodevice that can improve cancer 
detection and diagnosis is the cantilever. 
These tiny levers, which are anchored at 
one end, can be engineered to bind to 
molecules that represent some of the 
changes associated with cancer. They 
may bind to altered DNA sequences or 
proteins that are present in certain types 
of cancer. When these molecules bind to 
the cantilevers, surface tension changes, 
causing the cantilevers to bend. By 
monitoring the bending of the 
cantilevers, scientists can tell whether 
molecules are present. Scientists hope 
this property will prove effective when 
cancer-associated molecules are 
present--even in very low 
concentrations--making cantilevers a 
potential tool for detecting cancer in its 
early stages. 



  

Nanopores
Another interesting nanodevice is the 
nanopore. Improved methods of reading the 
genetic code will help researchers detect 
errors in genes that may contribute to 
cancer. Scientists believe nanopores, tiny 
holes that allow DNA to pass through one 
strand at a time, will make DNA 
sequencing more efficient. As DNA passes 
through a nanopore, scientists can monitor 
the shape and electrical properties of each 
base, or letter, on the strand. Because these 
properties are unique for each of the four 
bases that make up the genetic code, 
scientists can use the passage of DNA 
through a nanopore to decipher the 
encoded information, including errors in the 
code known to be associated with cancer. 



  

                                                 

Market Potential for nanotech Related Businesses:
27 trillion yen market in 2010 (Keidanren estimate)
Japanese Governmental Budget for R&D in nanotech:
65,200 MJPY(FY2002) 


