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Polymers and Information content

Natural Synthetic A Structures of natural and

a)i;;;i;;;li) @@@@ synthetic polymers.

A Monomer units ( a,i) can be

b) *# # * * #‘- * i) ?asr?g;nrslgs im:ezif;?ii S)) or

A Further complexity via

.. 0 000 Qo0 regions of self -
C ):: ) 1 . .
) ) complementarity asint  -RNA

(c), orin block -co-polymers
(iii).

A Cross-linking of polymer
chains occurs in both natural
polymersviaS -Slinksin
proteins (d) or in network
polymers (iv).

A Combinations of blocks with
complex architectures can be
found in glycoproteins (e) and
dendrimers (v)

The University of

Nottingham

g



uuuuuuuuuuuuuu
nnnnnnnnnn

Organisation and self -assembly

Atoms Nanotubes Micelles Polymersomes Giant vesicles
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Drug ‘ ;C JRECN | -~
Atoms molecules Protelns Viruses Bacteria Cells

A Lengthscales and structures/architectures in

synthetic and natural systems of increasing
complexity t
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Responsive block co - polymers: natural & synthetic

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

A Virions enter cell by receptor -mediated

endocytosis. As endosome acidifies (H *), capsid
breaks - release from endosome.

A Double -stranded viral DNA released from

degraded capsid
Hydrophilic outer shell Micelle core as a drug reservoir = b) I Synthetlc block
composed of flexible : : :
N theF:'ed polyme’: Strands g:stgﬂse incorporation of a variety of CO- polymers
= Excellent biocompatibility Controlled drug release .
= Stimuli sensitivity __|Stimuli- responsive drug release A Self - assemb|y into
2 Drugs  DNA Mo [/ higher order structures
™ B V) AT )
oo L ' A Modular components i

mimicry of the viral
oOenvel opesod

Hydrophobic interaction '

Electrostatic interaction .
%\fp Metal complex formation .[ Introduction of
I

functional groups on

etc. 2 \ -
Block . the micelle surface ..
copolymers = Targetability N. Nishiyama and K. Kataoka..
Pharmacology & Therapeutics
Uniform size with a range comparable to viruses 2006 , 112 (3)’ 630 -648.
@ =+ High extravasating and tissue penetrating ability
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Viral mimetics

Poly(His,,-co-Phe;) PEG succinyl ester

Oil-in-water emulsion method PBSpH7.4

-ami
g-amine >

pH7.4 Evaporation of
organic solvent
F: folate at 30°C

PEG inner shell

Folate

BSA outer shell Solidified
Poly(His,,-co-Phe,) core
le— 55 nm -»|

& A E.S.Lee,D.Kim,Y.S. Youn,K.T.OhandY.H. Bae, Angewandte
v Chemie -International Edition , 2008, 47,2418 -2421 E
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Layer -by-Layer pol yme

Reactive ‘shielding’
polymer

Degradable ¥
Polycation

Targeting ligand

Nucleic acid Polyplex Targeted and
Coated polyplex

Transferrin receptor
Receptor mediated endocytosis

V W 1 Endocytosis

2 Receptor recycling
i
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k----»Shell detachment ----~ e Reduction of disulfide bonds
:L-- =) COre €roSioN - - - oooooeemmmmmm= === by glutathione (5 - 10 mM)
i N e =
L----» Enhanced Release of Plasmid ---wccoomommm=="""" Nucleic acid release
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Molecular architectures and containers from
block copolymers in selective solvents

Soluble block
\V (Molecular Mass M,)

"= g

Polymer membrane
(ta<p<)

Self assembly M%ﬂ
Where v is the In solution 2
volume and d is
the length of the

Insoluble block

solvent -phobic (Molecular Mass M,)
block.
Polymer spherical micelle
(p £ Va)
Packing parameter = ratio between insoluble chain molecular volume and volume

actually occupied by copolymer in the assembly
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Polymersome concepts

\N‘WD-'\ .

hydrophilic block, e.g. hydrophobic
PEG, fona =3-60% block

5 (A) T, pH, llght

(B) T, pH, light
redox potential

& Blue: PEG
@ Green: PES
® Hydrophilic drug
O  Hydrophobic drug

Targeting unit
«=» Linking unit
@ Pores formed

% A Meng etal. Biomacromolecules, 2009, 10 (2), 197 -209
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Transport into multivesicular structures
via pH -switchable channels

Channel closed

Multivesicles
Transmembrane AAc-rich region
4 W& PH5.0
H O Hzo ..........
H 'l_ e »
pH 8.0

I layer of un-ionized AAC units
layer of ionized AAC units

un-ionized AAC units in the AAc-rich region

——

~e— jonized AAC units in the AAc-rich region

GO
bilayer region of distearin

o0

------- hydrogen bonding between the un-ionized AAC units

The University of
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Polymersome Nanoreactors

A)
RO ety MR o T P v ;%wx%
o8 - Ho—?? i o—'}?o
2a-4a /ha 2b-4b oH 5P N
B)
VA 3
(—
PEG-b-PSBA OH-, sugar
. VA
GALE PEG-b-PS

v N\ \_L
@ A Kim etal. Adv. Mater . 2009 . 21,175
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Polymers in synthetic biology

A Polymer chemistries for cell \/Z_XH-

recognition

A Binding and redfefafse\ﬂz_\c}_o_p
logic operation

A Assembly of polymers into
supramolecular objects i \/2_\H \%é%
physical manifestation of
protocell

A Interaction of polymers with \/2_\% —eo @
cell-cell communication systems ® ®

A Self-assembled polymer &cél@ 350
and cross -talk with real cell ‘;g%,g: — b

communication systems

.......

ROS
.............
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Responsive polymers and bacterial recognition

Testing the concept - polymers with glyco -ligands

A Can we switch 6éond and gyt f 6 t he
ligands to cells (switchable glycocode )?
I Signaling pathways at cell  -environment interface
I Specific ligand -receptor interactions

A Glycopolymers with defined ligand moieties to trigger
biological responses
I Optimum size for interaction with cellular organelles
I Multiple functionality
i 60Softd in nature
I Supramolecular conformation / biological mimicking
I Multivalent interactions

A First generation model to probe cell targeting
modalities

......
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Towards pol ymer <cel-t abkbdés

A Biocompatible vesicles as long  -circulating carriers
A Polymer self -assembly into higher -order structures

A Cell-mi mi cs with hydiwaph dbian db c e
glycosylated surfaces

A Potential for cross -talk with biological cells

\\ 3, 1
y
/ 2; \5 assembly T>LCST

N ' o
'I\ . 5 T<LCST

Ve { 1

L

Unimers Vesicles Vesicles

.......
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Responsive glycovesicles

Br ATRP Br NaOMe CuBr Br
+ CuBr x /MeOH /blpy y
o o

o H o o o o
OAc OAc OH \L
o (o) (0] (|)
OAc OH
OAc AcO OH

OAc HO" ~0oH

NaOMe \ ®_< Jf* RAFT®_< W

lMeOH o) O 0 O

O /OAc 0 \ I
72§?Ac O /OH (o)

IO

HO
fio HO OH

OH P2 OH

) Pasparakis, G. Angew Chem IntEd. 2008 47 (26), 4847 -4850
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Responsive vesicles

Polymer M,, kDala M, /M [P] x:y ratio [l LCST (°C)
P1 11.2 1.34 10:50 28
P2 15.2 1.11 28:36 28
10 251 nm [polymer] = 0.5 mg/ml 1.0, ,\
" a2 nm L sl 4 L
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[Glucose]

& Pasparakis, G. etal. J. Am. Chem. Soc. 2007, 129,11014 i 11015
g Pasparakis, G. Angew Chem Int Ed. 2008 47 (26), 4847 -4850 r
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Vesicle blorecognltlon
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Specificity of interaction
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Dynamics of interaction

ﬁ
v Pasparakis, G. Angew Chem Int Ed. 2008 , 47 (26), 4847 -4850 E
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Polymer logic operators

2,54

z
L
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B
Absorbance (A.U.)
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o
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H 0,0:' “‘.“' ‘."- -“l. L T 1
J\ k‘ 20 25 30 35 40 45 50 55
o

Temperature (°C)

P2 o\/OH ’\_ T>LCST,

o] “=oet

. Coils Globules

A Combination of phase transitions and binding
events to describe logic gates
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Polymer AND Gate

a) (00 (1,0) -
HO. Ok O/INio NH Oﬁo IEI

H 0
0
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07 /OH HO o,
o 073\@
O OH o]
e e oG e
SecuET on S
SO;Na o @
0

(0.1)

0O OH
oH HO. ;.OH
906 %
S0;Na
o]

o oB@

; . Polymer . Polymer
collapsed .4  collapsed
b) ot o) AND truth table
5 80, —4—(0,0) N, | Ny | Out
<19 N Out=0 Out=1
< 60] —e—(10) | 0 oo
2 50 a1 Jojo
£ 40] i 0 output 0 1 0
1 1 1
[
o
E
L

0 . . .
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Wavelength (nm)

A Pasparakis, G.; et al

. Soft Matter 2009

A P2-AR-PBA
Interactions at all
four possible input
combinations are
shown in a)

A Fluorescence
emission is recorded
as output in b) with
construction of the
AND truth table.

, 5, 3839 1 3841 .
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Polymer Logic and Quorum Sense

Bacteria use small

HO,, .~ molecules as signalling
B\ agents to sense and
monitor population
HOw p—{ " density i Quorum
w Sense
HO! Sequester and release
AI-Z QS agen.ts as Iogic_or
communication gating

with bacterial cells

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

Pasparakis, G.; etal . Soft Matter 2009 , 5, 3839 i 3841.
Pasparakis, G.; Gardner, P.; Davis, B.G ., Cameron, N.R . et
al 2010 submitted r
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Polymer Information (QS) quenching?

O, O 'Vibrio hgwevi‘ A Polymer
%o “‘gg interactions with
‘ it ho_OH Ho,B(gﬂ
o

Hf "oy e Al -2 or boronate
Al-2 ol b Ho~ analogues for QS
QS is ON - el ‘ QS is OFF switching in  Vibrio

e =) AN ‘ species
‘”“' P e B:ou/_\ - ) PolymerHO OH ’ oho@m
OH

HO*
o W, ‘, HO -
o OH N
€© - > O

Al-2 Scavenging

800+ S
200 Vibrio harveyi MM32 A Light production maxima
& in presence of PVA, GAL

600+ \
o % : cnd GENiA potmes for
i

.

= 700- Vibrio harveyi BB170

% BB170 (a) and MM32 (b).
\ Controls refer to light

\ production in absence of
\ polymers without (a) and

100
0o PUA Sortol GAL T~ GEMA with (b) added Al -2
b a) b)
dbdy
Pasparakis, G.; Gardner, P.; Davis, B.G .; Cameron, N.R .etal 2010 E The University of
e submitted Notti ng ham
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Vibrio bioluminescence In
presence of polymers

A 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
inred - insets show
expansions of the
delay time of
luminescence onset.

In (d) optical

densities of
suspensions

containing Vibrio with
and without polymers
are shown.
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