
Polysaccharide-graft-poly(2-alkyl-

2-oxazoline) hybrid copolymers: 

Versatile materials for 

bioapplications 

Martin IǊǳōȇ, [Ŝƴƪŀ [ƻǳƪƻǘƻǾłΣ aŀǊƛƛŀ wŀōȅƪ 

1st CA17140 COST CONFERENCE, 15th-17th October 2019, Riga, Latvia 

Prague 
Czech Republic 



Polysaccharide-graft-poly(2-alkyl-2-oxazolines) 

ÅPoly(2-alkyl-2-oxazoline) part: 

ÅSynthetic 

ÅStimuli-responsive 

ÅEasy functionalization 

ÅPolysaccharide part: 

ÅNatural 

ÅBiologically active 

ÅBiodegradable 

 



Immunoradiotherapy 

ς a conceptually new cancer treatment 

ς a possible synergistic effect of both immunotherapy and radiotherapy  

ς treatment principle:  

i. polymer forms a depot at the injection site - thermoresponsivity 

ii. radiation kills tumor cells (including cells protecting tumor from immune response) 

iii. immunomodulator enhances following immune response against tumor cell 

debris and metastasis 

20 ϲC 37 ϲC 
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Immunoradiotherapy ï polymer drug design 

20 ϲC 37 ϲC 

ς therapeutic radiation ς yttrium-90(III) 
   ̡ ς decay, T1/2 = 64.1 h 

ς thermoresponsiveness 
   poly(2-isopropyl-2-oxazoline-co-2-butyl-2-oxazoline) 

   biocompatibility, radioresistivity1  

ς immunomodulatory polysaccharide 
   non-specific immunity activation, biodegradable 

1 O. Sedlacek et al., Thermoresponsive polymers  for nuclear medicine: Which polymer is  the  best?, Langmuir, 2016, 32, 6115ς6122. 
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Immunoradiotherapy ï polymer drug design 

Used immunomodulatory polysaccharides 
 ω  -̡glucan from Auricularia auricula-judae  
 - anticancer and immunostimulatory properties1 

Auricularia  
auricula-judae 

1 M. Zhaocheng et al., Structure and chain conformation of ̡πglucan isolated from Auricularia ŀǳǊƛŎǳƭŀπƧǳŘŀŜ, Biopolymers, 2008, 89, 614ς622.  
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1 M. Zhaocheng et al., Structure and chain conformation of ̡πglucan isolated from Auricularia ŀǳǊƛŎǳƭŀπƧǳŘŀŜ, Biopolymers, 2008, 89, 614ς622.  
2 M. Raman et al., ˁ -Carrageenan from marine red algae, Kappaphycus alvarezii ς A functional food to prevent colon carcinogenesis. J. Funct. Foods, 2015, 15, 354ς364.  
3 D. Salvemini et al.Σ bƛǘǊƛŎ ƻȄƛŘŜΥ ŀ ƪŜȅ ƳŜŘƛŀǘƻǊ ƛƴ ǘƘŜ ŜŀǊƭȅ ŀƴŘ ƭŀǘŜ ǇƘŀǎŜ ƻŦ ŎŀǊǊŀƎŜŜƴŀƴπƛƴŘǳŎŜŘ Ǌŀǘ Ǉŀǿ ƛƴŦƭŀƳƳŀǘƛƻƴΣ British journal of pharmacology, 1996, 11,  829ς838. 
  

Kappaphycus 
alvarezii 

 ω  -ˁcarrageenan from Kappaphycus alvarezii 
 - anticancer and immunostimulatory properties2 

 - agent for the induction of experimental inflammation and edema3 
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Structural aspects of the polysaccharides I 

b-Glucan ς forms hollow nanofibres in water by self-assembly1 

 

 

 

 

1 S. Xu et al., /ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƘƛƎƘ ǎǘǊŜƴƎǘƘ Ƙƻƭƭƻǿ ŬōŜǊǎ ōȅ ǎŜƭŦ-ŀǎǎŜƳōƭȅ ƻŦ ŀ ǎǘƛũ ǇƻƭȅǎŀŎŎƘŀǊƛŘŜ ǿƛǘƘ short branches in water, J. Mater. Chem. A, 2013, 1, 4198ς4206.  

Hollow nanofibers formation 

SEM: Morphology SEM: Distribution of sizes 



Structural aspects of the polysaccharides II 

k-Carrageenan ς thermoresponsive (UCST), K+ and Ca2+-
responsive 

1 N. Rein-Knudsen et al., Seaweed Hydrocolloid Production: An Update on Enzyme Assisted Extraction and Modification Technologies, Mar. Drugs 2015, 13, 3340-3359.  



A. Polymer synthesis and characterization 



ɓ-Glucan from Auricularia auricula-judae 

1. Extraction of ̡ -glucan from Auricularia auricula-judae 
   

2. Grafting of ̡ -glucan with poly(2-alkyl-2-oxazoline)s (POX) 
   

Sample 
Theor. graft 
length (Da) 

G1 500 

G2 1000 

G3 2500 

G4 5000 

Auricularia  
auricula-judae 
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ɓ-Glucan from Auricularia auricula-judae 

3. Polymer characterization 

Sample 
Theor. graft 
length (Da) 

Found graft 
length (Da)1 

POX content 
(wt. %)2 

Mw (Da) 1 Glucose units 

per graft 

G1 500 590 26 3.7 Ҏ 106 9 

G2 1000 1140 47 6.4 Ҏ 106 7 

G3 2500 2290 70 7.5 Ҏ 106 6 

G4 5000 4180 80 1.6 Ҏ 107 6 

1 Determined by SEC-MALS. 
2 Determined by elemental analysis. 

Auricularia  
auricula-judae 
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ɓ-Glucan from Auricularia auricula-judae 

4. Dynamic light scattering ς study of temperature-dependent behavior  

Sample 
Theor. graft 
length (Da) 

G1 500 

G2 1000 

G3 2500 

G4 5000 

T = ? 

G2 (c = 1 mg/mL in PBS) 

Auricularia  
auricula-judae 

cloud point temperature 
CPT 
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