RASPD™ web server
Manual

RASPD”

RApid Screening with Physicochemical Descriptors + Machine
Learning

RASPD originally developed at Supercomputing Facility for Bioinformatics and
Computational Biology (SCFBio)! IIT Delhi and further development was continued at
Heidelberg Institute for Theoretical Studies (HITS)? as RASPD*.

RASPD* web server developed at Supercomputing Facility for Bioinformatics and
Computational Biology (SCFBio) IIT Delhi and the Standalone version of RASPD* was
developed at Heidelberg Institute for Theoretical Studies (HITS).
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RASPD* (RApid Screening with Physicochemical Descriptors + Machine Learning) is a
computationally fast protocol for identifying lead-like molecules based on predicted binding
free energy against a target protein with a 3D structure and a defined ligand binding pocket.
The RASPD™ web server provides 4 databases against which user can screen their target
protein.

The 4 databases are as follows:

Zinc Database: This database contains 10 million small molecules from ZINC15 database.

DrugBank: This database contains small molecules from DrugBank database of Version 5.1.8.
The total number of molecules are 8811.

FDA-Approved (DrugBank): This database contain only FDA (Food and Drug
Administration) approved drugs from DrugBank database of Version 5.1.8. The total number
of molecules are 3722.

BIMP: Bio-activity Informatics of Indian Medicinal Plants. It is a database of Indian medicinal
plants containing 316 small molecules.

Availability - http://scfbio-iitd.res.in/raspd+/index.php
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A help box is provided for each kind of job submission and required inputs. User can click on
@ icon to get detailed information instantly.

PDB Format:

The term PDB stands for Protein Data Bank. One can download a .pdb file from RCSB website
(https://www.rcsb.org/) or can generate from homology/ab-inito based tertiary structure protein
modeling tool. To submit a job in RASPD?, the .pdb file of protein must have one reference
ligand or 1 active site identifier. A PDB file may contain multiple ligands, therefore user can
select one reference ligand around which the binding energy will be calculated.

Here are shown the initial 3 residues of pdb file of PDBID 3QLM -



https://zinc15.docking.org/
https://go.drugbank.com/
https://go.drugbank.com/releases/latest#structures
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The format of reference ligand in protein file is shown below-
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A PDB file having active site info will look like-
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Job Submission
There are 3 methods in RASPD™ methodology-

Method 1: Virtual Screening:

This method estimates the binding affinity of a single protein ligand complex against one of
the 4 available databases on the web tool. To submit the job-

1. Click on Virtual Screening button (default method).

2. Click on Browse button to upload protein and specify reference ligand (or active site
identifier).

3. Out of 4 databases, select one database against which you want to screen your protein.
Default selected database is Zinc database.

4. Select machine learning method for binding energy calculation. User can select one
method or All methods for Binding Affinity at a time. (Default: All)

5. Specify your email id in text box to get a notification after the completion of the job.

(optional)
6. Now click on submit button to run your job.
° Virtual Screening  * ‘ ® 2
Virtual Screening
Complex (Protein with Active Site)* Select Method for Binding Energy Calculations*
Select Method @
e Browse OF | Input PDB ID. and press Enter Select All
i.::_BQ Input PDB Id. to fetch from Extremely Random Forest
Random Forest
Deep Neural Network o
Select Database @ k-Nearest Neighbours
e (@)Zinc Database DrugBank Linear Support Vector Regression
FDA-Approved: DrugBank BIMP (Indian Medicinal Epsilon Support Vector Regression
Plants) Linear Regression
L. v L. o’

* Fields are mandatory

e EMEGE IG O:to‘“a‘ e m m

Method 2: Customised dataset Screening:

User can screen protein against their own dataset (custom dataset). User can either upload a
.txt file or a .sdf file to create customised dataset. A .txt file should contain ligand information
in SMILES format one in each line. Text file should not contain more than 1000 SMILES in
.xt file and in .sdf file. A sample text file for SMILES is shown below-

CCC[C@RH] (C) [N+]1=c2c(c(cc([nH]2)C)C)C(=0) [NH+]1
CC[n+]1lc(c(c([nH]1)C)CNC(=0) [CERH]1CCC (=0O)N(C1l)CCC[NH+]1CCOCC1l)C
CclcesclC (=0) N1CCOc2c (cc (cc20C) c2c(necc(n2)C)C)Cl
Cclc2cceecc2oclC (=0) NICCN (CCl) Ceclececeec(cl) F
CC(=0)clcecc(sl)C(=0O)NC[CR@H]1Cc2cc(cc(c201)F)clceeenl
CC1=CC[C@H]2C[CR@H] ([CEH] ([NH+]C2=C1) N1ICCN(CC1l)C(=0)C)CN(C1CC1l)C(=0) [CEH]1lCCCO1l
clcec2c(cl) cleec(cclo2) /N=C/clcec (ccclO) Br

clcecec(ccl) [CRRH]1[CRRH] (C21C (=0) clcceceeclC2=0)C (=0) clccc (ccl) N (=0) =0
C=CCnlnc (nnl)NC(=0)clcccc(cl)F

CC1=C([CEH] ([n+]2c([nH]cn2)N1l)clccc(ccl)C(=0)0OC)C (=0)Nclccc(cecl)Cl
CCCS (=0) (=0)clncc(c(nl)C(=0)Nclccc(ccl)OC(F)F)Cl
Cclccc(c(cl)O[CRRH] (C)C(=0)NclceceeelC (=0)N1CCCCl)C

CC(C)COclcce (ccl)CN (Celeeneel) C(=0) /C=C/clccecec(cl) F

clcece (cel) SC1=CS (=0) (=0)CC1



To submit a customised database job,

Click on Customised Dataset Screening button.

Click on first Browse button to upload protein in .pdb format and specify reference
ligand (or active site identifier).

Click on second Browse button to upload customised dataset in .txt format.

Select the machine learning method for binding affinity calculation (default Select
All).

Specify your email id in text box to get a notification after the completion of the

job. (optional)

Now click on submit button to run your job.

| ® a Customized Dataset Screening | @ search ¢

Customized Dataset Screening

Complex (Protein with Active Site)* Select Method for Binding Energy Calculations*
Select Method @
Browse... folilsieeeces [select Al
Format: pdb
Extremely Random Forest
Random Forest
Upload SMILES® @ ©OR Upload SDF (Optional) @ Deep Neural|Network o
k-N t Neigh
Browse... No file selected earest Neighbours
Format: txt or sdf Linear Support Vector Regression
Epsilon Support Vector Regression
Linear Regression

V. \ V.

* Fields are mandatory

Enter E-mail Id. (Optional e m m

Method 3: Scaffold Search:

This option enable user to filter molecules from million/customised dataset having several
scaffolds/functional groups. If one needs to select an active scaffold from it, the SMILES codes
of this query active scaffold need to be supplied. User can either paste one scaffold in SMILE
format in given text box or can upload a .txt file having only one scaffold. Sample file is given

below-

Cl1=CC=CC=C1

If user only wants to search small molecule having the scaffold, then

Click on Scaffold Search button.

Either click on Browse button to upload .txt file having one scaffold in SMILE
format or paste (or type) scaffold in given text box

select one database against which you want to search. (Default Zinc Database)
Specify your email id in text box to get a notification after the completion of the
job. (optional)

Now click on Submit button to run your job.



Virtual Screening ¢} Customized Dataset Screening ¢} 0

o

2)

Enter SMILES (only one entry accepted)
|

If user wants to search small molecule having the scaffold and want to screen
target protein against search hit, then

1. Click on Scaffold Search button.

2. Either click on browse button to upload .txt file having one scaffold in SMILE
format or paste (or type) scaffold in given text box

3. select one database against which you want to search. (Default Zinc Database)

4. Click on browse button to upload protein in .pdb format and specify reference
ligand (or active site identifier).

5. Select machine learning method for binding energy calculation.

6. Specify your email id in text box to get a notification after the completion of the
job. (optional)

7. Now click on Submit button to run your job.

Virtual Screening ©) Customized Dataset Screening ] o

Enter SMILES (only one entry accepted)
|

'BMAv| [Select Method B 5

* Fields are mandato
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Results

Virtual Screening:

Virtual screening result of “all machine learning method” is shown below-

Results for Job ID :1634473825
Job type : Virtual Screening

Inputs & Selected options

Input complex: Complex.pdb This area contain
Reference Ligand: CR8 2 g .
Database Selected: DrugBank R =tails for the
Selected Method(s) for Binding Affinity Calculations: All Methods given JOBID

# Note: User can download each row by selecting the S.No. coloumn then clicking the Download link below.
Please save your data on your local machine. Your data will be deleted after 30 days from our server. Thisisthe hindingaffinity
value from different

Download machine learning methods

~ * .

S.No. SMILE-descriptor Drug ID| ERF | RF |DNN|KNN|SVR [ESVR| LR |-
1 [cC1=NC=C(COP(0)(0)=0)C(C=0)=C10 DB00114(-8.2|-8.2]|-9.3[-7.9[-8.7] -9.1 | -8.8
2 INC1=NC(=0)C2=C(NCC(CNC3=CC=C(C=C3)C(=0)N[C@@H](CCC(0)=0)C(0)=0)N2)N1 DB00116(-7.9|-8.0|-8.5|-7.1|-8.7 | -8.8 | -8.7
3 IN[C@@H](CC1=CNC=N1)C(0)=0 DB00117|-7.8-8.0[-8.2]-7.5|-8.9] -8.6 [ -8.9
k4 Ic[S+](CC[C@H](N)C([0-])=0)C[C@H]10[C@H]([C@H](0)[C@@H]10)N1C=NC2=C1N=CN=C2N|DB00118| -5.9 [ -5.8 [ -5.5| -7.1| -6.5| -5.0 | -6.6
s | lcc(=0)c(0)=0 DB00119|-6.4 |-6.4[-6.9(-6.2(-7.1|-6.4 | -7.1
6 | IN[C@@H)(CC1=CC=CC=C1)C(0)=0 DB00120[-6.0-6.1[-5.6]-7.3[-6.4]-5.0[-6.6
7 | [H)[C@]12CS[C@@H](CCCCC(0)=0)[C@@]1([H])NC(=0)N2 DB00121]-8.6[-9.0[-9.9]-8.5]-9.5]-10.3] -9.4

To download the whole result, check the serial number box and hit the “Download” button.
The result will be downloaded in .csv format. User can also download only selected result by
selecting individual serial number and then “Download” button. On clicking at Drug ID’s,
users are navigated to respective database for the detailed information of ligand.

2 2

SMILE-descriptor S.No. 4 SMILE-descriptor
IcC1=NC=C(COP(0)(0)=0)C(C=0)=C10 1] _/ ICC1=NC=C(COP(0)(0)=0)C(C=0)=C10
INC1=NC(=0)C2=C(NCC(CNC3=CC=C(C=C3)C(=0)N[C@@H](CCC(0)=0)C(0)=0)N ¥ INC1=NC(=0)C2=C(NCC(CNC3=CC=C(C=C3)C(=0)N[C@@H](CCC(0)=0)C(0)=0)
N[C@@H])(CC1=CNC=N1)C(0)=0 E IN[C@@H](CC1=CNC=N1)C(0)=0
Ic[S+](CC[C@H](N)C([0-])=0)C[C@H]10[C@H]([C@H](0)[C@@H]10)N1C=NC2=C (4 Ic[S+](CC[C@H](N)C([0-])=0)C[C@H]10[C@H]([C@H](0)[C@@H]10)N1C=NC2=
lcc(=0)c(0)=0 5 lcc(=0)c(0)=0
IN[C@@H](CC1=CC=CC=C1)C(0)=0 6 IN[C@@H)(CC1=CC=CC=C1)C(0)=0
[H][C@]12CS[C@@H](CCCCC(0)=0)[C@@]1([H])NC(=O)N2 zn [H)[C@]12CS[C@@H)(CCCCC(0)=0)[C@@]1([H])NC(=0)N2
[CIN+](C)(C)cCo s ICIN+](C)(C)CCO
INCCCc[C@M](N)C(0)=0 §n INCCCC[C@H](N)C(0)=0
IN[C@@H1(CCCNC(N)=N)C(0)=0 10 | [N[C@@H](CCCNC(N)=N)C(0)=0

File Home Insert Page layout Formulas Data Review View  Help
M A Ax ==E¢ senera
Umn
.Lf BIuU-M@E-¢-A- E=E= m-% 9
f
A B C 1] E F G H | J K

1 S.No. SMILE-descriptor DrugID ERF RF DNN KNN SVR ESVR R

2 1 CC1=NC=C(COP(0)(0)=0)C(C=0)=C10 0800114 8.2 -8.2 -9.3 7.9 -8.7 9.1 88
3 2 NC1=NC(=0)C2=C(NCC(CNC3=CC=C(C=C3)C(=0)N[C@@H)(CCC(0)=0)C| DBOO116 -79 -8 -85 71 -8.7 -88 -8.7
4 3 N[C@@H)(CC1=CNC=N1)C(0)=0 0800117 -7.8 -8 -8.2 7.5 -8.9 -8.6 -89
5 4 C[S+](CCIC@H](N)C([0-])=0)CICOH]10[COH]([C@H](0)[CO@H]10)N1 DBOO11S -5.9 5.8 -5.5 -71 6.5 -5 6.6
6 5 cc(=0)c(0)=0 DB00119 6.4 6.4 6.9 6.2 7.1 64 71
7 6 N[C@@H](CC1=CC=CC=C1)C(0)=0 DB00120 -6 -6.1 -5.6 7.3 -6.4 -5 6.6
8 7 H)icon. (0): DB00121 -8.6 -9 -9.9 -85 9.5 -10.3 9.4
9 8 C[N+](C)(C)cco DB00122 8.7 9.1 9.7 -9 9.7 -10.3 9.6
10 9 NCCCC[C@H)(N)C(0)=0 DB00123 -84 -8.6 9.6 -8 9.4 9.9 9.3
n 10 N[C@@H](CCCNC(N)=N)C(0)=0 DB00125 8.7 -8.9 9.5 -8 9.3 9.6 9.4
12 11 [H)[C@@)1(0C(=0)C(0)=C10)[c@@H](0)cO DB00126 -8.6 -8.9 9.2 -8.8 9.5 9.5 9.6
13 12 NCCCNCCCONCCON DB00127 -8.8 -9 -9.8 -10.4 -8.8 98 -9
4 13 N[C@@H)(cC(0)=0)c(0)=0 DB00128 72 -7.5 -7.5 6.7 -85 -7.5 -8.3
15 14 NCCC[C@H](N)C(0)=0 DB00129 7.5 7.3 -8.3 -8.7 -8 -8.3 -8.1
16 15 N[C@@H)(CCC(N)=0)C(0)=0 0800130 -89 -89 -10.1 -9 -9.7 -10.4 -9.7
17 16 NC1=C2N=CN([C oH)(C @H]30)CI DBO0131 -8.3 -8.5 -89 -8.6 9.2 93 9.1
18 17 €c\c=c/c\c=C¢/c\c=c/cceeccec(o)=0 0800132 -8.7 -8.8 -9.6 -8.3 -8.8 -9.6 -89
19 18 N[C@@H](cO)c(0)=0 DB00133 8.6 -8.8 -9.4 8.2 -8.9 9.5 -9
20 19 CSCC[C@H)(N)C(0)=0 DB00134 8.6 -8.8 9.9 -7.9 9.3 ~10.1 93

Virtual screening result of one machine learning method-



Job type : Virtual Screening

Inputs & Selected options
Input complex: Complex.pdb

Reference Ligand: CR8

Database Selected: FDA-Approved: DrugBank
Selected Method(s) for Binding Affinity Calculations: Extremely Random Forest

# Note: User can download each row by selecting the S.No. coloumn then clicking the Download link below.
Please save your data on your local machine. Your data will be deleted after 30 days from our server.

S.No. | SMILE-descriptor Drug ID ERF
1 lC=CCc1ccecc10C[C@H](0)CINH2+]C(C)C ZINC000000023 | -7.5
2 lcC[C@](C)(C[NH+](C)C)OC(=0)c1ccceel ZINC000000038 | -8.8
3 ICC[C@](C)(CN(C)C)OC(=0)c1ccececl ZINC000000038 -6.3
14 ICC(=0)0c1icccec1C(=0)0 ZINC000000053 -8.5
5 [NH3+]C[C@H](CC(=0)0)cicee(Cl)cct ZINC000000061 | -6.3
e C[C@@H](C[N+](C)(C)C)OC(=0)N ZINC000000083 | -6.1
|7§ IC[NH+](C)CCO[C@H](c1ceecel)clcec(Br)cct ZINC000000095 -8.2

Customised dataset screening:

Customised dataset screening result containing the predicted binding free energies of the query

molecules is shown below for “All methods” and for “one method”-

Results for Job ID :1635831462
Job type : Customized Dataset Screening

Inputs & Selected options
Input complex: Complex.pdd
Input smiles; Molecules. bt
Reference Ligand: 486
for Binding Affinity

2 Al Methods

® Note: User can downioad each row by selecting the S.No. coloumn then ciicking the Downioad link below,

Please save your data on your local machine. Your data will be deleted after 30 days from our server.

Results for Job ID :1635833476
Job type : Customized Dataset Screening

Inputs & Selected options.
Input complex: Complex.pdd.
Input smiles: Motecules. et
Reference Ligand: 486

2 Extremely Random Forest

@ Note: User can downioad each row by selecting the $.No, coloumn then clicking the Download link below.

Please save your data on your local machine. Your data will be deleted after 30 days from our server,

[Dowiosd ]

SNo. SMILE-descriptor [ERF| RF ® S.No! SMILE-descriptor ERF
a eCCICEEHIC) N+ 13 e2cle(ecl[MHIZICICIC(=ONNH+ 13 6.5|6.7] 66]-68]-57] 7.7 |57 |1 CCICE BH)(C) N+ ] =c2ele(cel[PHIZ)CICIC(=O)NH+ 1T 55
3 fecine 1 3 75[7.7] 67 |65 -63] 81 |62 [ JeCin+ Tclc(c{{nH12 )CICNC (=) G GH)1CCC( =O)N(C1)CCCINH+ 11CCOCETIC 75
B fecaecscac(=0)NacCOcaeecloc200)c2e(nee(n2)CICICE -5.0[5.0]-8.2|-68-73] 95 |73 [ eteeseac(=oynicc Joct o0
B T3] 78] 78] 67| 68] 91 68 E [eeTc2cccccaoe1C(=0)NICC(CCI)CeRCRee(e)F 5l
b < (=ONCICEBHIIC 7] 80 78| 68]-65] 9.1 67 [5 [ec{=0)cicecz11C(=ONCICBBHIICe2ec(cc(c20T Fieaceeent EX)
3 eC=CClCERICICE GHICEI(NH+ 1C2=CIINICCN(CCT)C=O)C)NICICCTIC( =0l CAHIICCCos_ |-7.8| 77| 7.8 | 73| 73] 01 [-69] 6 ICC1=CCICEHI2CICHBH)([CEHI([NH+1C2=C1)NICCN(CC1)C(=0)C)CN(CICCTIC(=0)[CEH]1CCCOT 78
r fe1cceae(en)etcee(ec102)/N=C/elce(cec10)Br 81|81 79]-68[72[ 9169 [T fracce2e(cl)ercec(cc1o2)/N=C/elcc(cec10)8r 8.1
3 Tecc(ec)COBHIICOBHICT R 75|50 80|69 71] 94 |69 F fiece(ce)(COBHIICOBHI(C2IC(=O)cl eceee1C2=0)C(=O)e1EcE(cE1)N(=0) =0 EE)
3 e=cenine(anINC(=O)erceee(en)F 6.6]6.8] -6.7| 65-55] -0 |55 P = CCninclniNC(=O) cece(cl)F 6
| [eci=CliCBRIn+ 12c({nHicn2 N D)elceclecTIC(=0)0CIC ] 77|:60] 74| 80|70 -86 |68 [0, Ca=ClCHHIL Jetece(cca)C(=0)0C) ] 77

Scaffold search result:

Scaffold search result without target protein contain SMILE descriptor which have query
scaffold and Drug Id of small molecules while Scaffold search result with target protein have
SMILE descriptor, Drug Id, and predicted binding energy values against target protein from

different machine learning methods.

Results for Job ID :1635744021
Job type : Scaffold Search
Inputs & Selected options

Input smiles: Scaffold,txt
Database Selected: DrugBank

® Note: User can download each row by selecting the 5.No. coloumn then clicking the Dowrioad link be
Please save your data on your local machine. Your data will be deleted after 30 days from our server.

[Eommioad ]

Results for Job ID :1635832082
Job type : Scaffold Search

Inputs & Selected options
Input complex: Complex.pdb.
Input smies: Scaffold.txt
Ugand: 486
Database Selected: DrugBank
‘Selected Method() for Binding Afinity Caiculations: ALL
@ Note: User can download each row by selecting the 5.No. coloumn then clicking the Downioad link beiow
Please save your data on your local machine. Your data will be deleted after 30 days from our server.

S.No. SMILE-descriptor Drug ID 1 S.No..
1 [COHH](CC1=CNCN1)C(0)=0 pgoon? | CIC® (CHCINH+ H(C)C)OC(=O)cIccecc ZINCOO0000000038
s el A
3 [ Ja({H))CCICe® J2([MD\C( [C2]12C) »C\CCI\CICHEH](O)CICOH](O)CI=C 0800136 F((-O)O‘lttt(ﬂc(-clo ZINCO00000000053
4 [H]C{=0)[CEH](NC(C)wO)[CHSH)(O)[CEM)(O) COM](0)O DB00I41 o (NH3+ JC{C@H)(CC(=0)0)c1¢ce(Cl)cel ZINCOO0000000061
5 [COBH](CS)C(0)=0 DBO01S1 KICGAM](CIN+J(C)(C)C)OC(=O)N ZINCOD0000000083
5 C\C=C/C\C=C/C\C=C/C\C=C/C\C=C/CCCC(0) =0 DB00159 6 N O
3 EC]-C(O)C((OW-C(CO]C i1 DBOO16S ; 7 KINH+J(C)CCIC 1 1
8 H})CC[CB@]2([H]) =C1\C[CHBH)(0)CCCL=C DB00169 B 0122
9 H)(O)[COH]10 DBO0I7Y B [CN(C)CCO[ Cd@H ) (ccec(Cl)ced Jedcecent ZINCOO00000001 22
10 1)[CEDN](C(C)C)C(O) = 800177 1o [CC(C)(C)[NH2+ JCI Cp &M ){0)COc1ceec2¢ 1CCC(=O)N2 ZINCO000000001 28




