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WISDOM

BioinfoGRID

Random screening approach

First high throughput virtual screening approach on EGEE grid
500,000 compounds, 5+3 targets, 2 different software

1 TB of output

Several strategies for result analysis

Identification of three scaffolds, one is novel
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Strategies In result analysis

BioinfoGRID

Results based on Scoring

Ehe Edn jSew Teminad Go  Help
CTED MATCHES: 1lee hI.rdf -- 1ie

Results based on match information

Bl r -
Results based on consensus scoring §
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Results based on different parameter settings ”".

Results based on knowledge on binding site
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Filtering process

BioinfoGRID .
500, 000 chemical compounds

orting based on scoring in different parameter sets;
Consensus scoring

1000 compounds selected

Based on key interactions Catalaytic and

flap residues

500 compounds

Key interactions, binding
modes, descriptors,
knowledge of active site

100 compounds

50 compounds to be tested in experimental lab 26-10-2006, Geneva



Top 10 compounds by scoring in Parameter 1

BioinfoGRID
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Top scoring but poor binding mode
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[ 9. WISDOM-490502
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[ 10.wisDOM-495979 |

Top scoring, good binding mode, interactions

to key residues
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Compounds for MD - Thiourea compounds
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Compounds for MD - Thiourea compounds

BioinfoGRID

Terminal
Eile Edit View Terminal Tabs Help
|[No.|Lig. |Lig.|Ligand |Rec. |Rec.|Rec. |Rec. |Receptor |E|
| |Atom| ANo . | TA-Tyvpe | Atom |AA | Chain| AANo | IA-Type |
ottt ——— +————— o +————— +———— +
| 1|Ci19 | 24| phenyl_ring | CG |FHE | A | 120 |phenvl_center|
| 1|Cie | 21| phenyl_center| CD1 |ILE |A | 32 | ch3_phe |
| 1|Ccis | 21| phenyl_center| CE |MET | A | 15 | ch3_phe |
CH3 | 1|C9 | 13| phenyl_center| CG2 |VAL |A | 78 | ch3_phe |
| | 1|c1 | 1|phenyl_ring | CG |ITYR |A | 192 |phenyl_center|
o] | 1|C3 | 3lphenyl ring | CG |PHE |A | 294 |phenyl_ center|
CH3 | 1|C2 | 2 |phenyl_ring | CG |PHE |A | 294 |phenyl_ center|
| 1|C1 | 1llphenyl center| CE1 |PHE |A | 294 |phenyl _ring |
s} | 1|C1 | 1llphenyl_center| CG2 |VAL |A | 78 | ch3_phe |
| 1|Cc1 | 1l|phenyl_center| CEZ |TYR |A | 192 |phenyl_ring |
| 1|Cc1 | 1|phenyl_center| CD1 |ILE |A | 300 |ch3_phe |
HK 3 ] | 1|Cc1 | 1|phenyl_center| CGL |VAL A ch3_phe |
| 1|01 | 8|h_acc | N AL | A | 78 |h_don |
| 1|NL | 9| h_don | O | GLY A & O_acc |
i WH I 1|N2 | 12|h don | oD1 |
| 1| C20 | 25| phenyl_ring | CG | PH b », phenyl_ center|
| 1| Cle | 21| phenyl_center| CZ |PHE | A | 120 |phenyl_ring |
| 1|Ccis | 21| phenyl_center| CE1 |PHE |A | 120 |phenyl_ring |
| 1|Ccis | 21| phenyl_center| CG2 |THR |A | 114 | ch3_phe |
| 1|Cl6 | 21| phenvl _center| CZ |PHE |A | 111 |phenvl ring |
| i1jcie | 21| phenyl _center| CD1 |ILE |A | 123 | ch3 _phe |
| 1| N3 | 20|l h_acc | OG | SER | A | 79 |h_don |
| 1|C9 | 13 | phenyl_center| CD2 |TYR |A | 77 |phenyl_ring |
| 1|03 | 28| h_don | O | GLY | A | 216 |h_acc |
| 1|Cc1i4 | 18| phenyl_ring | CG | TYR |A | 77 | phenyl_center|
+———t -t ———————— — —— +——— +——— +——— +————————————— + [ ]
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Compounds for MD - Urea compounds

BioinfoGRID

Terminal
File Edit Wiew Terminal Tabs Help
|Ne.|Lig.|Lig. |Ligand |Rec. |Rec.|Rec. |Rec. |Receptor |
| |Atom| ANo . | TA-Type | Atom | AA | Chain| AANo |IA-Tvpe |
o +———— +————————— +————— +————————————— +
. - | 1| N4 | 21 | h_don |water | | | 120 |h_acc |
N Ote Dl pher]yl urea | 1|C18 | 25|phenyl_ring | CG |PHE |A | 204 |phenyl_center|
" | 1(C15 | 22 | phenyl_center| CE1 |PHE |A | 294 |phenvl_ring |
. | 1| C1l5 | 22 | phenyl_center| CG2 |VAL |A | 78 | ch3_phe |
| 1|Ccas | 11 | phenyl_center| C | THR | A | 217 |amide |
Col I Ipoun S are W I n | 1|ca | 11 | phenyl_center| C | GLY | A | 216 |amide |
| 1|ca | 11 | phenyl_center| CD1 |ILE |A | 32 | ch3_phe |
N | i|Cs | 11 | phenyl_center| CG2 |ILE |A | 32 | ch3_phe |
r%rner]t WI th | 1|C8 | 11| phenyvl_center| CE |MET | A | 15 |ch3_phe |
ag | 1101 | 9 h_acc | OG | SER | A | 79 |h_don |
| 1| N1 | 7| h_don | O | GLY | A | 216 |h_acc |
- | 1|c2 | 2| phenyl_ring | CG | TYR |A& | ¥V | phenvl_center|
I Iterature Wal ter R%d | 1jci | 1|phenvl_center| CD1 |ILE |A | 123 |ch3_phe I
| 1|C1 | 1| phenvl_center| CD2 |[TYR |A | 77 |lphenvl_ring |
| 1|Cl1 | 1|phenvl_ring | CG | TYR |A | 77 |Iphenvl_center|
| 1| N3 | 18| h_don | OD2 |ASP |A | 34 |h_acc |
COl I lpoun S | 1| N3 | 18| h_don | ST z < |
| 1| C15 | 22 | phenyl__centef ng |
| 1|Cl5 | 22 | phenyl_cente |
| 1| Ng | 21 | h_don | 2 |
| 1| C20 | 27 | phenyl_ring | CG I TYR |A | 192 |phenvl_center|
| 1|C15 | 22| phenyl center| CD1 |ILE |A | 300 |ch3 _phe |
+———t +——— +——— 4+ ————— +————— + [ =]
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Compounds for MD- Guanidino compounds

Note: Guanidino compounds are likely to be novel, so far, not
Identified as inhibitors for Plasmepsins.
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Compounds for MD - Guanidino compounds

BioinfoGRID
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Terminal
File Edit View Terminal Tabs Help
B et S P L +o——— +o—— +———— o +[+]
|No.|Lig.|Lig.|Ligand |Rec. |Rec.|Rec. |Rec. |Receptor |
| |Atom|ANo. | IA-Type |Atom |AA |Chain|AANo |IA-Type |
B et S P L +o——— +o—— +———— o +
| 1|N1 | 5lh_ace |water| | | 58 |h_don |
| 1IN7 | 19|h_acc |water| | | 39 |h_don |
| 1|N¥ | 19|phenyl_center| C |TYR |A | 77 |amide |
| 1]CY¥ | 13| amide | CG |TYR |A | 77 |phenyl_center|
| 1|C13 | 21|ch3_phe | CG |TYR |A | 192 |phenyl center|
| 1|N1 | 5|phenyl_center| CE1 |PHE |A | 294 |phenyl_ring |
| 1|N1 | 5|phenyl_center| CG2 |VAL |A | 78 |ch3_phe |
| 1|N1 | S|phenyl_center| CD1 |ILE |A | 300 |ch3_phe | . . . .
| 1|NL | 5|phenyl_center| CE2 |TYR |A | 102 |phenyl_ring | N . S f d ” d
| 1|N1 | 5|phenyl_center| CG1 |VAL |A | 78 |ch3_phe | Ote' atIS Ie a Crlterla! goo
| 1]C3 | 3|phenyl ring | CG |PHE |A | 294 |phenyl center| . . . .
1N | Sihden | 27 hace binding mode, interactions to
| 1|N3 | B8|h_don | | 1
| 1|N4 | 10|h_don | 34 |h_acc | ]
M| 24 hace ) | key residues, good score
| 1|N& | 10|h_don | 214 |h_ac | ! !
| 1|C12 | 20|phenyl_rin | phenyl_center| - .
| 1|N7 | lQIEhenzl_cen%erl CD2 |TYR |A | 77 Iphenzl_ring | approp”ate deSC”ptors.
| 1]01 | 14|h_acc | M AL |A | 78 |h_dom |
| 1IN6 | 12|h_don |GLY [A 36 |h_acc ||:|
B S +—m e +[#]
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Compounds from consensus scoring

BioinfoGRID
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BioinfoGRID

A B C D F G H 1 ] K L M M o P Q R =]
WISDOMJ:smiIes sCore Atomcoun Hing couly AccsitecolJonorsitec AJiphaticat Chaincour Fusedalipt Heteroaromaticringco PSA Aliphaticrir Aromaticyi LogP TotoalC Rotatabl
280991 clc[nH+]c -3B.763 34 0 2 B 10 10 1] 1 51.03 126.44 0 2 4.0 0.03 3
380406 clccc2eic -38.103 46 429.449 5 5 3 7 7 1] 2 58.8 132.62 0 5 4.65 -0.05 3
378548 Cclciccd2e  -39.747 51  441.506 5 5 2 8 8 1] 2 63.77 117.07 0 5 4.65 0.01 3
193748 clcecciccl -38.285 45  434.896 4 6 2 9 9 1] 1 55.61 103.43 0 4 6 -0.04 4
242452 clec(clcc]  -40.407 46 454.887 3 10 3 13 13 o 0 60.08 148.14 0 3 5.09 -0.04 5
313614 clec2cicc -38.034 40 388.46 3 4 4 10 10 o 0 55.76 112.3 0 3 4.95 -0.06 3
312057 clclcc2e(y -38B.412 37 382.41 3 6 4 13 10 o 0 58.45 130.76 1 2 3.64 -0.04 3
384677 COclcicc -39.681 54 480.974 4 7 3 12 12 o 0 61.04 111.55 0 4 5.89 0.04 5
310954 Cclecicic -38.2 44 4B7.756 2 9 3 16 16 o 0 58.74 140.3 0 2 6
243118 Ccleccc(ce  -37.174 50 403.498 3 5 3 11 11 o 0 55.78 102.32 0 3 4
382373 Ccleciccece  -37.633 51 430.51 5 4 3 7 7 o 2 62.63 113.39 0 5 3
385534 COclcicc -37.723 52 471.507 5 7 2 9 9 o 1 64.07 113.16 0 5 4
372757 clec(c(cc] -37.082 43 468.324 4 5 3 8 8 o 1 54.79 119.48 0 4 3
373697 Ccleciccic -40.574 47  466.898 4 9 2 11 11 o 1 65.01 145.07 0 4 4
373762 Cclciccece  -37.302 51 453.042 3 7 3 13 13 o 0 50.71 111.55 0 3 5
242449 Cclec2e(c  -38.131 50 446.48 4 8 2 11 11 o 1 65.29 145.07 0 4 4
402070 CCCCC(= -30.791 56 435.54 3 6 3 15 15 1] 0 48.55 111.55 0 3 7
475515 Celeiccee  -30.502 53 464.405 3 10 3 15 15 1] 0 64.69 157.37 0 3 6
404128 Celnincic -37.418 56 470.544 4 6 2 11 11 1] 1 61.98 117.34 0 4 6
326015 clecciccl -38.106 46 420.442 3 9 3 12 12 1] 0 56.00 148.14 0 3 5
320771 clecciccl -37.112 44 375.445 3 5 4 9 9 1] 0 47.32 116.31 0 3 4
386759 clecleice -39.937 49  443.479 4 8 3 11 11 1] 1 58.25 147.72 0 4 5
430276 clec(ce(c]  -37.045 44 382.364 3 6 4 10 10 1] 0 56.5 82.26 0 3 4
313546 Cclcioc2e -36.875 41  353.329 4 6 3 11 8 1] 1 53.43 101.83 1 3 3
109865 Cclciccce  -37.293 35 303.743 2 5 3 9 9 1] 0 42.06 70.23 0 2 3
416361 clclccclc] -36.661 35 398.239 3 8 3 10 10 1] 1 54.17 98.47 0 3 3
120595 cleclccclc: -36.37 35 333.726 3 7 3 11 8 1] 0 46.12 88.69 1 2 3
437779 clec(clcc] -36.029 32 415.613 2 5 3 9 9 1] 0 40.76 70.23 0 2 3
89351 C=C(clc(t -36.869 35 269.299 2 4 4 8 8 o 0 34.41 73.39 0 2 4
178145 clec(c(cic -36.123 31 325.15 2 7 3 9 9 o 1 42.32 83.12 0 2 3
170421 clelcc2e(y -35.821 34 300.27 3 7 3 10 7 o 1 42.59 101.58 1 2 3
178319 Cclccc(ce  -36.553 42 313.351 2 5 3 11 11 o 0 46.48 79.46 0 2 4
170305 CC(=0)cl -36.106 37| 315.209 2 7 3 11 11 o 0 44.29 B87.3 0 2 4
73001 CCliOCC -40.888 40 293.318 2 6 3 15 9 o 0 60.14 B88.69 1 1 4
81354 clec(ceic. -37.093 31 2090.705 2 6 3 8 8 o 1 38.26 83.12 0 2 3
315095 Cclc2c(ce  -43.098 55 472.923 4 8 3 12 12 o 1 61.19 100.19 0 4 5
462971 CCOclccl  -45.625 67 56B8.631 5 12 4 18 12 o 1 72.37 174.69 1 4 8
52023 Ccleccic2e  -44.035 47 340.41 3 5 5 10 10 o 1 54.28 104.53 0 3 2
261841 CclcZcecc 43.119 55 440.477 4 6 5 11 11 o 1 63.13 122.01 0 4 3
300822 CCCcllnt 41.736 56 434.468 4 9 4 20 10 o 0 53.43 115.02 2 2 4
305608 COC(=0)( -41.596 56 464.451 4 10 4 22 12 1] 0 62.03 141.32 2 2 5
302786 clecleicc -40.486 36 365.104 3 6 5 4 9 1] 1 50.21 104.78 0 3 2
316830 Cel[nH]e( -38.111 48 412.849 3 9 4 17 11 1] 0 53.20 105.79 1 2 3
306606 Cclncinc: -37.822 46 392.455 4 8 4 8 8 1] 1 54.30 117.95 0 4 2
17970 Cclncincl  -37.727 37 286.313 2 7 5 9 9 1] 2 44.02 117.42 0 2 3
261841 Cclclecec -43.119 55 440.477 4 6 5 11 11 1] 1 63.13 122.01 0 4 3
401148 Cecl[nH]ei -38.111 48 412.849 3 9 4 17 11 1] 0 53.290 105.79 1 2 3
409805 clcc(clcc: -39.53 36, 326.287 3 8 4 9 9 1] 1 48.85 138.57 0 3 3
30030 CCnlc(nc -18.408 43  306.385 4 2 2 5 5 1] 2 42.14 48.92 0 4 4 |
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Overall approach

BioinfoGRID

Cost effective
Data and knowledge sharing
Possibility of novel compound identification

Difficult to handle large volumes of data (Data management)
Electrostatic Solvation parameters (MD)

A work flow which continues on re-ranking

Manual interventions are required at each and every step
(Automation of the workflow)
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MOLECULAR DYNAMICS

MD calculations are computationally expensive
Several steps are involved

Output of each step serves as input for the subsequent
steps, so can be deployed on GRID (potential bottleneck:
WMS)

MM-PBSA method developed by Giulio Rastelli

This method is faster and well validated for free energy
calculations (10-15 mins per complex)

J.Med.Chem. 2005, 48, 4040-4048. Bernd Kuhn, Paul Gerber, Tanja Schulz-Gasch, Martin Stahl
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Re-ranking of 100 best hits by MD

RMS deviation between docking and MD orientation

é mﬂﬂﬂﬂﬂﬂﬂuﬂm Mlﬂlmﬂﬁﬂmwm mm m\Hﬂ Il IﬂHﬂu Emﬁ

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99

molecule N°
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Complete Workflow

BioinfoGRID

COMPOUND DATABASE (ZINC) PROTEIN TARGETS

DOCKING (FLEXX)

Docking conformation (input for MD)

Re-Ranking by AMBER (MM-PBSA)
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Perspectives and timescale

Fall 2006: re-ranking of WISDOM-I results using MD on
EGEE

Top 1% corresponding to 5000 compounds using 2 different MD
approaches

End of 2006: 100 best hits for in vitro testing

January 2007: Testing MD giving full flexibility to the protein
(A computationally intensive approach of MD)
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