
 

Unraveling a mystery in the 'histone code'
shows how gene activity is inherited

March 13 2014

  
 

  

Scientists have discovered a new mechanism that protects active genes from
being silenced during cell division. They found that two variants of the same
protein can distinguish active and inactive areas of the genome. The two variants
differ by just one amino acid, circled here. Researchers captured the atomic
structure of the two variants using a kind of molecular photography, shown here.
They discovered that the single amino acid change is recognized by an enzyme
(in red and blue here) that adds a silencing mark to only one variant (indicated
with an arrow), instructing the cell to keep those areas of the genome inactive.
Credit: Dr. Robert Martienssen, Cold Spring Harbor Laboratory

Every cell in our body has exactly the same DNA, yet every cell is
different. A cell's identity is determined by the subset of genes that it
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activates. But how does a cell know which genes to turn off and which to
turn on? While the genetic code carried in our DNA provides
instructions for cells to manufacture specific proteins, it is a second code
that determines which genes are in fact activated in particular cell types.

This second code is carried by proteins that attach to DNA. The code-
carrying proteins are called histones. Today, researchers at Cold Spring
Harbor Laboratory (CSHL) and colleagues publish research revealing a
new layer of complexity in the histone code. They have found that the
slightest variation in a single histone protein can have dramatic effects
on how the genes encoded in our DNA are used.

Histones are vitally important because our genetic material is vast: every
cell in the body has more than six feet of DNA bundled within a tiny
nucleus, a space much smaller than can be seen with the naked eye. For
such a massive amount of DNA to be compacted into a microscopic
space, it must be wound tightly around spool-like assemblies of proteins.
Each of those spools is made up of eight histone proteins. It takes
millions of spools in every cell to bundle the entire genome.

Histone proteins are marked with chemical tags, such as methyl groups.
The histone code consists of the patterns formed by such marks, across
the full genome. The marks are sometimes called epigenetic marks.
"Epi" means, literally, "above" the genome. The "second" code
consisting of these marks provides instructions that cause cells to turn
specific genes on or off.

There are numerous types of histones, and small variations in their
structure enable them to perform distinct specialized functions.
Scientists have found that one histone, known as H3, comes in two
subtypes, called H3.1 and H3.3. These variants are found in very
different places in the genome: version H3.1 is found only in parts of the
genome where genes are not being activated; version H3.3 is present
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only in places where genes are active. Scientists have long wondered
what it is about these two variants that accounts for their different
associations with genes – H3.1 with inactive genes and H3.3 with active
ones.

In a paper published today in Science, a team led by CSHL Professor and
HHMI Investigator Robert Martienssen and Professor Jean-François
Couture of the University of Ottawa announces that they have solved the
mystery, exploiting unique aspects of plant genomes. They have
discovered that a single amino acid difference in the structure of histone
H3.3 enables it to serve as a kind of memory device for the cell, marking
genes that need to remain active.

Martienssen, Couture, and Yannick Jacob, Ph.D., a postdoctoral fellow
at CSHL and lead author on the paper, found that the key was a single
epigenetic modification. The team, in collaboration with Professor
Danny Reinberg from New York University, found that H3.1 can be
modified with a methylation mark in a way that H3.3 cannot be. This
chemical modification acts as a flag, signaling to the cell that genes in
the vicinity should be inactive, or silent. "Our findings highlight the
remarkable impact that subtle structural differences between histone H3
variants has in the global landscape of epigenetics," says Couture.

This distinction is especially important when a cell copies its genetic
material, which happens just prior to cell division. As the cell replicates
its DNA, it must also preserve the epigenetic marks that delineate active
and inactive areas of the genome. In fact, silencing machinery, which
deposits methylation marks on H3.1, works in tandem with the
replication machinery. "Because H3.3 can't carry this modification, its
presence on active genes allows them to escape silencing," says Jacob.
"In our research, we discovered a way for cells to protect active genes
from silencing and preserve that memory through successive cellular
generations."
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This study also has implications for how the genetic material is copied.
"We have found that replication (how DNA copies itself) and
transcription (how DNA is copied into RNA) are controlled by the same
highly conserved histone. Thus, these most fundamental properties of
the genetic material are regulated by our chromosomes," says
Martienssen.

  More information: "Selective Methylation of Histone H3 Variant
H3.1 Regulates Heterochromatin Replication" appears in Science on
March 14, 2014.
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