
 1 

archived as www.stealthskater.com/Documents/DNA_02.doc  

(also …DNA_02.pdf) => doc   pdf   URL-doc   URL-pdf   
 

read more of DNA on the /Medical.htm#DNA page at  doc   pdf   URL   

 

note: because important websites are frequently "here today but gone tomorrow", the following was 

archived from 

http://www.newscientist.com/hottopics/dna/article.jsp?id=23865100&sub=DNA:

%20the%20next%2050%20years  on December 30, 2003.  This is NOT an attempt to divert 

readers from the aforementioned website.  Indeed, the reader should only read this back-up copy 

if it cannot be found at the original author's site. 

 

DNA :  Live Wire 
by Graham Lawton 

from New Scientist magazine   March 15, 20 03 

 

By conducting charge like an electric cable, DNA may deflect damage away 

from all-important genes. 

 

Almost as soon as the structure of DNA was in the bag, biochemists began speculating that the 

double-helix might do more than just store information.  Its chemical structure suggested that it could 

conduct electricity like a length of copper wire. 

 

Half-a-century on, biochemists have shown beyond doubt that purified DNA molecules can 

conduct charge.  In living cells, too, the DNA duplex seems to soak up charge and transport it over long 

distances.  Many researchers are now starting to think the phenomenon must have a biological function.  

"I can't imagine that Nature has not exploited DNA charge transport in some context," says Jackie 

Barton, a DNA chemist at California Institute of Technology in Pasadena. 

 

The obvious place would be in DNA damage and repair.  Most of the workaday wear-and-tear 

inflicted on genes starts at the electron level, when free radicals and other highly reactive by-products of 

metabolism plunder electrons from the double-helix.  The easiest target for this "oxidative damage" is 

the base guanine, because one of its electrons is more weakly bound than any of those in the other 3 

bases. 

 

The loss of an electron from a guanine can be the start of serious problems, because oxidized 

guanines react with water to form a variety of troublesome molecules.  The most common is 8-oxoG, 

which incorrectly pairs with adenine as well as guanine 's normal partner cytosine.  So if a cell divides 

while carrying an 8oxoG, the daughter cell has a 50/50 chance of carrying an adenine where a cytosine 

should be.  In other words, a mutation. 

 

Cells have evolved all sorts of mechanisms to detect and fix oxidative damage (see "Running 

Repair"-- doc   pdf   URL-doc   URL-pdf  ).  But these surveillance systems cannot pick up everything.  

Mutations caused by oxidizing agents are among the leading causes of cancer, genetic disease, and cell 

death. 

 

Because oxidative damage is so important, biochemists have long been interested in how it happens.  

And back in the 1960s, they realized that if DNA carried charge it would affect the process profoundly.  

Loss of an electron creates a vacancy -- or "hole" -- that can migrate through a conductor as if it were a 
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tangible object.  If DNA really were a conductor, then oxidative damage might skip along the strands 

and produce an 8-oxoG some distance from the initial attack. 

 

In 1996, Barton 's team confirmed that oxidative damage really can occur at a distance.  By using a 

specially designed oxidizing agent to pluck electrons from a specified guanine, the researchers showed 

that damage could occur up to 11 base pairs from the original attack.  There was only one explanation.  

Holes were migrating along the DNA strand (Nature, Vol 382, p 731). 

 

Barton 's team and others have since shown hole migration over 60-or-so base pairs in purified 

DNA.  Meanwhile, theory suggests they could travel as far as 100 base pairs, says DNA chemist Bernd 

Giese of the University of Basle, Switzerland.  Barton 's group has also shown that hole migration can 

happen in isolated cell nuclei (Biochemistry, Vol 40, p12465).  They are doing experiments to confirm 

hole migration in living cells. 

 

But what biological function might it have?  Enter Adam Heller, a biochemical engineer at the 

University of Texas in Austin.  In 1999, he proposed a radical theory that puts hole migration in the 

frontline of the fight against DNA damage. 

 

Heller pointed out that in Barton 's landmark experiment, the final oxidative damage always 

happened at the first guanine in a guanine-guanine couplet.  From a chemical point of view, this makes 

sense.  It is easier to steal electrons from GG than from a single guanine (in chemical parlance, it has a 

lower oxidation potential).  Other experiments have confirmed the GG effect and also showed even 

stronger preferential damage of GGG triplets, which have a lower oxidation potential still.  It looked as 

if holes were migrating along the strand until they hit a GG couplet or a GGG, where they stayed put 

until a water molecule came along and converted the holes into permanent damage. 

 

To Heller, it was highly reminiscent of an old chemical trick called cathodic protection, where you 

use one material with a low oxidation potential to protect another, more valuable material against 

oxidizing damage.  This was first tried in 1824 when Humphry Davy attached zinc plates to the steel 

hulls of British warships.  The principle is still used today in galvanization where zinc is sacrificially 

oxidized to keep steel rust-free. 

 

Perhaps, Heller reasoned, charge transfer along DNA performs the same function.  If oxidative 

damage likes to settle on guanine twins or triplets, then strategically positioned "G-strings" could herd 

oxidative damage away from important coding regions into non-coding or "junk" DNA.  There it could 

await the attention of repair enzymes. 

 

And there 's reason to believe that this isn't just a clever theory.  Geneticists have long puzzled over 

why animal genes contain numerous non-coding regions called "introns" separating the "exons" that 

encode proteins.  In 2001, Heller and his co-worker Keith Friedman reported that in humans, G-strings 

are unusually abundant at the edges of these introns exactly where they would need to be to funnel 

mutations away from sensitive areas (Journal of Physical Chemistry B, Vol 105, p 11859).  The 

researchers also point out that human exons are generally just 150-to-180 base pairs long.  So assuming 

the theoretical 100-base-pair limit holds true, any hole should be able to reach the safety of a sacrificial 

G-string.  

 

"Cathodic protection is a really nice idea," says Giese.  "It could be one of the functions of junk 

DNA."  Barton agrees it 's a "logical proposal" but says it needs confirmation. 

 

Heller and Friedman admit their theory is speculative and has some problems.  G-strings are also 

known to signal intron-exon boundaries to DNA processing enzymes, which would explain their 
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abundance at these locations.  What 's more, the human data isn't backed up by studies of non-vertebrate 

genomes, which often have long exons and seem to lack G-strings at intron-exon boundaries. 

 

On the other hand, water is very scarce in the nucleus.  So holes might even be able to skip away 

from large exons before combining with a water molecule and causing damage.  There 's also evidence 

that DNA 's conductivity increases when it crystallizes.  Intriguingly, bacteria subjected to stressful 

conditions are known to produce a protein that induces DNA crystallization.  Is this a way of cranking 

up their defenses against DNA damage? 

 

Charge transfer might have another function.  It 's not just electron holes that travel through DNA.  

Physicists have shown that free electrons do too.  And electrons are an important player in DNA repair 

with many repair enzymes donating them to fix damaged sites.  Some researchers are now speculating 

that enzymes might take advantage of charge transport by donating their electrons at a distance and 

letting the DNA duplex carry them to where they 're needed.  This would solve one of the big puzzles in 

DNA repair: How do enzymes access damage?  In living cells, DNA is bundled up with proteins and 

coiled into impenetrable superhelices.  So without charge transport, it 's hard to see how enzymes could 

access the part that needs repairing. 

 

Already there is some evidence that specially designed molecules can perform DNA repair at a 

distance.  And Barton says her group is writing up results hinting that natural enzymes do the same, 

though she won't give details before they 're published.  Charge transfer might have started life as idle 

speculation.  But it 's starting to look like a vital property of the DNA duplex. 
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