
ɳɽɽɶɿɹɼɶ ɲɶɾʁɼʄɮʆɹɮ 
ʃɮɿɳʃɹʅʆɶɾɹʁ ɼʄɶʆɶʅ 

ǨȇȍȍȎȃŭȋȇȈǾȏ ǰŭȋȍŮȍȊǾȏ 
ÅǩȋȖűȅűŭ <5>: ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ Ȉŭȇ ɵȍȉȐȊůȎǿ. 

 

ǭǾȉȉȐ ǨůȉȘȋȇŭ 

ǶȊǿȊŭ ǩɵȇŰűǿȊȅȏ Ȉŭȇ ǶůȑȋȍȉȍȃȀŭȏ ǷȉȇȈȘȋ 



ǟŮůȇůȏ ǸȎǿŰȅȏ 

Å ʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˎˉˈˁʶʽˍʰʽ ˋˍʹ˄ ʱʵʶʽʰ ˔ˊʺˋʹˌ Creative 
Commons ˁ ʰʽ ʶʽʵʽˁˈˍʶˊʰ 

ɮ˄ʰ˒ˇˊʱ ς ɾʹ ʶ˃ˉˇˊʽˁʺ ʋˊʺˋʹ ς ʂ˔ʽ ʃʰˊʱʴ˖ʴˇ ɴˊʴˇ ǾΦ оΦл 

(Attribution ς Non Commercial ς Non-derivatives ) 

 

 

 

Å ɳ˅ʰʽˊʶʾˍʰʽ ʰˉˈ ˍʹ˄ ˖ˌ ʱ˄˖ ʱʵʶʽʰ ˎ˂ʽˁˈ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʽˌ 
ʵʽʰ˒ʱ˄ʶʽʶˌ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌΣ ˁʰʽ ˎˉˈˁʶʽˍʰʽ ˋʶ ʱ˂˂ˇˎ ˍˏˉˇˎ ʱʵʶʽʰ ˔ˊʺˋʹˌΦ 
ɶ ʱʵʶʽʰ ˔ˊʺˋʹˌ ˋˍʹ˄ ˇˉˇʾʰ ˎˉˈˁʶʽˍʰʽ ˍˇ ˎ˂ʽˁˈ ʰˎˍˈ ʰ˄ʰ˒ʷˊʶˍʰʽ ˊʹˍ˗ˌΦ  



ǸȎȅȊŭűȍŮȖűȅŰȅ 
Å ʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍʰ ˉ˂ʰʾˋʽʰ 
ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰΦ 

Å ʆˇ ʷˊʴˇ ζɮ˄ˇʽˁˍʱ ɮˁʰʵʹ˃ʰʿˁʱ ɾʰʻʺ˃ʰˍʰ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ɼˊʺˍʹˌη ʷ˔ʶʽ ˔ˊʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ˈ˄ˇ ˍʹ ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ 
ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˎ˂ʽˁˇˏΦ  

Å ʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ζɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɲʽʰ ɰʾˇˎ ɾʱʻʹˋʹη ˁʰʽ 
ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ όɳˎˊ˖ˉʰʿˁˈ 
ɼˇʽ˄˖˄ʽˁˈ ʆʰ˃ʶʾˇύ ˁʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˉˈˊˇˎˌΦ 



ǬůȎŭȎȑȇȈǿ / ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ 

ǧȐűȍȍȎȃǽȋȓŰȅ 

 

{Hierarchical / Programmed Self-assembly} 

 

 

ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ Ȉŭȇ ɵȍȉȐȊůȎǿ 



ǧȐűȍȍȎȃǽȋȓŰȅ ȉȇɵȇŮȀȓȋ Űů ȋůȎȖ 

Ƕǩǯ ȊȇȈȎȍȃȎŭŲȀŭ űȍȊǿȏ ȊůȊȂȎǽȋȅȏ ŭɵȖ ŭȋȆȎȘɵȇȋȍ 

ȈȗűűŭȎȍ  Ȉŭȇ ŰȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ŰȐŰűŭűȇȈȘȋ 
űȅȏ.   
Chapter 10, Membrane Structure, Molecular Biology of the Cell, 

4th edition. Alberts B., Johnson A., Lewis J., et al. New York: 
Garland Science; 2002. 

http://www.ncbi.nlm.nih.gov/books/NBK21055/
http://www.ncbi.nlm.nih.gov/books/NBK21055/
http://www.garlandscience.com/textbooks/0815341059.asp


ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ 

Isrealachvilli, J. N., Mitchell, D. J., Ninham, B. W. J. Chem. Soc., Faraday Trans. 2,  1976, 72, 1525.  

Hªger, M., Currie, F., Holmberg, K. Top. Curr. Chem. 2003, 227, 53. 

ǧȊŲȀŲȇȉŭ 

ȊȖȎȇŭ - ȉȇɵȀŮȇŭ 

 

 

Packing parameter: 

 

 

ǷŮȎȖŲȍȂȅ 

ȍȐȎǽ 

(volume =V 

length = l ) 

 

ǷŮȎȖŲȇȉȅ 

ǭůŲŭȉǿ 
(area=a) 

 

l

V
P

Ö
=
a



ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ -ŭȐűȍȍȎȃǽȋȓŰȅ 

3

1
<P

2

1

3

1
<<P

1
2

1
<<P

1>P ȊȍȋȍŰűȇȂǽŮůȏ; 

ǯȇȈȗȉȉȇŭ 

ǯȇȈȐȉȉȇŭȈǾȏ 

Ȁȋůȏ 

ǧȋůŰűȎŭȊȊǾȋŭ 

ȊȇȈȗȉȉȇŭ 

ǭȐŰűȀŮȇŭ               ǯůȊȂȎǽȋůȏ 



ǰŭȋȍŮȍȊǾȏ 

Rodr²guez-Hern§ndez , J., Ch®cot , F., Gnanou , Y.,  Lecommandoux, S. Toward ôsmartõ nano-objects by self-assembly of 

block copolymers in solution , Progress in Polymer Science, 2005,  30,  691 -724. 

http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511


ǵȐȊɵȍȉȐȊůȎǾȏ 

~5-10 nm3 

 >5 kDa 

ǯȍȎȇŭȈȖ 

ŭȊŲȀŲȇȉȍ ȊȖȎȇȍ 

(ŲȓŰŲŭűȀŮȐȉȍ 

ȑȍȉȀȋȅ) 

MW~ 1kDa 

ǧȐűȍȍȎȃǽȋȓŰȅð ǵȐȊɵȍȉȐȊůȎǿ 



ǧȐűȍȍȎȃǽȋȓŰȅð ǵȐȊɵȍȉȐȊůȎǿ 
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Rodr²guez-Hern§ndez , J., Ch®cot , F., Gnanou , Y.,  Lecommandoux, S. Toward ôsmartõ nano-objects by self-assembly of block 

copolymers in solution, Progress in Polymer Science, 2005,  30,  691 -724. 

Israelachvili, J. N. Intermolecular and surface forces Harcourt Brace and Company, London (1992). 

Fºrster, S., Plantenberg, T. Self-Organizing Polymers to Nanohybrid and Biomaterials, Angew. Chem. Int. Ed., 2002, 41,  688-714. 

 

http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://www.sciencedirect.com/science/article/pii/S0079670005000511
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf


ǧȐűȍȍȎȃǽȋȓŰȅð ǵȐȊɵȍȉȐȊůȎǿ 
Ƕȗɵȍȇ ŮȍȊȘȋ ɵȍȐ ŰȑȅȊŭűȀȄȍȋűŭȇ ŭɵȖ (ŭ) ŭȐűȍȍȎȃǽȋȓŰȅ ŰȐȊɵȍȉȐȊůȎȘȋ Ȉŭȇ ŮȇŭȉȗȊǽűȓȋ űȍȐȏ (b) Űů ȉůɵűǾȏ 

ȊůȊȂȎǽȋůȏ Ȉŭȇ (ȃ) Űűȅȋ ůɵȇŲǽȋůȇŭ ȐɵȍŰűȎȓȊǽűȓȋ.    

Fºrster, S., Plantenberg, T.  Self-Organizing Polymers to Nanohybrid and Biomaterials, Angew. Chem. Int. Ed., 2002, 41,  688. 

Zheng, W., Wang, Z. G.  Macromolecules, 1995, 28, 7215.  

Bates, F.S., Fredrickson, G.H. Block Copolymers - Designer Soft Materials Physics Today, 1999, 52, 32. 

Segalman. R. A. Patterning with block copolymer thin films , Materials Science and Engineering 2005, R 48, 191. 

Park, J. W., Kim, H., Han, M. Polymeric self-assembled monolayers derived from surface-active copolymers: a modular approach to 

functionalized surfaces Chem. Soc. Rev. 2010, 39, 2935 

Mai Y., Eisenberg, A. Self-assembly of block copolymers, Chem. Soc. Rev. , 2012, 41, 5969-5985. 

(ŭ) 
(Ȃ) 

(ȃ) 

http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://pubs.acs.org/doi/pdf/10.1021/ma00125a026
http://scitation.aip.org/docserver/fulltext/aip/magazine/physicstoday/52/2/1.882522.pdf?expires=1384778541&id=id&accname=361078&checksum=E922828E063FD6F91476AECDB067B975
http://scitation.aip.org/docserver/fulltext/aip/magazine/physicstoday/52/2/1.882522.pdf?expires=1384778541&id=id&accname=361078&checksum=E922828E063FD6F91476AECDB067B975
http://scitation.aip.org/docserver/fulltext/aip/magazine/physicstoday/52/2/1.882522.pdf?expires=1384778541&id=id&accname=361078&checksum=E922828E063FD6F91476AECDB067B975
http://scitation.aip.org/docserver/fulltext/aip/magazine/physicstoday/52/2/1.882522.pdf?expires=1384778541&id=id&accname=361078&checksum=E922828E063FD6F91476AECDB067B975
http://scitation.aip.org/docserver/fulltext/aip/magazine/physicstoday/52/2/1.882522.pdf?expires=1384778541&id=id&accname=361078&checksum=E922828E063FD6F91476AECDB067B975
http://www.eecs.berkeley.edu/~sequin/CS298/PAPERS/SegalmanMatSciEngReview2005Diblock.pdf
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlepdf/2010/cs/b918135k
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth


ǧȐűȍȍȎȃǽȋȓŰȅð ǵȐȊɵȍȉȐȊůȎǿ 

(a) ǵȑȅȊŭűȇȈǿ ŭȊŭɵŭȎǽŰűŭŰȅ űȓȋ ȈȉŭŰŰȇȈȘȋ 

ȊȍȎŲȍȉȍȃȇȘȋ Ȋȅ-ȈȎȐŰűŭȉȇȈȘȋ ŰȐȊɵȍȉȐȊůȎȘȋ 
Ƕȍ Ȋɵȉů ŰȐŰűŭűȇȈȖ ɵůȎȇȂǽȉȉůűŭȇ ŭɵȖ űȍ 
ŰȐŰűŭűȇȈȖ/ȊǿűȎŭ ɵȍȐ ȈŭűŭȉŭȊȂǽȋůȇ űȍȋ 

ȊůȃŭȉȗűůȎȍ ȖȃȈȍ. 
 

 
 
 

 
 

 
 
(b) ǵȑȅȊŭűȇȈǿ ŭȊŭɵŭȎǽŰűŭŰȅ űȓȋ ȈȉŭŰŰȇȈȘȋ 

ȊȍȎŲȍȉȍȃȇȘȋ ŰȐȊɵȍȉȐȊůȎȘȋ ABC. ǲ 
ŰȐȋŮȐŭŰȊȖȏ űȅȏ ŰůȇȎǽȏ űȓȋ ɵȍȉȐȊůȎȇȈȘȋ 

űȊȅȊǽűȓȋ (ABC, ACB, BAC), űȅȏ ŰȗŰűŭŰȅȏ Ȉŭȇ 
űȓȋ ȊȍȎȇŭȈȘȋ ȂŭȎȘȋ ȍŮȅȃůȀ Űů ɵȉȅȆȘȎŭ 
ȊȍȎŲȍȉȍȃȇȘȋ.   

Park, C., Yoon, J., Thomas, E.L. Enabling nanotechnology with self assembled block copolymer patterns, Polymer, 2003 , 44, 6725. 



 

(a) ǮȇɵȀŮȇȍ (ŲȓŰŲŭűȇŮȐȉȍ-ȑȍȉȀȋȅ)- 

ȈȉŭŰŰȇȈȖ ŰȐŰűŭűȇȈȖ űȓȋ ŲȐŰȇȈȘȋ 

ȉȇɵȍŰȓȊǽűȓȋ, 

(b) ǵȐȊɵȍȉȐȊůȎǾȏ ɵȍȉȐŭȈȎȐȉȇȈȍȗ-

ɵȍȉȐŰűȐȎůȋȀȍȐ (polyacrylic acidð

polystyrene, PAA-PS) -ȈŭȆȇȄǽȋůȇ Ȋů űȅ 

ȊȍȎŲȍȉȍȃȀŭ ȈȐŰűȇŮȀȍȐ Ȗűŭȋ ɵȎȍŰűȀȆůűŭȇ 

ȋůȎȖ Űűȍȋ Ůȇŭȉȗűȅ, 

(c) PSðpoly(isocyano-L-alanine-L-alanine) ð

ŰȑȅȊŭűȀȄůȇ ȊȀȃȊŭ ȈȐŰűȇŮȀȓȋ/ȇȋȘȋ Űů ȖȌȇȋůȏ 

ŰȐȋȆǿȈůȏ,  

Ȉŭȇ 

(d) ǯȅ-ȇȍȋűȇȈȖ ŰȐȊɵȍȉȐȊůȎǾȏ 

polyethyleneoxide-polybutadiene  (PEO-

PBD) ðŰȑȅȊŭűȀȄůȇ ȈȐŰűȀŮȇŭ Űů ȐŮŭűȇȈǽ 

ŮȇŭȉȗȊŭűŭ.   

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967. 



(A) çȇǽȃȎŭȊȊŭ ŲǽŰȅȏ PS310-PAA52 Űů ŮȇȍȌǽȋȅ/ȋůȎȖ.  

(B) ǧȋűȇŰűȎůűȖȏ ŰȑȅȊŭűȇŰȊȖȏ Ȉŭȇ ŭȋǽɵűȐȌȅ űȓȋ ȐɵůȎŮȍȊȘȋ PS300-PAA44 ɵȍȐ ůȇȈǽȄůűŭȇ Ȗűȇ 

ȂŭŰȀȄůűŭȇ ȊůȎȇȈǽ Űů ŮȇůȎȃŭŰȀůȏ ŰȐȋǾȋȓŰȅȏ Ȉŭȇ ŮȇǽŰɵŭŰȅȏ űȓȋ ŮȍȊȘȋ (C). 

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967. 



D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967. 

Luo, L., Eisenberg, A. Langmuir 2001, 17, 6804. 



ǵȑȅȊŭűȇŰȊȖȏ ɵȍȉȐȊůȎȍŰȓȊǽűȓȋ (polymersome) 

Ȉŭȇ ȇŮȇȖűȅűůȏ ȊůȊȂȎŭȋȘȋ:    

A) ǣȊȍȇŭ Ȋů űŭ ȉȇɵȍŰȘȊŭűŭ, űŭ ȈȐŰűȀŮȇŭ 

ŰȐȊɵȍȉȐȊůȎȘȋ ȊɵȍȎȍȗȋ ȋŭ 

ȈŭűŭŰȈůȐŭŰűȍȗȋ Ȋů ůȋȐŮǽűȓŰȅ ȊȀŭȏ ȉůɵűǿȏ 
ȊůȊȂȎǽȋȅȏ űȍȐ ŰȐȊɵȍȉȐȊůȎȍȗȏ.  

 

 

 

 
B) ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ȇŮȇȍűǿűȓȋ 

űȓȋ ȊůȊȂȎŭȋȘȋ űȓȋ ȈȐŰűȇŮȀȓȋ ɵȍȐ 

ŰȑȅȊŭűȀȄȍȋűŭȇ ŭɵȖ ɵȎȘűůȏ ȗȉůȏ Ȋů 

ŮȇŭŲȍȎůűȇȈȖ ȊȍȎȇŭȈȖ ȂǽȎȍȏ. ǲȇ ȊůűȎǿŰůȇȏ 

ȂŭŰȀŰűȅȈŭȋ Űů ȊůűȎǿŰůȇȏ ȊůȊȍȋȓȊǾȋȓȋ 
ȈȐŰűȇŮȀȓȋ. 

n.a. ǩȀŮȅ ɵȍȐ Ůůȋ ŰȐŰŰȓȊŭűȘȋȍȋűŭȇ.  
 

Ƕŭ ȉȇɵȍŰȘȊŭűŭ Ȉŭȇ ŭȋǽȉȍȃŭ Ȋů ŭȐűǽ ŰȐŰűǿȊŭűŭ ȃůȋȇȈǽ 
ɵŭȎŭŰȈůȐǽȄȍȋűŭȇ ŭɵȖ ŭȊŲȀŲȇȉŭ ȊȖȎȇŭ Ȋů MW<1 kDa.  

 
Ƕŭ ɵȍȉȐȊůȎȍŰȘȊŭűŭ ȊɵȍȎȍȗȋ ȋŭ ɵŭȎŭŰȈůȐŭŰűȍȗȋ Űů 
ȐŮŭűȇȈǽ ŮȇŭȉȗȊŭűŭ ȑȎȅŰȇȊȍɵȍȇȘȋűŭȏ ȊůȃŭȉȗűůȎȍȐ MW 

ŭȊŲȀŲȇȉŭ.  
 

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967. 



Discher, D. E., Eisenberg, A. Science, 2002, 297, 967-973 

Battaglia, G., Ryan, A. J. Macromolecules, 2006, 39, 798-805. 

PS310-b-PAA52  

PBO-b-PEO  

http://pubs.rsc.org.sci-hub.org/en/content/articlehtml/2012/cs/c2cs35115c


ǧȐűȍȍȎȃǽȋȓŰȅð ǵȐȊɵȍȉȐȊůȎǿ 
TEM ȊȇȈȎȍȃȎŭŲǿȊŭűŭ Ȉŭȇ 

ŰȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ 
ȊȍȎŲȍȉȍȃȇȘȋ ɵȍȐ 
ŰȑȅȊŭűȀȄȍȋűŭȇ ŭɵȖ ŭȊŲȀŲȇȉŭ 

ŰȐȊɵȍȉȐȊůȎǿ  
PSm-b-PAAn.  

 
 
 

 
 

 
 
HHH: hexagonally packed hollow 

hoops, 
LCM: large compound micelles 

 

Mai Y., Eisenberg, A. Self-assembly of block copolymers, Chem. Soc. Rev. , 2012, 41, 5969-5985. 

Cameron, N. S., Corbierre, M. K., Eisenberg, A. Can. J. Chem., 1999, 77, 1311-1326 

http://pubs.rsc.org.sci-hub.org/en/content/articlehtml/2012/cs/c2cs35115c
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth


Spherical micelles of PS-PAA amphiphile Cylindrical micelles of PS-PAA amphiphile 

ǧȐűȍȍȎȃǽȋȓŰȅ ǵȐȊɵȍȉȐȊůȎȘȋ : ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 



Vesicles of PS-PAA amphiphile Vesicles inside vesicles 

ǧȐűȍȍȎȃǽȋȓŰȅ ǵȐȊɵȍȉȐȊůȎȘȋ : ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 



Tubes Baroclinic tubes  

ǧȐűȍȍȎȃǽȋȓŰȅ ǵȐȊɵȍȉȐȊůȎȘȋ : ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 



Starfish micelles Tube-walled vesicles 

ǧȐűȍȍȎȃǽȋȓŰȅ ǵȐȊɵȍȉȐȊůȎȘȋ : ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 



ǧȐűȍȍȎȃǽȋȓŰȅ ǵȐȊɵȍȉȐȊůȎȘȋ : ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 

Mai Y., Eisenberg, A. Self-assembly of block copolymers, Chem. Soc. Rev. , 2012, 41, 5969-5985. 

Li, Z., Hillmyer, M. A., Lodge, T. P.  Macromolecules, 2006, 39, 765ð771  

Gilroy, J. B., Gadt, T., Whittell , G. R., Chabanne, L., Mitchels, J. M., Richardson, R. M., Winnik M. A., Manners, I. Nat. Chem., 2010, 2, 566-

570.  

Zhong, S., Cui, H., Chen, Z., Wooley K. L., Pochan, D. J. Soft Matter, 2008, 4, 90ð93.   

Zhang, L., Eisenberg,A. Macromolecules, 1996, 29, 8805-8815. 

http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth


ŪȇŭűȀ ɵȍȉȐȊůȎǿ; 

Bates S. et al. Multiblock  Polymers: Panacea or Pandora's Box? Science, 2012, 336, 434. 



ŪȇŭűȀ ɵȍȉȐȊůȎǿ; 

ǷɵȍȆůűȇȈȖ ŰȑǿȊŭ ŭȐűȍȍȎȃǽȋȓŰȅȏ 

ůȋȖȏ ABCAź ŰȐȊɵȍȉȐȊůȎȍȗȏ 
ŰűŭȆůȎǿȏ ŰȗŰűŭŰȅȏ Ȋů  
(NA + NAź)/2 =N B = NC  

Ȉŭȇ ȑAB = ȑAC,  
ȖɵȍȐ Ȍ =NAź/ N A. 

 
(A) ǭŭȆȘȏ ŭȐȌǽȋůűŭȇ ȍ ȉȖȃȍȏ 
ȑBC/ȑAB, ȅ ůȉŭȑȇŰűȍɵȍȀȅŰȅ űȅȏ  

ŮȇůɵȇŲŭȋůȇŭȈǿȏ ůȋǾȎȃůȇŭȏ ɵȎȍȈŭȉůȀ 
(ȊǾŰȓ űȅȏ ȊůȀȓŰȅȏ űȍȐ ůȊȂŭŮȍȗ 

űȅȏ ŮȇůɵȇŲǽȋůȇŭȏ BC, ABC, ȓȏ ɵȎȍȏ 
űȍ ůȊȂŭŮȖȋ (AAC +AAB) Űů 
ȊȍȎŲȍȉȍȃȇȈǿ ȊůűǽȂŭŰȅ ŭɵȖ 

lamella (Ųȗȉȉŭ) Űů ȈȐȉȀŮȋȎȍȐȏ Ȉŭȇ 
Űűȅ ŰȐȋǾȑůȇŭ Űů ŰŲŭȀȎůȏ.  

 
(B) ǧȋŭȊůȋȖȊůȋůȏ ȃůȓȊůűȎȀůȏ 
ȍȎȃǽȋȓŰȅȏ ABCAź ŰȐȊɵȍȉȐȊůȎȘȋ 

Űů ŰȐȋǽȎűȅŰȅ Ȋů űȅ ȊȍȎȇŭȈǿ 
ȃůȓȊůűȎȀŭ. 

  

Bates S. et al. Multiblock  Polymers: Panacea or Pandora's Box? Science, 2012, 336, 434. 



ŪȇŭűȀ ɵȍȉȐȊůȎǿ;  

Fºrster, S., Plantenberg, T.  Self-Organizing Polymers to Nanohybrid and Biomaterials, Angew. Chem. Int. Ed., 2002, 41,  688-714. 

çȇŭŲȍȎůűȇȈǽ ůɵȀɵůŮŭ ȇůȎŭȎȑȀŭȏ Űűȅȋ ŭȐűȍȍȎȃǽȋȓŰȅ ŰȐȊɵȍȉȐȊůȎȘȋ.    

http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf


ŪȇŭűȀ ɵȍȉȐȊůȎǿ;  

Fºrster, S., Plantenberg, T.  Self-Organizing Polymers to Nanohybrid and Biomaterials, Angew. Chem. Int. Ed., 2002, 41,  688-714. 

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ŮȇŭŲȍȎůűȇȈȘȋ ȉůȇűȍȐȎȃȇȘȋ ɵȍȐ ȊɵȍȎȍȗȋ ȋŭ 

ɵȎȍŰȍȊȍȇȘŰȍȐȋ ȍȇ ŭȐűȍȍȎȃŭȋȓȊǾȋůȏ ŮȍȊǾȏ ɵȍȉȐȊůȎȘȋ.   

 Functional principles of polymeric biomaterials.  

Function Action principle  Example 

stealth hydrophilicity  

PEO, polyacrylic acid, 

polysaccharide, 

poly(vinyl alcohol), 

PVP 

chemically inert ȃ<30 N mĬ2 PDMS, teflon, PIB, PU 

biodegradable  

hydrolytically or 

enzymatically 

degradable polyester 

PGly, PLac, PA 

cell adhesion   

adhesive 

glycoproteins, 

fibronectin  

cell detection vectors 
immunoglobulins 

(IgG), RGD sequence 

cell permeation 
membrane 

compatibility  
PEO, lipids 

salt actuator polyelectrolytes PAAc, poly-L-Lysine 

temperature actuator  phase separation PPO, PNIPAM 

pressure actuator 
phase transition 

through ultrasound  
metastable micelles 

glucose actuator complex formation  
tetraphenylene 

boronic acid 

http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/1521-3773(20020301)41:5<688::AID-ANIE688>3.0.CO;2-3/pdf


D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967. 



Theranostics 

Ferrari, M. Cancer nanotechnology: opportunities and challenges, Nature Reviews Cancer, 2005, 5, 161-171. 

Hamblin et al., Multi -Functionality in Theranostics Nanoparticles: Is more always Better? J. Nanomedic. Nanotechnol. 2012, 3:e120. 



ǳȉůȍȋůȈűǿȊŭűŭ * 

http://openwetware.org/wiki/Biomod/2013/Dresden/project


Graff, A., Sauer, M., Van Gelder, P., Meier W. PNAS, 2002, 99, 5064-5068. 

Virus-assisted loading of polymer 

nanocontainer 

http://www.pnas.org/content/99/8/5064.full


ǳȍȉȐȊůȎǿ 

PDMS, poly(dimethylsiloxane 

 

 

 

 

 

 

 

 

PMOXA, poly(2-methyloxazoline)  

 

 

 

 

 

 

 

 

octyl-POE, octyl-polyoxyethylene 

Graff, A., Sauer, M., Van Gelder, P., Meier W. PNAS, 2002, 99, 5064-5068. 

http://www.pnas.org/content/99/8/5064.full


ǵȗȋȆůŰȅ 

Nardin, C., Hirt, T., Leukel, J., Meier, W. Langmuir, 2000, 16, 1035ð1041. 

http://pubs.acs.org/doi/full/10.1021/la990951u


Idea ð Use vesicle as a viral capsid! 



ȉ-ȂŭȈűȅȎȇȍŲǽȃȍȏ 

Ƕǩǯ 

çȍȊǿ Ȉŭȇ ŮȎǽŰȅ 

https://www.biochem.wisc.edu/faculty/inman/empics/virus.htm
http://textbookofbacteriology.net/phage.html


ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ȈȐŰűȇŮȀȓȋ PMOXAðPDMSðPMOXA ɵȍȐ ɵůȎȇǾȑȍȐȋ. ǲ ȉ 

Ųǽȃȍȏ ŮůŰȊůȗůűŭȇ Űűȅȋ ɵȎȓűůǦȋȅ LamB protein  Ȋů ŭɵȍűǾȉůŰȊŭ ȋŭ ȊůűŭŲǾȎůűŭȇ űȍ DNA Űűȍ 

ůŰȓűůȎȇȈȖ űȍȐ ȈȐŰűȇŮȀȍȐ űȍȐ ŰȐȊɵȍȉȐȊůȎȍȗȏ. 

Graff, A., Sauer, M., Van Gelder, P., Meier W. PNAS, 2002, 99, 5064-5068. 

http://www.pnas.org/content/99/8/5064.full


ǩɵȀŮȎŭŰȅ ɵȎȍŰȆǿȈȅȏ ɵȎȓűůǦȋȅȏ LamB Űů 

ȊȍȋȍŰűȇȂǽŮŭ ceramide Ȉŭȇ űȍȐ 

ŰȐȊɵȍȉȐȊůȎȍȗȏ PMOXAðPDMSðPMOXA. 

ǧȗȌȅŰȅ űȅȏ ɵȀŰůŰȅȏ Ȋů űȅȋ ŭȗȌȅŰȅ űȅȏ 

ŰȐȃȈǾȋűȎȓŰȅȏ űȅȏ ɵȎȓűůǦȋȅȏ.   

Surface 
pressure 
increase  

PMOXAðPDMSðPMOXA 

Graff, A., Sauer, M., Van Gelder, P., Meier W. PNAS, 2002, 99, 5064-5068. 

ǩȋŰȓȊǽűȓŰȅ űȅȏ ɵȎȓűůǦȋȅȏ 

http://www.pnas.org/content/99/8/5064.full


ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ȈȐŰűȇŮȀȓȋ PMOXAðPDMSðPMOXA ɵȍȐ ɵůȎȇǾȑȍȐȋ. ǲ ȉ 

Ųǽȃȍȏ ŮůŰȊůȗůűŭȇ Űűȅȋ ɵȎȓűůǦȋȅ LamB protein  Ȋů ŭɵȍűǾȉůŰȊŭ ȋŭ ȊůűŭŲǾȎůűŭȇ űȍ DNA Űűȍ 

ůŰȓűůȎȇȈȖ űȍȐ ȈȐŰűȇŮȀȍȐ űȍȐ ŰȐȊɵȍȉȐȊůȎȍȗȏ. 

Graff, A., Sauer, M., Van Gelder, P., Meier W. PNAS, 2002, 99, 5064-5068. 

http://www.pnas.org/content/99/8/5064.full


ǳȎȍŰȂȍȉǿ ȈȐŰűȇŮȀȓȋ ŭɵȖ űȍȋ ȉ-Ųǽȃȍ 

ǭŭȊɵȗȉȅ ǧ   ȈȐŰűȀŮȇŭ PMOXAðPDMSðPMOXA ɵȍȐ ɵůȎȇǾȑȍȐȋ LamB, ǭŭȊɵȗȉȅ Ǩ ȉůȐȈȖ ɵůȀȎŭȊŭ,  ȈȐŰűȀŮȇŭ 

ȑȓȎȀȏ LamB, Ȉŭȇ ǭŭȊɵȗȉȅ C ȉůȐȈȖ ɵůȀȎŭȊŭ Ȋů űȅȋ LamB Űů ŮȇǽȉȐȊŭ (ŭɵȍȐŰȀŭ PMOXAðPDMSðPMOXA).  
          

ǯůűȎǿŰůȇȏ ŭɵůȉůȐȆǾȎȓŰȅȏ űȅȏ ȑȎȓŰűȇȈǿȏ   

YO-PRO-1  

ǨǾȉȍȏ 1: ɵȎȍŰȆǿȈȅ ȉ-ŲǽȃȍȐ 

ǨǾȉȍȏ 2: ŮȇǽȉȐŰȅ ȈȐŰűȇŮȀȓȋ 

Ȋů ɵȎȍŰȆǿȈȅ  1% octyl-POE, 

Ȉŭȇ 

ǨǾȉȍȏ 3: ɵȎȍŰȆǿȈȅDNase I . 



ǩɵȇȂůȂŭȀȓŰȅ Ȋů ȊȇȈȎȍŰȈȍɵȀŭ Ƕǩǯ 



A. Taubert, PNAS, 2007, 104, 20643-20644. 



ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȍȇ ȋŭȋȍȊůűŭŲȍȎůȀȏ 

Broz, P., Benito, S.M., Saw, C., Burger, P., Heider, H., Pfisterer, M., Marsch, S., Meier, W., Hunziker, P. Cell targeting by a 

generic receptor-targeted polymer nanocontainer platform , Journal of Controlled Release, 2005, 102, 475-488. 

(a) ǸȅȊȇȈȖȏ ŰȑůŮȇŭŰȊȖȏ űȓȋ 

ɵȍȉȐȊůȎȇȈȘȋ ŰȐŰűŭűȇȈȘȋ.  

 ǨȇȍűȀȋȅ: 

 

 
 

 

(b) ǮůȇűȍȐȎȃȇȈȍɵȍȀȅŰȅ űȅů 

ůɵȇŲǽȋůȇŭȏ űȍȐ 

ɵȍȉȐȊůȎȇȈȍȗ ȈȐŰűȇŮȀȍȐ 
/ȋŭȋȍȊůűŭŲȍȎǾŭ (NC) Ȋů 

ŰűȎůɵűŭȂȇŮȀȋȅ ȃȇŭ  űȅȋ 

ůɵȀűůȐȌȅ ŰűȖȑůȐŰȅȏ 

ȐɵȍŮȍȑǾȓȋ. 

    
 

(c) TEM Ȉŭȇ SEM 

ȊȇȈȎȍȃȎŭŲǿȊŭűŭ űȓȋ 

ȋŭȋȍȊůűŭŲȍȎǾȓȋ.   

http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6


ǵűȎůɵűŭȂȇŮȀȋȅ 



ǵűȎůɵűŭȂȇŮȀȋȅ 

Lemercier, G.,  Johnsson, K. Chimeric streptavidins with reduced valencies, Nature Methods, 2006, 3, 247-248. 

http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf
http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf
http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf
http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf
http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf
http://www.nature.com/nmeth/journal/v3/n4/pdf/nmeth0406-247.pdf


M. Grzelakowski, O. Onaca, P. Rigler, M. Kumar,  W. Meier Small 2009, 5, 2545-2548 

http://onlinelibrary.wiley.com/doi/10.1002/smll.200900603/full


ǳȎȍŰȍȊȍȀȓŰȅ ȋŭȋȍȊůűŭŲȍȎǾȓȋ 

ɵȍȐ ȊůűŭŲǾȎȍȐȋ űȍ ŲȍȎűȀȍ űȍȐȏ 

Űűŭ ȈȗűűŭȎŭ-ŰűȖȑȍȐȏ  

(a) ǯȍȋűǾȉȍ űȍȐ ȋŭȋȍȊůűŭŲȍȎǾŭ.  

(b) SEM ȊȇȈȎȍȃȎŭŲǿȊŭű ŭ ɵȍȐ 
ŮůȀȑȋȍȐȋ űȇȏ ȊȍȎŲȍȉȍȃȇȈǾȏ 

ŭȉȉŭȃǾȏ Űűȅȋ ůɵȇŲǽȋůȇŭ 

ȈȐűűǽȎȓȋ.   

(c) ǩȇȈȖȋůȏ ŭɵȖ űȍ ŰȐȋůŰűȇŭȈȖ 

ȊȇȈȎȍŰȈȖɵȇȍ.  

Broz, P., Benito, S.M., Saw, C., Burger, P., Heider, H., Pfisterer, M., Marsch, S., Meier, W., Hunziker, P. Cell targeting by a 

generic receptor-targeted polymer nanocontainer platform , Journal of Controlled Release, 2005, 102, 475-488. 

 ǰŭȋȍȊůűŭŲȍȎůȀȏ  

http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6
http://ac.els-cdn.com/S0168365904004869/1-s2.0-S0168365904004869-main.pdf?_tid=3d459c14-50e7-11e3-9d6a-00000aab0f02&acdnat=1384844164_97f8ec6f5a113cd080a77819336ebbb6


ǰŭȋȍȊůűŭŲȍȎůȀȏ ȉȇɵȇŮȀȓȋ-ɵȍȉȐȊůȎȘȋ Ȋů ůȉůȃȑȖȊůȋȅ 

ŮȇŭɵůȎŭűȖűȅűŭ   

Dudia, A., Ko­er, A., Subramaniam, V., Kanger, J.S. Biofunctionalized lipid-polymer hybrid nanocontainers with controlled 

permeability Nano Letters, 2008, 8, 1105-1110. 

(A) ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ 

ȐȂȎȇŮȇȈȘȋ ȋŭȋȍȊůűŭŲȍȎǾȓȋ ɵȍȐ 
ŭɵȍűůȉȍȗȋűŭȇ ŭɵȖ Ǿȋŭ ŭŮȇŭɵǾȎŭŰűȍ 
ȈȍȀȉȍ ɵȍȉȐȊůȎȇȈȖ ȇȈȎȀȓȊŭ Ȋů Ǿȋŭ ȊȇȈȎȖ 

ǽȋȍȇȃȊŭ Ȉŭȇ űȍ ȓŲǾȉȇȊȍ ŲȍȎűȀȍ 
ɵŭȃȇŮůȐȊǾȋȍ ȊǾŰŭ Űűȍ ȇȈȎȀȓȊŭ.   ǯȇŭ 

ŰȐȋȆůűȇȈǿ ȊůȊȂȎǽȋȅ ȉȇɵȇŮȀȓȋ ɵȍȐ 
ůȊɵůȎȇǾȑůȇ Ȉŭȋǽȉȇŭ MscL ŰŲȎŭȃȀȄůȇ űȍ 
ǽȋȍȇȃȊŭ.  

 
(B) ǶȍȊǿ űȍȐ ȊȍȋűǾȉȍȐ űȍȐ 

ȋŭȋȍȊůűŭŲȍȎǾŭ. ǶȐɵȇȈǾȏ ŮȇŭŰűǽŰůȇȏ ~1 
Öm ŮȇǽȊůűȎȍȏ Ȉŭȇ Ḑ100 nm ɵǽȑȍȏ 
ȊůȊȂȎǽȋȅȏ.   

(C) ǯȇȈȎȍȃȎŭŲǿȊŭűŭ űȓȋ ȇȈȎȇȓȊǽűȓȋ. 

http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b
http://pubs.acs.org/doi/pdfplus/10.1021/nl073211b


ǵűȍȑůȐȊǾȋȅ ȊůűŭŲȍȎǽ ɵȍȉȉŭɵȉȘȋ ŲȍȎűȀȓȋ 

Brinker C. J. et al., The targeted delivery of multicomponent cargos to cancer cells by nanoporous particle -supported 

lipid bilayers, Nature Materials, 2011, 10, 389-397.   

http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf


ǵűȍȑůȐȊǾȋȅ ȊůűŭŲȍȎǽ ɵȍȉȉŭɵȉȘȋ ŲȍȎűȀȓȋ 

Brinker C. J. et al., The targeted delivery of multicomponent cargos to cancer cells by nanoporous particle -supported 

lipid bilayers, Nature Materials, 2011, 10, 389-397.   

ŬȐŰȇȈȖȏ Ȉŭȇ ȂȇȍŲȐŰȇȈȖȏ ȑŭȎŭȈűȅȎȇŰȊȖȏ űȓȋ ȊůűŭŲȍȎǾȓȋ.    

cryoTEM 

http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf


Brinker C. J. et al., The targeted delivery of multicomponent cargos to cancer cells by nanoporous particle -supported 

lipid bilayers, Nature Materials, 2011, 10, 389-397.   

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ŮȇŭŮȍȑȇȈȘȋ ȂȅȊǽűȓȋ ȊůűŭŲȍȎǽȏ 

ŲȍȎűȀȍȐ ŭɵȖ űȍȐȏ ȋŭȋȍȊůűŭŲȍȎůȀȏ (protocells):  
1. ɵȍȉȉŭɵȉǿ (ɵȍȉȐŰȆůȋǿȏ) ŮǾŰȊůȐŰȅ, 2. ůȋȆȐȉǽȈȓŰȅ Ȉŭȇ ȊůűŭŲȍȎǽ Űűȍ 
ůŰȓűůȎȇȈȖ űȍȐ ȈȐűűǽȎȍȐ, 3. ŭɵůȉůȐȆǾȎȓŰȅ ŲȍȎűȀȍȐ Ȉŭȇ 4. ůȋűȍɵȇŰȊȖȏ 

ŲȍȎűȀȍȐ Űűȍȋ ɵȐȎǿȋŭ.  

ǵűȍȑůȐȊǾȋȅ ȊůűŭŲȍȎǽ ɵȍȉȉŭɵȉȘȋ ŲȍȎűȀȓȋ 

http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf


ǵűȍȑůȐȊǾȋȅ ȊůűŭŲȍȎǽ ɵȍȉȉŭɵȉȘȋ ŲȍȎűȀȓȋ 

Brinker C. J. et al., The targeted delivery of multicomponent cargos to cancer cells by nanoporous particle -supported 

lipid bilayers, Nature Materials, 2011, 10, 389-397.   

ǸŭȎŭȈűȅȎȇŰȊȖȏ ůȈȉůȈűȇȈǿȏ ŮǾŰȊůȐŰȅȏ Ȉŭȇ ůȋŰȓȊǽűȓŰȅȏ űȓȋ ɵȎȓűȍȈȐűűǽȎȓȋ.   

http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf


ǵűȍȑůȐȊǾȋȅ ȊůűŭŲȍȎǽ ɵȍȉȉŭɵȉȘȋ ŲȍȎűȀȓȋ 

Brinker C. J. et al., The targeted delivery of multicomponent cargos to cancer cells by nanoporous particle -supported 

lipid bilayers, Nature Materials, 2011, 10, 389-397.   

ǸŭȎŭȈűȅȎȇŰȊȖȏ ŰűȍȑůȐȊǾȋȅȏ ȊůűŭŲȍȎǽȏ ŲȍȎűȀȍȐ.  

http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf
http://www.nature.com/nmat/journal/v10/n5/pdf/nmat2992.pdf


Wu, L. Y., Ross, B. M., Hong, S. and Lee, L. P. Bioinspired Nanocorals with Decoupled Cellular Targeting and Sensing 

Functionality. Small, 2010, 6, 503ð507. 

http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full
http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full
http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full
http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full
http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full
http://onlinelibrary.wiley.com/doi/10.1002/smll.200901604/full


ǨȇȍŭɵȍȇȈȍŮȍȊǿŰȇȊŭ ɵȍȉȐȊůȎȍŰȘȊŭűŭ / 

ǵűŭȆůȎȍɵȍȀȅŰȅ ȊůȊȂȎŭȋȘȋ 

Katz, J.S., Levine, D. H., Davis, K. P., Bates, F. S., Hammer, D. A., Burdick, J. A. Membrane Stabilization of Biodegradable Polymersomes 

Langmuir  2009, 25, 4429-4434. 

http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q


ǨȇȍŭɵȍȇȈȍŮȍȊǿŰȇȊŭ ɵȍȉȐȊůȎȍŰȘȊŭűŭ / 

ǵűŭȆůȎȍɵȍȀȅŰȅ ȊůȊȂȎŭȋȘȋ 

Katz, J.S., Levine, D. H., Davis, K. P., Bates, F. S., Hammer, D. A., Burdick, J. A. Membrane Stabilization of Biodegradable Polymersomes 

Langmuir  2009, 25, 4429-4434. 

ǵȗȋȆůŰȅ ŰȐȊɵȍȉȐȊůȎȍȗȏ PCL-PEG Ȋů 

ŭȈȎȐȉȇȈǿ űůȉȇȈǿ ȍȊǽŮŭ.   

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȅȏ 

ŰűŭȆůȎȍɵȍȀȅŰȅȏ űȓȋ ȊůȊȂȎŭȋȘȋ 

ȊǾŰȓ űȅȏ űůȉȇȈǿȏ ȉůȇűȍȐȎȃȇȈǿȏ 

ȍȊǽŮŭȏ 

http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q


ǨȇȍŭɵȍȇȈȍŮȍȊǿŰȇȊŭ ɵȍȉȐȊůȎȍŰȘȊŭűŭ / 

ǵűŭȆůȎȍɵȍȀȅŰȅ ȊůȊȂȎŭȋȘȋ 

Katz, J.S., Levine, D. H., Davis, K. P., Bates, F. S., Hammer, D. A., Burdick, J. A. Membrane Stabilization of Biodegradable Polymersomes 

Langmuir  2009, 25, 4429-4434. 

(a) ǯȇȈȎȍȃȎŭŲǿȊŭűŭ Cryo-TEM ɵȍȉȐȊůȎȍŰȓȊǽűȓȋ 

AcPCL-PEG ŭɵȍȐŰȀŭ ŲȓűȖȏ ǿ ůȈȈȇȋȅűǿ 
(ŭȎȇŰűůȎǽ), ɵŭȎȍȐŰȀŭ ůȈȈȇȋȅűǿ (ȈǾȋűȎȍ) Ȉŭȇ 
ɵŭȎȍȐŰȀŭ ůȈȈȇȋȅűǿ Ȉŭȇ Ȋůűǽ ŭɵȖ ǾȈȆůŰȅ Űů UV 

Ųȓȏ (ŮůȌȇǽ)  Ā ǫ ȊȍȎŲȍȉȍȃȀŭ űȓȋ 

ɵȍȉȐȊůȎȍŰȓȊǽűȓȋ Ůůȋ ůɵȅȎůǽȄůűŭȇ ŭɵȖ űȍȋ 
ůȈȈȇȋȅűǿ ǿ űȍ Ųȓȏ.  

ǭȉȇȊŭȈŭ = 100 nm.  
 

(b) DLS ɵȍȉȐȊůȎȍŰȓȊǽűȓȋ ɵȍȐ ŲǾȎȍȐȋ ŲȍȎűȀȍȐ 

ɵȎȇȋ Ȉŭȇ Ȋůűǽ űȅȋ ǾȈȆůŰǿ űȍȐȏ Űů UV. 

http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q
http://pubs.acs.org/doi/pdf/10.1021/la803769q


ǳŭȎǽȎűȅȊŭ: ŰȐŰűǿȊŭűŭ ȊůűŭŲȍȎǽȏ ŲŭȎȊǽȈȓȋ 



ǵȐŰűǿȊŭűŭ ȊůűŭŲȍȎǽȏ ŲŭȎȊǽȈȓȋ 

Zhang, Ƿ., Chan, ǫ. F., Leong , K. W. Advanced materials and processing for drug delivery: The past and the future, Advanced Drug Delivery 

Reviews , 2013 , 65,  104 -120. 

http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817


ǩȌǾȉȇȌȅ ŰȐŰűȅȊǽűȓȋ ȊůűŭŲȍȎǽȏ ŲŭȎȊǽȈȓȋ 

Zhang, Ƿ., Chan, ǫ. F., Leong , K. W. Advanced materials and processing for drug delivery: The past and the future, Advanced Drug Delivery 

Reviews , 2013 , 65,  104 -120. 

ǧȋŭȃȋȓȎȇŰȊǾȋŭ ŭɵȖ űȍȋ FDA Ȉŭȇ ůȊɵȍȎȇȈǽ ŮȇŭȆǾŰȇȊŭ ɵŭȎŭŰȈůȐǽŰȊŭűŭ.  

Ūȇŭ ɵȉȅȎȍŲȍȎȀůȏ:  Drugs@FDA.  

http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/


ǯůűŭŲȍȎǽ ŲŭȎȊǽȈȓȋ Ȋů ȉȇɵȍŰȘȊŭűŭ 

Allen, Ƕ. ǯ., Cullis, P. R.  Liposomal drug delivery systems: From concept to clinical applications Advanced Drug Delivery 

Reviews 2013, 65, 36-48. 

ǵȑůŮȇŭŰȊȖȏ ȉȇɵȍŰȓȊǽűȓȋ ȃȇŭ űȅȋ ůɵȀűůȐȌȅ ůɵȇȆȐȊȅűȘȋ ȇŮȇȍűǿűȓȋ Ȗɵȓȏ: 

ǧ. ǧɵȍȆǿȈůȐŰȅ Ȉŭȇ ůȉůȃȑȖȊůȋȅ ŭɵȍŮǾŰȊůȐŰȅ űȍȐ ŲŭȎȊǽȈȍȐ, 
Ǩ. ǧȋűȇȊůűȘɵȇŰȅ űȅȏ űŭȑůȀŭȏ ůȈȈŭȆǽȎȇŰȅȏ ŭɵȖ űȍȋ ȍȎȃŭȋȇŰȊȖ, 
Ū. ǩȋŮȍȈȐűűŭȎȇȈǿ ȊůűŭŲȍȎǽ űȍȐ ŲŭȎȊǽȈȍȐ. 

ǩȋŮȍȈȗűȓŰȅ ȊǾŰȓ ȐɵȍŮȍȑǾŭ (ŰűȖȑůȐŰȅ ȊǾŰȓ ligand), 
ǩȉůȃȑȖȊůȋȅ ŭɵȍŮǾŰȊůȐŰȅ, 

ǯůűŭŲȍȎǽ ȋȍȐȈȉůȔȋȇȈȘȋ ȍȌǾȓȋ/DNA, 
ǵȐȋŮȐŭŰűȇȈǾȏ ȆůȎŭɵůȀůȏ, 
ǳȍȉȐȉůȇűȍȐȎȃȇȈǽ ŰȈůȐǽŰȊŭűŭ, 

ǭȉȇȋȇȈǿ ŭȋǽɵűȐȌȅ. 

http://ac.els-cdn.com/S0169409X12002980/1-s2.0-S0169409X12002980-main.pdf?_tid=9ae78e9a-50f6-11e3-bc91-00000aab0f27&acdnat=1384850764_ba419611516cd0789a7f60b2c79df162
http://ac.els-cdn.com/S0169409X12002980/1-s2.0-S0169409X12002980-main.pdf?_tid=9ae78e9a-50f6-11e3-bc91-00000aab0f27&acdnat=1384850764_ba419611516cd0789a7f60b2c79df162
http://ac.els-cdn.com/S0169409X12002980/1-s2.0-S0169409X12002980-main.pdf?_tid=9ae78e9a-50f6-11e3-bc91-00000aab0f27&acdnat=1384850764_ba419611516cd0789a7f60b2c79df162
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ǯůűŭŲȍȎǽ ŲŭȎȊǽȈȓȋ Ȋů ȉȇɵȍŰȘȊŭűŭ 
Product  Drug  Indications  Year approved  

Approved products  

AmBisome (Gilead) Amphotericin B 
Fungal infections 

Leishmaniasis, 

1990 (Europe), 1997 (USA), 

2000 

Doxil/Caelyx (Johnson & 

Johnson) 
Doxorubicin 

Kaposi's sarcoma 1995 

Ovarian cancer 1999 

Breast Cancer 2003 

Multiple 

myeloma + Velcade 
(Europe, Canada) 2007 

DaunoXome (Galen) Daunorubicin Kaposi's sarcoma 1996 (Europe), 1996 (USA) 

Myocet (Cephalon) Doxorubicin 

Breast 

cancer + cyclophosphamid

e 

2000 (Europe) 

Amphotec (Intermune) Amphotericin B Invasive aspergillosis 1996 

Abelcet (Enzon) Amphotericin B Aspergillosis 1995 

Visudyne (QLT) Verteporphin  Wet macular degeneration 2000 (USA), 2003 (Japan) 

DepoDur (Pacira) Morphine sulfate Pain following surgery 2004 

DepoCyt (Pacira) 

Cytosine Lymphomatous 

1999 
Arabinoside 

meningitis  

Neoplastic 

meningitis  

Diprivan (AstraZeneca) Propofol  Anesthesia 1986 

Estrasorb (King) Estrogen Menopausal therapy 2003 

Lipo-Dox (Taiwan 

Liposome) 
Doxorubicin 

Kaposi's sarcoma, breast 

and ovarian cancer 
2001 (Taiwan) 

Marqibo (Talon) Vincristine 
Acute lymphoblastic 

leukemia 
2012 (USA) 

 

 

Exparel (Pacira) Bupivacaine Nerve block Phase II 
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ǯůűŭŲȍȎǽ ŲŭȎȊǽȈȓȋ Ȋů ȉȇɵȍŰȘȊŭűŭ 
Product  Drug  Indications  Year approved  

Products in clinical trials 

SPI-077 (Alza) Cis-platin  Solid tumors Phase II (development terminated) 

CPX-351 (Celator) Cytarabine:daunorubicin Acute myeloid leukemia Phase II 

CPX-1 (Celator) Irinotecan HCI:floxuridine Colorectal cancer Phase II 

MM -398 (Merrimack) CPT-11 
Gastric and pancreatic cancer Phase II 

Glioma and colon cancer Phase I 

MM -302 (Merrimack) ErbB2/ErbB3-targeted doxorubicin  ErbB2-positive breast cancer Phase I 

MBP-436 (Mebiopharm) Transferrin-targeted oxaliplatin  
Gastric cancer and gastro-

esophageal junction 
Phase II 

Brakiva (Talon) Topotecan Relapsed solid tumors Phase I 

Alocrest (Talon) Vinorelbine 
Newly diagnosed or relapsed solid 

tumors 
Phase I 

Lipoplatin (Regulon) cisplatin Non-small cell lung cancer Phase III 

L-annamycin (Callisto) Annamycin 

Adult relapsed ALL Phase I 

Pediatric relapsed ALL and acute 

myelogenous leukemia 
Phase I 

Doxorubicin-resistant breast cancer Phase II (development terminated) 

ThermoDox (Celsion) Thermosensitive doxorubicin 

Primary hepatocellular carcinoma Phase III 

Refractory chest wall breast cancer Phase II 

Colorectal liver metastases Phase II 

Endo-Tag-1 (Medigene) Cationic liposomal paclitaxel 
Pancreatic cancer Phase II 

Triple negative breast cancer Phase II 

ALN-TTR ALN-PCS ALN-VSP 

(Alnylam) 

siRNA targeting transthyretin (TTR) 

siRNA targeting PCSK9 RNAi 
targeting liver cancer 

TTR amyloidosis Phase I 

Hypercholesterolemia Phase I 

Liver cancer and liver metastases Phase I 

TKM-PLK1 TKM-ApoB (Tekmira) 
RNAi targeting polo -like kinase 1 

(POLO) RNAi targeting apoB 

Liver tumors Phase I 

High levels of LDL cholesterol Phase I 

Stimuvax (Oncothyreon/Merck) Anti -MUC1 cancer vaccine Non-small cell lung cancer Phase III 

Exparel (Pacira) Bupivacaine Nerve block Phase II 
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ūůȎŭɵůȐűȇȈǿ Ȋů ɵȍȉȐȊůȎǿ 
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