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Why Protease?

• Proteases are responsible for different biological 
events: digestion, inflammation and tumoral growth

• Protease has specific preference on the peptide 
substrates

• Protease is highly regulated inside the body
• Protease can be used as specific biological stimuli to 
target at the tissues that express it 



Polymer vesicles for 
Drug Delivery

• Mechanically stable
• Able to carry therapeutics without chemical 
modification (by physical entrapment)

• Able to actively target to specific cells by tagging 
moieties on vesicle surface

• Possible to control release mechanism by 
engineering the chemistry of the polymer
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Principle of ResponsivenessPrinciple of Responsiveness
• Hydrophilic‐hydrophobic balance in the unimer
determines the self‐assembled morphology

• Disruption of vesicles can be effected by shifting the 
hydrophilic‐hydrophobic balance
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Ahmed et al. J Control. Release 2004



Protease‐Sensitive 
Polymer Vesicle
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Hydrophilic 
block (PEG)

Hydrophobic 
block (PCL)

Peptide

Weight fraction of PEG = 0.24 



Material Design & Rationales
• Peptide

– Tetrapeptide sequence
– Labile to chymotrypsin digestion

• Polycaprolactone‐ 15 KDa
– Biocompatible
– Slow and chain‐end degradation by hydrolysis

• Polyethylene Glycol‐ 5 KDa
– Biocompatible
– Render the resistance to protein and cell adhesion
– Prolong circulation time
– Could allow penetration of protease
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Protease‐sensitivity and 
morphology change
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PEG PCLPeptide

PCLPEG Peptide

Chymotrypsin



Synthesis of Polymer and Peptide 
components

8
Yeung WK and Chau Y. Unpublished Data 



Synthesis Strategy of Polymer
• Orthogonal chemistry to link the 
components
– Couple PEG and peptide by amide bond
– Conjugate peptide‐PEG and PCL by azide‐
alkyne “click” chemistry

– Simple purification steps
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Chymotrypsin-scissile bond



Characterization of the polymer‐
peptide hybrid
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MnMn PolydispersityPolydispersity

PCLPCL 15650 15650  1.19 1.19 

PEGPEG 4950 4950  1.09 1.09 

PEGPEG‐‐
peptidepeptide‐‐
PCLPCL

2105021050 1.31.3



Vesicle preparation
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Phase inversion

Dialysis to remove free dye

Ultra-soundPBS

THF, 
10mg/ml Evaporation 

under vacuum

Centrifugation

Extrusion



SizeSize of of the vesiclesthe vesicles

After extrusion

135.8 nm
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Size changes induced by chymotrypsin
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Chymotrypsin treated 
vesicles after 0.5 hr 1μM 
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• Generally spherical 
shape,…

• but budding grew on 
the surface 
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Vesicles incubated with
chymotrypsin for 45 min



• Generally spherical 
shape,…

• but budding grew on 
the surface

• After expanding to 400 
nm in diameter, the 
morphology changes 
stopped thereafter 
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Vesicles incubated with
chymotrypsin for 45 min



Any triggered release?

• Carboxyfluorescein
• There was no enhanced release for 48 hours, 
compared to the controls (trypsin and TPCK‐inhibited 
chymotrypsin)
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ConclusionConclusion
• PEG‐peptide‐PCL was prepared that self‐
assembles into nano‐sized polymeric vesicles

• By incorporating peptide sequence that was 
cleavable by chymotrypsin, the vesicles 
expanded in diameter as fast as in 30 minutes

• The morphology change stopped after the 
expansion in size and there was no triggered 
release in the first 48 hours 
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Molecular weights of PEG and 
Protease sensitivity

MWPEG (Da) MWHB (Da) MWTOT (Da) f

1400 4800 6200 0.23

2200 4800 7000 0.31

3000 4800 7800 0.38
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Anti-fouling, Anti-protein absorption ~ MW PEG
Starts to be constant > 2000 Da



Glassy Hydrophobic Polymer
• Tg of PCL : ‐62°C
• Induced morphology change at rt possible
• Release retardation by glassy HB polymer
• Tg of PLA : 50°C
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Vora, A et al 2009



Lipid Rafts
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Rei, P et al 2008

DOPC

DSPC



“Rafts” on Polymer Vesicles

• PEO(2200)‐PCL(6600)/                              
PEO(2200)‐PD‐PLA(6600)

• Localizing PD substrate
• Creating large defects
• Enhancing release rate 
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Lipid Polymer Mole %
Fluid Phase DOPC PCL 75
Gel Phase DSPC PLA 25

Rei, P et al 2008



Translation to MMP‐2 sensitive 

• Replace PD linker by PVGLIG (Proline‐Valine‐
Glycine‐Leucine‐Isoleucine‐Glycine)

• Same methodology of synthesis and release 
characterization

• Recombinant human MMP‐2 from commercial 
sources
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Bodipy-PC, prefer fluid phase

C20:0-Dil, prefers gel phase

Feigenson (2006)



Protease, disease & therapeuticsProtease, disease & therapeutics
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Direct 
dissolution

Phase inversion Film rehydration

Solvent free Disperse organic
solution, hydration

Evaporate organic 
solvent, hydration, 
sonication, extrusion

Micron sized Nano sized
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Moscho et al, 1996



• Good drug delivery 
vehicle
– Stable against high 
dilution

– Mechanical strength
– High loading possible
– Easy decoration for 
targeting moieties on 
surface 

– Responsive to stimuli

27Discher et al (1999)



Method of Preparation
• Diblock amphiphilic copolymer
• PEO‐PEE, PEO‐PBD
• PEO‐PLA, PEO‐PCL
• PEO‐P2VP, PMPC‐PDPA
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PMPC-PDPA

PEG-PEE PEG-PBD

mPEG-PLA

mPEG-PCL

P2VP



Stimuli responsive vesicles

• Hydrolysis
• pH
• Redox
• Temperature
• Light
• Magnetic field
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Duncan, R. 2003



pH responsive vesiclespH responsive vesicles

30Lomas et al 2007Du et al 2005

PMPC-PDPA



Oxidation responsive vesiclesOxidation responsive vesicles
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The GOx-catalyzed conversion of â-D-glucose into gluconolactone with production 
of H2O2 in the presence of oxygen. Below the symmetric PEG-PPS-PEG block 
copolymer under study and a possible repeating unit of PPS after oxidation by 
H2O2,
m=16, n=25.  In the inset, a cryo-TEM micrograph of the polymersomes formed in 
buffer after extrusion (the bar represents100 nm).

Napoli et al. Langmuir 20:3487



Triggered release of Liposomal Contents by  Triggered release of Liposomal Contents by  
MMPMMP‐‐99
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Elegbede et al. J Am. Chem. Soc. 
130:10633



33Smart et al 2008


