The Mycobacterium tuberculosis DNA-repair helicase UvrD1 is activated by redox-dependent dimerization via a 2B domain
cysteine conserved in other Actinobacteria.
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Abstract
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Mtb a causative agent of Tuberculosis is
exposed to ROS that causes DNA damage
ROI
RNI

2B-2B domain disulfide bond is responsible for redox-dependent
dimerization of UvrD1
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Mtb UvrD1 is activated via cysteine
dependent dimer formed in oxidative
stress

Methods
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2B cysteine

https://www.biorxiv.org/content/10.1101/359356v1.full

Dua et al 2018

Stopped flow

UvrD1 uses
energy from
ATP hydrolysis
to unwind
damaged DNA
strand

The 2B-cysteine is conserved in families of largest order
Corynebacteriales of Phylum and Class Actinobacteria
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1B cysteine

1A cysteine

Background

Raney et al 2013

E. coli UvrD helicase
exist in monomer-dimer
and tetramer equilibrium
and unwind as dimers

UvrD plays a role in multiple
DNA repair pathways

https://www.flickr.com/photos/agathman/4932657815

Maluf et al 2003

Mtb UvrD1 has been shown to be a monomer by
equilibrium sedimentation and size exclusion

C.

D.

Mtb UvrD1 has been shown to unwind as a monomer

Transcription-coupled repair

Mismatch repair

https://phys.org/news/2014-01-molecular-star-dna-html
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Curti et al 2007

The dimer of Mtb UvrD1 is redox dependent

Redox-Dependence of UvrD1 dimerization is due to Cys451 in the 2B domain. (A) Predicted structure of UvrD1 from threading UvrD1 sequence on the E.
coli UvrD structure (PDB: 3LFU). Domain organization is indicated as well as the position of the three cysteine residues. (B) Size exclusion chromatography (S300)
of C451A mutant (solid) as compared to WT (dashed). (C) AUC velocity experiments on C451A mutant in presence (blue) and absence (red) of DTT indicate that
the mutant loses the ability to dimerize. Each trace is an average of two runs. (D) In contrast, AUC velocity of the C107T/C269T double mutant in the presence
(blue) and absence (red) of 1 mM DTT indicates that this mutant retains and even enhances dimer formation. Each trace is an average of two runs.
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A.

The dimer of Mtb UvrD1 unwinds the DNA in oxidized conditions
B.

Sequence distribution across bacterial species. (A) Distribution of cysteine residues in Mtb UvrD1 compared to E.
coli UvrD. (B) Sequence containing 2B cysteine residue is distinct from E. coli and B. subtilis UvrD family enzymes but is
conserved in Actinomycetes and Closterioides difficile.
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DNA unwinding activity is titrated by redox potential
through dimer formation

B.

A.
monomer

dimer
tetramer

The dimer cannot bind a T10 tail suggesting a model when
both subunits need to be engaged with ss DNA for unwinding
C.

D.

C.

D.

A titration of WT UvrD1 DNA (2uM) unwinding in the
presence of 2 mH2O2. A control in the absence of oxidizing
agent is shown for
comparison (-H2O2).

Future directions

Model

1) To determine if KU an NHEJ repair factor
Mtb UvrD1 is activated in oxidative stress via 2B-2B
increases the processivity of a Mtb UvrD1
disulfide bond . DNA binding using T20 and T10 tailed oligos suggest a
monomer and a dimer.
mechanism of dimer unwinding where both subunits need to engage with 2) To determine if Mtb UvrD1 functions as a
ssDNA for unwinding
redox sensor in-vivo
3) Cryo-em structure of Mtb UvrD1 with DNA
to understand the mechanism of
dimerization.
4) To study the role of Mtb UvrD1 in
transcription-coupled repair

UvrD1 (2 uM 1A1B
mutant)was treate
d with 1 mM DTT
and then different
concentrations of
H2O2 (0-5 mM).
Redox potential
was measured and
the samples
were subject to
AUC and used for
DNA unwinding
assays.
The fraction of
monomer present
in
different oligomeri
c states and
fraction DNA
unwound are
plotted as a
function of redox
potential as
follows: monomer
(blue), dimer
(orange),
higher oligomers (y
ellow), and
fraction DNA
unwound
(purple).
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