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X/ )4 RVt K77 U PrigahEs (QDPR, EC 1.5.1.34) %, NADH ZRM:D short-chain dehydrogenase/
reductase (SDR) 7 7 2 U —ZFIBT2WHETHY, X/ /A FRY e kb4 77U v (gBH2) #EE L L,
T hIb Ruv4 75V (BH4) ~LETT D, BHA 1TF /7 2 VR EDERC L EZ R EDES
BACMEDEBERMHEE TH Y | ZORZITRMREBFOR 7 = =7 7 =V IlE7R EOfERE 5 & 2
—J7, R BHA IR AR I S I T L W o el bFEET 2 2 &5, BH4 ORMIBINRE Z#EICa Y b e
—NTHTENEEL XD, QDPR X BH4 BEHFFICIHSWTHERERHZHG L, £OXBNEIX BH4 XKZ %
i<, ®IZ, QDPR KIEMH KD BH4 KZ TlE, TANASIMNOIERIE T 72 A OEREZJ ISR &0
5. QDPR 7% BH4 R LIS OAEBMEELZH L T D AMREME L R ST 5,

Z OFRIZ QDPRIZAEHZEMICEERMETH D 0’3 b, WEBRLERX /) /A4 FRTH D720, BEE - K
BHEGIROSEREEDRATH O | ARSI 60270 o> TV RV, & 2 TARIFR TIE, %
BORBREMEE W) FITICBIT AR ZTWRT 5 5 2 TARRD VI b—a %l L, QDPR-NADH-
gBH2 DA AR K O o O fiftT 21TV, QDPR D AEBIRERED X v 3EM A2 B> BH4 EHE LI~ DR
Bl iFsZ L& HE L,

MbIz, FETH D ¢BH2 D AERHEEER MR-, L% —I%, b FHE QDPR (hQDPR) - NADH D
fiEiE (PDBID: IHDR) Z~_X—R & L WEAMEEIEREE 7 L& o 7L & fR7E L 72 induced-fit docking &
100ns D3 TEJF (MD) ¥ o b—ra S THEENFEHEBICAVIAD D L ) ITER#E(LEIT 72 b D
EEHALE, 2oLk TZ—& ¢gBH2 #FIH L, AutoDock Vina TRy ¥ 7y Ialb—ra s &fTolcé
5. qBH2 OAVAR = VERSE EMIBEOEAIZ LY 4 FEICOHTE D Ry X VR —X BB L7z, Zhbo
PO h ZY AR EIRET 5720, Amber20 I2X 5D MD ¥ 2 b —3 a3 %1{7-7, 100 ns. 3 [AD
MD ¥ alb—va i 2EEOFAFT IV AT E Tps, 3ENCEATVIal—vailidlbery—
- UHV FEOEFF Vv a7 MEERITZAEDbETE 2 A, b RYRBAFRIIEEDO DR
= /VEEFE7S hQDPR @ Y149 b R 3 1], I$HAS NADH O == F 7 2 REEZ\ D TH 5 &fbinfs
F72, F72. hQDPR 28 ¢BH2 £V L IZHEHDB N ZEWX / /A RV Re¥ERE (gDHF) (I3 28 0%
HLTWeZ &bt HEMERXOEMMEE MR LT,

BT, HEE LT-ER - FEE A% 5T hQDPR O =— 7 MRS Ofith 217 -7-, £, &
FF LDy NMEEMT S, @H O SDR 77 2V —TIZR AR, HETF—70 Lys ik
(K153) RIMERF T L REO~T 2 F BN EHEE CHEER L TWAHERALMMNI 2T, HEERNTB X
U KIS ZEBEOE SIFH T A =25 KIS THRE EHEMEEREZ L TWD Z EARB I, 7.,
G A HE (W QDPR-NADH) K UBEHR — AABEHEEARONRFMIE L OWIET 74 A M KT, hQDPR-
NADH B EERD MD X = b—3 3 12 K DM BT 2> & . hQDPR IZEER A2, SDR 77 XY
—REE O T L X V7 VEEIE T H 5 substrate-binding-loop &£ ¥ _LIRIZ HIEFIZ T L& v 7 LR fHIR AN FIE L K153
LB OMAEERSCREREREAICEED closed 27 4 A—2a VEMRICES L TCWAHZ EEHALMMT L, Mk
HEREMEAT ClX, /2 FELEFHRIZ X % NADH - ¢BH2 #5140 HOMO/LUMO f#HT % )6 TATV, ZHIUZ KV ST
MR TRIBEIN Tt R NIEBEEL L 0 IR R 2 8RN TE 7,

T2, ¢DHF (24 28 /154093 F A —2 5, QDPR 28 gDHF ZAAH#A0E L 95 2 & CEERNHIC D
BIG- L TWDAMREME 2B 5 Uiz, BBREWZ 12, A U< BHAZERRBIPTICBE G L Tnd Ut e ZEREIT
ik L QDPR X, FTR 7 7 IV —o—RME, AHEOCHBERE RN R B2 o TWAHZ L AR LT,

AR TlE, ERLOEY hQDPR-NADH-gBH2 # A KD SLARKEE IZ S WCEEM 7R fRNT 217\ B ) ek ok
RLSDR 77 IV —E LCEa=—2 2MEEMH - XA F I 7 ADFER EEF LN LTz, Tb A,
RESE LWL R0 5 OB A 1 = X LRSS, & 237 B OSAREEIZH-S< QDPR OEAIRRFHIRB W T
HNOIRmA L7252 ERMFEEND,

7%« FSCE R, FASC 2000 7 & B30 300 fE% 1 E O 50, b LI 800 3% 1 SR LT 2Ew,
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Quinonoid dihydropteridine reductase (QDPR, EC 1.5.1.34) is a NADH-dependent enzyme which belongs to a short-chain
dehydrogenase/reductase (SDR) family. It catalyzes the reduction of gquinonoid dihydrobiopterin (¢BH2) to
tetrahydrobiopterin (BH4) in the BH4-recycling pathway. BH4 is an essential cofactor for biosynthesis of monoamine, nitric
oxide and so on. BH4-deficiency causes mental retardation and hyperphenylalaninemia. On the other hand, an excess of
BH4 leads to pain, so maintaining appropriate level of BH4 is important. QDPR contributes to maintain BH4 level and is
supposed to have other physiological functions due to additional symptoms in BH4-deficiency caused by QDPR.

Although QDPR is an important enzyme, mechanistic and structural insights are poor, especially enzyme-substrate
complex structure is unknown due to instability of quinonoid-form substrate. So, I analyzed substrate binding mode and
reaction mechanism of human QDPR (hQDPR).

First, I performed preliminary structural optimization of hQDPR-NADH complex (PDB ID: 1HDR) to obtain ¢gBH2-
acceptable receptor. I docked gBH2 to optimized hQDPR-NADH using AutoDock Vina and obtained docking poses which
can be categorized four binding modes based on orientation of carbonyl oxygen atom and side chain of gBH2. Next, 1
determined the most plausible binding mode by molecular dynamics (MD) simulation using Amber20. I analyzed dynamics
of substrate and heavy-atomic level contact between receptor and ligand and determined that carbonyl oxygen and side
chain at gBH2 which is the most plausible binding mode orient to hydroxy group of Y149 and nicotinamide ring of NADH,
respectively.

Using proposed hQDPR-NADH-gBH2 complex, I revealed several interesting properties of hQDPR by contact analysis
and comparison to hQDPR-NADH binary complex structure. In the case of hQDPR, K153 which is active motif in SDR
family can interact with substrate directly. Additionally, substrate-binding triggered drastically conformational change in
not only substrate-binding loop but also N-terminal side. This conformational change is important to K153-substrate
interaction and forming closed conformation of substrate-binding state.

Finally, I showed that quinonoid dihydrofolate can be physiological substrate for QDPR and QDPR contribute to not only
BH4 metabolism but also folate metabolism from kinetics analyses, although enzymatic properties of dihydrofolate
reductase which also contributes to both BH4/folate metabolism were significantly different from those of QDPR.
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