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Structural characteristics and catalytic cycle of dihydroorotate
dehydrogenase-a review
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Abstract: Dihydroorotate dehydrogenase is a flavin-dependent mitochondrial enzyme to catalyze the fourth step of the de
novo synthesis of pyrimidine and to oxidize dihydroorotate to orotate. By selectively inhibiting dihydroorotate dehydrogenase,
thereby inhibiting pyrimidine synthesis, the enzyme has been developed for the treatment of cancer, autoimmune diseases,
bacterial or viral infections, parasitic diseases and so on. The development of inhibitory drugs requires a detailed
understanding of the structural characteristics and catalytic cycle mechanism of dihydroorotate dehydrogenase. Therefore, this
paper reviews these two aspects, and indicates perspectives of these inhibitors in clinical application.
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E 1 DHODH By RIKLEHE (A% 1A % DHODH B {k(Z)F1 — B {K(#)(PDB ID:3TQ0)", B 4 1B % DHODH
BK(£)FFZBIK(4)(PDB ID: 1EP2)™, C 4% — 5% # DHODH(PDB ID: 1D3H™)

Fig. 1 Crystal structures of DHODHSs. (A) Overall structure of the class 1A DHODH monomer (left) and functional
dimer (right). The PDB ID code 3TQO was used as a model™. (B) Overall structure of the class 1B DHODH monomer
(left) and heterodimers (right). The PDB ID code 1EP2 was used as a model™. (C) Overall structure of class 2 DHODH
functional monomer. The PDB ID code 1D3H was used as a model’.
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Fig. 2 Active site of DHODHs. (A) FMN binding site. (B) Orotate binding site. TcDHODH (PDB 2E6A), LIDHODHb
(PDB 1EP2) and HsDHODH (PDB 1D3H) were used as models to represent class 1A, class 1B and class 2 DHODHs,

respectively.
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Fig. 3 Overall catalytic cycle for DHODH™!,
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XE—MEHT FMN B2, H b iE R
F AN ST 2 S R 4R P AR — AN B
N, T FMN 8% DHO i85, 1R85 AN Ak
KR, FMN 8RS (OA) Ak rE (F 4). &

SZ
E+S, == ES, = E+P, — E'+S, == E'S, —~ E+P,
N TN

v
First half-reaction

Bl 4 DHODH By {LEEHE (thiRh W E R k)
Fig. 4 DHODHSs are known to follow the Ping-Pong
mechanism of catalysis, also called the double
displacement reaction™. In this mechanism, the first
product, orotate (P,), has to be released before the second
substrate, the oxidizing agent (S,), binds the enzyme. This
reaction is characterized by the existence of an enzyme
intermediate, E*, in which the enzyme is temporarily
modified.

v
Second half-reaction
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[ = N e R 2T Y A i S iU 2 N
HLA AT A [R] ) A 27 B Rz 12

BRE 2 KEM TR T DHODH )
HEALSONY , HREHE AR RS — SN EE S p L 22
S R EUR IR B ff Tk . FESR —ZR ) DHO fifk
bR, BEBA sh 12t B SRR I S b
SR IERRIBY , XL EA A fEE— 05T
2.2 DHODH & B| 3 R

DHODHSs #EfL Y5 AN 5 b,
SN MELE T, 2 K% DHODH (4 FE ALY
DAY TR, TEEMRINER, HAh, S5
AEIRA S FittT, B~ DHODH 5412
5y F 4V o
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13- BH

H H
HN 2 H . HN)H)/\
= PN
O}N w1 07 N7 C0,
N Mo, H

FMN,, FMN,,

5 DHODH #{k% { DHO®

Fig. 5 DHO oxidation catalyzed by DHODH™!. B is
the catalytic base, either serine in class 2 or cysteine in
class 1, that deprotonates C5 of DHO while a hydride or
hydride equivalent is transferred from C6 of DHO to N5
of the isoalloxazine moiety as indicated by black arrows.
The scission of the two bonds occurs in either a
concerted or stepwise mechanism.
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