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Fig. 1 The scheme of survival of M.tuberculosis in macrophage

NOX: NADPH oxidase, iNOS: inducible NO synthase, SOD: superoxide dismutase, KatG: catalase-peroxidase,
Trx : thioredoxin, Ahp: alkyl hydroperoxide reductase, V-ATPase: vacuolar-type H"-ATPase, DosS/DosT: hem-
based redox-sensor, WhiBs: Fe-S cluster type redox-sensor

Table Molecules of maintaining intercellular redox homeostasis in Mycobacteria

Enzyme/Molecules Molecular Species Primary role/Character

Detoxification Enzyme
SodA (FeSOD) %)
SodC (CuZnSOD)*®9 %9

Superoxide Dismutase Dismutation of O2'~ into H202 and molecular oxygen

Catalase Peroxydase KatG Protect bacteria from ROS damage?”*®
Alkyl Hydroperoxide Reductase AhpC Protection against both oxidative and nitrosative stress’ '
Thioredoxin Reductase TrxR NADPH + H* + Trx-S2 — NADP* + Trx-(SH),

Protect bacteria against ROS and RNS!D 102
Trx system (TryR, TrxB and TrxC) may be involved in virulence.'™

Protect bacteria from ROS and RNS damage'*
105) 106)

Methionine Sulfoxide Reductases
Disulfide Oxidoreductases

MsrA, MsrB

DsbD, DsbE, DsbF Thioredoxin-like proteins

Buffer Substances

Mycothiol MSSM/2MSH 107 108 NADPH + H*+ MSSM — 2MSH + NADP*
Millimolar quantities in cytosol as the major redox buffer”
MSH consists of myo-inositol linked to N-acetylated glucosamine'® ''*)
The mshD mutants are hypersensitive to H202!'D 112
Ergothioneine Protect bacteria from ROS damage!''® !4
Thioredoxin TrxA, TrxB, TrxC Trx-(SH), + protein — Trx-S2 + protein-(SH)»
Oxidoreduction and the detoxification of ROS!02 119116
Truncated Hemoglobin trHbO High affinity for O2, Detoxification of H202 and NO''”

trHbN Oxidation of NO''®

ROS: reactive oxygen species, RNS: reactive nitrogen species, NO: nitric oxide
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Fig. 2 Hem-based redox sensor; DosS”" and DosT*”

(A) Domain structure of M.tuberculosis DosS and DosT. DosS and DosT contain two N-terminal GAF domains, GAF-A
and GAF-B, followed by a histidine kinase domain and an ATPase domain. The conserved histidine residue at 392 is
autophosphorylated. (B) The deoxy ferrous form of DosS/DosT is autophosphorylated under hypoxia or upon binding of CO
or NO. The phosphorylation of the protein isn't observed upon binding oxygen. The phosphorylated protein transfers the
phosphate group to DosR. Phosphorylated DosR transduces the signal to upregulate genes necessary for dormancy.
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Fig.3 Model of Fe-S cluster formation of WhiB3 regulated by redox

Under high concentrations of oxygen, WhiB3 [4Fe-4S]'* cluster is oxidized to WhiB3 [4Fe-4S]*" and is consecutively
converted into a WhiB3 [3Fe-4S]'" cluster accompanied with generation of H202. Thioredoxin and mycothiol may be
involved in stabilizing the WhiB3 [4Fe-4S] cluster®”. The WhiB3 [3Fe-4S]'" yields WhiB3 [2Fe-2S]>" intermediates,
and then the cluster within WhiB3 was completely lost. Non cluster employed whiB3 protein is reduced WhiB3-SH state,
or oxidized WhiB3-SS state. IscS converts apo-WhiB3 to WhiB3 [4Fe-4S]2*.

Strong

B pks2, pks3 promoter, etc
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Fig. 4 DNA binding model of Fe-S cluster WhiB3 regulated by redox

(A) DNA binding activity of holo-WhiB3 and apo-WhiB3 is influenced by the redox state of the Fe-S cluster and by the
oxidation states of the Cys residues, respectively. Oxidized apo-WhiB3 binds DNA strongly and holo-WhiB3 [4Fe-4S]'*
or holo-WhiB3 [4Fe-4S]?>" binds DNA weakly, whereas reduced apo-WhiB3 does not bind DNA®. (B) The modifi-
cation of Cys residues to -SH, disulfide (-SS-), sulfenate (-SO-), sulfinate (-SO2-), or s-nitrosylated states, could also
modulate DNA-binding activity.
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SENSORS IN MYCOBACTERIA FOR THE DETECTION OF REDOX STRESS

Takemasa TAKII

Abstract Mycobacterium species are exposed to oxidative
and nitrosylative stress from environments within and outside
the host cells. After the host is infected with the bacilli,
macrophages produce superoxide molecules via NADPH
oxidase activity and nitric oxide (NO) via inducible NO syn-
thase activity to kill the bacilli. The pathogenic bacilli can
successfully survive in host cells via anti-oxidative and anti-
nitrosylative mechanisms. In particular, Mycobacterium tuber-
culosis persisters pose a great problem for chemotherapy
because most anti-mycobacterial drugs are ineffective against
mycobacteria that are in the persistent state. In accordance
with the changes in redox balance, the bacilli change their
metabolic pathways from aerobic to anaerobic ones, thereby
leading to a change from an actively growing state to a
dormant state. Therefore, M.tuberculosis is expected to be
equipped with sensors that detect redox stress in the environ-

ment such that it can switch to the dormant state and change

its metabolic pathways accordingly. In this review, roles of
the mycobacterial Oz, NO, and CO gas sensors, DosS and
DosT, consisting of the DosR regulon, and mycobacterial
DNA binding proteins WhiBs, which contain iron-sulfur
clusters, in latent infection are discussed.
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