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The placement of functional biosensors and biomolecules on cellular membranes for probing 
the exterior membrane environment requires a stable on-membrane platform. Recently, DNA 
nanostructured meshes have been shown to stabilize and modify the membrane on artificial 
cells [1][2]. However, building similar meshes on live cells is challenging due to limited 
membrane access through the crowded cell surface environment as well as membrane 
remodeling and deformation caused by endocytosis. Here we demonstrate that by 
assembling DNA origami rods in a layer-by-layer manner on Jurkat cell membranes under 
physiological conditions, we are able to form a DNA nanoshell outside cells that enhances 
stability. 
The assemblies consist of two types of DNA origami rods. The first layer of rods is anchored 
directly to the glycocalyx, the gel-like macromolecular coating of most mammalian cells, 
using a copper free click reaction [3]. The second layer of rods then assembles onto the first 
layer of rods through single-stranded DNA overhang hybridizations to form a crosslinked 
mesh network. We report that by forming the mesh network, the cell-surface retention time of 
DNA rods was enhanced significantly as compared to cells decorated with only the first layer 
of rods, showcasing the potential of the mesh as a long-term platform for biomedical 
applications.  
Furthermore, although anchored to membranes, DNA rods actively modify their distributions. 
A transition from a uniform distribution to a non-uniform distribution was observed via 
fluorescence on cells with a single layer of rods after incubation, whereas the mesh 
morphology, a cage-like nanoshell partially wraping over the cell, was maintained on cells 
with a two-layer DNA rods mesh. The nanoshell has the potential to provide extra shielding 
and protection effects for the cells by strengthening the membrane mechanics. 
This cage-like nanoshell lays the foundation for building a stable on-membrane platform and 
exploring the biological and biomechanical roles of the exterior cell membranes and proteins. 
It may even enable the development of DNA-based tools for sensing and specifically 
encapsulating vascular endothelial cells that have damaged glycocalyx barriers.  

 
Fig. 1. Schematics and confocal microscopy images of (a) cells decorated with only one layer of DNA 
rods and (b) with crosslinked DNA rods that form a nanoshell. DNA rods were stained with Alexa-
fluorophore 647 (red). Cell nucleus was stained with Hoechest (blue). Scale bar corresponds to 5um. 
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