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Nucleic acid binding proteins plays a variety of fundamental roles in the cell. In this study, |
focused on the tRNA modification enzyme, TYWS5, which contributes to an accurate translation,
and intracellular pathogen sensor DDX41, aiming to unravel the structure and function of

nucleic acid binding proteins using X-ray crystal structure analysis.

* Structural analysis of tRNA modification enzyme, TYW5

Wybutosine (yW) is a hypermodified nucleoside found in position 37 of tRNA™™, and is
essential for correct phenylalanine codon translation. yW derivatives widely exist in eukaryotes
and archaea, and their chemical structures have many species-specific variations. Among them,
its hydroxylated derivative, hydroxywybutosine (OHyW), is found in eukaryotes including
human, but the modification mechanism remains unknown. Recently, we identified a novel
Jumonji C (JmjC)-domain-containing protein, TYW5 (tRNA yW-synthesizing enzyme 5),
which forms the OHyW nucleoside by carbon hydroxylation, using Fe(ll) ion and
2-oxoglutarate (2-OG) as cofactors. In this work, we present the crystal structures of human
TYWS5S (hTYWS5) in the free and complex forms with 2-OG and Ni(ll) ion at 2.5 and 2.8 A
resolutions, respectively. The structure revealed that the catalytic domain consists of a
B-jellyroll fold, a hallmark of the JmjC domains and other Fe(I1)/2-OG oxygenases. hTYW5
forms a homodimer through C-terminal helix bundle formation, thereby presenting a large,
positively-charged patch involved in tRNA binding. A comparison with the structures of other
JmjC-domain-containing proteins suggested a mechanism for substrate nucleotide recognition.
Functional analyses of structure-based mutants revealed the essential conserved Arg residues

participating in tRNA recognition by TYWS5.

- Structural analysis of intracellular pathogen sensor, DDX41

cyclic-diGMP (c-diGMP) is a small cyclic molecule, which two guanine bases linked in a
heterocyclic configuration via two phosphodiester bonds, acting as a secondary messengers in
bacteria. Recent study revealed that DEAD-box helicase, DDX41 is a main intracellular sensor

that directly binds to c-diGMP and trigger the type | interferon host immune response via



STING. In this study, to reveal the detailed c-diGMP recognition and signal transduction
mechanism, we tried structural analysis of DDX41 DEADc domain which plays a major role in
c-diGMP recognition. Initially, we established the expression and purification methods of
human DDX41. Next, we searched for crystallization conditions and then optimized it. Finally,
we obtained the crystal of DDX41 DEADc domain by sitting drop vapor diffusion

crystallization method, and it provide over 3 A resolution diffraction image.
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A, Ala alanine 7=
C, Cys cystein VAT AV
D, Asp aspartic acid T AT X PR
E, Glu glutamic acid TNE I R
F, Phe phenylalanine Tx= VT o=
G, Gly glysinie 4
H, His histidine ERAFT
I, Ile isoleucine A uaA v
K, Lys lysine PR
L, Leu leucine | GV
M, Met methionine AT F =
N, Asn aspargine T AINT X
P, Pro proline ul
Q, Gln glutamine TNE I
R, Arg arginine ThX=
S, Ser serine v
T, Thr threonine AvF =
V, Val valine Ny
W, Trp tryptophan NV RT77 v
Y, Tyr tyrosine Fuiv
EAA) S
A adenosine TT) v
C cytidine T
G guanosine TT v
U uridine ARV
yW wybutosine A7 kv
OHyW hydroxywybutosine E kX UL T Ry
02y W hydroperoxywybutosine = N =N = = VA v Al V%
OHyW*  undermodified hydroxywybutosine Hfifft RexT UA 7 F v
imG-14  demethylwyosine AT T
m!G 1-methylguanosine V-AFNTT )

yW-86 yW minus 86
yW-72 yW minus 72
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DNA deoxyribonucleic acid T4 F VY REGE

RNA ribonucleic acid RN AL

tRNA transfer RNA 5% RNA

mRNA messenger RNA {riE RNA

rRNA ribosomal RNA U R Y —2 RNA
ncRNA  non-coding RNA J va—7 47 RNA
snRNA small nuclear RNA BN SF RNA
snoRNA  small nucleolar RNA B/ MEIR > RNA
AdoMet  S-adenosyl-L-methionine STT /) IVINWAFFH =
acp aminocarboxypropyl T HNNRFT T e
2-0G 2-oxoglutarate acid 2-FF YV T IVE VIR
jmjC jumonjiC

TRM tRNA methyltransferase

PPM protein phosphatase methyltransferase

TYW RNA yW synthesizing protein

JMJD2A  Jumonji domain-containing protein 2
AlkB Alkane hydroxylase B

FIH factor inhibiting hypoxia inducible factor -1

Hifla hypoxia inducible factor 1

SDS sodium dodecyl sulfate RT 2 VhilE T N U 7 A
PMSF phenyl-methylsufonyl fluoride

DTT dithiothreitol CFAALA F—L

BME 2-mercaptoethanol 2 ANT T N B ) —)v
CBB coomassie brilliant blue I~ =TIV VT T —
IPTG isopropyl-B-D-thiogalactopyranoside AT ENAB-D-FAHTZ77 F R
PEG poly ethylene glycol RV F Lo 7Y a—u
PAGE polyacrylamide electrophoresis RUT 7 UNLNT I REXIKE
PCR polymerase chain reaction

MAD multi-wavelength anomalous dispersion % & ¥4 40

RMSD root-mean spuare deriation
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DDX41
c-diGMP
c-diAMP
CDNs
dsDNA

STING
TBK1
IRF3

PAMPs
DAMPs

PRR
TLR
RLR
CLR
cGAS
RIG-1
MDA5

TCEP
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DEAD (Asp-Glu-Ala-Asp) box polypeptide 41

cyclic di GMP
cyclic di AMP
cyclic di nucleotides
double strand DNA

stimulator of IFN genes protien
TANK binding kinasel

interferon regulatory factor 3

pathogen-associatedmolecularpatterns

damage-associated molecular patterns

pattern recognition receptor
Toll-like receptor

RIG-I like Receptor

C-type lectin Receptor
cyclic GMP-AMP Synthase

retinoic acid-inducible gene I

melanoma differentiation-associated protein 5

tris(2-carboxyethyl)phosphine

TR By -3 2 —

GERE Y F RS —

PN — R AR
Toll k32 7K

RIG-I 32 24K
CHIV I F U ¥R
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