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Figure S1. Hydrodynamic diameter for in-house synthesized CA-MNPs, as measured by DLS 
number intensity (5 replicates). An average diameter of 31.5 ± 1.5 nm was measured for the in-
house synthesized CA-MNPs. 
 

 
Figure S2. Hydrodynamic diameter for Luc+MNP, as measured by DLS number intensity (5 
replicates). After luciferase addition, the number intensity particle diameter measured increased as 
compared to CA-MNPs. The larger particle diameter matches the size increases observed by TEM, 
and confirms that luciferase is bound onto the CA-MNP. Future studies will examine the optimum 
ratio between luciferase and CA-MNPs, the mechanisms of the adsorption process(es), and the 
resultant Luc+MNP complex structures. 
 

 



 

Figure S3.  Magnetic nanoparticles (Luc+MNPs) aggregated under the presence of PBS solutions 
and in a conventional TEM characterization where like in the confocal, epifluorescence, and 
atomic/magnetic force microscopy results dried samples were used for imaging Luc+MNPs 
interacting with spermatozoa with the drying process contributing to the aggregation observed.  



 
Figure S4. QDs nanoparticles combined with spermatozoa showed binding at different sites on 
the cells (arrows) as well as unlabeled cells (arrow heads). Scale bar = 10 micrometers. The QD 
associated with spermatozoa are attached at multiple and different sites on the cell; examples are 
marked with arrows.  Note that not all spermatozoa were labeled using the QD method; examples 
of these unlabeled cells are marked with arrow heads. 
 



 

Figure S5. Neat spermatozoa observed with an epifluorescence microscope. Scale bar = 10 
microns. Neat spermatozoa were characterized to demonstrate that coelenterazine and PBS neither 
contain nor cause the development of the observed round nanoscale structures in the CA-MNPs 
and Luc+MNP samples (Figs. 4 and 5). 

 

 

 

 

 


