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Abstract: Sterol 14a-demethylase (CYP51), the most widely distributed member of the P450 superfamily, is the key enzyme in
sterol biosynthesis pathway. CYP51 is not only an important model for fundamental P450 structure/function studies, but also an
important target protein of cholesterol-lowering agents, antifungal drugs and herbicides. This article reviewed the research advances
in CYP51 at various aspects, including sequence characteristics, physiological roles, catalytic properties in vitro, protein structure,
structure-function relationships and inhibition of CYP51. The problems remained in current research and designations of CYP51

inhibitors are also discussed.
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Fig. 1 CYP51-mediated sterol 14-demethylation reaction

2 CYP51 BJRFRIAIKY
Fig. 2 Five natural substrates of sterol 14a-demethylase
D: 24, 25-dihydrolanosterol; L: lanosterol; M: 24-methylenedihydrolanosterol; N: 4f3-norlanosterol; O: obtusifoliol
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grisea) fll/NZ JR W 1A (F. graminearum)fy) CYP5I,
HAE R FF R A Tk ik, e se gt i
FAT RPN i 2 FE R X FL% CYPS1 7R )5 A% R GE Y
FikdEwEE, &K CYPS1 1 KRG B AKX,
FeBR N-wiig 55 X 5% L 5 AR 08

FIFHEA RSB ML CYPS1, 7E(RIMAE T
CYP51 W EZH S, HAH TR PR il W 10 A
S ER A EY CYPST LAARARL A S A fb v Ay 5 #p
W) 140~ AL, H 5 AL CYPS1 AR L i Ak
R E R B CYPST AL R R IEY)
24-W R A EBHEE, B CYPST X C4-
BB S AT R B AR S, X R AR Bl B A
TEALTE M e R ™) A G W L) CYPST X C4-
BA R A R R S, FUR T B ECE R S 4
24,25- S LB G5B RIAY CYPST BE
TEAL BT A TR RS 9 (L o i o I 5 A o % d i )1,
B35 23 B AT RN RE B BE B 1 CYPS T X i 4 i e 6
WRAIRE . BERDL, CYPS1 XHIEPI#ERA itk
M CYPS1 ARG TR L EAZ CYP51 Ik 1~2 DR
P VRHIE 2H 20 X S g S AR M A H R, SR
S 0 A A [ SR AL 258 T 2647, FERIH A 8 T
fiff Rl 7, XA AR A R S AT
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Table 1 Enzyme activity of reconstituted CYP51%

Turnover (nmol substrate/nmol P450/min)

Species

D L M N (6]
Eukaryote
Human 30 29 27 23 29
Rat 20 14 ns ns ns
C. albicans 25 24 29 17 27
S. cerevisiae 3.9 6.2 6.8 ns ns
U. maydis ns ns 7.7 ns ns
T. cruzi 1.6 0.6 2.4 0.03 0.06
T. brucei <0.01 <0.01 <0.01 3.0 6.2
S. bicolor <0.01 <0.01 <0.01 0.9 5.1
Prokaryote
M. tuberculosis 0.18 0.15 0.12 0.18 0.45
M. smegmatis ns 0.7 ns ns ns
M. capsulatus ns 0.26 ns ns ns

ns: not studied

D: 24,25-dihydrolanosterol; L: lanosterol

M: 24-methylenedihydrolanosterol; N: 4B-norlanosterol
O: obtusifoliol
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I 2T 2 B L 45 6 XA P51 PE -FG/sxGxH/rxCxGxxF/
I(DA-Z5# 0, Horb Cys R LR 2T R4 1l 3k .
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Fig. 3 The relationship between the highly conserved
region of CYP51s and SRSs of P450
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Fig. 4 Schematic representation of the CYP51 structure
from Mycobacterium tuberculosis [1e9x]

(A) upper view; (B) distal view
Heme and helices B’, F, G, I helix are also marked
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AR EERAIE o X EEZ 0 BT #E AN CYPST By
SRR I E s A S R I E 2 BT A S L T
GRS HOF A CYPS1 J2 HAZ CYP51 [RlEBLE Y &
ERAR, EARTAEOEGE, LA CYPS1 (1)
D146A ZRALE R FR I BC 3R X 0] R ik T ok i L,
BE AT CYPS1 9 BC HIR T4 A ] 261,
Br DAk A7 i3F — 20 1Y s 5 78 BE ST R T T i A ()
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43 ERRTHR
JEA LRI CYPS1 BiF 20/ AR, JFA

XSS G LR T B T SRS X ML 2L & 4 S 45
X, XF4eds CYPS1 L5t FITh e L MER .
Bpo FR X SR AT 2 B 08 1 Je 4T T WY . Nitahara
ST RS T 45 NS/ CYPST | 27 A
PRAFERFEA M RARK, BFFE T PR SF 2 3 R 2% A8 %)
CYPS1 IHRERYEMPT, SR B 2E T 3% 2. 1F 9
ARAFNLE FMELE] CYPS1 DhREA B ok, Hop
Y131 A1 F139 7£ SRS-1 [X, D231 1£ SRS-2 [X, H314,
T315 F11 S316 7£ SRS-4 [X, E369, R372 #1 R382 7
SRS-5 X, Y131, E369, R372 Fl R382 &% E MLk
¥, F139, D231, H314, T315 Fil S316 1E4EHFRENS
R HEEAERGR 2),

R2 HERSFFTEMNER CYPSL FEMRATFRERE

R T A B A0
Table 2 Effect on the enzymatic activity by site-directed

mutagenesis of conserved amino acid residues in CYP51s
from M. tuberculosis and rat

Mutants of CYP51

Effect of
activity M. tuberculosis Rat
No changes V871 A197S
F139A D231A(E)
H314F(A,K,D)
Decreased L172V T315S(A)
S316A(T,V,L)
Increased A197G D146A
Y76 F(T,A,N) YI131F(S)
F83Y(A,D,R) G84A(T) H314F(A,K,D)
Inactive D90A G154A L172A(G)  T315S(V,K,N)
G175 A(T) R194A(K) E369A
G257 A G388A R372A R382A

WFSE %) SRS-4 H THTE I -HTS- = BeiA I fig ik
71T EADNHE. (1)T315K 245 51 Soret WL
MILT R, A K He-BEAINL Z BRI 6 4
BRAE, 4 TR AR S50 S8 T A . T315
FEREBEECT CYPST HLAYXH 7 B A& S, /Ml CYPS1

) T315S 2878 Ul H G PEFRAR R IFR 1Y 76%, T315
RAS N HAB LRI AL V. K 5 N W G55
TG PERRAG, 33X 10 B XA 0 B O FR 58 A R R 4
CYP51 WShfE 251, (2)H314 TEfiA CYP51
BIPRSF . H314D 28748 350 CYPS1 G iy i 5 F#AIK,
Ui H314 XHEEE CYPS1 BTG TESS M JE T 10 . 45
W3R AT R CYPS 11 i A 235 440 th 2 B A S AR 3K Ao
BT R A TR R, T T IRE X R T B T
& BTG P B S E W M. (3)S316 WAERTA
CYP51 H¥{RSF . S316 548 HAFUNE AR, CYP51
TR/, RASNIRFRECR 3 v 8¢ L
iF, CYPS1 {6 PE N £, S316T ARG H A5 Xt
TR 50%  RAFHE X ML B E AR TR S, 2
BAR—E AR BRI A IR, T H AR I AR ]
FEAEZS [ BHALN o

GERGAY AR CYPS1 By S R 22 A R AR S5
W &A1, Lepesheva Zth T 45 4% /0 A AT
CYPS1 MPRSTEAILIR Y 2 AR IR, Rl T iX S 2 SL R
AT CYPS1 Ak G LR 4> FHePE B2, & R
Y76, F83. G84. D90, L172. G175 &# R194 1y
RAR S MG R, I HEIRY) 24,25-—
AEBMHENM 1 AR A A R, X%
e SRS 6A K. (DX-ray sbiATTS 747 2
N Y76 JEEE B AT KA LGS A X il sk 2 —,
B IR RS SE RN WSO A 11 D T i 00 i =2 () 1 T i
B ZERMAFTE CYPS1 Y Y76F 2828 A FIAE X 1
BN CYPS1 B Y131F AR EE I BA 16, Xl
WX A S A L T 4ERE CYPST A9 TE PE AT RE SR A
BLHY . (2)F83 AL T IR 45 & M ASH) R . F83Y
RASPRFA XS B A CYPS1 Y F139Y AR IA
WAL TEPE, R CYPS1 [ FI139A RASMRTE M i 3%
REAIG, 3150 BH 3 A DR 51 1 R N 2 R W 4R 52 B
N FNEEAZ A3 AR TR 0 06 M T BB R LB . (3)D90 £
BC ¥ IX, f TICY4E G 8 I 1 #8453  Lepesheva
FHEH D0 FTIB mMIEML G 0T, I AL
R R gEE A S R 3R AES
W3 7, 2K I 0 1 78 36 P A s P Rl R R G
BEYEER . Ak, xR ARE R CYPST
D146A ZEARIEMARMATK, 75510 BRI 54%
1 106%2% 27, [R sk AR ST 1 R 4 2 BR 1 AR T 2
A0 WA B IESE
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AT DAVE BT EL B L B 2 70 0 AT TR B 1 245 9
It H B & B0 245 7 B0 Rt 5 P R R L2
(HIV B, BiEfbyy, &5 FaBEfs i 55 2 8%
R R0 A 398 ) R e 45 A S5 A0 00k e AR AR 1 T,
X DMIs YK H #5238 1K

DMIs J&IGY7 N %% 3 1B 1 AR 3 b i
B )z AOPT LB A, T UM A v e Y —
P Z A MR N 6 B 5 CYPST ML
M Fe JR FIE LA BSS &, fimaErRkE T
ARG RIS, BT TR R Ak B, M
il CYPS1 A 5L P8 e 28 5 H At 0 B R 25 A L,
K3, MR, A 2R HErm sk T = A
225 W) F B AT FE M (fluconazole) | 7 il JHE mk
(itraconazole) . fK 37. Ff¢ I (voriconazole) 1 11 V0 J5e m
(Posaconazole), A —SEYEFF & o>l Exic &
FCHY R DMIs 38 PR 5, o A 50RO
PERFSE R 140-25 AR BN TRR LR A LS 3
T LA PO e S TG 7 1 I 2T AL AR
A1, fe -5 E S M B K 28 S A B T — K A
FIE 55 TG A SRS e R S E R SR A
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CYPS1 M7 B (& Bk W CYPS1 1Y
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