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Polymers and Information content

Å Structures of natural and 

synthetic polymers. 

Å Monomer units ( a,i ) can be 

assembled into defined (b) or 

random (ii) sequences.

Å Further complexity via 

regions of self -

complementarity as in t -RNA 

(c), or in block -co-polymers 

(iii). 

Å Cross - linking of polymer 

chains occurs in both natural 

polymers via S -S links in 

proteins (d) or in network 

polymers (iv). 

Å Combinations of blocks with 

complex architectures can be 

found in glycoproteins (e) and 

dendrimers (v)



Organisation and self - assembly

ÅLengthscales and structures/architectures in 
synthetic and natural systems of increasing 
complexity



Responsive block co - polymers: natural & synthetic

a) - Adenovirus virions bind to coxsackie 
adenovirus receptor (CAR) and integrins 
on plasma membrane

ÅVirions enter cell by receptor -mediated 
endocytosis. As endosome acidifies (H + ), capsid 
breaks - release from  endosome. 

ÅDouble -stranded viral DNA released from 
degraded capsid

b) ïSynthetic block 
co-polymers

ÅSelf -assembly into 
higher order structures

ÅModular components ï
mimicry of the viral 
óenvelopesô

N. Nishiyama and K. Kataoka. 
Pharmacology & Therapeutics
2006 , 112 (3), 630 -648.



Viral mimetics

Å E. S. Lee, D. Kim, Y. S. Youn , K. T. Oh and Y. H. Bae, Angewandte 
Chemie - International Edition , 2008, 47 , 2418 -2421



Layer - by -Layer polymer óboxesô

Å Soliman, M et al. unpublished



Where v is the 
volume and d is 
the length of the 
solvent -phobic
block. 

Packing parameter = ratio between insoluble chain molecular volume and volume
actually occupied by copolymer in the assembly

Molecular architectures and containers from 
block copolymers in selective solvents

Smart et al . Nanotoday 2008, 3 , 3-4



Polymersome concepts

Å Meng et al. Biomacromolecules, 2009, 10 (2), 197 -209



Transport into multivesicular structures 
via pH - switchable channels

Å H.-C. Chiu, et al, Angewandte Chemie International Edition , 
2008, 47 , 1875 -1878.



Polymersome Nanoreactors

Å Kim et al. Adv. Mater . 2009 , 21 , 1 ï5



Polymers in synthetic biology

Å Polymer chemistries  for cell 
recognition

Å Binding and release as óon-offô 
logic operation

Å Assembly of polymers into 
supramolecular objects ï
physical manifestation of 
protocell

Å Interaction of polymers with 
cell - cell communication systems

Å Self -assembled polymer ócellsô 
and cross - talk with real cell 
communication systems



Responsive polymers and bacterial recognition

Testing the concept  - polymers with glyco - ligands

Å Can we switch óonô and óoffô the signals from glyco -

ligands to cells (switchable glycocode )?

ï Signaling pathways at cell -environment interface

ï Specific ligand - receptor interactions

Å Glycopolymers with defined ligand moieties to trigger 

biological responses 

ï Optimum size for interaction with cellular organelles

ï Multiple functionality

ï óSoftô in nature

ï Supramolecular conformation / biological mimicking

ï Multivalent interactions

Å First generation model to probe cell targeting 

modalities



Towards polymer cell ócross-talkôé..

ÅBiocompatible vesicles as long -circulating carriers

ÅPolymer self -assembly into higher -order structures

ÅCell -mimics with hydrophobic ócell-wallô and 
glycosylated surfaces

ÅPotential for cross - talk with biological cells



Responsive glycovesicles

Pasparakis, G.  Angew Chem Int Ed. 2008 47 (26), 4847 -4850



Responsive vesicles
Polymer Mn / kDa [a] Mw/M n

[b] x:y ratio [b] LCST ( oC)

P1 11.2 1.34 10:50 28

P2 15.2 1.11 28:36 28



óTalkingô to cells with glycopolymers 1

Pasparakis, G. et al. J. Am. Chem. Soc. 2007, 129 , 11014 ï11015

Pasparakis, G.  Angew Chem Int Ed. 2008 47 (26), 4847 -4850

0 0.01 mM 0.1 nM 1 nM 

[Glucose]



Vesicle biorecognition

Pasparakis, G.  Angew Chem Int Ed. 2008 47 (26), 4847 -4850



óTalkingô to cell- vesicle aggregates 2

Pasparakis, G.  Angew Chem Int Ed. 2008 , 47 (26), 4847 -4850



Specificity of interaction

a) b)

c) d)



Dynamics of interaction

Pasparakis, G.  Angew Chem Int Ed. 2008 , 47 (26), 4847 -4850



Polymer logic operators

ÅCombination of phase transitions and binding 
events to describe logic gates



Polymer AND Gate

ÅP2-AR-PBA 

interactions at all 

four possible input 

combinations are 

shown in a)

ÅFluorescence 

emission is recorded 

as output in b) with 

construction of the 

AND truth table. 

Å Pasparakis, G.; et al . Soft Matter 2009 , 5, 3839 ï3841 .



Polymer Logic and Quorum Sense

Pasparakis, G.; et al . Soft Matter 2009 , 5, 3839 ï3841 .
Pasparakis, G.; Gardner, P.; Davis, B.G .; Cameron, N.R . et 
al 2010 submitted

Å Bacteria use small 
molecules as signalling 
agents to sense and 
monitor population 
density ïQuorum 
Sense

Å Sequester and release 
QS agents as logic or 
communication gating 
with bacterial cells

Å AI - 2 = QS agent of 
Vibrio (and other) 
species



Polymer Information (QS) quenching?

Å Light production maxima 
in presence of PVA, GAL 
and GEMA polymers for 
Vibrio harveyi strains 
BB170 (a) and MM32 (b). 
Controls refer to light 
production in absence of 
polymers without (a) and 
with (b) added AI -2

Pasparakis, G.; Gardner, P.; Davis, B.G .; Cameron, N.R . et al 2010
submitted

Å Polymer 
interactions with 
AI -2 or boronate 
analogues for QS 
switching in Vibrio 
species



Vibrio bioluminescence in 
presence of polymers

Å Vibrio harveyi BB170 
in the absence and 
presence of PVA (a), 
GAL (b) and GEMA 
(c). Bioluminescence 
curves in the absence 
of polymer are shown 
in red - insets show 
expansions of the 
delay time of 
luminescence onset. 
In (d) optical 
densities of 
suspensions 
containing Vibrio with 
and without polymers 
are shown.

Pasparakis, G.; Gardner, P.; Davis, B.G .; et al unpublished


