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Schrodinger 254 B L i MR KR 2 AR 225 B2
R LA

HEEY, GRS, SRR T, g 24
VLN AFEMEFIR, =M 730000

2L N ARFNFEATHER, ZM 730000
SZMAFRBZASERNALE, =M 730000
CHEITHBEAF T AR ERRERELALRE, #]7 999078

BE: N4 7 Schrodinger 24 HE 0T 1% A LA R AR L, 45 & K E AL 2215 B2 IR AR SR BeA AR, 0l
IR T ERA AL KA TEN . 2595 )1 (ADME). iZ ik T Pt S P0(PAINS). 5y it 5 A U0 1% -
PRAERSFEIR% . RS FE 07 e AIMM/GBSARI AT 20 Hf e TR B AN I 779 o B /T BAAE RS2 AR AN 205 B B 3
s, A TR EASHE . TR GRS 7R LR, A R A
S, AL A B AR, KRFE 7 RFRE A NE . LA, 2L 25 B sk L B A IR 4 Y
REFME, RKFTL) T Wk A, R 1 259 R BLIK 2R .

8. Schrédinger; Glide; REMLfiL; 270
FE SRS G64; 06

Applying Virtual Drug Screening Workflow Module of Schrodinger
into College Bioinformatics and Chemoinformatics Teaching
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Abstract: This paper introduces the basic principle and workflow of virtual screening of drugs in Schrodinger. In
combination with the college bioinformatics and chemoinformatics course, it illustrates the principle and usage method
of protein preparation, Lipinski’'s Rule of Five, ADME, Pan-assay Interference Compounds (PAINS), high throughput
virtual screening, standard precision screening, extra precision screening and score ranking of MM/GBSA. The
Schrédinger can be demonstrated to improve students’ understanding of protein structure, molecular conformation,
virtual drug screening and computer-aided molecular design in the college bioinformatics and chemoinformatics
teaching. Due to the friendly graphical interface, Schrédinger can give students the intuitive experience and enrich the
college course. In addition, Schrédinger has a good application value in the drug design field. It can reduce the cost
of drug screening and improve the efficiency of drug discovery.
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NI R PLIR A 2 AR R R A AL 15 B 20 b I — AN B A BG4, B AU K BN
52BN, T H&EHEEAY S FRIRZ 8T, w225 T )5 W (Lipinski’s rule of five).
72 0 % T AL & W0 (PAINS) A 55 245 W) 5l) 1122 (ADME): WY Il (absorption) 4 fii (distribution) . 4R i
(metabolism) & HF it (excretion) &5 o 73 X B AR L 254 KU 128 1) — M 70 0 3, B RERS T /)N
T 52 GRS, Wil EEORI WA B /N 7118 X 4 B2 AR s AL,
HRYE T 70 RO 5 AT HEFP . XFESiRE E AR LI Az . BT, C&aFRZ iikiEE
it Autodock Vina S I B i) 52 44y PR A 55 16 2540 RE 0031, Schrodinger #E4R tH Glide #44 t ] LA
TLM D, BRUEIAIGE, Glide £ 36732699 Tt pose FIEEET 4 pose (M2 b
bt Autodock Vina B A LA AU, FEZY) 5 F B TINAN R SRR, BRI SR RS 249
wit, Wt RFRELELYT ADME fil PAINS 58K JE M R4V ERIFEMLEd Y 2o %
R 1 S P E I, T ok (1) 45 SR e S AE R H A S IR SR E R R, KRR A
IR RCE . 5 RZFAEALEE B2 E B RR R AV ERNIFIEMRE, RS T
SHEHARTE RGHRY, Gy KRR T AR 25 AR K

Schrodinger /& — K ZR A AW BT AT, E8E T RZERATR AWt Eid, AT LASEIR 2
Thie, WRIVEER. /> Fxie. EA-EAXE. QSAR MZYRILIHIESS. Fi, Schrodinger BA
AR AR UF () LR 3 1 A0 R DL e VR AR ABE B, mT DA ] B bR s b SE I 2 W R AU G, & A TR A B
AT o A S 45 A 2450 B O e 3 78 K22 AR WAL 2245 B R A N A, B A 43 1 Schrodinger
(version 2017)Z447) i 4017 126 RS HR 1) 2L AR D e AR A o

1 Schrodinger &3 2454 i 90\ 5 BB R /b

Schrodinger & —#H T 70 F R, W Th AR BERL = 256 R 3, JCH R AE 259 R BT
B, EAERGPHTTIMAT 5, ©n] DLSEIL I T 52 R g f-BU AR A 1t . S AR-EAA T S A NI
P RMR TR A, B E 7 WHEE . www.schrodinger.com. FH' Maestro #& Schrédinger H F
BT T AL B A (N B 1 BT, JE e s A A Ak v DA SEIN B I Th g, a0 s
Import Structures (PRAEFE N Ctrl + DIZHEEBE T A ZARFAEA K K@M E(E 1), H Glide B4
Schrodinger i 8L e A5 B o ) 25 B R 4, JE T Google “EAR A R INRE AT LAA I B4 4> 5000 Ik
fr2A AR SCSI Tz . Glide AT RASEBLZGH) 70 ) et B KB AU 16 (HTVS) AR AERE B 07 146 (SP) -
T K L 7 108 (XP) FIUBR HE 3G 2 1R I B X6 42 (SP-Peptide) 55 D gE , B4l id s o Schrodinger [ Maestro X
IS P Th REASE R 3l mT DA BRI SE P B 2 TR RE s MM/GBSA A& — 5 K5 B At FH T J000 B A 0 52 4k 45
& B HEBER L, il I A S B B REEAT 2500 T I B HE T AR KR THA R I E S,
FARW] LUIE T Maestro BT FHIHI 1) Prime BEHOR SLIZ T fE .

2 FEIThEeE AL
21 RREMRHEE

B A SR AR 45 0 — R GR#E PDB 085 EE (wwweresb.org) T 2R A 52 AR R IA R @ AT 1K) SR,
TER S HIER RIS, SRR PR BRSO WIE, A5 2iY)
JRE DL 16 FIRG B, DR LG A A 24 ) R 0L 5 34 RO R i, 50 B 1 S AR b AT B 4 A 3 4F . Schrodinger
AL T IR B 1 AL EE B T FE T Protein Preparation Wizard (W11 2a fiiR), AbFRER 2R gE /) — %
DN, H—iB%:  “Import and Process” FESZIL T HAIIEE, B —DIEE2 FAEHR
A, AL\ PDB ID @IS BN B2 T Ee R g i, 0 nT DO I A A A R N S AR A
FoADRE IR, ERLLRBUNA. SRS EE TR e, MRERRENL
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HNHBRARR . A B RIREER loops X MIBR/K 7T R RSB FRH 4 (14> 24T pH W € B E 55
(K 2a). ZH —#B4:  “Review and Modify” &XF L—3 0 MG EAUEEE, 1A I A 518 5L
HHNETFESENER, R HEEITHERIE A EEE. 8 =%/ “Refine” L
TR Z AP R, BRET 2 NThRe, AR R AT pH i E FIEAE(E 2b),
BAK pH 1K /N 0] DU STk E A1 PDB 8 22 52 4 (1 AH DG Se B0 BB 1E AT e, X — 3 /3B 2
HWAAEEN,  BONAESZARTE M RO 1 — S U R T BE A AN F R RS, 2 =R A7 AE DU A [R]
JiRFAHORAS (GLHE M 20 NTH-His A1 N3H-His. B &7 7% xUHis™ FIBH &5 7 % :UHisHS ), 1 & 77 & 58
BB M R IR BRI = R TR IR BT s 26 AN )RR IR 2 AR AR TR ST R A(B 2¢),
HTEE TS T R e — N EEN A, R IREMER TSR ERE, N2hE
JE - (A A A BB 8 2 5 245 00 2 0L 07 32 PO R B

ZId FE AT DAk 2 AR TE B AT e B, L AR IR N DA E R B, IR AT %
1A 25 K AL T A TR

Maestro  File Edit Select Workspace Scripts View Window Help

Uk A -

Title PDB ID

B 1 Schrodinger R]ALALSTH

Import and Process Review and Modify | Refine | (Q\ (b)
\<J

rImport structure into Workspace |

FIE: Import H-bond assigoment

[V|Sample water orientations
Include: I:‘Diffraction data DBiological unit .

Import structure file:

-Preprocess the Workspace structure

Dﬁlig:n to! (@ 35elected entry FIE:
[7]Assign bond orders [#]Use CCD database
J\dd hydrogens I:‘Remove original hydrogens
[¥|Create zere-order bonds to metals
[“]Ereate disulfide bonds

I:‘Use crystal symmetry

I:‘Minimize hydrogens of altered species

@ Use FROFEA pH: 7.8 [[]Label pKaz

()VUse simplified rules pH: Yery low Low

[Interective Optimizer. .. ]

[[|Conwert selenomethionines to methionines

(c)

Conwerge heavy atoms to EMSD: |0.20 &
Hydrogens only
Force field: ’UP].S3 V“Customize. .. ]I:‘

Generate het states using Epik: pH: 7.8 +/- 2.8 —
Minimize
S

K2 EoRAENEESTE

[Z]Fill in missing side chains using Prime

. . .. . . Restrained minimization
[#]Fill in missing leeps using Prime

Dl:ap termini

[/|Delete waters beyond 5.00 |5 A from het groups
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2.2 S SUEMEDSFFEAM S0

SARFITCARAL B e HE 2, A — A b 20 R o SCER I S2 AR A P DR A AR T R
FONTH A (PR s SO, JEH TR T G, s 5 B SRR L (B 3 FTR), B
RIDIE: $THF “Receptor Grid Generation” & 111, f i 75 523G M Hh O T BCAR B BE E 30 A2 BN B 11 7
&1, FERWATLLEE “Receptor” Al “Site” 47 F TR Z MG ORI BT K/ANGLE; 0
RSB TR, 0T DA SR A R ) D B S J I 9k AR D JRE M R o 2 MR 1 T AR
R E K/, “Constraints” A] DLE 73 X0 32 1 A2 H R e 52 R -Fe Ak 2 18] i A B8/ E %%, “ Rotatable
Groups” HKE 2R R, v DL E 5 AR 70+ S8 AH B F 1 52 A ik 225 Dy ml i 2 22k ]
(B 3), “Excluded Volumes” & X FCAR 5> T XHHERIZEIX, &/ st Run %8058 7] LU A F T 259 k%
UL 7 16 TR £ ST A

() Receptor Grid Generation ‘ élﬂlﬂ

| Receptor | Site | Constraints I FRotatable Groups I Excluded ¥olumes |

rEnclozing box
The docked ligand is confined to the encleos

Center:
@ Centroid of Workspace ligand (selected in the Receptd™ tab)

() Centroid of zelected vesidues: Specify Residues. ..

i |-21.34 T |9.682 I |-7.41
Size:
@ Dock ligands =similar in size to the Yorkspace ligand

|
I
| () 5upplied X, 1,2 coordinates:
|

(1 Dock ligands with length <= 20 A

hdwanced Settings. .. \

|| Tob name: glide-grid_2 %~

Host=localhost (?2)

Ve

B3 5k OAR R R U RS 7 A

M PDB ¥4 B E #8244, AR5 Lk 22 A AR 2 ST 0 iR S TR 1 A2 R T 148
KNFIAE B, I A F B A 2RI S), B35 5 R 0 T S R S B A 5 A 3 T MRS o
2.3 FoARRYE R I R

IR RS S ARHEAT TARER, 2590 R U0 A% T X A AT A EE AN GE, O A 0 5 R —
HUH ZINC 45 PE (zine.docking.org) . ZINC ##s PE v &1 13 3500 J5 AT 8 SK AT A T 70 1 R4 1)
3D SR /N o, KR A2 I AR B R DA v 24 47 R 0L O G PR P AN e o LR A T A
R W uE R Ry N = (I 4 FoR): B4, W ADME (i ii-absorption. 73 Afi-distribution
R -metabolism. HEt-excretion) )i JEIRFE, ADME [t T W) 5)) 124 1) — e RRAIE, — SBiiik
Y TAEA MK FHE RS ML S 77, (HRIEAEBEIRE NI, oAm. R AHE
T RIHIR Z 45, a3 i R X — L, it IR SR E M (R A4 % @ ik ADME
BEATIEPE, AT DA RS U 2 SR AP ZE I 2, X — B FE Y Schrodinger [ QikProp B K 58
B HK, M Lipinski’s Rule of Five BJ S 25 115 N (4> F & /N T 500 1E /R0 SEEA A% H A8
s A AEERAEEBE AR 10 4 BRKOBCREE-2 B 5 2 (A AR s SE A 10 1)
PRt g IR, X — PR LR W AR AR I M 2590 20 T 35 v AR 24, AT 982 — e 4R 2R 24 4 7 11 F
s wJa, WEZIHE TG P(PAINS) T JERIAY, PAINS &8 5 Lek & )R I H K 135 2 1R
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FHPE, IXEEZ5W) 7 7RI BE TE A2 T B A AV T Z 8 R A PR AR, BRI
JRRAAZRE G W 00 B AR S AR T 1 A B B 5 S R R R A7 B M T 3 AR B A PR 45 2R
P REAEZY > T, ERENERE I R A T B 1 S AR BN PR LR, AT B B A2 A
WERANHEAT PAINS HIRLJE, X2 S WS AL PAINS H G 8 I Rie 2545y 1, iy 1748
X SR B PEAL S VIR B AR 2 I (B AN BT ST 8 353X — 2D LA B Schrodinger IR H R I g A & b
EVER BRI 259701

BRI || s®m2 )| s®ms3

e fEm| ]

B4 ZYaTHide

fEF e, wT Bk H Schrodinger ¥) Virtual Screening Workflow (VSW) 73 7l s T 1817
QikProp. Lipinski’s rule il Remove ligands with reactive functional groups fH KA L ADME. J5Z1E
FJE U AT PAINS 3 3
2.4 YRR iE

HE £ B S2 AR IS RO AR 7 T I BR R 2 5, sl LUdEAT 25 i) e Lo ke, 56— B
Schrodinger 1] VSW 31T 24551 1) ADME. Lipinski’s rule A1 PAINS &€, 2 —PffH VSW
PO =P iR AR HEAT Ak, BP HTVS. SP A1 XP, ML 2N HTVS Jiiide i B A, &F X 50k
LGP REHE, B el HTVS BT R B LTk, A5 R — & B 2 L HERZ SERT I 259 4
T, WEREATHT 20% M 25950 1, 1XFE HTVS G st 405 220 TAEE4E /N 17 80%: Hk, AT ik
(45 R IIRs v, P Glide 1) SP vHEARHUN A5 21 11 45 S G- AT bR FE 00 40 o0 ek, 3X — 50
S HARR S IR XA AR E A RE AL SRR X, O T AEREE R
BUR, AL LLRE AT 10% 0k 8, RS 7 R o s B

AGy,y = Clipo—lipozf (71:) + Chvond-neutneut Zg (Ar)h(Aa) + Chbond-neut—charged Zg (Ar)h(Aa)

+Chb0nd-charged-charged Z g (AV )h (A a) + Cmax-metal-ion Z f (rim) + Cmth rotb + Cpolar»phobl/polar»phob (1)

+C i Eon T CoawE g + solvation terms

X — 5 BT 43 77 IR FE T ChemScore AT #:1F2K, N T BEBE15 2 HORS 0 X 7 ik
5K, i Glide 19 XP vHEALHLBEAT SRS B I 259 ik, AR B SERE BREHE . 6 32 4R 4
SEWMREENAL . LR R RE =D FRIMERA T T — 205, HFIEE T 5%
et R, XA 7 min 2) Pl

XP GScore=E_ +E  +Eq +Epenalty 2)

XP GScore ] LABE4f M T &5 (AN 4y FIOVE I BE, ST RSB 25 1) ' A 5, (HR AR AR
FHSCHERIRIEDR, AHEE SP 40 F X 4%, XP fETHERE B BIRA R KIS, B2 — P52
VTR RS BE s N T BT SERE RO TR ik, Al Epik ARBRGT 5Z 44 RN BE AR 43 34T s AL, Epik 5
O Ak T w5 B R A R 42 45 AT Ab T, 3T B v KB AL IR e PR BE, BT A Docking Score #& XP Score
In b Bpik ARSI 0 Ti. )5, 7E XPGScore F2EAl F, 47 MM/GBSA MIRALHET, MM/GBSA
e — MR B R N FAVEYI R r (R MRS SR I Tk, BER BLIRAN XP
GScore ff]—S AN R 2 4b, BARKTHRE T % W(3):

AGbind =E [E )+Erecepmr(minimjzed)] (3)

complex(minimized) - ligand(minimized
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2t HARR S2aG R DU AR K IR 7 32 4R (c-Met) VE M HE s, BEMLAMEL ZINC B 7 _E~10
TN 0+, FHAERLN c-Met 324K 1) FDA #L#E 1) 254 73+ crizotinib (ZINC ID: 35902489)#% A F|
R R . B RSP IRIHAT AW R IR IE, R 1 RIERUN A TR R, MERF ]
PLAR B crizotinib ff) XP Gscore F1 Docking Score 45 R LA FE fG, 11 MM/GBSA 115 H 45 & B8 /2 B
UF [y, BRIk MM/GBSA REFE A 2 7 T E S5

R1 BAUMENGEREAL: kI-mol™)

ZINC ID Docking score XP GScore MM/GBSA
ZINC35902489 —39.560 —39.560 —365.405
ZINC04944393 —48.258 —48.325 —106.725
ZINC17086419 —48.325 —48.329 —105.119
ZINC06753004 —52.292 -54.216 —101.847
ZINC96117293 —49.894 =50.154 —93.809
ZINC67804008 —46.735 =50.175 —91.492

X E W AR TR, I AR BB 2 1A B R AR, ikt A A O L
EREATERAE, BB AN IRIAT 20 pR KRR 22 00, AT R 220 2L g 245 40 R AL 7 e F) SR TR L

3 4iE

Schrodinger$i it T 1R AU IO AT WAL B A5 LTI, 7 DLS 25 AR 78 K AR 3 ATV W (8 . 7EA
PSE i E R R AR R T 2 5, BT LU 2 A B M B B2 AR (A B P . 2544y ik A A |
EE R . BRSO . SRS R MIMM/GBSALE ;7 B AR Se it R eh, AT DALE 22 A e
FAAS TR T 43 0075 06 7 19 0] 8 SR PRI BA L, o 25 25 0% YR 20 B0 AR 245 400 K 00975 126 1 JE B A0 3%, 47
R 05 B B0 R B A R IR T 2 X

Z % X W
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