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New Structure Shows Mobile RNA 1s
Poised and Ready

A new picture of a genetic parasite isolated from a deep-sea bacterium is
helping researchers see how certain specialized segments of RNA escape
from their positions in the genome and invade new RNA or DNA. The
mobility of these genetic elements, known as group II introns, has had a
profound influence on evolution, promoting diversity among the world's most
ancient organisms.

A research group led by Anna Marie Pyle, a Howard Hughes Medical
Institute investigator at Yale University School of Medicine, has solved the
structure of a group II splicing intron. Their research is published in the April
4, 2008, issue of the journal Science.

"This genetic parasite really has fangs. It’s ready

to go out and react with something."
— Anna Marie Pyle

Pyle's lab has long been interested in the three-dimensional structures of
catalytic RNAs, and has been employing a variety of approaches to
investigate group II introns for the past 16 years. One reason this crystal
structure is interesting is because it is completely in agreement with a couple
of decades of biochemistry, Pyle said.

To convert a gene into protein, cells begin by copying DNA into RNA. The
RNA molecule serves as the template the cell uses to build a protein. Many
genes contain segments known as introns, which interrupt the
protein-encoding sequence and must be removed from the RNA template
before protein synthesis can begin. In multicellular organisms, the task of
snipping out the interrupting sequences falls primarily to a large complex of
proteins and RNA known as the spliceosome. Some introns, however, can
release themselves from the RNA molecule all by themselves (self-splicing
introns).

Once removed, these introns have the potential to reinsert into the genome,
sometimes into regions where they can alter gene function. Pyle explained
that it's easy to see the impact this can have on evolution. A free and liberated
intron can be highly reactive and can reverse splice into RNA or DNA, she



said. These probably spread like wildfire through various genomes. In fact,
she noted, more than half of human DNA may have derived from what was
once ancestral group II introns.

Self-splicing introns fall into two groups, each with a distinct splicing
strategy. Pyle's lab has focused on those known as group II introns, which are
present in almost all bacteria and have also been found in plants, fungi, and
animals. These introns bear similarities to spliceosomal RNAs and to the type
of introns that the spliceosome removes from nuclear DNA. For this reason,
researchers have suspected that their splicing mechanisms may be closely
related.

RNA is notorious for folding itself into intricate shapes that, although
essential for function, are almost impossible to predict from sequence
information. To deduce how the RNA within a group II intron arranges itself
so it can catalyze splicing at precisely the right spot, Pyle's team conducted
many years of detailed biochemical studies. In this way, they amassed an
enormous amount of information about how the RNA was likely structured.
The model of the introns' functional architecture that Pyle and her colleagues
developed, which they published in 2005, helped researchers think about
group Il introns in a new way. It also revealed significant parallels between
group II introns and certain essential RNA components of the spliceosome.

As useful as that model was, Pyle knew a more complete understanding of
group II introns would come from a structure obtained through x-ray
crystallography. Pyle had never been trained in crystallography — a
technique that involves coaxing a protein or nucleic acid to grow into
crystals, then bombarding the crystals with x-ray beams to generate a map of
its atoms - but she was undeterred. People should not be afraid to try
whatever technique they need to solve their problem, she said. Navtej Toor, a
postdoctoral fellow in Pyle's lab whose expertise was in evolutionary
informatics, shared Pyle's curiosity and drive, and they forged into a new type
of research in the Pyle lab.

The difficulties began with the very first step - finding a group II intron to
crystallize. Despite their propensity to flit about the genomes of bacteria and
other organisms, group II introns are typically reluctant to splice when they
are outside of cells. Previous researchers had persuaded them to do so by
subjecting them to unusually warm temperatures and very high
concentrations of salt. These conditions, however, are unsuitable for
producing the crystals needed for structural biology studies.

Pyle said she and Toor looked under every rock, screening a wide swath of
organisms - many from extreme environments - before settling on an intron
from Oceanobacillus iheyensis, a deep-sea dwelling bacterium that thrives in
unusually alkaline conditions. The intron readily self-spliced in the laboratory
and formed a stable structure that the researchers could use for their studies.
The intron they chose was also significantly smaller than most group II
introns, which facilitated crystallization.



After isolating the spliced intron, the researchers treated it gently,
crystallizing it in its native state. From there, Pyle said, the x-ray
crystallography was straightforward, and the team was able to generate a
detailed picture of the intron. The image that emerged largely validated the
model she and her colleagues had developed several years earlier. This
structure completely matches the biochemistry, she said. We can have a lot of
confidence in this structure.

It shows - with a new level of detail — how four domains of RNA cradle a
fifth domain, the intron's catalytic center, positioning it so it is poised to do
its work. (A sixth domain of the intron is not visible in the structure and will
require additional studies.) Contacts between distant domains on the molecule
ensure a carefully molded tongue and groove construction. Inside the intron's
catalytic center sit two magnesium ions, which Pyle's previous experiments
had predicted would help speed the splicing reaction along.

Pyle said she was delighted to see that these ions are spaced at the precise
distance thought to be optimal for metal-ion catalysis (frequently seen among
enzymes that facilitate similar reactions). Also surprising was that these metal
ions were in place even when the intron was isolated, with no nearby genetic
material to invade. This genetic parasite really has fangs, Pyle said. It's ready
to go out and react with something.

The new structure revealed a wealth of RNA interactions that we never even
dreamed about, said Pyle, who has long been fascinated with the ways in
which biological molecules recognize themselves and one another. In
addition to exposing these unexpected structural motifs, which Pyle said are
likely to help shape other large RNA molecules, as well, the new structure
also confirmed many of the suspected similarities between group II introns
and the spliceosome. The picture helped explain why certain features of the
RNA are conserved between the two structures: they are positioned to
participate directly in the splicing reaction. According to the researchers,
these observations suggest that the RNA component of the spliceosome
functions in a very similar way to a group II intron.



