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DNA origami self-assembly enables the fabrication of complex programmable shapes with control 

over the nanometer-scale placement of moieties. Interfacing such dynamic nanostructures with 

cellular membranes provides capabilities for drug delivery and cellular biomechanics study. 

Consequently, cell-origami interactions have been studied on tumor cells, endothelial cells, etc 

[1]. Yet, the interactions between DNA origami and the highly mechano-sensitive platelets remain 

unexplored. Platelets are small anucleate cells (≤ 2μm) circulating in blood. When exposed to 

chemical or mechanical stimuli, platelets become activated, rapidly change their shape, release 

the content of their secretory granules, and aggregate to one another forming a primary 

thrombus. In their activated state platelets may cause processes such as stroke or 

thromboembolic disorders. To enable DNA origami-on-platelet platforms, DNA origami - platelet 

interactions must first be investigated as a potential stimulus for platelet activation.  

In our work, we have studied the effects of two-step anchoring of biotinylated DNA origami 

nanotile (75 nm x 84 nm) with 2, 4, 6, and 12 edge binding sites on human blood platelets, that 

were isolated from ACD-anticoagulated blood via gel-filtration. We utilized a two-step labeling 

method to first embed cholesteryl-TEG-conjugated single-stranded DNA (chol-ssDNA) in the 

membrane and then hybridize DNA origami platforms to those chol-ssDNA anchors [2] as 

illustrated in Fig. 1. Using flow cytometry (FACS) and transmission electron microscopy (TEM), we 

demonstrated that the DNA-origami/chol-ssDNA complex does not activate platelets when 

measured against a control group of unlabeled platelets. With FACS, the biotinylated nanotile is 

visualized by staining with AF647-streptavidin, and we see an increase in AF647 fluorescence on 

the platelet that confirms DNA origami anchoring (N = 7, p < 0.01). After a concentration sweep, 

for chol-ssDNA concentration ≤ 0.1 uM and 1nM of DNA origami, no significant change in the DNA 

origami labeled platelet size is observed (N = 7, p > 0.05). The fluorescein-conjugated antibodies 

for P-selectin (CD62P) are used to mark platelet activation and note no significant P-selectin 

exposure for the same chol-ssDNA / DNA origami concentrations (N = 7, p > 0.05). Finally, TEM 

images of the platelets are used to measure 

platelet eccentricity and size in comparison to 

unlabeled and activated platelets finding that 

the labeled platelets are comparable in size 

and eccentricity to the unlabeled platelets 

rather than activated platelets, presenting 

evidence of minimal activation in labeled 

platelets. 

Fig. 1. (A) Schema for two-step DNA origami 

anchoring. (B) Nanotile variations 2, 4, 6, and 12 

edge binding sites. 
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