
Kon, K. 2016 ‘Destruction of a tumor cell by nanoparticles.’
 



I N T R O D U C T I O N R E S U L T S

P O L Y M E R I C  M I C E L L E S  A S  D R U G  D E L I V E R Y  V E H I C L E S
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Hydrophilic corona

Hydrophobic core

10 – 100 nm

Lipophilic drugs

Advantages: 

✓ Reduce drug toxicity

✓ Protect drugs from 

degradation 

✓ Passively accumulate in 

tumour tissue based on 

enhanced permeation and 

retention (EPR) effect 

✓ Prolong drug circulation

✓ Can be designed to respond 

to specific stimuli

Adv. Drug Deliv. Rev. (1996) 21, 107–116.
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M I C E L L E S  C A N  B E  D E S I G N E D  T O  R E S P O N D  T O  p H
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pH

+ + + +

Physiological 

pH 7.4

Acidic pH

< 5.0

Drug release

+ +
+

+ + + +

+
+

+
+

Cationic unimers

Polymers (2021), 13(4), 624

Macromol. Rapid Commun. (2019), 40(10), 1800917.
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Ionisable basic 

functional groups



I N T R O D U C T I O N R E S U L T S

P O L Y M E R - H O M O P E P T I D E  H Y B R I D  M I C E L L E S

Hydrophilic Hydrophobic 

PEG-block-homopeptide
@Cintya_D_

Amphiphilic di-block copolymer
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J. Am. Chem. Soc. 2002, 124 (8), 1658-1663.
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P O L Y M E R - H O M O P E P T I D E  H Y B R I D  M I C E L L E S
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• Biocompatible

• Biodegradable

• Unique ability to form secondary 

structures

• Spatially well-defined

• Can influence micelle 

morphology

Adv. Drug Deliv. Rev. (2011) 63 (3), 184–192;  Polym. Chem. (2021) 12, 6242-6251; Biomat. Sci. (2017), 5, 2369-2380
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I N T R O D U C T I O N R E S U L T S

This project aimed to prepare pH-responsive 

polymer-homopeptide micelles and investigate their 

morphology and pH-responsive behaviour.

@Cintya_D_
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I N T R O D U C T I O N R E S U L T S

PEG-block-

poly(glutamic acid) 

(PEG-b-PGA)

@Cintya_D_

D E S I G N I N G  T H E  P O L Y M E R

S U MM A RY

Biocompatible 

Stable 

 ‘Stealth’ characteristics

Biocompatible/biodegradable

Pendant functional groups 

amenable to modification  
Br J Cancer 2005, 93 (6), 678-687.



I N T R O D U C T I O N R E S U L T S

Pyridine derivatives fit all the 

criteria!

@Cintya_D_

Desirable properties

Can be conjugated as pendant group on the hydrophobic block

Basic functional group to facilitate acid-mediated disassembly

Commercially available (simplifies synthesis) 

Low cost 

pH-responsive groups

D E S I G N I N G  T H E  P O L Y M E R

S U MM A RY

para meta ortho
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I N T R O D U C T I O N R E S U L T S

L I B R A R Y  O F  P E G - b - P M G  M I C E L L E S

PEG-b-PBG

control

PEG-b-4PMG

para

PEG-b-3PMG

meta
PEG-b-2PMG

ortho

@Cintya_D_

113.7 ± 1.5 nm 57.2 ± 1.9 nm 63.5 ± 0.6 nm 65.2 ± 1.3 nm

Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication
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I N T R O D U C T I O N R E S U L T S

R E G I O I S O M E R  D I C T A T E S  M I C E L L E  M O R P H O L O G Y

PEG-b-PBGPEG-b-4PMG PEG-b-3PMG PEG-b-2PMG
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Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication
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PEG-b-PBGPEG-b-4PMG PEG-b-3PMG PEG-b-2PMG

@Cintya_D_
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E

M
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R E G I O I S O M E R  D I C T A T E S  M I C E L L E  M O R P H O L O G Y
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Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication
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PEG-b-PBGPEG-b-4PMG PEG-b-3PMG PEG-b-2PMG

@Cintya_D_

α-helices

S U MM A RY

?

R E G I O I S O M E R  D I C T A T E S  M I C E L L E  M O R P H O L O G Y
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Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication



I N T R O D U C T I O N R E S U L T S

R E G I O I S O M E R  D I C T A T E S  S E C O N D A R Y  S T R U C T U R E

PEG-b-PBGPEG-b-4PMG PEG-b-3PMG PEG-b-2PMG

~195 nm

~218 nm

~195 nm

~218 nm

~193 nm

~208 nm ~222 nm

~193 nm

~208 nm ~222 nm

α-helicesβ-sheets
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Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication



I N T R O D U C T I O N R E S U L T S

PEG-b-PBGPEG-b-4PMG PEG-b-3PMG PEG-b-2PMG

S U MM A RY

R E G I O I S O M E R  D I C T A T E S  S E C O N D A R Y  S T R U C T U R E

A
b
s
o
rb

a
n
c
e β-turn β-turn ⍺-helix ⍺-helix

13
Dharmayanti, C., Clulow, A., Gillam, TA., Klingler-Hoffmann, M., Albrecht, H., Blencowe, A. (2024), Manuscript submitted for publication
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Regioisomer position can alter secondary structure, 

which in turn, influences micelle morphology. 
What about the pH-responsive behaviour?

14



I N T R O D U C T I O N R E S U L T S

P E G - b - P M G s  A R E  p H - R E S P O N S I V E

PEG-b-4PMG

+ + + +

Less solvated → 

Reduced mobility

Nanoparticle 

disassembly
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Dharmayanti et al. (2024), Manuscript in prep.



I N T R O D U C T I O N R E S U L T S

D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

PEG-b-4PMG

para

pH 7.4

@Cintya_D_
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Dharmayanti et al. (2024), Manuscript in prep.
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D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

pH 6.5

PEG-b-4PMG

para

@Cintya_D_
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Dharmayanti et al. (2024), Manuscript in prep.



I N T R O D U C T I O N R E S U L T S

D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

pH 5.5

PEG-b-4PMG

para

@Cintya_D_
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Dharmayanti et al. (2024), Manuscript in prep.
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D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

pH 4.5

PEG-b-4PMG

para
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D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

pH 3.5

PEG-b-4PMG

para

Micelle

disassembly

@Cintya_D_

+ + + +

5 nm
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Dharmayanti et al. (2024), Manuscript in prep.
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D E C R E A S E  I N  D L S  P A R T I C L E  S I Z E  D U E  T O  D I S A S S E M B L Y

pH 2.5

PEG-b-4PMG

para

Micelle

disassembly

@Cintya_D_

+ + + +

5 nm
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Dharmayanti et al. (2024), Manuscript in prep.



I N T R O D U C T I O N R E S U L T S S U MM A RY

1. Position of regioisomers in PEG-b-PMG 

micelles governs dominant secondary 

structure and micelle morphology

2.   Modification of PEG-b-PGA 

with pyridine groups leads to pH-

sensitive micelle disassembly 

S U M M A R Y

@Cintya_D_
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ortho
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I N T R O D U C T I O N R E S U L T S S U MM A RY

1. Position of regioisomers in PEG-b-PMG 

micelles governs dominant secondary 

structure and micelle morphology

2.   Modification of PEG-b-PGA 

with pyridine groups leads to pH-

sensitive micelle disassembly 

Q U E S T I O N S ?

@Cintya_D_
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