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SARS-CoV-2 33 2019 4F 4RI 75 (COVID-19)1E t 736 Bl i s AL 3% . ZEARZRE T, %
PRAE AR 75 2 1) P ke S5 AR ) SARS-CoV-2 24K F B (Mpro) (N7l Hix. CEIRIE T
SARS-CoV-2Mpro [ iR 4E L 45 PDB ID: 6LU7, 6Y2F 25121, ZEAZfEh, 3T MolAICal
(https:/doi.org/10.1093/bib/bbaal61) SR | & FH B ELAR Z (8] R 41 % 2. 1E 3130 HEW)
M SR8 45 A5 A 1B IR A , Autodock Vina [1) Pearson I Spearman #H5¢ & £ (rp/rs) A 0.5259
A1 0.5421, SFF MolAlCal, 7£5 Autodock Vina #H [l E 4544 K, rp/rs 454 0.5335 Al
0.5489, X MolAICal Lt Autodock Vina EAG #E U (<5t 2 F<HEAZ e 17
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2. 1 TR R
1) MolAICal: https://molaical.github.io
K518 MolAICal: https://molaical.gitee.io

2) UCSF Chimera: https://www.cgl.ucsf.edu/chimera

2. 2 R ISCAF
1) All the necessary tutorial files are downloaded from:

https://gitee.com/molaical/tutorials/tree/master/0000-docking

3. BB

3.1 b Z AR A
1. T SBCRSEE 411 SARS-CoV-2 EHEHM S (PDBID: 6Y2F) “6y2f.pdb”: File>Open
(L 1D,


https://molaical.github.io/
https://molaical.gitee.io/
https://www.cgl.ucsf.edu/chimera
https://gitee.com/molaical/tutorials/tree/master/0000-docking
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") UCSF Chimera
Eiler Select Actions

Add Tool Icon...

Open...
Fetch by ID...

Restore Session...
Save Session C
Save Session As...

Save Image...
Save PDB...
Save Mol2...
Export Scene...
Publish...

Close Session
Quit

None

Presets

Control-o

Control-S

Control-q

Tools

ontrol-s

Save scene...

Named Selectio

Name current selections
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D Open File in Chimera

ecialtopic\
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001-AIGrow\
002-AIVS\

003-VS\
004-MMGBSA\
005-radiCal\
006-QSAR\
007-PMF\
008-vinardoScore\
009-SA_Ro5_Pains\
010-pkdEnergy\
011-similaritySearch\
013-fragmentSplit\
LICENSE

igand.pdb

Folder: |E: \workdr\MoIAI(hl\tutoml\tutonal\OOOO—dockng _|

000-quickStart\
0000-docking\

File name:|6y2f.pdt|

[ »
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File type: _all (quess type) —i

™ Keep dialog up after Open

| Open"Closel ﬂl

2. #fE#% Mpro SZAR I HARAE 44N “protein.pdb” HISCAF .

1. Select receptor

) UCSF Chimera
(e seiect

Chain
Chemistry
Residue

Sequence...

Atom Specifier...

By Attribute Value...
Zone...

Clear Selection
Invert (all models)

Select Al

Broaden
Narrow
Undo

Name Selection...
Named Selections

Invert (selected models) —

Selection Mode (rephce) »

Actions Presets Tools Fayorites Help

backbone
ions
ligand
main
markers
nucleic acid
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side chain/base
solvent

secondary structure » v
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2. Invert selected receptor

VRS an i 2 Firw o

4. Save receptor

!ileLeIm Actions  Presets Toc

7 Add .pdo suff £ none gven

3. Delete selected part
Open... Controlo
5 : Fetcn by ..
ain =
Chemistry L ctions | presets_Tools _Foortes _Help Restore Session...
Residue > Save Session Controks
Structure » :;1’:{“"“ e 4 save Session As... Controks
Sequence... Surface »|  show only Save Image...
Atom Specifier... Color » hide
By Attribute Value... Label »| backboneonly  * Save Mol2...
Zone... Focus sde chain/base > Export Scene...
Set Pivot Publsh...
Clear Selection stick |
4 Invert (all models) Inspect ball & stick Close Session
Invert (selected models) — Write List... sphere Quit Controkq
Select Al Write PDB... wie 4
Fie namd oroten oab
Selection Mode (rephce) » wire width % ﬁ
Broaden t o > Fi type: DR [p6b] —i
Narrow | nudcleotide objects >
i 2 e
Name Selection, T~ Save deplayed atoms only
S I Save selected atoms only
Named Selections ¥ Use untransformed coordinates
Large-structure srel rumberng: hybrid36 —
2341 atoms, 2394 bonds [ © &l
=

Haww folder,

=

HE XM UCSF Chimera J1%2 R FIR P EREHEAN
XA “6y2fpdb” (B3 s UCSF Chimera A “File>Close Session” %] FERESE
MEO, BEHFNEEGy2fpdb BT ILAEHERHCA I HORAE 44 “ligand.pdb”



1. Select ligand 2, Invert selected ligand 4. Save ligand

i ———
DjUcScimen File  Select Actions Presets To
| File | Select | Actions Presets Tools Fayorites Help
3. Delete selected part s
Chain = Fetch by ID...
Chemistry » UCSF Chimera b
i Restore Session...
Structure > Save Sess
‘Atoms/Bonds Save Session As... ControkS
Sequence... all nonstandard Chain s oo S show
Atom Specfer... DMS chembtry N Suface  »| showonl %
By Attrbute Value... HOH Residue % e | hide Save PDB...
»
Zone... Structure e SN zinone ol ::Z ::\:e"e
Clear Selection standard armino acds Sequence:. o e b Pubish..
Invert (al models) ALA Atom Specifier... Set Pivot stick m 0 -
Invert (selected models) — ARG By Attribute Value... e bal & stick Close Session fagmentspiy
Select Al ASN Zone... P héte y Quit Controkq
Selection Mode (rephce) »| AsP ire =
Clear Selection Write PDB w Fie name figand.odb
Broaden cys Invert (al models wire width »  Add_pdb sufft f none gven
Narrow 1 GLN Tivert (sslected model)- = fings » Fie type:_p08 [pab]) —i | Heuw foler..|
Undo A GLU Select Al nucleotide objects » L K rmm_
GLY modek
Name Selection... IS Selection Mode (reph(e) L
Named Selections Broaden say only
— L Narrow
2 Undo - .
LYS i pumBerng: hybrd35 —
MET Name Selection... - i
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3.2 ¥ AN AR BN PQBQT #ak

1. M cd Ay V)#E] protein.pdb FTEMISCAESE, FEA LU fr & 3R HUS2 4K 1) PDBQT #%
Gaw

#> MolAlCal-xxx\molaical.exe -dock receptor -i protein.pdb

EE: MolAlCal-xxx & & F#H MolAlCal MR A H 3% .
B AR AN “protein.pdbqt” (S, %S B A K “protein.pdbAH [F] T T 4% 44 FK

2. fEHIBAT dir & 3R EUAC A4 ) PDBQT #% 2X:
#> MolAlCal-xxx\molaical.exe -dock ligand -i ligand.pdb

RSN “ligand.pdbqt” 304, Z XA HA S5“ligand.pdb” #H [F] R AT 28 42 FK

VER: MR & e B aim, R ECR SRR T, MolAICal #4 7 e AN 2 A ikt B e i
ft) PDBQT 3¢, FI/ AT LA UCSF Chimera TN, k48 ] MolAICal H ¥y 4>, 4
T 7248 1.mol2 S B el 5 SIS 44):
#> molaical.exe -tool format -i E:/1.mol2 -0 E:/1.pdbqt

3.3 KRBTSR P ORKE
1. fKIRFTIF protein.pdb Fl ligand.pdb.  #AJ5FTH Chimera [1)“fy217":
Favorites>Command Line (JLFE 4),



) UCSF Chimera
File 5Select Actions Presets Tools _

Model Panel
Side View
Sequence
Reply Log

Add to Favorites/ Toolbar...

Preferences...

Command:jmeasure center #1 mark true
Activermodels: W 0 W1 W2 [ 21 411 5

Kl 4

2. HAEECAREIHBUF A . R E AR E e, el N T “Activemodels0”. 55 —ANT
FFXT N T “Activemodels 17, kI (LK 5., HiXHE, BAERZE-NTIFH (“Active
models 1) L N ar MA@ 21T (LK 5):

define centroid mass false #1

I4% “Enter” #. A5, WKEEHE S PRF T, ERRREAR U0 (x,y, 2)
N (10.879, -0.251, 20.754)

=
File Select

Actions Presets Tools Favorites Help ) Structure Meas:

urements

Distances | Angles/ Torsions | Adjust Torsions | Axes/Planes/Centroids

Define axes... | Define plne... | Define centroj

2. selected if not show centroid, try to
click it.

3. All selected

Choosing in table...
IV selects object IV selects atoms |
elete | Renarme
4 Cl\‘Ck < Reuurt distance [fo selected atoms
/ Center and hun chosen axis or plane normal along X —
1. put command
Distance from 43 atoms to centroid name, ID, center: centroid: cl [ 10.879, -0.251, 20.754)| min: 1.1 (#1 06K 502.A 037), mean: 4.8, max:

Command: [define centroid mass false #1 —
Active models: !’ 0V -‘ deeﬁ Eﬂqéléncés I 9 [T Al Next|Previous in I
Control "missing segments” pseudobonds with Pseudobond Panel (in |43 atoms, 1 surf| [ @ £l

K s

3. @i UCSF Chimera #ffi 5 #E K/ NFIFL

& T T A: Tools>Surface/Binding Analysis>Autodock Vina
G TR IEFIEMNZAE (b 44 “proteinpdb”™ FELAA (tbibr 4 H
“ligand.pdb”) (ZILE 6). H FiRHCAAKR “10.879, -0.251, 20.754” NHOAHEN



(L 6), HP T AZAN, BRI AR .

1. Open box tool 2. Put the center and length sizes to check the box
©) UCSF Chimera

File Select Actions Presets| Tools |Favorites Help

General Controk
Viewing Controls
Depiction

3
&
»

Structure Analysi , Output fle: Browse
v .
13

Structure Comparison Receptor| protein.pdb (#0) —

Sequence

Suface/Bnding Anahyss \"‘7\ Ugand: igand.db (#1) —

Structure Editing »|  FindHBond
P »|  Find Clashes/Contacts | WReceptor search volume options

MD/Ensemble Analysis * E‘Ef‘t’“imtg 5:{‘;’(“; ":“l“”“g \ I™ Resize search volume using__button 2 —
Higher-Order Structure * Lo e B

e foved + APES ! 3 Cente¢[10.879 [0.251 [20.754

Deao Surface Capping W asy, bt - size:[20 20 J2d

»
Movement »|  Surface Zone
T < ViewDock P Receptor options
Dock Prep A L1 P Ligand options
> {
AutoDock Ving T\ » Acvanced options
y|  Measure Volume and Area )
Measure and Color Blobs }
Intersurf no output fiie selected

Suiet ' [oc] #ori] cose| o]

DelPhiController

Additional Tools

Commend Line »Executable location

Command: [define centroid mass fakse #1 . L Command: |define centroid mass false #1 hi
Active models: FF 0 1 72 [0 ¢ € 9 T A Nex| prevous ] 4t mogess Fo P im2F3FsFsSF6F7 Fe o Al wext | previous |

E-L Hod

K6

ER: HPATLLAJiE “Resize search volume using button 1, 2 or 37, %4l 1. 2 8% 3 R As
At e AR . R BRI Th RS, AT DB BRAR T AE RN . I R AR
B, ARAT PRI IX AN T RE

4 ARV B 44 Y “confixt”, & HIHC B SO AT LS A

out = all.pdbgt

cpu=4

receptor = protein.pdbgt
center_x =10.879
center_y = -0.251
center_z = 20.754
size x=20

size_y =20

size_z=20

num_modes =3

Hr “out ¥t b4 . “cpu”ZfEH CPU [#E . “receptor X Z AL K.
“num_modes” &£ B M R AIEE . W “num _modes™ A 3, EURFAE R 3 NMACAR AR FR 4k
o

3.4 MolAICal {5 Fxi#

1. BLAE MolAICal L H ¥ MolAICalD F 524 S EC A ) 73 7 %o Bz
#> MolAlICal-xxx\molaicald --config conf.txt --ligand ligand.pdbqt

ER: MolAlCal-xxx &% T % MolAlICal AT H 3% .



EREERT, BETFERSREE, XHMBTELSXNRREA TUBERTHIELE
o] 81T % Riz T MolAlCal #; H 51E#) random seed SRSEIERIFAINT LR, X random
seed ] M —20 FSRIXPMEE 2 (9 F XS 1E S REHUIFE (L 7).

Feading input ... done.
3 dore.
dore.
=ing 1
Ferforml
B
|_

S ) e o
done.

mode affini T dist from best mode

Writing output ... done.

7
B, KFEFEHF, AP ARIEHAY randomseed: 555767984 SkER AR, HWATEH
e <
#> MolAlCal-xxx\molaicald --config conf.txt --ligand ligand.pdbqt --seed 555767984

2. WA TR A Ay T

#> MolAlCal-xxx\molaical.exe -tool pdbqt -1 all.pdbqt -o ./

BN TR 4N 1pdbgt. 2.pdbgt 5% 3.pdbqt 5. “1.pdbqt”™ & 45 A 515 F 7 B i 11 6 44
R, DAMEHE,

F P LA E @ Pymol #4475 1.pdbgt. 2.pdbgt BX 3.pdbqt. 7EiX H, UCSF Chimera
HTHAas R, ©fEE @t MolAICal A BL T iy 2 4“pdbqt % At N “pdbi% .-

) s GETD
#> MolAlCal-xxx\molaical.exe -dock addh -i 1.pdbqt

2) /{&“pdbqt”ﬁiiﬂﬁy\j“pd ”%ﬁ
#> MolAlCal-xxx\molaical.exe -dock pdbqt2pdb -i 1.pdbqt

AT AFEAZFE T 2.pdbgt 1 3.pdbqt {8 FHAHE 720 BAE, FTIF UCSF Chimera
I 0 protein.pdb. 1.pdb. 2.pdb 1 3.pdb:

3) M arLLEd Favorites>Model Panel 75 FTA 4 1IN i 8 B on sl e 7 (L 8)



xxxxx

Model Panel =
y Z‘de V‘e‘:L ID| ActivefShown‘Name activate &

SZMEZe " o & 0 1.pdb activate al
= g i 1 m| protein.pdb = =

! Reply Log 2 | O 2.pdb
Add to Favorites/Toolbar... 3 | [T 3.pdb
Preferences... 4 M| ligand.pdb

h N

Show or hide molecule

@« favorites  al

Configure... MHLIDJ

Command: |define centroid mass false #1
Active models: V0 M1 W2 VW3 W4l 501607 8T 9 Al Next|Previous

K8

VR W PR B A RS R AR I AR AR, P AT DL AE protein.pdb -
WA

ZRER“Lpdd" BN EMREREAEES, M 3.pdd”5FRBREFHUNESIS .
XMERMOI D T I FEIL (WEFE MM/GBSA:  https://molaical.gitee.io/tutorial.html) ,
MM/GBSA #F2M % R B RIRIAEA N3 49 Andricioaei & 2-84.70646297459386
(keal/mol), XFRAARIGECIA N3 7£ SARS-CoV-2 Mpro ) AR EZARTREM .
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MAREEEFIN. RIOBABD FRETNZE, BOMXGENAYZ BNEREE
1’Eﬂ§ JUZEZXNHIE.

1) 1RI& X4 “protein.pdb” F1“l.pdb”E ZfN&E . # UCSF Chimera F9E—& O H$TH
“protein.pdb”F1“1.pdb”, FRIFFTF“Tools-> Surface/Binding Analysis=>FindHBond” (JL& 9).
RERE I NWEE, TRSEBEFTEASHBOZIERZENROBEEER. (Es.,\\\ﬁ
Tools=>Surface/Binding Analysis, & B R1R L IhRE, AT Mk FE B ENIIEE#HITEIR,
KBHETZESRANSBEEER. )

() UCSF Chimera

File Select Actions Presets Tools Favorites Help

) H-Bond Parameters = O X
. General Controls »
el Find these bonds: Viewing Controls »
: 1. Depiction >
Line width:ll.o " intra-model Structure Analysis 4
i »
™ Label H-bond with distance " both SHUCEES Comparkon

Sequence »

[V Relax H-bond constraints Surface/Binding Analysis

FindHBond

0.4  angstroms Structure Editing
Relax constraints by: Find Clashes/Contacts
degrees Amber

>
>

MD/Ensemble Analysis » Electrostatic Surface Coloring

I~ Color H-bonds not meeting precise criteria differently: !} Higher-Order Structure »| ~ Coulombic Surface Coloring

>

»

’

>

Volume Data APBS
I” Restrict to models... Demos Surface Capping
[~ Only find H-bonds  with at least one end selected — | Movement SAktdCce Zope
Utilities ViewDock
[V Include intra-molecule H-bonds Dock Prep

N 2 '
v Include intra-residue H-bonds Additional Tools AutoDock Vina

I~ If endpoint atom hidden, show endpoint residue Command Line
[ Retain currently displayed H-bonds

I~ Write information to file

[~ Write information to reply log 2

Closel Help|

» Measure Volume and Area
Measure and Color Blobs
Intersurf
Surfnet
DelPhiController

B9

2) AT B TFRAMZAEMBERENEEER XEELRBXEEHEEANEAEEX
4, 1ZIRE 10 #78H8R%E, BSER— 1R A hbond.info” X4, EEETEREFMMME ZE
BRENSEHELER:

#0 SER 144.A0G #1 O6K 502.A 048 no hydrogen 2.817 N/A
#0 CYS 145.ASG  #1 O6K 502.A 048 no hydrogen 3.160 N/A
#0 GLU 166.AN  #1 O6K 502.A 037 no hydrogen 2.933 N/A



) UCSF Chimera

File Select Actions Presets Tools Favorites Help

) H-Bond Parameters

H-bond color: I_\

Find these bonds:

1. /1% inter-model

Line width:|1.0 " intra-model
Residue ? [~ Label H-bond with distance " both
f v Relax H-bond constraints

0.4 angstroms

Relax constraints by:
20.0 degrees

[~ Color H-bonds not meeting precise criteria differently: .

™ Restrict to models...
" Only find H-bonds with at least one end selected — l

v Include intra-molecule H-bonds

¥ Include intra-residue H-bonds

I If endpoint atom hidden, show endpoint residue
[~ Retain currently displayed H-bonds

|l7 Write information to file I 2)

[~ Write information to reply log 3.

Close | Help

» T Wl
B 10

3) EFEAE X “hbond.info” Y ZATL E(AHIZT 12 SER144, CYSI145 F1 GLU166), ¥
ZIRE 11 TR, RERSEREERSIERENSRIERAE.

1. Show receptor sequence 3. Select stick for residues

) UCSF Chimera ICSF Chimera

File Select Actions Presets Tools Favorites Help Select Actions Presets Tools Favorites Help

4. Show stick

UCSF Chimera

Model Panel / Select 'Actions | Presets Tools Favorites Help

Side View Ribbon > show 4

Command Line Surface > show only

Reply Log Label > backbone only 4 Surface > show only
T side chain/base  * Color »|  hide

Add to Favorites/ Toobar... . Label > backbone only »
Set Pivot J abel

Preferences... side chain/base  *

{ o all & stick
©) chain A: 3C-like proteinase 2. Select the residues in hbond.info

File Edit Structure Headers Numberings Tree Info Preferences
protein.pdb (#0) chainA 1 SGFRKMAFPSGKVEGCMYQVTCIGTT
protein.pdb (#0) chainA 51 NPNYEDLL | RKSNHNF
protein.pdb (#0) chain A 101 YKFVR IQPGQTFSVL
protein.pdb (#0) chain A 151 N IDYDCVSFCYMHH
prote

LDDVVYCPRHV I CTSEDML
QAGNVQLRV IGHSMQN VDTANPKTPK
YNGSPSGVYQCAMRPNFT | KGSF LN( SVGF
PTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTI
in.pdb (#0) chain A 201 TVNVLAWLYAAV I NGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVD I L

5. Final display results
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MRAABRELRLERESNER, TUIZRERE 12 9%, ABETRLSEHLERAN
PTE R #ar &k “displayResult.png”, HRAAFTUREEEFT KEFSEMNETEL,
Eb a0 T] 3% 3% hydrophobicity surface 183,

HEE: EOWERMBEEAR, RIZEEHFEENETER, RASAVMRERER, KE
Ky stick BRI SIE K

1. Show interactive

2. Select Publication mode

Select Actions Presets Tools Favorites Help
DYUCSFChimera e —

File Select Actions Tools Favorites Help Interactive 1 (ribbons) |
r s Ses Interactive 2 (all atoms)
Interactive 1 (ribbons) Interactive 3 (hydrophobicity surface)

Interactive 2 (all atoms)
Interactive 3 (hydrophobicity surface)

Publication 1 (sihouette, rounded ribbon)
Publication 2 (sihouette, licorice)
Publication 3 (depth-cued, rounded ribbon)
Publication 4 (depth-cued, licorice)
Publication 5 (flat ribbon)

Publication 1 (sihouette, rounded ribbon)
Publication 2 (sihouette, licorice

Publication 3 (depth-cued, rounded ribbon)

Add Custom Presets...

3. Save ima
) UCSF Chimera

Select Actions Presets Too

Open... Control-o
Fetch by ID...

Restore Session...

Save Session Control-s
Save Session As... Control-S

Save PDB...
Save Mol2...
Export Scene...
Publish...

~
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