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Fig 1 ~ Structures of azole antifungals used in conformation analysis .
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Fig 2 Proposed pharmacophore model, rotated bonds, and distance mapping patterns for azole antifungals .

Tab 1 Conformations in the systematic search and results of distance mapping

Syste matic Search Syste matic Search

No. Syste matic Search After filter ~ No. Result of distance mapping ( A)

- distance map - distance constraints
15 2690 2690 539 1 188133 Dl :4.104 - 4.872
10 11269 2467 1089 2 157 D2:4.016 - 4.575
13 30427 10603 10038 4 184 D3 :6.545 - 6.934
14 48856 18506 16587 5 200 D4:3.165- 3.678
8 67291 9673 8029 6 6323 D5:3.810 - 3.887
12 74792 4620 3036 7 6070
9 105293 5931 5931
11 108159 8469 8469
2 ,
N3 N4 , 0.1 Kcal* mol™'*
9,10 2
: AT AT,
Fe —N 2.043
A, Fe —N . 5%,
72 . 1
SYBYL/ Interactive docking 15
7.5 Kcal® mol '
b
. , C 2, .
8 A , TAK-187 .
- . 8§~15 1.
, : Tripos rms Fit 3.
2
b 2
Koll man s Paulsen
Ornstein () MOPAC , .

Tab2 Energy differences between the active conformer energy” and the global mini mum energyb R
binding energy of compounds with active site of target enzyme

No. E"’ E,* AE Einding No. El E2 AE Einding

1 18 .824 22.516 3.692 - 26.223 9 26 .387 26 .400 0.013 - 31.158
2 32.985 33.133 0.148 - 15.763 10 126.255 127 .946 1.191 - 12.930
3 20.250 20 .838 0.588 - 11.647 11 34 .910 37.676 2.766 - 20.960
4 26 .562 33.660 7.098 - 33.737 12 18.130 18.324 0.194 - 18.658
5 40.760 44 124 3.364 - 42.362 13 15.879 15.879 0 -13.711
6 40 .677 41 .541 0.864 -10.731 14 20 .167 21.901 1.734 - 27.409
7 45 .347 47.722 2.365 - 16.847 15 28.009 29 .151 1.142 - 18.658
8 40 .803 40 .875 0.072 - 13.866

E, : The global minimum energy; E,: The active conformer energy; AE: Energy difference between E, and E, ;

Epinding : Binding energy of compound with active site of target enzy me .
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Fig 3 Stereo representation of 15 azole antifungals 6

superimposed in pharmacophoric conformations .
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Fig 4 Stereoview of the active site of lanosterol 14a de methylase of Candida albicans bound with fluconazole

( A) and itraconazole ( B) .
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Tab3 Chemical structures, antifungal activity and binding energy of triazole alcohols with active
site of target enzyme

N— 0H —N
I;}‘Cﬂz-(':-(:“z-@

R
R ICso/ x10°° mol* L~ ! - logICso Epinding R ICso/ X107 % mol*L"! - logICs, Einding
H 103 .58 6.9847 - 7.333 20CH; ,4CF, 28 .50 7.5452 - 7.536
2CF, 103 .45 6.9853 - 4.443 3l 541 .39 6.2665 - 2.411
2CF; ,4F 60 .05 7.2215 -9.142 3F ,4CF, 84.19 7.0747 - 6.083
2CH, 95 .29 7.0210 - 9.330 4CF, 3.25 8.4881 - 11 .432
2CH; ,4CN 87 .40 7.0585 - 8.238 4CH, 13.76 7.8614 - 9.540
2CH; ,4F 100 .88 6.9962 - 5.004 4CH=CH, 22 .94 7 .6394 _8.472
201 3.05 8.5157 -9.877 4C1 3.02 8.5200 - 9.830
2Cl,4CF, 0.86 9.0655 - 14.859 4CN 31 .49 7.5018 - 8.345
21 ,4Cl 0.74 9.1308 - 17.485 4F 26 .01 7.5849 - 8.421
2Cl ,4F 3.25 8 .4881 - 9.741 40CF,CF,H 77 .85 7.1087 - 8.877
2CN,4CF; 78 .44 7.1055 - 7.494 40CF, 0.56 9.2518 - 18.342
2,3,5,6-F 87 .64 7.0573 - 6.391 40CH; 268 .00 6.5719 - 2.020
2F ,4CF; 1.26 8.8996 - 12.483 4-( OPh) 2 .88 8.5406 - 10.572
2F ,4Cl 1.61 8.7932 - 13.994 4-Ph 13.28 7 .8768 - 8.831
2F ,4F 1.97 8.7055 - 10.731 4-SCH, 90.18 7.0449 - 6.301
2.,4.,6-F 35 .46 7.4503 - 7.493 4-(4CF Ph) 7.19 8 .1433 - 9.540
4(2 ,4 F Ph) 18 .85 7.7247 - 9.052 4-(4CF OPh) 0.94 9.0269 - 13.486
2F 6F 107 .41 6.9690 - 7.469 4-(4CN Ph) 80 .71 7.0931 - 7.693
gl-5-B Meanderl F I g6-1 g6-2
118 126 129 136 224 231 300 312 375 380 507 511
CYP51(c.alb.) YKHLTTPVF GVIYDCPN LDKGFTPI LLIGILMGGQHTSA PLHSIF SMVVL
CYP51(c.tro.) YTHLTTPVF GVIYDCPN LDKGFTPI LLIGVLMGGQHTSA PLHSIF SMVTL
CYP51(s .cer.) YAHLTTPVF GVIYDCPN LDKGFTPI LLIGVLMGGQHTSA PLHSLF SMVTL
CYP51(s.pom.) YSHLTTPVF DVVYDIPN LDQGFSPV MMIALLMAGQHTSA PIHSHM SMVAL
CYP51(p.ita.) YGKLTTPVF DVVYDCPN LDLGFSPI MMITLLMAGQHSSS SIHTLM SLFSR
CYP51( human) YSRLTTPVF GVAYDVPN LDGGFSHA MLIGLLLAGQHTSS PIMIMM TMIHT
CYP51( rat) YGRLTTPVF GVAYDVPN LDGGFSHA MLIGLLLAGQHTSS PIMTMM TMIHT
CYP51(t.aes.) Y-RFNVPTF GVVFDVDY LDNGMLPI LLIAALFAGQHTSS PLIMLL AMYV V-

Fig 5 Multiple sequence alignment of CYP51 proteins from Candida albicans (c.alb.) , Candida tropicalis
(c.tro.) , Saccharomyces cerevisiae (s.cer.) , Schizosaccharomyces pombe (s.pom.) , Penicillium italicum
(p.ita.) , rat, human, Triticum aestivum (t.aes.) . Secondary structure features are labeled .

Fig 6

Stereoview of different residues of active site 5

of lanosterol 14a demethylase of Candida albicans

related to mam mals with bound ER-30346 .
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PHARMACOPHORIC CONFORMATIONS OF AZOLE ANTIFUNGALS AND
THEIR INTERACTION WTH ACTIVE SITE OF TARGET ENZYME

Ji Haitao (Ji HT) , Zhang Wannian ( Zhang WN) , Zhou Youjun ( Zhou YJ) , Zhu Jie ( Zhu J) ,
Zhu Ju (Zhu J) and Lu Jiaguo ( Lu JG)

( School of PhaerCy, Second Military Medical University, Shanghai 200433)

ABSTRACT AIM: To study the interactive mechanism of azole antifungals and functional residues of the
active site of lanosterol 14a demethylase of Candida albicans. METHODS: The global minimunrenergy
conformations of 15 azole antifungals which belong to 4 different structural categories were determined by
random conformation search and molecular dynamics simulated annealing. Active analogue approach was
empolyed to search for the pharmacophoric conformations of all compounds. The resulting bioactive
conformations were docked into the active site of lanosterol 14a demethylase of Candida albicans . RESULTS:
All 15 azole antifungals was shown to have similar docking position in the active site. To compare with
mammalian enzyme , the structurally selective residues of the active site of fungal lanosterol 14a de methylase
were distributed in C terminus of F helix, g6-1 sheet and p6-2 sheet. The common halogenated benzene
substructure of azole inhibitors was located deep in the same hydrophobic cavity. The T ~ T charge transfer
complex may exist between halogenated benzene ring of azoles and the hydroxyl benzene side chain of residue
Y132 of lanosterol 14a de methylase of Candida albicans. CONCLUSION: The dock results were in accord with
SAR analysis . The interactive mode of azole antifungals with active site residues of lanosterol 14a de methylase of
Candida albicans was elucidated. The structrual selectivity of the fungal target enzyme to its inhibitors was
investigated at the same time .

KEY WORIB lanosterol 14a demethylase ; azole antifungals; pharmacophoric conformation; docking ;
Candida albicans





