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2. EMRA I BT BE f HHR R 500 % , KA 130023)

WE RS T BEINE, 1650 7K BRI S HIREA PLALITE YIBTE BT SARS Jig 7515 1E.
3CLP™ F2 48 1 il e PR 2 52 i R sid A rh e OCHEVE T D AR 11, PRI SR ] SARS-CoV 3CLP 1 AR
HATHT SARS R 25 it. i Insight 1T By Biopolymer, Discover 3, Profile-3D F1 Affinity &y
e, #F5F POMs/3CL" M HAE RIS & AL SURPE I PERT. BRsRLRE AR (LR, ¥R T Z ML A W% SARS
I RE ] BRI RIMLEL. BFRLSRSRIT, POMs 55 3CLP e/ 19 AL TH M AL S b A BRI ES 6 0. TR E &
YR LIRF AN EAEHIARSS &, SN LA 6 S5 W0 B AR R VR AT — 2. X T POMs/3CL™ & 45
Y, ARSI POMs Frfy S s far U AR R A, L 3CL A5 B RE T, X5 POMs (ARG i

T2 R R A
X§iF  SARS; 3CLP™; Z&JRAMLL; - TFshfisk,; xHE
HESEES 0641 XERFRIRAD A XEHS  0251-0790(2008)01-0165-05

SRS G [ ™ SRR R G 25 A IE (SARS) IO R A4 2 — Rl i IR 8. SARS-CoV ( SARS Stk
S EE) S —FhIEEE RNA RIEEE. SARS-CoV AU BRSNS FP AR FIZH AL . #Z5c8E I (N) |, BURIZE 1 (S) |
A (M), AR (E) . BAML K 3CL™ K EE AR, PO Iras 5L, rTsaiilmitg 18
FRRIEA 1 SE LA, A SE R A ] SR A A8 5, (IR, JF H L 2R 1l 3CL™7F SARS
FEPRH HAGHESE, T BRI W] 3CL™ /& SARS-CoV [ EINAEE 1, 700 5 19 & A as gk 8
TR A B T 4 i Y SR B KA ppla (73F-4E 486000 ) Fl ORFIb ( 43F- & 790000 ) . 3 PR Rl 5 A R 21 B 2F
PEREZER. 3CLY KA WA 3R A KRB R R R DB A 2 Bk, DR 3CL m] LB 4 VE BT SARS
YA B EEARD L SEIGAE FIESE . SARS-CoV 3CL™ AL TG L7 5 2 Cys145/Hisd11¢7)

POMs E—REFHNLHEADIR SR, B THA BERL: PBRE W) 12 o T B2 | i
1k FHRVBLAZE4006 107 POMs [R]IRF 8 H AR 5 A R AR B A AE W i M. S5 — 7 1T, POMs 3k HLAT
YUK R BERIREEH , I H AT POMs JLT-5 0¥ T/K A Bt HIV-1P 36 M0 & S a1 B WA 56 A
TR SCHR[ 8,12 ~ 15 ] 3 e T a2 WAL &4 PW, Siw, PMo il SiMo, 455K, —4& POMs
HAMFEMEDT HIV EE. 8B a-keggin Z544 Ay T8 MR Eh th 2 B0 10 2 A0 HT HIV-1 36 PRI
il 3CLreyEPEN S A ML B R B S SRR R AR R R R T S i SO e 2 R A S
K5 2 A LA B A RN B T O MRS . T ARSI A HLICH LI AR B AR g 3 570 J 1 B4 P A
NP EEA R BN E XL

AR EHNTRER A WL AT A 0 8 R LA K SARS-CoV 3CLY il 57 A M e 4, I X ek 5
ZARMEE G RE MPEAT T LA, 00 T 208 s A BAE TGO SO BE A B B, Tie T
THRN AR T AE LB, ARl B T Insight [ 402F€0 12 78 SGI 03800 TAEuk |47
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1.1 3CL"HIFEHKR

SARS-CoV 3CL™ 43 TV a5 R = 2k i AR 285 44 () AH DG A5 B 5230 3145, SARS-CoV 3CL™ N Z5 #I (5
BERW, BEAWMNERE, I EMEE G E. i HEAWIEEA = EENLE L, Hpshity
By 1AL RCEAT BTN, G5HBR I 5 A a-BBRER L, IFIE R — N A TERIRA 42

3CLY™ 1Y S ALy Ar AR B PDB R 4% (PDB 4wt 1UK4). 3CLP A I B W7 Baky i, 0 ik
A 306 IR 7. Biopolymer BEBRIEATARAIME R, FEIE X M AL AUE N BE 7R L LA B TS
JEFRR FAE Ul 2 B 0 ASA BRI 4R, 3 5 R U BE T B A 4k 500 255 B LB 4 1tk 500
BB pH =7. 62 ) ARG PR R 1 nm BIK AT, IERESNE KT, DR IELEFHE
B JAFAL AR P R R FAE K RO A R A 42 5628 23 18] 5 e J5 78 ESFF J13% ' F H Disco-
ver 3BLEL Ak, 1 600 K ZE 124 % 300 K, FRIRESE R 100 K, JLE1T 20 ps AYIE KB, A5 F- 1
TR T30 1B S B BT 2L WS BITE 0 K #E4T 500 240 1 12444k, A&
BT 1 3CLM™ I M G VR IR S A 85 0. e oK IE I 3CL™ [P R 1 IR,
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Fig.1 Structure of dimer of SARS 3CL"™ Fig.2 Profile-3D evaluation of modeling of
The catalytic residues of Cys145 and His41 are represented the 3CL"™

in ball-and-stick.

AL FI G Profile-3D ASHLMATIEM >, PEM SR UNE 2 iR, HE 2 ATRUEH, Kbk
FIAIE A HAY , AT Arg-A60, Ser-A62, His-A64 il Lys-A236 FRELALI) A BiMEA 22 X AT REREH N
TERLUL I 7 HP X B /K P AR R BB 5 VA SR A TAR G PO B . (EL X B B R e 3 il 11 3% 6 0, BT LA AT
AN G BRI AN S A J5 22 ISR
1.2 POMs L &R %

Il , AT T 8 P SERERA MLAMLAT AL W LA i F M I . 4Pk Rt I | i o &
FaEbE. Z5REN, WMEARMBAEZIEIE . T 8 FhlciA . A Mo 0,y 1%, i —2,6-—H
BRI, [ =2, 6- B 0 9
IR = 2, 4- T R 07 50

FRHUA 2, 6-— F B2 e AR | o-|-|¥e2 S J.afg\ﬁ
OEMO/ }/ OOC%\OEN‘DCEC NEMG/O o4 ° o=0

T2, 6-T H 48 2 B St 0\75;‘,4;
0\

HEREBUR | I 2 6-— 1 Ba- ) Y
e e g S A= DL \ ”|0 Ngqmdg/o
ORI, 7356545 A S I
AL A 1 ,2,3,4,5,6,8. PiAk 7 Fig.3 Structure of ligand 7

FIZER NI 3 Fitzs. 8 ALK A = 42540 UL 4.
1.3 POMs 5 SARS-CoV 3CL ™ HyX

BB A ZRAEE DA NFREE e, R R R [ AR bR, PR B A NIPE. KA
SRS LE R SARS-CoV 3CLI™ A% P37 25 & His 41/Cys 145-2 . 8 F POMs 435Il 9k % #51] SARS-
CoV 3CL™JHMEAL S . FH Insight I BA4EA0 Y Affinity LB HEATXHERIIHAS LG SRl Ag A/
EFZ AL > . IS 350 5 A i B (I RE A R A U — 2 o BT 42
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Fig.4 Three-dimentional structure models of the eight ligands, rendering ball-and-stick

style for organic substitutions and polyhedron style for POMs
2 FHR5ITE
FH Insight 1AL Affinity X 8 FhEH 7SR S H AT HLA AT A= Wy HEAT X540l 452 ILIA 5.
HIE 5 AT LA, 8 RRICHA S 3CL™ SZARTE WG YA A A A E A . POMs 5 3CL™ YA fL 3R 5L His

41/Cys 145 JEEHE. POMs 5 SARS-CoV 3CL™ JE MU BCAR-SZ A0 AR FHFER T2 G ae R, JFi
AR T AEARBRIL ARG, SRR S5 el A A Ak T

1/3CLwe 2/3CLwe 3/3CLw 4/3CL 5/3CLw 6/3CLw 7/3CLw 8/3CLw
Fig.5 Structures of POMs /SARS-CoV 3CL"™ complexes
With 3CLP® rendering ribbon style.

8 il POMs 52K 3CL USS GREMNFR 1 s, ik 1 Al UL, Brf 8 RiICIR-Z AR S MR L AE LY
WA, S WA = S HL AT B9 POMs AR 3R] 57 TE HL AT A AR SE A A AR ELVE . ol T LR A A R
RFIEHE AR RGT, BUAATE SRR, i DA AR 5 32 (498 n i SV 800 T B A A U
FCPAIE R SR R, RS BHAH 25 2 B 00 57 F fr S s PR G A 15 32 1A T I I 22 1Y L B
X RER 8 R B WA S Ae e PEHE e n SR T LA A4 v RE B TR DA SE IR s (B) SE AR R, DT L
REEONAME, BB REREIR. 7EME U 1 th &5 & AE R — MR E 2R IWbn . SCHR[30,31 ] 11 AGT7088 1
R 53 F X SARS-CoV 3CL"™ #EAT A 3T 0 F X2 0 B U e iF o7, 455K M, AG7088 5 3CL™ [H]
M5 HER —63. 42 kI/mol, B IT & T POM/3CL™ & A YIH 454 GEME, %% W] POMs [ AG7088 5
3CL A RMESE ). M H S REBRMZ R, HEGmhRe et Es. K8
SEEFREAR A, R E MR IE N, I8 AT DL R 1 A3 8 FRACIAS 3CL™ B B A A W R e MY 4n
T:2>5>7>8>1>3>4>6.

Table 1 Binding energy between ligand and receptor (kJ/mol) *

Complex Eqy, A BN A, A, (A+A))
3CLre -9728. 458 —13646. 040

2/3CLP* -9599. 786 128. 672 —13902. 423 —256. 383 -127.711
5/3CLP -9615. 051 113. 407 -13879.552 -233.512 -120. 105
7/3CLP™ -9622. 185 106. 273 - 13868. 888 —-222.848 -116.575
8/3CLF* -9643. 968 84.490 —13832. 157 -186. 117 —-101. 627
1/3CLP® -9706. 204 22.254 -13761. 877 -115. 837 —93.583
3/3CLP -9703. 415 25.043 -13759. 162 -113.122 -88.079
4/3CLP -9702. 576 25. 882 -13758.776 -112.736 -86.854
6/3CLF* -9699. 405 29.053 —13756. 351 -110. 311 —81.258

# A is the difference of space energy; A, is the difference of nonbond energy; A, is the total difference from nonbond energy and space

energy.



68 HE SR 2R Vol. 29

AEEES T2 . iR 2 W, WAk 2, 5T BEN T AR, (HHPHESSERNE
SEE = ANECAR PR 3, 2 F1 A, SO RO e A A e R O 0. 2, O iUy SV SE AR E , B
PI=#F 5ZREANEE 112 >5 >7. MECA 8 Fl1 A LIUE S N, A8 mNE e, X

AR PUATERCIR 8 thA 3 IS S A, MAERCHR 1 P UM, TEFCHR 3 714 v, BARYY
A2 MRS S RERE, (AR BT IA R, fERCiAR 3 ot i U B R STl 67 R iy g A
R4 B9IE0.02, FrRIBCHR 3 552 A8 FRISS & 1o TRCR 4. 3% 53CHK[ 20,21 ] ROZE RIS 13- EF.

Table 2 Composition of binding site and H-bond distance length in the binding site

Complex  Residues of 3CLP*  Atoms in ligand Distance/nm Complex  Residues of 3CLP®  Atoms in ligand Distance/nm
2/3CLM™ A41:NDI 03 2.72 8/3CLr A145 ;HN 04 1.78
A41.ND1 06 2.55 A41.HE2 010 2.20
A41:NDI 010 2.30 Al44 .HN 013 2.16
A166 . HN 015 1.94 A142:0 015 2.30
A163:0 016 2.97 Al44.0 017 2.26
Al64:0 016 2.74 1/3CLP* A41:ND1 014 2.86
A145.HN 017 2.19 A41:ND1 018 2.59
5/3CLP A41.HE2 01 2.03 A41:0 020 2.76
Al45.0 02 2.39 A41:ND1 020 2.31
A41.ND1 04 2.45 Al45.0 022 2.81
A41.ND1 012 2.88 A26.0 024 2.61
A41.HE2 013 2.46 3/3CLr A41:ND1 04 2.20
Al64:0 017 2.98 A41.HE2 09 1.12
A26.0 018 2.31 A164:0 010 2.72
7/3CLP* Al45:0 043 2.71 A41:0 013 1.94
A41.HE2 043 2.19 4/3CLP A41:ND1 02 2.87
A41.ND1 053 1.63 A41.0 011 2.67
A26:0 054 2.67 A25:0G1 013 2.16
A119.0D1 054 2.95 A25.HGI 014 2.39
A41.ND1 057 2.74 6/3CLP™ A41:ND1 O11 2.19
Al42.0 065 2.92 A25:0 013 2.87

K 6 nLIEH, BoAE B S E LR A Hisdl, Glul66, Cysl45, Thi26 Fil Asn142 %5 i

SE Y T AR IR IR T 5 TR M EHE M. BI7E POMs 5 3CL™ [M]JE i & A0 1 i 72 Hh e i v MG A

R O CRUE A/ A A BV E R R R, B, L2k POMs 114 1= B i o 4Rt (L B Ay T
B P v T A ) 55D
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Fig.6 Key residues and hytrogen bond interactions of POM/3CL"™ complexes
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Interactions of [ Mo,O,, |>~ and Its Derivatives Substituted with
Organic Groups Inhibitor with SARS-CoV 3CL" by
Molecular Modeling

SHAO Chen', WANG Jian-Ping', YANG Guo-Chun', SU Zhong-Min'"*"
HU Dong-Hua', SUN Chia-Chung’
(1. Institute of Functional Material Chemisiry, Northeast Normal University, Changchun 130024, China;
2. State Key Laboratory of Theoretical and Computational Chemistry, Jilin University, Changchun 130021, China)

Abstract Polyoxometalates( POMs) were proved with the properties of both anti-tumor and anti-HIV. The
potential anti-SARS activities of the polyoxometalates [ Mo,O,, ]*~ and its derivatives substituted with organic
groups were investigated in this paper by molecular modeling method. The 3¢ like (3CL) protease hydrolyze,
namely 3CL"" | is the key protease for virus replication as well as transcription, and thus can be taken as one
of the key targets for anti-SARS drug design. Insightll/Dicover 3, affinity, Profile-3D modules were used to
explore possible binding locations and properties for POMs/3 CL"™ interaction. We studied the energy changing
tend and investigated the possible inhibiting mechanism of POMs’ with SARS-CoV. The results show that
POMs bind with 3CL"™ in the active site with a high affinity, mainly via electrostatic interactions and H-bond
interactions. For the POMs/3CL™ complex, POMs substituted with organic groups with higher negative charge
are prefer to bind with 3CL" than non-substituted ones, and this agrees well with relative quantum chemical
calculations. Organic substitutions in ligands have an influence on the stability of complexes by steric hin-

drance. Our study may provide theoretical reference and illustrations to anti SARS-CoV drug design.

Keywords SARS; 3CL™; Polyoxometalate; Molecular dynamics; Docking (Ed.: Y, I)



