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P INg -P ONg IN ThE A CTIvE S ITE
OF r ADICAL SAm E NzymES

R

ibosomes are giant cellular machines responsible for translating
gene transcripts into protein. They are complexes of ribosomal
RNA (rRNA) and proteins, and their essential nature makes them
important targets for antibiotics. Chemical modification of rRNA
contributes to the development of antibiotic resistance as well as to normal
ribosome assembly and function. Two recently-identified bacterial enzymes
add methyl group modifications to rRNA using an unusual radical mechanism.
One of these enzymes, Cfr, has been shown to provide resistance against
antibiotics that attack the bacterial ribosome in methicillin-resistant
Staphylcoccus aureus (MRSA), the most common species of staphylococci to
cause infections; the other, RlmN, methylates rRNA as a normal housekeeping
modification. New studies by a research team utilizing two beamlines at the
APS have elucidated the three-dimensional structure of the radical methylase
enzyme, RlmN. Their work provides additional insight into the underlying
chemical mechanism that this enzyme uses to modify rRNA, as well as an
important glimpse into how essential building blocks can be modified to circumvent antibiotics that target the bacterial ribosome. >>>
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Typical enzymes that transfer a
methyl group from S-adenosyl-Lmethionine (SAM) to DNA, RNA, or
protein do so by a single displacement
reaction that moves the methyl group
from SAM to a chemically receptive
oxygen, nitrogen, or sulfur atom. RlmN
and Cfr differ in that they methylate an
inert carbon atom. One of the first
clues into how RlmN and Cfr might
accomplish this difficult transformation
came from their identification as radical
SAM enzymes [1]. The radical SAM
enzymes use SAM to activate inert
substrates, making them receptive to
modification. They do this by using a
SAM-bound iron-sulfur cluster to form a
radical species in the active site that
can remove a hydrogen atom from carbon or other substrate atoms to initiate
modification of chemically challenging
targets. RlmN and Cfr differ from typical radical SAM enzymes in their
requirement for two SAM molecules,
one for activation and another to
donate a methyl group [2, 3].
RlmN and Cfr are proposed to use
SAM to perform these two reactions via
a “ping-pong” mechanism [3]. In this
mechanism, the methyl group to be
added to rRNA moves from SAM to a
conserved cysteine residue, Cys355, of
the enzyme by a standard methylation
reaction. Then a second SAM molecule
is used to activate that methyl group for
addition to the rRNA. To release the
product, Cys355 forms a bond with
another cysteine, Cys118, located in the
active site of the enzyme.
To visualize how the enzyme
accommodates such a distinctive
mechanism, the researchers from
Northwestern University and The
< Fig. 1. The overall structure of Escherichia
coli rlmN in complex with SAm. The loop containing mechanistically important methylcysteine residue (mCys355) is shown in blue. The
location of mCys355 in the active site (inset)
indicates that methylation of the residue and
activation by SAm occur from the same SAm
binding site.

Pennsylvania State University carried
out multiple anomalous dispersion
experiments at the LS-CAT 21-ID-D
and the gM/CA-CAT 23-ID-D beamlines at the APS to solve the structures
of RlmN alone and in complex with
SAM (Fig. 1). The structure of the
RlmN/SAM complex revealed that the
three-dimensional orientation of Cys355,
the enzyme-bound iron-sulfur cluster,
SAM, and Cys118 in the active site of
RlmN are consistent with the proposed
ping-pong mechanism. Furthermore,
the structure indicates that SAMdependent methyl transfer and activation reactions occur from the same
SAM binding pocket [4].
The authors point out that this
observation reveals that RlmN is an
example of the principle of economy in
the evolution of enzyme binding sites in
which a single active site evolved to
facilitate two different reactions, the
removal of a methyl group from SAM in
the first reaction and then its activation
in a second reaction. If all of this
seems like so much esoteric chemical
detail of interest to only a few enzyme
chemists, consider the fact that this
chemistry has been hijacked by bacterial pathogens to provide resistance to
several key classes of our available
antibiotics. Those bacteria are pretty
good chemists. — Sandy Field
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21-ID-D • LS-CAT • Life sciences • Macromolecular crystallography, microfluorescence (hard xray), nanofluorescence imaging, nanotomography • 6.5-20 keV • On-site, remote, mail-in •
Accepting general users •
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