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Mimicking Biological Membranes

L|posomes Can we incorporate or mimic properties and

3 functions of biological cells to create robust
§ advanced materials?
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2 Major Challenges:
Limited Chemical and Mechanical Stability
Limited Modification Chemistries

Polymersomes
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Polymersomes Can Help
Enhanced Chemical and Mechanical Stability
Unlimited Modification Chemistries
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Dynamic Polymer Vesicle Membranes
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Dynamic Polymer Vesicle Membranes
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Dynamic Polymer Vesicle Membranes
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Dynamic Assembly of Polymer
Nanotubes - Fluidity
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Dynamic Assembly of Polymer
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W. F. Paxton et al. Nanoscale, 2015, 7, 10998—-11004

FRAP in Polymer Nanotubes

Fluidity in Polymer Membrane Nanotubes

DOPC Networks
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Fluidity of Adsorbed Quantum Dots
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No fluidity in

polymer nanotubes either.. WHY?
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Dynamic Polymer Vesicle Membranes

( N

Catalytically-Active Cross-Links

(Reactivity and Stability)
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"Radical cross-linking
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Covalent X-links are ROBUST but,
limited control over DYNAMICS
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...and from photocaged amines A

cross-linked
polymersomes

polymersomes
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Platinum-Alkene Complexes
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Zeise’s Salt Karstedt’s Catalyst
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Exploit organometallic
interactions to create
membranes that are both

< robust and dynamic. y
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Capable Crosslinks: Polymersomes Reinforced with
Catalytically Active Metal-Ligand Bonds

H,O + MeOH crosslinked
MeOH vesicles
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Surfactant-Resistant
Cross-linked Polymersomes

Scattering Intensity (Normalized)
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Cross-linked vesicles resist surfactant
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e

1,2 addition

+ TX-100

cross-linked vesicles persist!

1,4 PBd is MORE resistant with Pt...

a ...but LESS resistant than 1,2 PBd

~=- PEO-{1,4)Pbd, 0% Pt
-+ PEO-{1,4)PBd, 9% Pt
-+~ PEO-{1,2)PEd, 9% Pt Two effects:

« Sterics: Pendant vs. main-chain
« Electronics: bond energies
(1,2--Pt > 1,4--Pt)

Scattering Intensity (Normalized)
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™) Selective Reversibility w/ a Competing Ligand
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Pt in Cross-linked Polymersomes
Are Catalytically Active
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Measuring Ion Flux in Vesicles

00 ® O®

o

neutral negative neutral

1. Permeability of OH- is FAST - buildup of negative charge
2. Negative charge compensated by flux of the K* counterion...

3. ...but permeability of K* is SLOW.
4. K* flux is the rate limiting step for net flux of OH-

pH can be used.to.determine flux of K* S
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~200 nm vesicles
(“unilamellar”)

Inside;

Pyranine
(0.5 mM)

pH =7
(PIPES/Sucrose)

amphiphile rehydrated extruded dialyzed

film vesicles vesicles vesicles OUtS|de: no pyramne
KOH qq) T l456
I402 nm £
O .
O time L402
O O I456 nm
O O T 350 400 450
2., (hm) }”e_m (nm)
I 456 nm I 456 nm
-> th1 I -> thZ
=4 . Z.MARTMENT OF Office of 402 nm Sandia
»Los A'amQ.S ENERGY Science m lNaal}:lnrg?lllries 17




25% EO,,Bd,;

-IT;. 100% DOPC
8.0
: 100% EO,,Bd,;
Good vesicles / Some worm-like micelles —
| Cryo-Em (Hae Ra SBif) s oersmeror  ofice 0 2000 .4000 6000 8000
> Los Alamos W ENERGY scien.. time(s)

NATIONAL LABORATORY



odulating Permeability with Ionophores
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Summary and Conclusions

H,0 + MeOH crosslinked
MeOH vesicles

Used organometallic interactions to modulate the properties of “normal”
polymersomes:

1. Enhanced Stability:

. Pt--Il > Organometallic cross-links
. Resistant to destabilization
. Crosslinking can be selectively reversed w/ phosphine ligands %

2. Catalytic Activity:

surfactant R{’)H’VO}H
. Pt centers still active <4 <
. Enable hydrosilation reactions \L)ﬂ/\?

mixed uncrosslinked
To produce soft self-assembling material that is both robust and dynamic. micelles vesicles
Monitoring and Modulating lon Flux in Hybrid Bilayers (0] 951 Wwwm
Key Accomplishments: Monitored and modulated ion flux in o

hybrid vesicles via reconstituted membrane proteins.
Prepared and characterized hybrid polymer/lipid bilayers and
assessed their fluidity.
IMPACT: The permeability and lateral fluidity of hybrid
bilayers is important to our research and has not been
explored in the literature. Our work produced a manuscript of
general interest currently under review, and anotherin
preparation. 0 2000 4000 6000 8000
time (s)
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