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New mechanism for regulating supply of
DNA building blocks for better antibiotics

May 19 2022

RNR genes transcribed Transcription of RNR genes blocked

ATP-loaded NrdR,, dATP/ATP-loaded NrdRg dATP/ATP-loaded NrdR,
bound to DNA

The mechanism of action of the RNR-specific repressor NrdR. Surface
representation of the cryo-EM maps for the dodecameric, octameric, and DNA-
bound tetrameric NrdR structures. NrdR monomers in each tetramer assembly
are colored beige, blue, green and pink. DNA is shown schematically, except for
the part solved by cryo-EM where the two antiparallel DNA strands are orange
and light yellow, respectively. Credit: Inna Rozman Grinberg

In a new study published in Nature Communications, researchers from
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Stockholm University show for the first time how NrdR binds to DNA
to inhibit RNR. The novel mechanism could help scientists design better
antibiotics by targeting a pathogen's ability to reproduce.

"We discovered NrdR more than a decade ago but the way it works was
an enigma. In this paper, we combined biochemical and structural
studies to find out how NrdR binds to DNA," says Inna Rozman
Grinberg, researcher at the Department of Biochemistry and Biophysic
at Stockholm University and main author of the study.

DNA synthesis is the process of creating new DNA molecules that takes
place when a cell divides. In virtually all living organisms, the enzyme
ribonucleotide reductase (RNR) provides building blocks for the new
DNA strands. In many bacteria, including well-known pathogens such as
Mycobacterium tuberculosis, synthesis of RNR is turned off by the
repressor protein NrdR. However, the mechanism underpinning the
interplay between RNR and NrdR remained elusive. In general, when
bacterial cells divide, RNR is activated to provide building blocks for
making new DNA. In the meantime, NrdR remains switched off. Then,
when DNA synthesis is complete, NrdR binds to DNA preventing
further synthesis of RNR.

But how do cells sense when it is time to turn off RNR? The answer lies
in the relative concentration ratio between two key molecules, namely
adenosine triphosphate (ATP) and deoxyadenosine triphosphate (dATP).
The researchers showed that some RNRs can switch themself off when
high dATP levels are present. NrdR, on the other hand, only binds to
DNA and inhibits synthesis of RNR when dATP levels are high. This
sensing mechanism, which is almost exclusively used by RNR and NrdR,
is mediated via a protein domain called "ATP-cone."

"This mechanism highlights an exciting aspect of protein evolution,"
says Inna Rozman Grinberg.
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According to Inna Rozman Grinberg, since NrdR is abundant in bacteria
but absent in humans, the ATP-cone could be used as an antibiotic target
against pathogens with a single RNR, or against pathogens with NrdR to
control all their RNRs. "To our knowledge, this is the only example of an
evolutionary mobile protein domain that controls both the expression
and activity of an enzyme."

More information: Inna Rozman Grinberg et al, A nucleotide-sensing
oligomerization mechanism that controls NrdR-dependent transcription

of ribonucleotide reductases, Nature Communications (2022). DOL:
10.1038/s41467-022-30328-1
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