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B H BEABHWELLEE Yo TELBER SN ENEE. TARARRERES F &
METBRHEFELEE X TR = B4 M, 83 Ramachandran #f Profile-3D B %
ETHBGTER. R, ARG 2L RRALEH, FAEET Mok TEALBHGERL
B, ERLIES SR LBANE BIFURSTHEBEFTEARENT U X TRALBHFNS
PR ER A ESNBEEREX, AAT o X TRUBSZEAHHANESLTRELFANAL
BERAFEAARTEHE U X TARB=RE MO BH R IR RBEZHNLERL,
AL ARARNGHERER BRGE KR,

Xl ARRALE;, BUE;FELEHE 4o X TEAE; AREE; 5> F54

RS 0641 Xy A

R EE KM, AR ERAER REWPHRF, DRFEANRASEREFE, HHEH
RERBRLERRNA RSB, M ARNEREERT ERB Y. RFHERTUTFEBEYHER
FERETERARES, CRABBIEARRLEHMBRAS 20 28, LUEBBEEAFE LY. B
B, HBEE RN R TEASHEEN —M EEENRFRREERE". HREEN, BRBAHE>
ARBFURRSMEBERIENENBRG, FReBEEIERBIHES, DERTHEENY SRR, K
BRI URBRRBEMMER, TENEZELSFRH Y. ZAUBENEFIRENEEART 4, &
G R _E T DASE Ao BELIT 22 £ 65 BRI B A G T R E R AR I BN, B X 2R A R LR AT A i
R, REE 14a-EF MR (CYPSD) EXZAESRASBTRETSAEEENMEM, WRHLEHE—
BEAME, WESHEEEASERE R, A —5 FiFHS AR FRARGN 14 FREBERES E4H
HABER, BASSBARBEREMAZYE L, 5l EMEEL .

FEX 8 CYPS1 M, MR ERAR KT AEENE A S A Y-S B H7, 05 R, W
B PR, EfIREEFREE, S 14X FEBCYPSDSE S M EMEBRNED SR,
HA R R BB AAMB T REMM B EERERN BITRBTREIERAAS. Bib, Xk
K CYPS1 IR AR BERERITFRB TR EZMNA, HE2XE CYPS1 MR R FEE
SGHRFEHEAHAENRR, RHEN FRWAENRX -8, — B4, mikERR". Bit, &9
MEAGBYFEARAMER CYPS1 WIEHM AR LU XS CYPS1 M#I R MM E/ER TR KRB HE
CYP51 MR MR ERIT, DAAREEW NSRS, X8 TAERBAE BT BRAINER
STEEMERRNSBR S REEA.

EXAARES, RIERTHEMBTH —MHRARENBORHBEER CEMERE, Aspergillus fu-
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migatus) fEABFRAM R, FARBREERN & EWEEHER CYPS1 W =4 R kS0, FHET 2 T3
TR R G R R FR I B AR RAE, R5 BN F XN TEERT CYPST M- 5 45 dh
BH CYPSL WA G, DIV ETHEBE CYPS1 SR i W0t IT R 4R 408 2%

1 JrikSHe

L1 #&5H

B B R B TE Dell Precision TYEuE EiffT, EBEFEFRERE . 4730 %ML FHEE B RIE
DL R A F % T . # 2 FEF N Discovery Studio 3. 0-Create Homology Models, SYBYL-Modeller® ,
Simulation protocols FI LibDockH#-4,
1.2 MR &%

HAFTEHEEMER CYPS1 WEER - REHTH, EXTMARPRIERET HLEWE LT
FIM“EAERXITERA” (www. expasy. org) /E N5 B RIE, FH“Cytochrome P450 14-¢ sterol demeth-
ylase” {2 S 48 1A HEAT 1 R B H BRI (Swiss-Prot/ TrEMBL) , T LIS B/ BB CYP51 WA MRS
HF 5 (45 QIPSROY, B 515 NMEEMBREM R, HIFFEwE 1.

| | 10] 1 20| 1 30/ 1 40] | 50|
Aspergillusfumigatus MVPMILWLTAYMAVAVLTAILILNVVYQLFFRLWNRTEP PMVFHWVPFLGSTISYG
L 60[ L 70] 1 30 1 90] L 100] L
Aspergillusfumigatus |[I DPYKFFFACREKYGDIFTFILLGOKTTVYLGVQGNEFILNGKLKDVNAEEVYS
110] 1 120] 1 130 1 140] ] 150] ] 160]
Aspergillusfumigatus [P LTTP VF GSDVVYDCPNSKILMEOKKFIKYGLTQSALESHVPLIEKEVLDYLRDS
1 170] 1 180] 1 190] 1 200] ] 210] 1
Aspergillusfumigatus [P NF OGS SGRMDISAAMAEITIFTAARALQGQEVRSKLTAEF ADLY HDLDKGF TP
220] | 230] | 240 1 250] | 260] | 270]
Aspergillusfumigatus [l NFMLPWAPLP HNKKRDAAHARMRSIYVDIINQRRLDGDKDS QKS DMIWNLMNC
; 280] ; 290] ; 300] ; 310] ; 320]
Aspergillusfumigatus |[TYKNGQOVPDKE IAHMMITLLMAGOHSSSSISAWIMLRLASOPKVLEELYQEQL
A 3301 | 340[ 1 350] A 360 ! 3701 !
Aspergillusfumigatus |JANL GP AGPDGS LPPLOQYKDIDKILPFHQOHVIRETLRIHSSIHSIMRKVKSPLPVP
330] ; 390] I 400] | 410] 1 420] I 430]
Aspergillusfumigatus |GTPYMIPPGRVILIASPGVTALSDEHFPNAGCWDPHRWENQATKEQENDEVVDYG
] 440] ] 450] ] 460] ] 470] ] 480] ]
Aspergillusfumigatus |YGAVSKGTSSPYLPFGAGRHRCIGEKFAYVNLGVILATIVRHLRLFNVDGKKGYV
490] I 500] I 510] I 520] | 530] I 540]
Aspergillusfumigatus [PETDY SS LF SGPMKP STT GWEKRSKNTSK

B 1 The amino acid sequence of Aspergillus fumigatus CYP51

BEERFMMBEMN 14« ZHEMBCYPSO-REHTFIENER, FEH - PNHERMEBR
14« EHEMBCYPSD W RIEERB B 4. 7F Search Sequences by Similarity g , AT H SR E
2 Protein Date Bank(PDB) , B | BLAST-Search T F H 7K. %hBREBEHR ENERTH A H
Align Sequence to Templates 2/ #EATF 5 LX), B E AR SRR Z RIKRIELE. 7ER B RER AR
E#l E, FIF Build Homology # ik # 7 HMHBHE CYP51 =4 FEABE AWM E, BJ5TE Macromolecules
IR T [ Prepare Protein #/E R _E#ATIMNE HMESEMAF B, B3] BAAE BN KSR
1.3 73 il e B4Rk U BB R 4

BHEKEMEE CYPS1 RERBEEH#T T4 F A¥MaFa k. BEFENERR
S5 AT I AL 8RR, 54 Simulation/Dynamics #3F B Solvation T8 JF , ¥ I8 I i 78 77) 31 58 DA A= 28 £
IKVE R, TERRRAE D, SO B RA RN Salt, IERBEBRENR 0.145. #E, WENFE
BHERNAEREGTRSE, HE 5 MAREBH B L4k T Minimization, 44k II Minimization2, 7 Heating.,
45 Equilibration JEHIREE Production) #1738 1Bl BREEBERERFWFRBEAERHTIEME, 8
B R T ZE#FF Ramachandran plot $Ef A , 3T JF Chart 38, %+ Ramachandran plot B R]. FEHE
17 Profile-3D $Efk B, B Fe 1T Verify Protein BB &, BT ¥ )G, %#E the Verify Expected
High Score 1 Verify Score X1, fili AminoAcid tab, &3 & table KWEH], s i Verify Score [ Zitn
FEFEEF| M menu ¥ Chart | Line Plot.
L4 A

kT VEAG eI I R FOBERE (CYPSD) Z HIZS &4, FIM LibDock 5 #74 Fr#msE. &
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SRR RS FHATERMA, REABERBNOHRERNT 22 FHERERHRYY. #E, K
M R R R B O X R, B B R AR R A R A SRR, &G, 7E Dock
Ligands B8 H#E#% LibDock BF#AT 0T X%, EREF S HNIFAZEEE X ELS T, FHHAE S
P HEERE R RIME .

2 Hi%

2.1 WHR T 5 R

EMEEE CYPS1 M FRESEEKSET, PhikE & MFEEMR (Templates) & # EHE A, 2
BISC5. R BLAST-Search A4 7 51118 R FF Xt 41 19 3 5 £X3 &£ (Protein Data Bank, PDB) #1718 %,
HRITAH2NERED, RARFEEREN RS MERED. FHSERWE 2 K1 Fin.

Score Color Ker u0 u40 n 60 =80 =100 =200 8400
T T T T T T T T T T T T T T T T r T T T T r T T T
101 201 301 401 501

2 The BLAST results of Aspergillus fumigatus CYP51
RX 1 Detailed BLAST results

Accession Identity Sequence Length Bit Score Positive E-value Resolution
3LD6 37% 444 317. 005 55 5.25e87 2.8
3L4D 29% 447 212. 616 49 1. 44e55 2.75
2WX2 29% 441 200. 675 50 5.26e52 2.27
3GW9 29% 449 175. 252 47 2. 60e-44 1.87
2CIB 25% 420 172. 555 45 1. 71e-43 1.5

HREERITANER, MIFEFET 6 MEREQEIATNR, BEFIK E-value H/MNF 1X107°. &
XX SRR B —FF P AT X R, Mg Bon BBGE B F P R R R AEEN K E, B
REBHREOE_REHN=ZREHERAE-ENRBEERREZE D. #—-2Hah kR, ke ABEER
14alpha-demethylase (Homo sapiens, PDB code: 3LD6)#17% K 4% 31 i) CYP51(Trypanosoma cruzi, PDB
code: 2WX2)7E BLAST FEF| Ao 8 - F 80 H 5 & B9 37 408 (317. 005, 200. 675), [EEAE 37%H
29 % W £ 3 [F] U8 # (Sequence identity), E-value X &, F A4 HERE. HAHEEMNERARK
HEAU CYP51 g 0 CWX2)H A 4 BEAR SRR, XA ZEEMEA ARSI T TEENERM. B
M, RATRAERET K A AFEHFTEERE 2 CYPS1 /80 E th B E CYPS1 WEEE R, RN ES
BAR 5 & CYP51 B AT T 2HE X, SRR EBRFRAME. WE 3 BEEZEFF X5 R

B F R E X EERR RN R T XIEHTRI, REARFPERTFRE, REARFZAFXE. XHH
HER CYP51 FAI X G REG A RE: B —REHFF| 104VNAEEVYSPLTTPVFGSDV VY124,
188TAARALOGOEVRSKLT 203, 206EFADLYHDLD KGF218, 277LMNCTYKNGOOVPDKEIAHMMIZ298,
358DKLPFHQHVIRETLR373 A5 [FIRE AR 551 R L S B & W5 50 R R [R) B 2o 300 %ok 2 28 3 14 D2
ERXRBEEERZE. BETH, FHRUSRBNEERBREHDRIL —-ENRTE, XBFBEMNRE
FHR TR RAMHEIERE RS, ATAEHERE CYPS1 FIRERMHETTT T E SRR
2.2 FHRESBEMHER

EERIEEE RS RS, BAERE D (template) B JLT 4 H: S IR B K, 4R )5 F H PDF
(probability density function) fRE# 17 & X, il X PDF R B AR LG A ESERI MRS . —
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kUL, # A PDF Total Energy 2 8UE A%, VI ZEARIAE B AR LA T RN MG, A
RGBT, R RWE 2 fin. ERRATER PDP Total Energy B KA Aspergillus fumigatus.
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B 3 Sequence alignments of Aspergillus fumigatus-, Homo sapiens and Trypanosoma cruzi-CYP51 with

conserved constitution, deep blue; semiconserved constitution, blue

R 2 Model scores

Name PDF Total Energy PDF Physical Energy DOPE Score
Aspergillus fumigatus. M0004 13 982.541 0 1408.497 2 —52 995,117 2
Aspergillus fumigatus. M0005 14 429.227 5 1 482.965 9 —52 675.0117
Aspergillus fumigatus. M0002 14 570.584 0 1589.975 2 —52399.1250
Aspergillus fumigatus. M0001 14 958.319 3 2 237.346 9 —53 026.085 9
Aspergillus fumigatus. M0003 15 093.065 4 1839.0845 —52185.757 8

BE, BUHRERHETREMRA R
AT FER, T 14 ns-16 ns Xt
DR A AME R B B, B FE 0k
W2, B R KRR A RMSD 43 535
RS VE. BE)E, RITEBZRGEH
LAY 3 — 2 58 i 47 [ B (Ramachand-
ran) #1 Profile 3D EW #E 7 PEML (LK 5
Fras). i W R B AT b, TR
{£ X 18, (The most favoured region) f1#
7] X 3, (Additional allowed regions) HJ
BEBBREA K 98. 4%, HIHIBHE 1.
0% K BEBRIREA TR IFF] X (Gen-
erously allowed regions), T{XH 0.6%

B 4 3D models of Aspergillus fumigatus CYP51 by Modeller

MBI E A T A AW K (Disallowed regions). HBEEKNRER P AT A AF XK EHEREE
Leu226, Ser258 Al Lys483 3543 fin 7E 375 B 16 ¥ Ar i X 38, Xob 385 B A A 2 TR 45 4 TRk 72 AR R K Y S
i Profile 3D E B KM RN RRESEERFIRTEHZGLSMAAREN, XBRRIFTAE
BREMMEHAE 0. 10 I b, RARARE. U ERBIESERE S RAMERHEHE CYP51 FREEE
EAEUGER. RERKELNE 4R, REAEHEEE 101 « BESMRITTBRMI Ny #A, X
2 T 4 I 2 AT 0 S e AR B 7 3 A S X 0.

PROCHECK
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2.3 HRILHEME S CYPST 16 ¥ B 5 VB M R

R eme R B E LS, R BRI E R A
R, BFSTIR ST M S AR M B CYP51 6 M 2 A B 4F A4 BY T 1
WX LM AL S Y SEME CYPS] AT EANS, ¥ ETHENE
CYP51 #82 f 50 2 0 000 00 R DL AN G5 AR A 38 0T 07 1, IR, HLBEdS N
TP R4 HH H 2 B R R B

TERM TSI CYPS1 B9 S5 M 26T b, 4600 T 45 5 I Ao
Me 30 S CYPST BTG R A, FRMAR L BN R B E M 5. SR B
CYP51 5085 0 4R 2 BEwde 0 e 43245 SR AL 6 P . et

PHE214

B 6 Docking results of inhibitor voriconazole with Aspergillus fumigatus CYP51

T I X R AT 4B A LARIE , LibDock Score BIZR-8 1T 43E N 108. 302, KB MK B 0 45 R R
BRI AEHE. 7 CYPS1 MG WA, 20 E BRI R, X B R K S50 & i &
M R0 & W R Bk B e, RSB E A3 P S @M E S CYP51 W& A DU 4R 3
AR — BB, BT WA BT E, HP B R TR LA AT R R B I 4T R T AR AL
B _RERNERER, EMNTHEAEERNZT I, BB SHKEER Phell8 W o« HE/EM; Z-F
ARERAREIERER. BN THEEERT X, B8 55K EERKE Phe2l4, Tle364 R o E
ER, LB WESXEHAKIEM, E—PEERT S STERKENGE G

3 g

EXDNHFTEF, HEEEE RS ER, EEK A ARSI KERK CYPST SBgRS#H b
W, BEFRFEEEN T EEREET HMEE CYPS1 W=4EA%SW, JH#T T %8, RE%RE
BRI FEEEAEIZ Ramachandran B #1 Profile-3D B #f70E, HE RMBEMARB K SME. EE5EMH
BERFEEAS CYP51 BRI HIFR LR #4720 F 8, HMBERAESFKELBARTRASR

BHESEEERTR. ZAMANTZEH#TETZRNIEE CYPS1 MHF MY 0T RAM BT %
TAERAEEMEEIEL, AP R & IIT LT T 2.

2 % X W
[1] B|iRE, B3R, BELE. HARANILRERERAI]. FEET, 2007, 42(2): 58-61.
[2] &#F, Bb=, W, % REBEABRAYRFERERERD] PEA%E, 2012, 10(5): 380-384.
[3] Groll AH, De Lucca AJ, Walsb TI. Emerging targets for the development of novel antifungal therapeutics[J]. Trends in Mierobiol,
1998, 6 (8): 117-124.



98 B K % 2% ROE KRB 2E O

[4] MHEE, E8, BT, HHERBRLERBEREXT]. BREEBESFRE,2015,36(9): 1320-1320.

[5] E3F. HWHMBBRETFHMAHRLI] EREFIRE, 2007, 31(5): 357-359.

[6] ®EH%. MAEZYHMASRREL]. HFIEREZ, 2014, 35 (12): 705-708.

[7] Xie], Thellend A, Becker H, et al. Synthesis and evaluation of a C-glycosyl nucleoside as an inhibitor of chitin synthase[J]. Carbohy-

drate Research,2001,334(3): 177-182.

(8] k03, #h3ciE, R WHMSXURHEWRHYHHHED]. P EBR ST 2R, 2013,13(2): 155-159.

(9] #frit, BHE, B3 S8 4cEZFEABCYPSDRFAERRED] A9 TREM|, 2008, 24(10):1681-1688.

[10] Pfefferle W, Anke H, Bross M, et al. Asperfuran, a novel antifungal metabolite from Aspergillus oryzae[J]. Journal of Antibiotics,
1990,43(6): 648-654.

[11] 70, Xig, RittdR, . ASHBEILTRARE=HEHWHRERERE S FR-900403 M4 FHEMALD]L PEEREERE,
2017, 12(4), 193-197.

[12] Fiser A, Do RK, Sali A. Modeling of loops in protein structures[J]. Protein Sei, 2000, 9: 1753-1773.

[13] BRELSE, HER, BYGE. WENFBHEYRT—FEE. AR RN AIM]. EER2EAR WA, 2000.

[14] 708, Xig, RittiR, &, WBREZEC, 3 D HERBEESRENHANN =% EBHWBX AW WRREERBRBER
2016, 29(3): 39-43.

[15] Boeckmann B, Bairoch A, Apweiler R, et al. The Swiss-Prot protein knowledgebase and its supplement TrEMBL in 2003[J]. Nucle-
icAcids Res, 2003, 31: 365-370.

[16] REfE. EMHFS4FMEARAMEIERKSFHERIE]. WRAEERARBER), 2014, 27(4): 54-57,

[17] E{8#. hERG B T EEMNA Y.L EZEFTWMAELD]. FHHKE, 2013

Homology Modeling of Aspergillus Fumigatus CYP51 and Its Molecular

Docking Study with Voriconazole
SUN Bin' LIU Min' HOU Zhuang?

(1. Institute of BioPharmceutical Research, Liaocheng University, Liaocheng 252059, China;
2. School of Pharmaceutical Engineering, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract In order to further explore the structural features of the active site of 14a-demethylase
(CYP51) of Aspergillus fumigatus. Homologous 3D model of Aspergillus fumigatus CYP51 was con-
structed by the protein crystal structure of Homo sapiensandTrypanosoma cruzi, and the reliability of
the model was assessed by Ramachandran plot and Profile-3D analysis. The active site of Aspergillus fu-
migatus CYP51 was defined by the co-crystallized ligand of fluconazole. Finally, the voriconazole was
docked to the homology model CYP51. The binding pattern was predicted by the affinity module re-
vealed that important residues interacted with the voriconazole. The study further provided the refine-
ment of CYP51 inhibitor binding interaction that may be used as a basis for new structure-based design
efforts and discovery of antifungal agents.

Key words fungal infection; aspergillus fumigatus; 14a-demethylase; homology modeling; molecu-

lar docking



