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POWER PULSE: Bioelectrics experiments often 
use what are called Blumlein transmission line 
pulse generators, because they can deliver a 
nanoseconds-long pulse with the full voltage of 
a high-voltage source. The generator is made of 
transmission lines, that is, paired conductors 
[dark gray] sandwiching a dielectric [light gray]. 
The load, the cells to be shocked, sits in a break 
in one of the conductors, which is connected 
to ground. The device’s other conductor is con-
nected to a high-voltage source. 

These organelles are the cell’s version of internal organs: they 
perform the functions that keep the cell alive, just as the brain, 
kidneys, and lungs, among other organs, keep the body alive. 

Cells do the things they need to do—contract if they are 
muscle cells, sense light if they are retinal cells, transport oxy-
gen if they are blood cells—because they produce proteins with 
specialized functions. The creation of proteins begins in the 
nucleus, the cell’s most prominent and arguably most impor-
tant organelle. It houses the cell’s fantastically complex genetic 
programming apparatus, which lets the cell repair itself and 
tells it how and when to reproduce, what to do when it detects 
a particular hormone, and how and when to die. Errors in these 
genetic programs go to the heart of most of the diseases suffered 
by humankind. These errors can predispose a person to heart 
disease, cancer, schizophrenia, and countless other maladies.

The programs are written into your genetic code. This code 
exists physically as a set of 23 pairs of chromosomes that reside 
in the nucleus. Each chromosome is a rod-shaped or threadlike 
structure of deoxyribonucleic acid, or DNA, made up of a sequence 
of four chemical building blocks. The sequence of these building 
blocks—there are tens of millions of them on a single chromo-
some—is the code, and the “words” of this code are genes. In effect, 
genes are segments of a chromosome’s DNA. They are groups of 
many thousands of building blocks that encode a specific protein, 
with each chromosome containing thousands of genes.

These genes are the blueprints for the proteins that deter-
mine whether you have brown or blue eyes, whether your hair 
is straight or curly, whether you are tall or short, and whether 
you are likely ever to suffer from depression, schizophrenia, 
or cancer. That’s why gaining control of what goes on inside 
the nucleus—which genetic programs are turned on or off and 

when—has been a primary goal in biomedical science practically 
since the discovery of the structure of DNA about 50 years ago. 
It is the object of the long-standing, multimillion-dollar research 
endeavor called gene therapy, which after decades of work in some 
of the world’s foremost laboratories has had mixed results.

Basically, our work with nanoseconds-long, high-voltage pulses 
offers a way to gain access to the cell’s organelles, including its 
nucleus—something that has historically bedeviled biomedical 
scientists. Remember that the cell and its organelles are bound 
by membranes. The main component of these 5-nanometer-thick 
boundaries is called a phospholipid bilayer. It is an oily barrier 
that blocks the flow of water and ions and therefore also blocks 
the flow of electric current.

However, the membranes are also studded with proteins, 
some of which form nanometer-scale channels designed to allow 
specific ions to flow in a direction useful to the cell. In a way, 
a cell’s membranes are like leaky capacitors. (Some, such as the 
one surrounding the nucleus, leak more than others.) To extend 
this analogy, the briny fluid within the membranes, the cytosol, 
is conductive and can be thought of as a resistor [see illustration, 

“Cellular Circuit”].
Now consider what happens when you apply a pulse to the cell. 

In general, there are four important characteristics that deter-
mine the precise effects. These are how fast the pulse comes on, 
or its rise time; how long the pulse lasts; how many pulses there 
are; and, of course, how great the peak voltage is. Different values 
for each produce a range of effects, but it’s a very fast rise time 
that makes it possible to electrically manipulate organelles.

To see why rise time is critical, imagine a long voltage pulse 
applied to the cell that comes on rather slowly, in milliseconds, 
say. This slow-rising pulse will set up an electric field across the 
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The voltage waves  
reflect off the ends of  

the transmission line. The wave 
near the switch inverts [red]— 
its polarity changes—when it reflects, because that end is 
shorted. When the inverted and noninverted waves crash 
into each other at the load, a pulse of voltage results.

1

2

3

With the switch open, the 
device is charged up by its 

connection to the high-voltage 
source. At the moment it closes, 
waves of voltage [blue] set off 
both toward and away from 
the load.
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When the 
trailing 

edges of the 
waves finally meet, 
the pulse ends.
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