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Combined Biophysical and Biochemical Study of Enzyme Effects:

Binding Mechanism of an Inhibitor Febuxostat with Xanthine Oxidoreductase

Hiroshi Fujisaki®, Tadaomi Furuta®, Ken Okamoto* and Hiroto Kikuchi'
'"Department of Physics, Nippon Medical School
*Computational Science Research Program, RIKEN
*Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology
‘Department of Biochemistry, Nippon Medical School

Abstract

We review our recent collaborative study, performed by computational physicists and
biochemists, of the enzyme effects due to the drug called febuxostat. Febuxostat, which was
recently approved in the US, European Union and Japan for treatment of gout, inhibits
xanthine oxidoreductase (XOR)-mediated generation of uric acid during purine catabolism.
Experiments have shown that febuxostat has strong effects on mammalian XOR but not on
bacterial XOR, although the two enzymes have similar three-dimensional structures. To clarify
the difference in the inhibitory power of febuxostat, we performed docking and molecular
dynamics simulations for mammalian and bacterial XORs. We found that the static structures
are not sufficient to explain the binding difference and that important interactions occur
between febuxostat and the active region of the enzymes which suggests a better strategy for
drug design.

(HARERRFEERMRE  2012; 8 222-227)
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Fig. 1 Molecular structures of mammalian XOR
(PDB code: 1FO4, up) and bacterial XOR
(PDB code: 1JRO, down).

2. XY FUBLETEROEEATORKEE
FREA

HESERE Gk ) 77 aal) THHFY
v F AL E JCEE #E (xanthine oxidoreductase =
XOR) X2 ®AE» 5% 255 TR30TOEKRKSY ¥ 87
HThsb (Fig. 1). A, X HRESHEEBTICX -
T, L6AGMREET, Z OB DA o> TV D
ZOFEIL, B (DNA, RNA) 0 EhTTE
5 %% v F v (Fig. 2a) #R# L CRMBICEHRT S
BREZHD. COMBEIHE X5 L, BREIRERA
EREN, WEORRNE 2L £2T, Y FU0
RHYIZXOR ERBATHLOEHEA L LTHY,
A FRiT 5 &) SR RIS ST ETW
5. FHrF v EMPMEEE D OT T/ — ) (Fig.
2b) BLHMICTFHAL ¥ SN RENLHEHRTH
D, 04D oM, PimmEIEE LTERICKICH
WHNRTWS, (AARTEFA Y v 7R EORN%
THHShTw5.)

PR, )V HEROBRICIE, © MRIE2O
WHLFOMLZOMETEREZ V5%, ZN 5 ORE
TEFRNT DS 7 545, I OVAHE O SRR REAY X <
PTVBMEHKOEEIH LN DL Z D%\ (I
FUE L MR B ko XOR ISx$ 5, 73 7 BMFEME



224
a 0 C COOH
H ———
N NH \
N
N/Ko N
H
xanthine
b NF
Q 0
ey N
) D%
NT N
allopurinol febuxostat

Fig. 2 Natural substrate and inhibitors for XOR. (a)
Xanthine substrate. (b) Alloprinol for the
treatment of gout. (¢) Febuxostat, newly
approved drug for gout.
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Fig. 3 (a) Molybdopterin domain for MD simulations, containing ~ 800 amino acid residues. (b) Definition
of the distance between molybdopterin and febuxostat. (c) The time courses of the distance for

mammalian and bacterial XORs.
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Fig. 4 [Initial conditions for mammalian (a) and bacterial (b) XORs for
MD simulations. The corresponding simulated results are (c, e)
and (d, f) for mammalian and bacterial XORs, respectively.
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