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Beyond its usual applications in cell biology, microinjection enables engineering cells 

as vehicles for drugs and enzymes. Since microinjected compounds can be introduced 

directly into the cytoplasm or nucleus of cells, the endosomal pathway can be bypassed and 

lysosomal degradation avoided. Sensitive molecules can thus be delivered to the intracellular 

milieu, potentially empowering the cells with new biological functions. We have developed a 

novel microinjection-based platform to introduce liposomes containing biologically active 

cargo into single cells and endow them with synthetic organelle-like vesicles exhibiting novel 

properties. For our first proof-of-concept studies, liposomal formulations encapsulating active 

trypsin enzyme were developed and injected into HeLa cells. Using a fluorescence 

dequenching microscopy-based approach, the stability of the different injected formulations 

was studied. The injected formulations exhibited high stability for up to two days and 

remained unprocessed in the cell cytoplasm, where they were not taken up by lysosomes or 

autophagosomes. Cell viability was comparable to that of the buffer-injected cells as 

indicated by a microscopy-based propidium iodide exclusion assay, suggesting the injected 

formulations were well-tolerated by the cells. Interestingly, contrary to what is observed upon 

injections of fluorescent dextran, the liposomes exhibited a non-linear distribution during cell 

division and were inherited asymmetrically among daughter cells. A membrane-permeable 

fluorogenic substrate that is cleaved by trypsin was used to study the enzyme`s activity 

inside injected cells. The successful detection of enzymatic activity in the cells injected with 

liposomes opens up exciting possibilities for the use of other therapeutically relevant 
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