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INTRODUCTION: New concepts that combine 

active compounds with stable, safe carriers or 

membranes resulting in functional systems are on 

focus in a variety of domains, such as medicine, 

catalysis, environmental science, food science and 

technology. In particular, suitable amphiphilic 

block copolymers are ideal candidates for 

generation of 3D supramolecular assemblies. By 

combining these polymeric membranes with 

suitable biological entities, e.g., by enzyme 

encapsulation in polymer compartments or 

biomolecules attachment at their surface, it is 

possible to provide well-defined functions, such as 

molecular recognition, cooperation, and catalytic 

activity.
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METHODS: Here, we present distinct spaces for 

desired reactions at the nanometer scale based on 

protein-polymer assemblies as compartments with 

triggered activity that play the role of artificial 

organelles when internalized in cells.
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Biopores/channel proteins inserted into the 

polymer membrane selectively control the 

exchange of substrates and products with the 

environment of compartments, resulting in 

development of stimuli-responsive compartments. 

Such compartments are loaded with active 

compounds resulting in catalytic nanocompartment 

able to perform reactions in situ, in the protected 

nano-space. 

RESULTS: Amphiphilic copolymers PMOXA-

PDMS-PMOXA were self-assembled in the 

presence of genetically engineered membrane 

proteins and enzymes, resulting in bio-

nanocompartments. An elegant manner to 

implement smart behavior of such polymer 

membranes was to insert genetically engineered 

membrane proteins serving as “gates”, which open 

only in the presence of stimuli in the environment 

of the nanocompartments. These gates are based 

on natural porines (e.g. Outer membrane protein F, 

OmpF), to which a molecular cap is attached and 

is then easily cleaved upon the presence of a 

specific stimulus, as for example a change in pH, 

or the presence of desired molecules (Fig.1). Such 

bio-nanocompartments were specifically designed 

to serve as artificial organelles (AOs).  

 

Fig. 1: Schematic representation of artificial 

organelles (AOs) with triggered activity that are 

based on modified OmpF acting as a gate in 

catalytic nanocompartments loaded with enzymes. 

DISCUSSION & CONCLUSIONS: The 

modified OmpF porines were able to trigger the in 

situ enzyme reaction inside AOs upon the stimulus 

presence in their environment. Our strategy to 

provide stimuli-responsiveness to the 

nanocompartment membranes did neither affect 

the membrane integrity, nor the size and 

architecture of the compartment, which supported 

their internalization inside cells. Crucial steps 

regarding the AOs toxicity and functionality in 

human epithelial HeLa cells, and then in vivo 

tolerability, preservation of the AOs architecture, 

and in situ activity in a vertebrate zebrafish 

embryo model open new avenues towards the 

creation of artificial cells, and provide smart 

solutions for personalized medicine by a 

straightforward change of the biomolecules inside 

AOs. 
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