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The challenge of creating synthetic materials with the structural sophistication and complex 

functions found in biology has long been a goal in materials science.1,2 For instance, the use of 

natural proteins as building blocks for materials design holds tremendous promises in many 

applications, but their large-scale industrial production still remains difficult.3,4 The design of 

synthetic analogues by using chemistry is an alternative approach to genetic engineering in a context 

were synthetic peptide-based materials could partially reproduce structural or functional features of 

their natural models.5,6 In chemistry, the most economical and efficient process to prepare synthetic 

peptide chains is a one-step polymerization process, the ring-opening polymerization (ROP) of 

N-carboxyanhydride monomers.7 This controlled polymerization process 1) allows the preparation of 

polymers made of amino acids in both, good yields and large quantities and 2) is an ideal way to create 

protein mimics structures for materials science applications (as its easy scale up becomes simple).8 In 

chemistry, synthetic macromolecules have long been used to reproduce natural protein properties.9 For 

instance, polypeptides polymers can reproduce their natural secondary structures including -helices or 

-sheets and this property is highly sought after in polymer science.10 Compared to synthetic polymers 

presenting a coil structure, structured polypeptides exhibit intriguing physicochemical properties in bulk, 

at the surface and/or in solution.11 An important point of this structuring ability is that polypeptide 

polymers can undergo secondary structure transitions that can be easily implemented and tuned by 

tailoring amino acid side chains.12 In this context, the talk will illustrate how coordination chemistry or 

DNA binding can be used to prepare smart polymeric systems whose structuring switch would be 

interesting to prepare advanced materials (figure 1).13  

 

 

Figure 1. Synthetic peptide-based polymers represent a unique class of macromolecules able to mimic the properties of natural 

proteins in materials sciences since they can fold into different secondary structures in the same way as do proteins. 

 

Acknowledgements  

This work is supported by the Centre National pour la Recherche Scientique (CNRS). Authors also 



acknowledge the French IDEX Uniti Emergence program for grant UT2014-593 as well as the french 

REGION Occitanie research program SR 15050412.   

 

References  

1. Lowik, D.W.P.M.; Leunissen, E.H.P.; van den Heuvel, M.; Hansen, M.B.; van Hest, J.C.M., Chem. Soc. 

Rev. 2010, 3394. 

2. Studart, A. R., Angew. Chem. Int. Ed. 2015, 54, 3400. 

3. Kramer, R. M.; Crookes-Goodson, W. J.; Naik, R. R., Nat. Mater. 2007, 6, 533. 

4. Cherny, I.; Gazit, E., Angew. Chem. Int. Ed. 2008, 47, 4062. 

5. Hamley, I. W., Angew. Chem. Int. Ed. 2014 53, 6866. 

6. Kushner, A. M.; Guan, Z., Angew. Chem. Int. Ed. 2011, 50, 9026. 

7. Deming, T.J., Adv. Polym. Sci. 2013, 262. 

8. Shen, S.; Fu, X.; Fu, W.; Li, Z., Chem. Soc. Rev. 2015, 44, 612. 

9. a) Ramakers, B.E.; van Hest, J.C.; Löwik, D.W.P.M., Chem. Soc. Rev. 2014, 43, 2743. b) Bonduelle, C.; 

Lecommandoux, C., Biomacromolecules 2013, 14, 2973. 

10. Song, Z.; Han, Z.; Lu, S.; Chen, C.; Chen, L.; Yin, L.; Cheng, J., Chem. Soc. Rev. 2017, 46, 6570. 

11. Bonduelle, C., Polym. Chem. 2018, 9, 1517. 

12. Deming, T.J., Chem. Rev. 2016, 116, 786. 

13. a) Bonduelle, C.; Makni, F.; Severac, L.; Piedra-Arroni, E.; Serpentini, C.L.; Lecommandoux, S.; 

Pratviel, G., RSC Adv. 2016, 6, 84694. b) Nguyen, M.; Stigliani, J.L.; Pratviel, G.; Bonduelle, C., Chem. 

Commun. 2017, 53, 7501. c) Piedra-Arroni, E.; Makni, F.; Severac, L.; Stigliani, J.L.; Pratviel, G.; 

Bonduelle, C., Polymers 2017, 9, 276. d) Aujard-Catat, J.; Nguyen, M.; Bijani, C.; Pratviel, G.; Bonduelle, 

C., Polym. Chem. 2018 just accepted DOI:10.1039/C8PY00810H. e) Nguyen, M.; Stigliani, J.L.; Bijani, 

C.; Pratviel, G.; Bonduelle, C., submitted. 

 

 

 

 

 


