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INTRODUCTION 

Polymer chains can be folded / collapsed to individual, single-chain polymer nanoparticles (SCNPs) 

by means of intrachain cross-linking techniques.
1
 In some way, SCNP formation is reminiscent of 

protein folding although current synthetic methods lack the perfection of protein folding to functional 

enzymes. However, in recent years the structure-function paradigm (i.e., amino-acid sequence → 3D 

structure → function) has been revisited by taking into account that many non-structured segments of 

proteins, and even totally disordered proteins, play important roles in protein function. In this 

contribution, we highlight the significant added value that is endowed to SCNPs by taking inspiration 

from the functions of both ordered and disordered proteins. 

 

 
 

Fig. 1. Several proteins with specific biological functions can be taken as source of inspiration for the 

construction of functional biomimetic SCNPs. 

 

TAKING INSPIRATION FROM PROTEINS  

The overall shape of proteins is determined, mainly, by the precise sequence of amino-acids, the 

interactions between amino-acids in solution, as well as the interactions of protein residues with water. 

As a result, in Nature we can find from perfectly ordered (or folded) proteins to intrinsically 

disordered (unfolded or coil-like) proteins. Sometimes, disordered flexible linkers are found to bind 

folded domains. Many globular proteins are enzymes which catalyze biochemical reactions via active 

sites placed in a hydrophobic core, whereas the function of intrinsically disordered proteins is often to 

bind ligands, such as ions, small organic molecules, other proteins and nucleic acids (RNA, DNA). 

Examples of proteins coming from fungi, bacteria and human body which are involved in specific 

biological processes such as oxidation (Lacasse enzyme), polymerization (Taq polymerase) and 

transport (Vitamin-D binding protein) are illustrated in Fig. 1. All of them have been recently valuable 

sources of inspiration for the construction of biomimetic SCNPs.
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Since most SCNP precursors are random copolymers lacking a precise monomer sequence, the shape 

of SCNPs in solution, when compared to that of proteins, depends mainly on the efficiency of the 

intrachain cross-linking technique employed as well as the subtle balance of SCNP-solvent 

interactions. Hence, for SCNPs in solution one can expect a range of structures from disordered, 

crumpled conformations to pseudo-globular morphologies. The important point to stress here is that by 

analogy to proteins, even disordered non-globular SCNPs can show interesting functions related to 

those of natural biomolecules.  

 
 

Fig. 2. Examples of biomimetic single-chain polymer nanoparticles. 

 

 

By taking inspiration from globular enzymes, SCNPs having a hydrophobic compartment containing 

the catalytic species have recently been reported,
3
 paving the way to enzyme-like organic chemistry in 

water. On the other hand, by taking inspiration from IDPs, transient-binding disordered SCNPs have 

recently been synthesized by our group, from which controlled delivery of both dermal protective and 

anticancer cargos has been carried out (Fig. 2a).
2
 Moreover, the recent introduction of a novel 

“concurrent” approach has opened the door to SCNPs mimicking the structure of IDPs having 

reductase-/polymerase-
2
 and oxidase-like properties

4
, respectively (Fig. 2b,c). Due to the added value 

that is endowed to SCNPs by taking inspiration from the functions of both ordered and disordered 

proteins, we anticipate further developments coming soon in the still emerging field of bioinspired 

SCNPs. 
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