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Nanopore electroporation for intracellular delivery of biological 
macromolecules 

Yuhong Caoa , Enbo Mab , Stefano Cestellos-Blancoc , Ruoyi Qiud , Yude Sua , 
Jennifer A. Doudnab,e,f,g,h, and Peidong Yanga,c,1 

a Department of Chemistry, University of California, Berkeley, CA 94720;  
b Department of Molecular and Cell Biology, University of California, 
Berkeley, CA 94720; 
c Department of Materials Science and Engineering, University of California, 
Berkeley, CA 94720; 
d Department of Molecular and Cellular Physiology, Stanford University, 
Stanford, CA 94705; 
e Howard Hughes Medical Institute, University of California, Berkeley, CA 
94720; 
f Innovative Genomics Institute, University of California, Berkeley, CA 94720; 
g Molecular Biophysics & Integrated Bioimaging Division, Lawrence Berkeley 
National Laboratory, Berkeley, CA 94720; 
h California Institute for Quantitative Biosciences, Berkeley, CA 94720 

We are pleased to see that simulation results by Mukherjee et al. (1) and 
Nathamgari et al. (2) are accordant with our experimental results (3). We 
also very much appreciate the detailed simulation study by Mukherjee et al. 
(1), specifically, on the prediction of the existence of an intermediate 
optimum voltage for transporting macromolecules. Although we agree with 
Nathamgari et al. (2) on the simplicity of the nanopore-electroporation 
system in allowing for an easy adaptation of the technology by the biological 
research community, the advantages of using the nanostraw system (4, 5) 
and single nanochannels (6) for uniform dosage control delivery could not be
ignored, which would advance the discoveries in the biomedical research 
community. Regarding the so-called minor lapse that Nathamgari et al. (2) 
mention in the letter, the up to 50% transfection efficiency was reported in 
the 2014 paper (7) that we have cited, so there is no correction needed. We 
are aware that higher transfection efficiency (>70%) is reported in the latest 
publication by Mukherjee et al. (1). However, by the time the paper by 
Mukherjee et al. was published our paper had already been sent out by PNAS
for external review. We also want to note that before sending the paper out 
for publishing we had filed a patent disclosure that was officially documented
on 28 September 2018 (with the priority date of 18 March 2018). By showing
the timeline of our publication and invention disclosure we hope to clarify 
that our publication represents our independent research along this 
direction. 
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