
I R I N A  A R T S I M O V I T C H

DNA damage caused by genotoxic 
agents, from solar ultraviolet light to 
free radicals generated during cel-

lular metabolism, is unavoidable. Unless 
repaired, such damage may directly threaten 
cell survival or lead to mutations and dis-
ease. All organisms therefore rely on repair 
systems to maintain DNA integrity, with 
many components of those systems highly 
conserved throughout evolution. In this 
issue, Epshtein et al.1 (page 372) describe 
how two enzymes — an RNA polymerase 
and UvrD, a helicase — cooperate to target a  
damaged site for repair.

RNA polymerase (RNAP) carries out 
the essential job of transcribing DNA into 
RNA. When RNAP runs into a lesion in the 

transcribed (template) strand, it backtracks 
along the DNA, but still occludes the dam-
aged site (Fig. 1a, b), an effect that might be 
expected to hinder DNA repair. Unexpected 
observations2 that, in vivo, damage is prefer-
entially repaired in transcribed rather than 
non-transcribed regions led to the discovery of 
transcription-coupled repair (TCR), a branch 
of the nucleo tide-excision repair (NER) path-
way that removes many lesions, including 
ultraviolet-induced thymine dimers3.

NER of naked DNA in bacteria involves a 
complex of Uvr proteins: UvrA and UvrB rec-
ognize the lesion; UvrC excises the damaged 
segment; and UvrD helicase displaces it. The 
resulting gap is then enzymatically repaired 
by two enzymes, DNA polymerase and a 
ligase. In TCR, RNAP takes over the damage- 
recognition task, but has to be removed to 

allow the Uvr complex to access the lesion.
In a broadly accepted model for TCR, a pro-

tein known as Mfd pushes the stalled RNAP 
forwards (Fig. 1c), releasing it from the DNA4, 
and recruits UvrA2, thereby directly coupling 
transcription to repair. Intriguingly, bacterial 
strains lacking Mfd are quite resistant to dam-
age caused by ultraviolet light2, implying that 
alternative means of repair exist. Epshtein et al. 
describe a TCR pathway of opposite polarity to 
the conventional mechanism, wherein UvrD 
pulls RNAP even further backwards, exposing 
the lesion for repair (Fig. 1d).

The role of UvrD in NER is well established 
— it acts late in the pathway, after RNAP has 
dissociated from the DNA and the UvrABC 
proteins have processed the lesion. However, 
Epshtein and colleagues observed that, in the 
bacterium Escherichia coli, UvrD interacts with 
RNAP as frequently as the general transcrip-
tion factors NusA and NusG. This finding 
prompted the authors to re-examine the role 
of UvrD in TCR. 

Their analysis convincingly demonstrates 
that UvrD forms a binary complex with RNAP 
and induces it to backtrack both in vivo and in 
an in vitro system. The researchers also found 
that UvrD relieves an RNAP-imposed block 
to UvrABC excision of a thymine dimer in a 
minimal NER system reconstituted in vitro. 

Those who cultivate manicured lawns curse 
‘fairy rings’ of mushrooms (pictured) and 
the rapid grass growth associated with them. 
The compound that stimulates this growth, 
2-azahypoxanthine (AHX), was isolated from 
a fungus in 2010, but Choi et al. now report in 
Angewandte Chemie that plants also produce 
it (J.-H. Choi et al. Angew. Chem. Int. Edn http://
doi.org/f2phhs; 2014).

The authors treated several plants 
with AHX, and observed that it was 
metabolized to a compound called 2-aza-
8-oxohypoxanthine (AOH). They went on to 
show that both AHX and AOH are produced 
by plants, and are present in rice at levels 
similar to those of plant hormones. 

Choi et al. found that a member of the 
purine metabolic pathway is converted to AHX 
and AOH in rice, and they extracted crude 
enzymes that catalyse the reactions involved 
from rice and Arabidopsis, a model plant. They 
conclude that AHX and AOH are formed in a 
previously unknown metabolic pathway.

Intriguingly, AOH stimulates rice growth, 
albeit not as much as AHX. Frustrated haters 
of fairy rings could perhaps take heart from 
the thought that both compounds hold 
promise for horticulture. Andrew Mitchinson
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The tug of DNA repair
The transcription enzyme RNA polymerase stalls at DNA lesions, hindering their 
repair. Accessory factors dislodge the enzyme by pushing it forwards, but a study 
finds that pulling it backwards may also be effective. See Article p.372
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