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X-ray crystal structure analysis of dihydrouridine

synthase in complex with tRNA
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Posttranscriptional modification is a critical step for maturation of transfer RNAs (tRNAs), and |
plays various important cellular roles such as stabilization of the structured tRNA, fidelity control of
translation, and metabolic response to the environment. Dihydrouridine modification is widely
conserved in most tRNAs, but little is known about its physiological roles. It has been proposed that
dihydrouridine modification enhances conformational flexibility of tRNA, and the amount of
dihydrouridine in the tRNAs of thermophilic organisms is usually low.

Dihydrouridine synthase (Dus) is responsible for catalyzing the reduction of uridine in tRNA
site-specifically. So far, the Dus family has been identified from Saccharomyces cerevisiae and
Escherichia coli. Human Dus has been reported to be involved in the pulmonary carcinogenesis.
Recently, biochemical analyses showed that Dus is a flavin-dependent enzyme, which requires
NADPH or NADH for its enzymatic activity. The crystal structure of the Dus from Thermotoga
maritima has been reported, and important residues for its activity were determined by using the Dus
homolog from E. coli. Kinetic analysis of Dus2 from Saccharomyces cerevisiae showed that other
tRNA modifications are ;'equired for rapid uracil reduction, and a cysteine residue located at the active
site likely protonates the uracil ring. However, molecular details of the tRNA recognition and catalytic
mechanisms of Dus are still unknown.

In the present study, I explored the tRNA recognition and reaction mechanisms of Dus by
crystallography approach. Crystal structures of TthDus, in complex with tRNA, and in complex with
tRNA fragment were determined at 1.7 A, 3.51 A, and 1.95 A resolutions, respectively.

The structure of TthDus consists of two domains: N-terminal domain (Leu2-Pro249), and helical

domain (Ser250~Glu318). The N-terminal domain adopts o/ barrel structure, and the helical domain

consists of four helices. An FMN cofactor was captured at active site of the N-terminal domain. A
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putative catalytic residue, Cys93, faced the isoalloxazine ring of FMN. An extension of 24 residues at
the C-terminus and a region (residues Ala171-I1e180) located around the active site were disordered.

In the structure of TthDus—tRNA complex, TthDus makes extensive interactions with tRNA through
shape and charge complementarity. The N-terminal domain of TthDus interacts with T-loop and
D-loop of tRNA. The helical domain of TthDus interacts with D-stem and anticodon stem of tRNA.
The region, which was disordered in the structure of TthDus, formed a short o-helix to stabilize tRNA
through protruding into the major groove between D-stem and anticodon-stem. The substrate
nucleotide U20 intruded deeply into the active site, and located between Cys93 and FMN cofactor with
the uracil ring parallelling to the isoalloxazine ring of FMN. The high resolution structure of
TthDus—tRNA fragment complex suggested that Cys93 covalently connects with U20, and an unknown
adapter molecule is found at active site and seems to participate in the substrate recognition and
reaction. Mutation analyses also revealed the significance of Cys93 residue and the unknown adapter
molecule.

Moreover, over 20 residues were selected for mutational analysis in order to reveal tRNA
recognition based on the complex structures. Taking account of all the results, it is indicated that Dus
distinguishes the overall structure of modified tRNA, and the target nucleotide is tightly bound at the
active site through adjusting D loop to correctly put the target nucleotide into the active site. Also, we
proposed a catalytic mechanism of Dus in which Cys93 provides the proton to C5 of the uracil ring
while a hydride is transferred from N5 of reduced FMN to C6 of the uracil.
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X-ray crystal structure analysis of dihydrouridine

synthase in complex with tRNA

(Ve Fuvy I rEREZRNABESKRO XEE SR

ERE% OBEMIMRNARBOBRICEERAT v 7 ThHY, HRx REELBAKIEORE
HoTW5s. FIXIIRNABEOLREL, HREEOHERLUVBE~DEERENDS.
DihydrouridinefE i3 & b 2 £ MFEDRNADTIZEL FEL TV BN, ZOEBYREENC
DWTIEIE & A E# 5L TV V2V, Dihydrouridine synthase (Dus)lXtRNADREEMLBDO 7 Y ¥
ZBRTTHORGEMETSEBRTHD, B L KBBE ODus)> 5Dus family (Dusl, Dus2, Dus3,
Dus4) BRIEEH, £/, bt FAXODusBHEBICBEEL TS Z L bRESNE. HED
HRIZED, DusBR 7 IR ETAEBERTH Y, TOBEREMIZIINADPH £ 72 1INADH
ENBELTHILBBALNINE. £, BEBARODu2ORGEEDOHRICLD, Effid
72 tRNA DDihydrouridine & B R AMES SNV TVVRVMRNADEERE THBE Z & lbh o7, L
2L, DusDtRNAGBHIHEME & MRS D A I = XL FHADOEETHS.

AT, XBIEERITICL Y, Thermus thermophilus BNV Fu v U D SkBEER
Dus (TthDus) , Dus-tRNA & {& (TthDus-tRNA) , Dus-tRNA fragment &4 (TthDus-tRNAf)
DENEN 1.7, 351, 1.95A DAEREDOEER /D Z LB TE . TrhDus OEEN, N Kifi
A A (NTD; Leu2-Pro249) , helical KA > (HD, Ser250-Glu318) D2 2D KA AL 1 b
720, NTD iXo/p barrel BETHY, HDIZ4 2D o -~V v 7 Anblio T3, 15FIC
12 FMN %3 F2° NID K5 BFEERMMICES L TWAD. NID OEMBAMEORKE
Alal71-Tle180 & C KRIGHEBRD 24 BEIIT 4 A4 —F—L T3, TthDus ® NTD 1% tRNA O
D-, T-2L—7, HD % D-, anticodon-27 AEMRAEERLTWS. BMOBETIIT «+ A4 —
F— LT3 K Ala171-11e180 23 tRNA AR TIXE V a -~V v 7 R ZFEK L, t(RNA 18
BEERALTWA (Argl78) . £7-, B¥FkH €D Dihydrouridine EMFLIA DRSS 2 K7
Bl (RNA#E L LB L= & 25, D-loop @ Ul6,U17,U20 DR E EEELA RO ZIc )
Phbsd, Efishi D, T-A—70OBEIFOEERENLTWS. ZOD-, T-L—70
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BEIIMOBHIC L VEELENDZZ LB L BN TWA DT, Dus HMEM I 7= (RNA IZ
T AEHODERIDNDIE, BER D-, T-AL—70OHEEN RNA BBICEETHDH LV
HENEZOND.

B ARD Dus-tRNAF DOHIEIZIEHERMIOHME R LT 5. EETH 5 U20 MIEHEALIC
AVIAALT, Cys93 & FMN IZH > FA v F &3, U200V Y DVRITFMN A Y7 aFxY
DUVBLETICRBESN, n RF v XU LTV, BIKREWT L3, EEEOEEIM T,
U20 & Dus family LXK BEENTVDE 42D T FTAF ¥ — V2B OBREDORIC1 DD
unknown S FOBFEENHBICEE T ZEARRAINE. £/, Cys93 HISHD S FF2
U20 ® CS RF L ARG HEHICIEL TWA.

tRNA ORBEEOEMEZ I LT 2372010, HEGOEEIZE ST, RNA LEAEEA
LT3 20 U EOBEOEREZER L, (RNA & ORAEREITY, FRED (RNA &S
Rt AREBE T, TORKER, EHMIC U0 SHEEERL TV Asn90, Cys93, Argl78
LIS, unknown 2y F & 3 # 2 b LTW3 Lys132, Argl34, His164, Argl66 23 tRNA & D&
WIERAIRTHBZ LNy o7-. DL EDRERED S, unknown 25 FI1% (RNA FBERIC & THEEL
EX, RO X7 (RNA B8 2128 L7z, Dus iX (RNA D2, Ko, BHCLIL
EREEEZTR LTS D-T-loop 2R L THRNA LEALTWS. ELT, EMfiFZr—7 v
k U20 2SEMERALIZA VSAA T, FMN, unknown 43F, FEMESAOBRELHEEERAL, &
s fFbinad. £7-, FMN, U20, Cys93 DRFREIDOERN G, BHRED A I =X L b
KL%, £7, NADPH i &Y FMN BB m & 5. £L T, BrEhiz FMN 25 U20 O C5
BFiocrae b 28T, —F, Cys93 @ S FFH U200 O C6 KRR FERELT,
Dihydrouridine fE#fi23 58 X 5.

PLE. ARGl X BIEEMEITIc L > TP Fuw ) O 5B Dus, Dus-tRNA &
f&, Dus-tRNA fragment & HEDZNEND 1.7, 3.51, 1958 HAERROBEE/ D Z LITRT)
L7, WEESRE s LI Dus BRGEZTHRL, 20 (RNA BARTE2TO> 2 &ick»T, %
BEO (RNA SR#Ic BT BB 2 AZ8H L, Dus BFHH cofactor ZHWTEE 2T H2 &
PHALMNC L. 01T, BREMLZHETSZLICXY, Cys93 & FMN AV -iEHREE
BELPERL:. AFEREGBZCRIETERCAZAZLORSHD, Lo TEER—F
X, HEENILEERREEL (EHEE) ORMUEBEINIBERHI LD LRI,
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