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he central dogma of biology states that DNA is transcribed into messenger RNA, which is then
translated into protein. Proteins, with all of their relative structural and functional complexity,
have been considered to be the primary “active” molecules in biological organisms, while DNA
and RNA provide information storage. Evidence has been mounting that scientists were missing a big part of the picture. Various genome projects have shown that only a small portion of the DNA of
complex organisms codes for proteins, but a large percentage of DNA is nonetheless transcribed. This has
led to increased understanding of the role of non-coding RNA in cells, including the fact that much of what
was referred to as “junk” DNA actually codes for RNA molecules that adopt three-dimensional structures
and regulate all kinds of cellular processes. Unfortunately, the chemical nature of these RNA molecules
makes them challenging to crystallize for structural determinations that would provide insight into how they
work. Researchers, with help from the LS-CAT beamline 21-ID-D at the APS, have developed a new protein chaperone that facilitates RNA crystallization. Their work provides structural information on the RNA
of interest, the class I ligase ribozyme, and more importantly, their portable chaperone can be used to crystallize other non-coding RNAs, opening the door for greater understanding of this exciting role for RNA.

To overcome the significant challenges of crystallizing and phasing
RNA molecules, the researchers developed the idea for an approach based
on two concepts that have been
applied to protein and RNA crystallography to facilitate the formation of crystals. First, it has been shown that antibody fragments that recognize a protein can stabilize that protein and make
it more likely to form crystals. Second,
an RNA-binding protein called U1A has
been successfully used as a chaperone
that favors the formation of crystals of
RNA for structure determinations. Combining these two ideas, they decided to
make an antibody fragment that recognizes an RNA molecule to see if it
would act as a chaperone to facilitate
its crystallization.
The first challenge for the team
was to generate an antibody that recognized the ligase ribozyme with high
enough affinity to act as a chaperone.
Using recently developed phage display methodologies that allow the production of “synthetic” antibodies without
host immunization, they first generated
a set of antibodies that recognized the
ribozyme. Picking the best candidate,
they then increased its affinity through
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cycles of selection and enrichment to
ensure that it had sufficient affinity to
act as a chaperone. This candidate
RNA/antibody complex was then tested
in functional assays. This is important
because if the antibody chaperone
binds to the RNA but does not change
its activity, that is a good indicator that
the association does not change its
structure. Testing confirmed that their
candidate antibody did not change the
activity of the ligase ribozyme and suggested that the structural integrity of
the ribozyme was maintained in the
complex.
The new antibody chaperone
enabled the team to crystallize the ligase ribozyme/antibody complex and
determine its three-dimensional structure (Fig. 1). Initial molecular replacement of the antibody portion, for which
the structure was already known, also
facilitated phasing of the ribozyme portion making the refinement of the structure to 3.1 Å straightforward. In addition to defining important catalytic features of the ligase ribozyme, the structure of the complex showed that the
antibody recognized portions of the P7
backbone and the P5 loop of the
ribozyme. Based on this success, the

team was interested in whether this
recognition site could be used to crystallize other RNAs.
They used isolated pieces of RNA
with the same sequence as the P7 and
P5 hairpin loops to determine that the
antibody chaperone did not require the
full structure of the ligase ribozyme for
recognition and, in fact, did not need
the P7 interaction either. Antibody binding could be narrowed down to just the
P5 hairpin loop. Best of all, when they
took that small P5 loop sequence and
engineered it into another RNA sequence, their antibody chaperone
bound that RNA with the same affinity
as it had the ligase ribozyme, suggesting that this portable P5 loop and antibody combination can be engineered
into other RNAs and used to facilitate
their crystallization too. Will the
researchers use their new tool to clear
the bottleneck of RNA structures?
That’s the plan. — Sandy Field
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Fig. 1. Structure of the Class I ligase rNA enzyme in
complex with an antibody chaperone. The antibody
fragment is shown in yellow and blue, the rNA
enzyme in multi-colored ribbon. The P5 and P7 loops
recognized by the antibody are shown in purple and
pink, respectively.
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