Functomics Biology |1 Research Team

DNA

@ ®) DNA

1
T. thermophilus HB8
15 8
2
TTHAO0593
2 7
2 TTHA0704 TTHAO0707

TTHAO0707 PdxT 3 o/p

Cys-His-Glu
TTHAO0704 PdxS 8 a/p

12 100
PdxS 1:1
PdxT PdxT
PdxS  o/f
PdxS
Bacterioferritin comigratory protein (BCP) BCP
T.
thermophilus HBS8 2 BCP
TTHA1300 TTHAO0593 TTHA1300
N Cys
Sulfolobus tokodaii ST1785

EBIHARA, Akio

DNA
3 o

Aquifex aeolicus
aq 488 4

*2 *2 *2 *1 *1

DNA RNA
Hypoxanthine-guanine phosphoribosyl transferase
(HGPRT)
5- la-
9
N HGPRT
inosine monophosphate (IMP) guanine
monophosphate (GMP)
IMP GMP
Tyrl55
Tyrl55
Tyrl55 OH 2
xanthine monophospahte (XMP) 2 (0]
GMP synthase (GuaA)
IMP GMP 2
ATP
XMP 2 o GMP
XMP ATP
GuaA ATP
2 3

XMP

18



DNA 5'-
dNTP DNA polymerase
DNA dNTP
dNTPase
4 dNTP
dNTP
1
2
6
dATP Mg
3. DNA o !
DNA
MutM
8-

T. thermophilus HB8 MutM
(TTHA1806)-DNA

MutM
Arg253
DNA Lys52
DNA
Lys52
Arg99 PhelO1
MutM
4
*| *| *| *|
T. thermophilus HB8 2,200
500
Universal stress protein (Usp)
Usp
T. thermophilus HB8 5
Usp Usp
TTHAO0895 2
ATP ATP
Usp
2 Usp TTHAO0350
g )

Molecular oxygen, the most important molecule of aerobic
organisms including Homo sapiens, can generate toxic reactive
oxygen species. The oxidative stress from these oxygen
species has harmful effects on DNA and nucleotides.
Therefore, protection systems against oxidative stress as well
as degradation and repair systems for damaged DNA and
nucleotides are essential. Through structural and functional
analyses, this research team aims to understand the cellular
systems responsible for alleviating effects of oxidative stress in
T. thermophilus HBS.

1. Protection systems against oxidative stress.

In T. thermophilus HB8, the protection systems against
oxidative stress consist of 15 proteins. As of the end of this
year, we have determined the structures of eight proteins. By
the use of structures of homologs, we can analyze the functions
of all of the proteins in the systems, on the basis of their
three-dimensional structures.

T. thermophilus HB8 encodes two enzymes (TTHA0704
and TTHAO0707) for the biosynthesis of pyridoxine, which
serves as an important cofactor of vitamin B6 as well as a
quencher of singlet oxygen. We determined the crystal
structures of both enzymes. The structure of glutamate
amidotransferase (TTHA0707, PdxT) is an o/f three-layer
sandwich. Its catalytic triad (Cys-His-Gln) is located in a
cavity of the molecule. The structure of the pyridoxine
biosynthesis enzyme (TTHAO0704, PdxS) adopts an o/fg fold
and forms a dodecamer assembled like a cylinder. PdxT is
thought to bind to PdxS with a 1:1 stoichiometry.

Bacterioferritin =~ comigratory protein (BCP) is a
peroxiredoxin family member that degrades hydrogen peroxide
and alkyl hydrogen peroxide. To examine the general
relationship between the structure and the function of BCP, we
determined the crystal structures of BCP homologs (ST1785
and aq 488). Both structures in common adopt a typical
thioredoxin-fold, but they exhibit large differences in their
quaternary structures.

2. Nucleotide metabolic systems.

Purine and pyrimidine nucleotides are essential for almost
all the organisms. These nucleotides function not only as the
precursors of DNA and RNA, but also as the materials for
energy sources, cofactors, and signaling molecules. Proper
maintenance of the nucleotide pool properly is indispensable
for organisms.

Hypoxanthine-guanine phosphoribosyl transferase
(HGPRT) functions in the salvage pathway of purine
nucleotide  biosynthesis. HGPRT  transfers  the
phosphoribosyl group to the N9 atoms of hypoxanthine and
guanine to produce inosine monophosphate (IMP) and guanine
monophosphate (GMP), respectively. This enzyme is
involved in regulating the cellular concentration of both
nucleotides. We determined the structures of this enzyme
complexed with IMP and GMP, which reveals that Tyr155 is
important for substrate-binding.

GMP synthase (GuaA) functions in the de novo pathway of
purine nucleotide biosynthesis. ~ This enzyme converts
xanthine monophosphate (XMP) to GMP by the replacement
of its 2-keto group with the glutamine’s nitrogen, in a reaction
driven by ATP hydrolysis. We determined the structures of
this enzyme in complex with XMP and ATP.

To maintain the high-fidelity of DNA replication, the levels
of DNA precursors, deoxyribonucleoside triphosphates
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(dNTPs), must be controlled properly within the cell. The
maintenance is considered to be regulated by nucleotide
biosynthesis, as described above. However, we identified a
new metal-dependent enzyme (dNTPase) that is possibly
involved in the maintenance by degrading dNTPs. This
enzyme has no degrading activity for single dNTPs, but its
activity is induced by the presence of mixed dNTPs containing
dATP and dTTP. We solved the structure of this enzyme, and
created a model of the dNTPase in complex with Mg®" and
dATP. The loop that putatively recognizes the base moiety of
dATP is flexible, which is consistent with the broad substrate
specificity of this enzyme. The identification of this enzyme
indicates that we also need to consider degradation systems in
the systems-analysis of nucleotide metabolism.

3. Base excision repair systems.

Reactive oxygen species cause various forms of oxidative
DNA damage. A base-excision repair enzyme, MutM,
recognizes and removes 8-oxoguanine in DNA. We
determined the crystal structure of T. thermophilus MutM
(TTHA1806) complexed with substrate DNA. On the basis
of the knowledge obtained from the structural analyses, we
performed detailed functional analyses by constructing various
mutant MutM proteins. These analyses revealed that Arg253
and Lys52 are required for the initial DNA-binding and the
nuclease activity, respectively. Our data also showed that
Lys52, Arg99 and Phel01 play important roles in flipping the
recognized 8-oxoguanine residue out of double-stranded DNA.

4. Resear ch on functionally-uncharacterized proteins.

The T. thermophilus HB8 genome has about 2,200 genes,
and about 500 of the genes encode hypothetical proteins of
unknown function. Out of them, we have analyzed proteins
possibly involved in the cellular response against oxidative
stress.

The universal stress protein (Usp) superfamily is a
conserved domain consisting of 130-160 amino acids, and is
found in bacteria, archaea, and eukaryotes. The possible
physiological function of Usp is to protect the cell from various
stresses. However, its biochemical mechanism remains
unknown. We solved the crystal structures of the single
domain of Usp in complex with ATP and the two tandem
domains of Usp. Further biochemical studies to analyze the
stress resistance are in progress.
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