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Description 

Title of Invention : A Copolymer and A 
Micellar Particle Comprising the Copolymer 

Technical Field 

5 The present invention generally relates to a copolymer. The present invention also relates 
to a micellar particle comprising the copolymer and uses of the micellar particle. The 
present invention also relates to a method of protecting a cargo at a temperature that 
typically causes thermal degradation of said cargo.  

Background Art 

10 In non-physiological conditions, proteins are likely to permanently lose their biological 
functions when exposed to high temperatures due to the lack of mechanisms that prevent 
unwanted proteins aggregation at high temperatures and failure to promote protein 
refolding into active conformation after heating. The natural GroEL-GroES system is one 
such system to protect proteins against denaturation at high temperatures. The GroEL

15 GroES system has an interior barrel covered by some hydrophobic sites in the rim. These 
hydrophobic sites are used to capture unfolded proteins, thereby avoiding undesired 
aggregation. When triggered by adenosine 5'-triphophate (ATP), the hydrophobic binding 
sites in the barrel will be buried within the subunit interfaces, thus providing a hydrophilic 
environment that is favourable for refolding of the unfolded proteins.  

20 Up to date, the most classical artificial system that has been reported to simulate the 
molecular chaperone functionalities of the natural GroEL-GroES system is based on a two
step mechanism, which involves complicated capture-binding-stripper procedures through 
addition of various additives and tedious post-processing. Here, the capturer (hydrogels, 
nanoparticles or cationic copolymers) binds with the denatured proteins through 

25 hydrophobic or electrostatic interactions and prevents proteins from aggregating on 
heating. Following which, the strippers (additives such as cyclodextrins or anionic 
poly(acrylic acid) (PAA)) are introduced to interrupt the interactions between the capturer 
and proteins to thereby release the refolded proteins. However, this system is cumbersome 
to use and require additional additives to remove the captured proteins.  

30 There is a need to provide a protection system that overcomes, or at least ameliorates, one 
or more of the disadvantages described above.  

There is a need to provide a method of protecting a cargo from thermal degradation that 
overcomes, or at least ameliorates, one or more of the disadvantages described above.  

Summary of Invention 

35 There is provided a copolymer comprising a hydrophilic polymer, a hydrophobic polymer and a 
thermoresponsive polymer.

AMENDED SHEET 
IPEA/AU



























































29 

 

Claims 

  

1. A copolymer comprising a hydrophilic polymer, a hydrophobic polymer and a 

thermoresponsive polymer, wherein said hydrophobic polymer comprises at least 

one monomer selected from the group consisting of oligomeric silsesquioxanes, 

ethylene, propylene, butene, phenyl-oxazoline, ester and phosphazine.  

2. The copolymer of claim 1, wherein said hydrophilic polymer comprises at least one 

monomer selected from the group consisting of vinyl alcohol, acrylic acid acrylate, 

vinyl pyrrolidone, N-(2-hydroxypropyl) methacrylamide, methyl vinyl ether, maleic 

anhydride, methyl-oxazoline, ethyl-oxazoline, phosphates, phosphonates, and 

ethylene glycol. 

3. The copolymer of claim 2, wherein said hydrophilic polymer is selected from the 

group consisting of polyvinyl alcohol, polyacrylic acid, polyacrylate, polyvinyl 

pyrrolidone, poly(N-(2-hydroxypropyl) methacrylamide), poly-(methyl vinyl ether-

co-maleic anhydride), poly(2-methyl-2-oxazoline), poly(2-ethyl-2-oxazoline), 

polyphosphates, polyphosphonates, polyethylene glycol and copolymers thereof.  

4. The copolymer of any one of the preceding claims, wherein said hydrophilic 

polymer has a molecular weight in the range of 300 g/mol to 1000 g/mol. 

5. The copolymer of claim 1, wherein said hydrophobic polymer is selected from the 

group consisting of polyhedral oligomeric silsesquioxanes, polyethylene, 

polypropylene, polybutene, ethylene-propylene copolymers, poly(2-phenyl-2-

oxazoline), polyester, polyphosphazine, polyhydroxybutyrate, polycaprolactone, 

and copolymers thereof.  

6. The copolymer of any one of the preceding claims, wherein said hydrophobic 

polymer has a mole percent of 1.5 mol% to 6 mol% in said copolymer. 

7. The copolymer of any one of the preceding claims, wherein said thermoresponsive 

polymer comprises at least one monomer selected from the group consisting of 

propylene glycol, isopropyl-oxazoline, N-isopropylacrylamide, N,N-

diethylacrylamide, N-vinylcaprolactam and (dimethylamino)ethyl methacrylate). 

8. The copolymer of claim 7, wherein said thermoresponsive polymer is selected from 

the group consisting of poly(propylene glycol), poly(2-isopropyl-2-oxazoline), 

poly(N-isopropylacrylamide), poly(N,N-diethylacrylamide), poly(N-

vinylcaprolactam), poly[2-(dimethylamino)ethyl methacrylate)] and copolymers 

thereof. 

9. The copolymer of any one of the preceding claims, wherein said thermoresponsive 

polymer has a molecular weight in the range of 300 g/mol to 400 g/mol. 

10. The copolymer of any one of the preceding claims, wherein said copolymer 

comprises an acrylate backbone.  
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11. The copolymer of claim 10, wherein said acrylate is selected from the group 

consisting of methacrylate, methyl acrylate, ethyl acrylate, hydroxyethyl 

methacrylate, butyl acrylate and butyl methacrylate.  

12. A micellar particle comprising a copolymer having a hydrophilic polymer, a 

hydrophobic polymer and a thermoresponsive polymer, wherein said hydrophobic 

polymer comprises at least one monomer selected from the group consisting of 

oligomeric silsesquioxanes, ethylene, propylene, butene, phenyl-oxazoline, ester 

and phosphazine. 

13. The micellar particle of claim 12, wherein said micellar particle has a core-shell 

configuration.  

14. The micellar particle of claim 13, wherein said hydrophobic polymer is present in 

said core. 

15. The micellar particle of claim 12 or 13, wherein at least one of said hydrophilic 

polymer or said thermoresponsive polymer is present in said shell.  

16. The micellar particle of any one of claims 12 to 15, wherein said thermoresponsive 

polymer becomes hydrophobic at a temperature above the low critical solution 

temperature and becomes hydrophilic at a temperature below the low critical 

solution temperature.  

17. The micellar particle of any one of claims 12 to 16, wherein said thermoresponsive 

polymer becomes shorter in length at said temperature above said low critical 

solution temperature and becomes longer at said temperature below said low critical 

solution temperature.  

18. A method of protecting a cargo at a temperature that typically causes thermal 

degradation of said cargo, comprising the steps of: 

a) providing a micellar particle having a core-shell configuration, said core 

comprising a hydrophobic polymer and said shell comprising at least one of a 

hydrophilic polymer or a thermoresponsive polymer, said thermoresponsive 

polymer capable of becoming hydrophobic at a temperature above a low critical 

solution temperature of said thermoresponsive polymer; and 

b) immobilizing said cargo with said hydrophobic thermoresponsive polymer at the 

temperature stated in step (a) to thereby protect said cargo from thermal 

degradation, 

wherein said hydrophobic polymer comprises at least one monomer selected from 

the group consisting of oligomeric silsesquioxanes, ethylene, propylene, butene, 

phenyl-oxazoline, ester and phosphazine.  

19. The method of claim 18, wherein said immobilized cargo forms a complex with 

said micellar particle.  

20. The method of claim 18 or 19, wherein the temperature stated in step (a) is 

substantially lower than the thermal degradation temperature of said cargo.  
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21. The method of claim 19 or 20, further comprising the step of releasing said cargo 

from said complex at a temperature that is lower than the low critical solution 

temperature.  

22. The method of any one of claims 18 to 21, wherein said cargo is a biological agent.  

23. The method of claim 22, wherein said biological agent is selected from the group 

consisting of a therapeutic agent, a protein, a microorganism and a nucleic acid.  

24. The method of claim 23, wherein said protein is selected from the group consisting 

of an enzyme, a hormone, an antibody, an antigen, a receptor, a transport protein, a 

structural protein, a motor protein, a signaling protein, a storage protein and a 

coagulation protein.  

25. Use of the micellar particle of any one of claims 12 to 17 to immobilize a cargo to 

thereby prevent thermal degradation of said cargo at a temperature that typically 

causes thermal degradation of said cargo.  

26. Use of claim 25, wherein said cargo is a protein.  

27. Use of claim 26, wherein said protein, when immobilized with said micellar 

particle, is substantially prevented from aggregating with another protein. 
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