
LigandCross: Shuffling Ligand Functionality
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Similar to Vertex’s BREED: J. Med. Chem. 47, 2768 (2004)



> Issue TIP/LigandSearch

> Issue TIP/SiteSimSearch

> Issue LigandCross

> Filter and locate results in KKB

> Dock and visualize results



Step 1: Find Co-complexes and Sites from Ligand-Structure-Search



Site: 1309707Site: 1309707

Step 2: Find Other Receptor Sites from Site-Similarity Search



Example Ligands Extracted from Similar Sites



Step 3: LigandCross – Mixing Ligand Features from Aligned Sites



Example LigandCross Results



Step 4: LigandCross Ligands with Reported Biological Activity



Step 5: LigandCross Ligands reDocked into s1309707 



>  Issue TIP/LigandSearch

>  Identify/Dock “AddedDiversity”

>  Issue TIP/SiteSimSearch

>  LigandCross w/AddedDiversity

Filt d l t lt i KKB>  Filter and locate results in KKB

>  Dock and visualize results



Example Potent Kinase Inhibitors (“Added Diversity”)



Potent Kinase Inhibitors Docked (s1309707)



LigandCross Examples using “Added Diversity” 

4343448 809 274343448_809_27:
CDK4: 6.80 CDK2: 5.63 CDK2: 6.12 CDC2: 5.58 CSK: 5.99 CDK5: 6.81 
CDK4: 6.80 CDK2: 5.63 CDK2: 6.12 CDC2: 5.58 CDK4: 6.80

4272835_2425813_23:
PTPN1: 4.24 PTPRA: 4.21

4363734_4291996_2:
RAF1: 9.00 MAPK1: 5.29 BRAF: 8.05 BRAF: 8.52

4208857_4208857_1:
FAK2: 8.22 KDR: 5.86 PDGFRB: 4.90 EGFR: 4.17 ERBB2: 5.23FAK2: 8.22 KDR: 5.86 PDGFRB: 4.90 EGFR: 4.17 ERBB2: 5.23

900_STI_1:
PDGFR: 8.00 PDGFR: 8.00 ABL: 6.10 PDGFRB: 8.00 PDGFR: 8.00 
ABL: 6.10

242 A96 5:242_A96_5:
LCK: 9.40

242_MUH_1:
LCK: 9.40 TEK: 7.68 KDR: 8.22 MAPK14: 9.00 JAK3: 6.81

242 MUH 2:242_MUH_2:
KDR: 8.40 TEK: 8.40 TEK: 8.40 KDR: 8.40 TEK: 8.40 KDR: 8.40

406_STI_1:
BCR_ABL: 8.40 BCR_ABL: 5.30 LYN: 8.06 ABL1: 8.07 ABL1: 8.40



Murcko Assemblies Found in Kinase Inhibitors

Murcko Assemblies: Contiguous ring systems plus chains that link two or more rings
"The Properties of Known Drugs. 1. Molecular Frameworks", Guy W. Bemis and Mark A. Murcko, J. Med. Chem. 1996, 39, 2887-2893. 



Positional Murcko Assemblies (parent inhibitors docked into s1309707)



LigandCross Results: Positional Murcko Assemblies
from docked Kinase inhibitors (s1309707)

Kinase Activity ????



LigandCross CAU/siteSimilar Ligands w/Docked BioActives

• Extract CAU/2RH1 Site (siteEID: 1276810) from TIP

• Issue siteSimilarity Search against siteEID: 1276810

• LibDock 20-30 Bioactive Molecules (beta1-adrenergic active+ CAU 
similar)

• LigandCross CAU and siteSimilar Ligands w/Docked BioActives



TIP/SiteSimilarity Search – siteEID: 1276810 (CAU/2RH1)





CAU (2RH1), P32 (2VT4), and TIM (3D4S)

CAU (2RH1) P32 (2VT4) 

TIM (3D4S)



Example beta1-adrenergic blocker and CAU similar











Example Docked LigandCross Result (siteEID: 1276810 )

CAU (2RH1-siteEID: 1276810) 396707_P32_20 (2RH1-siteEID: 1276810) 



Conclusions

• Significant receptor-site similarities exist within and 

across target families

• The structurally resolved and modelable proteome 

is a very rich source for new matter ideas

• LigandCross can be an effective approach to generating 

novel, bioactive matter using co-complexes, known

inhibitors, and/or fragment-based information.




