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DNA : Master Code 
by Helen Phillips 

from New Scientist magazine    March 15, 2003 

 

DNA gives us the list of materials that make us human.  Now we need to learn how to 

read the instructions that tell us how they are put together. 

 

Our scalp cells sprout hair while the cells lining our nose and lungs make mucus.  Our fat cells bloat; 

our retinal cells turn light into electricity; and our heart cells contract to order.  Yet every one of these 

cells comes equipped with exactly the same genes.  How can such variety come from one genome? 

 

"The important thing is not just what genes you have but what you do with them," says Bryan 

Turner, a geneticist from the University of Birmingham in Britain.  Each kind of cell must be following 

an instruction book that tells it how to read DNA 's genetic blueprint in its own special way.  But where 

is this instruction book?  What is in charge of the genetic code? 

 

The answer seems to be another code, infinitely more subtle and mind-bendingly more complex than 

DNA's string of genetic letters.  It is not even written in DNA.  Rather, it is encrypted in the structure of 

a family of proteins called histones.  Until a few years ago, histones were dismissed as little more than 

boring packaging for DNA.  Now these proteins and their cryptic code have taken center stage as the 

controllers that dictate when genes are switched 'on' or 'off'. 
 

The new code has yet to be cracked.  But all the signs are that it will be the key to the vast range and 

flexibility of our genomes.  It could, for instance, explain how different cells "remember" what type they 

are and how they pass this information on when they divide.  It could explain strange epigenetic effects -

- traits which are inherited but seemingly not in our genes.  Some researchers even suspect that this 

could be where Nature and nurture converge.  The route by which our environment, stress, toxic 

chemicals, and the food we eat can modify and manipulate the message written in our genes. 

 

Breaking the code won't be easy.  But there could be huge rewards when we do.  New ways to 

reverse the progression of cancer and other genetic diseases is one.  Clues to how we age -- and perhaps 

how to slow the process -- is another.  It could help solve fertility problems; be the key to successful 

cloning; and perhaps show us how to produce perfect stem cells and turn them into any tissue we want.  

"I used to say this field of research was 'red hot'," says David Allis, of the University of Virginia 

Medical School in Charlottesville, who coined the phrase "histone code".  Now he says, "It's blisteringly 

hot!" 
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All this heat is focused on what used to be thought of as a rather dull scaffolding structure whose 

only purpose was to help cram a couple of meters of DNA into a tiny cell nucleus.  The scaffold's 

building blocks -- the nucleosomes (see diagram below) -- are formed from 8 histone proteins.  These 

proteins are rolled together into a ball with only the loose end of each protein molecule trailing out like a 

tail.  The DNA helix wraps around each ball -- not quite 2 full turns -- and then drapes off to the next 

one so the whole structure ends up looking rather like a string of hairy beads.  These beads are then 

coiled up into a chromatin fiber, which in turn gets packaged up into chromosomes (see graphic). 

 

 
 

In the 1960s before the structure of nucleosomes was understood, several research groups spotted 

that the histones were decorated with chemical groups called 'acetyls' and 'methyls'.  They soon realized 

that when those chemical groups were lacking, the genes in the surrounding regions were likely to be 

inactive.  At first, they thought this was because the DNA bound more tightly to the scaffold when these 

groups were absent, blocking access to the machinery that transcribes genes into proteins. 

 

During 1980s and early 1990s, researchers including Allis, Turner, and Michael Grunstein from the 

University of California in Los Angeles had shown that many of these chemical modifications occurred 

on the histone tails.  They discovered that the modifications were constantly changing, and that their 

effect on gene expression depended on exactly where on the tails they occurred.  Turner suggested that 

changes in patterns of chemical groups on the tails might help other proteins bind to the chromatin, and 

it was this which influenced gene expression. 
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Since then, researchers have begun to realize that acetyls and methyls are just a small part of the 

picture.  Phosphate groups -- small proteins called ubiquitins and ribosyl groups among others -- 

decorate the histone tails.  And each modification can have knock-on effects that trigger other chemical 

changes. 

 

3 years ago, Allis and colleague Brian Strahl pulled all the examples together into a paper in Nature, 

(Vol 403, p 41) and proposed that the chemical groups on the histone tails were working as a code.  "We 

stuck our necks out to suggest that this was literally a biological language," remembers Allis.  Such a 

code, they suggested, would be flexible enough not only to control each gene individually but also to 

coordinate the activity of whole groups of genes vital for cell division, for example, or specialization 

into different cell types. 

 

This code, they said, could be written by the collection of enzymes that they already knew could add 

or remove chemical groups to histones, such as methyl transferases which add methyl groups or 

deactylases which remove acetyls.  To date, several dozen enzymes have been identified that could 

potentially modulate the pattern of the histone code.  And some of them have been shown to activate 

gene expression. 

 

In short, the histone code is embodied in the intricate pattern of chemical groups decorating the 

histone tails.  It seems to operate partly by attracting proteins to the chromatin that activate and copy 

genes.  Modifications to histones are also known to affect how tightly wrapped the chromatin is -- which 

can control whether the DNA is accessible.  And according to Eric Selker of the University of Oregon, 

certain coded patterns may trigger a fairly permanent form of gene silencing called DNA methylation 

by recruiting enzymes that bind methyl groups to bases on the DNA chain.  This seems to be a way for 

patterns of gene activity to be inherited from our parents without changing the genes themselves -- so 

called epigenetic inheritance. 

 

The overall effect is mind-bogglingly complicated.  The number of combinations of modifications 

on a single nucleosome may run into thousands.  Tail modifications might have knock-on effects, 

triggering enzymes that could affect the pattern on other parts of the tail or even other tails.  And the 

code can be constantly changing as enzymes continually add and remove the chemical groups.  And 

unlike the DNA code -- which works the same way in nearly all organisms -- the histone code varies 

from one to the next.  "It 's a huge puzzle," says Allis.  "I don't think there will ever be a table in student 

textbooks that will say this modification on this tail gives this result." 

 

On top of that, the code seems to work on very different time scales.  Over the long term, it could 

ensure that cells remember what they are.  The long-term message can be as stable as the genetic code, 

persisting from one generation to the next.  As cells in a developing embryo start to specialize into heart 

cells, for example, they must somehow keep all the heart-specific genes switched 'on' while shutting 

down all the irrelevant ones.  "The code can work like a cellular memory," says Turner.  The patterns are 

copied onto histones associated with new DNA strands, so they pass on to the next generation of cells. 

 

But histone marks can also act as a rapid response system.  A team led by Louis Mahadevan of the 

University of Oxford in Britain has shown that stressing a cell -- by exposing it to toxic chemicals or 

ultraviolet light, for example -- changes patterns of phosphate groups on the histone tails.  And this is 

what switches 'on' genes that protect the cell.  "The cell can respond in minutes," he says.  In fact, the 

response is so rapid that Mahadevan questions whether such histone modifications should be considered 

as a "code" at all. 

 

Either way, histones seem to provide an important link between our environment and our genes.  

"It's certainly appealing," says Turner, "to think of the histones as a kind of integrating system."  This 
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system could be the point at which the collection of signals and environmental factors a cell receives 

could be coordinated and translated into changes in gene expression. 

 

In response to viral infections, for example, 3 acetylation reactions help trigger the transcription of 

the gene for beta-interferon -- a chemical signal that stimulates the immune system to attack the virus. 

Hormones, too -- such as oestrogen -- can alter gene expression by triggering acetylation reactions.  

Even the circadian clock -- which responds to light, energy availability, eating, and exercise -- seems to 

have rhythmic changes in histone acetylation at its center. 

 

An exciting implication of this flexibility in gene expression is that certain diseases we think of as 

genetic may not be caused by mutations in DNA but by genes becoming abnormally active or getting 

switched 'off', possibly as a result of faulty histone coding.  If this is so, learning the histone language 

could open up new ways of controlling these diseases. 

 

This approach is already being investigated as a way of tackling the devastating neuronal 

degeneration that occurs in Huntington 's disease.  Huntington 's is caused by a mutation in a gene for a 

protein called Huntington that makes it excessively large.  The extra portion of the mutant protein seems 

to wreak havoc by sticking to an acetylating enzyme, reducing the amount of histone acetylation.  Joan 

Steffan from the University of California in Irvine suggests this triggers a chain of events that causes the 

cells to commit suicide. 

 

To compensate for the reduced acetylation, Steffan dosed brain cell cultures and fly neurons with 

drugs called histone deacetylase inhibitors, which block the enzymes that remove acetyls.  In both cases, 

the drugs halted cell death.  Using these drugs to treat mice with Huntington 's has also produced 

promising results.  Although the researchers are hoping to find more efficient enzyme inhibitors before 

thinking about human trials, Steffan still says she is very optimistic about the approach in this and 

similar diseases such as ALS (also known as Lou Gehrig 's disease). 

 

Manipulating the code might also help treat a type of male infertility.  Allis and his colleagues -- 

including Bruce Lahn from the University of Chicago -- recently discovered that an enzyme called CDY 

(which is specific to immature sperm) is a histone acetyltransferase.  A deletion in CDY prevents sperm 

developing in mice, Lahn found, and is known to cause infertility in men.  Treatments that increase 

acetylation levels could help treat this form of infertility, and it could open up a possible target for male 

contraception too. 

 

Even cancers could be manipulated as several histone modifying enzymes have already been 

implicated in the disease.  Around 20 different drugs that inhibit histone deacetylase are being tested in 

clinical trials against different types of cancer at the moment.  "This business is really at the forefront of 

cancer research," says Allis.  "Cancer might be very reversible."  The hope is that these drugs will 

restore normal acetylation patterns in histones.  They could affect the acetylation of many other proteins, 

too, so their effectiveness would not be proof of the histone code theory.  But on the whole, the approach 

seems very promising.  And drugs that affect methylation and other forms of histone modification are 

not far behind. 

 

Methylating enzymes might also be important.  Jay Hess of the University of Pennsylvania reported 

this year that one mutation -- responsible for about 10 percent of all leukaemias -- is in a gene coding for 

a methylating enzyme.  He thinks the mutation is affecting histone methylation patterns as well as 

reducing the normal chromosome-stabilizing influence that methylation has.  Genome instability is a 

problem in many cancers, he points out. 
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Almost everywhere you look, researchers are speculating on the role that histones could be playing 

in a range of unsolved puzzles.  Their modifications may affect our rate of ageing (see New Scientist, 26 

January 2002, p 7).  And they might prove to be the reason why cloning has so far proved such a hit-or-

miss affair.  If so, modifying histones could be the key to getting adult DNA to behave like DNA in a 

developing embryo.  "We may need to develop some sort of stripping mechanism to reset the code," 

says Allis.  The same may be true for reprogramming cells to act as stem cells, he suggests.  Perhaps it 

will be possible to develop enzyme treatments that can wipe the memory of a cell and allow it to 

develop into a new type of tissue. 
 

But before any of these things can even be considered, we need to decipher the histone language.  

It took nearly 50 years and a mass of bright ideas and technology to move from knowledge of DNA's 

helical structure to its letter-by-letter sequence.  So the histone code is unlikely to be cracked any time 

soon.  "There 's a staggering amount of complexity," says Allis.  But the problem is well worth pursuing.  

"Our DNA -- the encoded genetic blueprint -- can give us all the proteins and RNAs," says Allis.  "Yet 

that 's not even remotely close enough to explain being human."  Much of that explanation may lie in the 

histone code. 

 

 

You are what you eat 
 

Does diet affect our genes?  Well, researchers Harry Flint and Bill Rees of the 

Rowett Research Institute near Aberdeen in Scotland certainly think that it does.  

They suggest that chemicals in the food we eat could alter an individual 's histone 

code, changing patterns of gene expression and even increasing that person 's risk 

of disease. 

 

Experiments in mice and simple cell cultures suggest that a high-protein diet, 

for example, raises the amount of methyl, acetyl, and other chemical groups in 

cells.  It seems likely that this will lead to enzymes adding more of these chemical 

groups to histones, thus altering gene expression.  No one has yet investigated 

whether this actually happens in people.  But it is conceivable that changes like 

these could translate into an increased risk of intestinal cancers and even heart 

disease, says Rees. 

 

Some of the bacteria living in the gut produce butyric acid which is a potent 

inhibitor of histone deacetlyases.  So any change in our diet which influences the 

balance of these bacteria could change the patterns of histone markers, too.  Flint 

suggests this might explain why some bacteria have a protective effect against 

colon cancer. 

 

Hormones are among the many substances that enzymes acting on histones 

respond to.  This has led researchers such as Wim Vanden Berghe from the 

University of Ghent in Belgium to speculate that genes could be switched 'on' or 

'off' by hormone-mimicking compounds in our food such as phyto-oestrogens in 

fruits, vegetables, and soya. 

 

But what you eat doesn't just affect you.  Children whose mothers had a diet 

that was lacking in nutrients during pregnancy are at greater risk of developing 

diabetes and obesity in later life, for example.  Effects such as these are 

mysterious because they appear to have some sort of genetic basis yet don't 
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involve any change in the sequences of genes.  Could they be passed on in the 

histone code rather than the DNA?  

 

Quite possibly.  Craig Cooney and colleagues at the University of Arkansas 

for Medical Sciences at Little Rock have suggested the histone code plays a role 

by controlling DNA methylation, which shuts down genes by attaching methyl 

groups directly to DNA.  They found that changing a female mouse 's diet can 

alter patterns of DNA methylation, which in turn influences the patterns of gene 

expression in her offspring.  

 

If female mice ate a diet low in methyl-rich compounds and folic acid -- 

which can help synthesize methyl groups -- their offspring tended to develop 

obesity, diabetes, and cancer, and they didn't live as long as normal.  When the 

team gave the mice methyl supplements, the effects were reversed.  

 

Although Cooney has only looked at DNA methylation patterns so far, he 

expects to see changes in histone methylation too.  "We are eating an increasingly 

refined diet which is depleted in micronutrients," he says.  "The danger is that we 

are setting ourselves up for a lot of health problems." 

 

And those problems won't just affect us.  The ill effects could pass down the 

generations to our children, our children 's children and beyond.  
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