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An associative liquid-liquid phase separation resulting from 

the electrostatic complexation of polyelectrolytes 
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How can we use chemical patterns 

to design new materials?  
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Su et al., Macromolecules, 2015, 48, 756. 
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Why Encapsulate Biomolecules? 

Improve biomolecule stability and activity 

�±Biocatalysts 

�±Food additives 

�±Thermostable vaccines 

�‡Retains water and salt 
�‡Very low surface tension 
�‡Commonly used for encapsulation 

�±Drug delivery 
�±Food and personal care 
�±Used in Kindle display 

Maximum complexation 

�Î  Charge stoichiometry   

Patterning enables control over material properties without changing composition 

�‡Traditional theories account for bulk-scale 

properties 

�± No spatial correlation between charges 

�± Insufficient to address charge patterning 

�‡More advanced treatments are necessary 

�± Charge spacing 

�± Connectivity 

Charge patterning  
has an effect 

Perry and Sing, Macromolecules, 2015, 48, 5040. 

�‡Why polypeptides? 

�±Precisely controlled sequence  

    patterning at molecular level 

�‡Peptide synthesis 

�± Solid phase peptide synthesis  

�± High-throughput microwave  

synthesis Aroa et al., Polymers, 2014, 515. http://cem.org 
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�±Compartmentalization/encapsulation 

�±Crowding 

�‡Prevents protein unfolding 

�±Soft interactions 

�‡Charged amino acids enhance stability in thermophiles 

�‡Protect hydrophobic surface patches against aggregation 
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Examine  

phase behavior  
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Polypeptides 

Anionic Cationic 
Charge 
Block 

E50  

(KG)25 1 

(K2G2)12 2 

(K4G4)6 4 

(K8G8)3 8 

(K12G12)2 12 

K50 50 Comparing with 

simulation 

�‡Higher stability 

�‡Lack of hydrogen bond donor 

�± Stop the secondary structure formation 

�± Reduce the chance to form precipitation 

�‡Can also be synthesized by high-throughput solid phase synthesis 
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