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Long-Term Goals:
•  Use complex coacervation as a biomimetic environment to encapsulate 

tetanus toxoid with the goal of stabilization
•  Develop a product that is useful for disaster relief situation and extend 

our approach to other biologics

Objectives:
•  Establish conditions for effective encapsulation of proteins toward 

encapsulating vaccines
•  Determine a reliable assay for encapsulation efficiency
•  Evaluate the stability of proteins in the coacervate systems

Encapsulation:
•  Protein and oppositely charged polyelectrolyte form an intermediate complex
•  Second polyelectrolyte is added to make the coacervate
•  This is more stable

Big Picture:
•  Cold chain at 2-8ºC:
•  Accounts for 80% of cost and logistics of vaccines
•  $200-300 million a year

•  Results in about 50% of vaccines being lost each year
•  Relief programs will be able to carry more vaccines to remote locations

What is coacervation?
•  Liquid/liquid phase separation resulting from electrostatic complexation of 

polyelectrolytes
•  Formation of a dense phase (coacervate) and supernatant
•  Generally entropically favorable

Polyanion Polycation Coacervate

Methods:

Experimental Results:

Future Work:
•  Get ELISA up and running for a means of testing tetanus toxoid viability
•  Testing thermal stability of proteins and determining shelf-life
•  Temperature vs. shelf-life

Time Dependency and Order Effects
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Challenges:
•  Some proteins may not have a secondary structure
•  Requires both high encapsulation efficiency and high loading for 

medical applications
•  Need to find a reliable means of determining thermal stability and 

protein viability

Circular Dichroism (CD):
•  Polarized light is shined on solution and the difference in 

absorbance from two sources generates the spectra
•  Can look at secondary structure of proteins
•  Based on chirality and there being a secondary structure 

present
•  The difference shown could be from screening affects

Using poly(lysine-glycine)25 and 
poly(glutamate-glycine)25

:
•  As time goes to infinity, the peak shifts to the right toward charge 

equilibrium when the negative polyelectrolyte is added first
•  The right tail (where it is more positive) reaches a stable equilibrium 

almost immediately
•  When the positive polyelectrolyte is added first, the peak shifts to the left 

toward charge equilibrium as time goes toward infinity
•  The left tail (where it is more negative) reaches equilibrium very 

quickly

Turbidity:
•  Using poly(L-lysine) (pLK) and poly(D,L-glutamate) 

(pRE) at 50, 100, and 400 peptide chain lengths
•  Qualitative data, describing if coacervate or precipitate 

formed in a sample
•  Paired with microscopy to determine phase
•  pLK50/pRE50 reached a peak where it was slightly 

positive
•  Using 100 and 400 chain length reached a peak around 

a net neutral polymer charge
•  The longer the chains the broader the peak

Bradford Assay:
•  Colorimetric assay used to convert absorbance data into 

concentration data
•  Average concentrations of encapsulated and free BSA were 

calculated
•  As BSA went from the supernatant phase to the coacervate 

phase, a drop in the supernatant concentration and an 
increase in the coacervate concentration is observed

•  Coacervate concentrations is two to three orders of 
magnitude greater than their supernatant counterparts
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Why use coacervates?
•  Compartmentalization via liquid/liquid phase separation
•  Crowding and soft interactions
•  Potential to replicate milieu found in the cells to stabilize proteins

Charge Patterning:
•  Look into how charge patterning affects the time dependency and 

shifting
•  Are there patterns depending on how the polyelectrolytes are patterned?

Model Proteins:

https://en.wikipedia.org/wiki/Bovine_serum_albumin https://en.wikipedia.org/wiki/Lysozyme https://en.wikipedia.org/wiki/Green_fluorescent_protein
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Bovine Serum Albumin 
(BSA)

Lysozyme

Green Fluorescence Protein 
(GFP)

https://dyzle.wordpress.com


