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Fragment-based drug design has emerged Overview: MED-SuMo, a very powerful target-based drug design software, In this work, we've applied the protocol to generate The hybidisation of the phenylamide scaffold had been done with the MED-Hybridiser protocol, i.e. a Med-SuMo protocol with a strong focus on
in the last decade. This exciting field has makes possible to compare any interaction surface against the full Protein kinase's DFG-out ligand. We've selected a VEGFR-2 the portions of ligands (MED-portions): two ligands can have a rather different environment as a whole but share common portions with a highly
been recently reviewed [1]. Obtaining Data Bank in few minutes. Independent from the notion of protein sequence DFG-out structure (20h4) and we've kept the conserved protein’s environment (like the hinge neighborhood in Fig. 1.).

structural information on the fragment or fold, MED-SuMo detects and compares biochemical functions on protein phenylamide moiety of its GIG ligand as a scaffold to ; : : : : L : : : :

complexed to the protein target is a key surfaces such as H-Bonds, Charges, Hydrophobic and Aromatic groups. In optimize with attachments. <<m.<m .c.mmn_ d _u:m:«.\_mB_n_m molety as a starting scaffold to c._m.m the .ﬁ:m lead optimisation towards U_um..oc.ﬁ __.@m:n_m. It is an interesting case study
factor and also a major limitation. order to rapidly browse hundred of hits, the MED-SuMo scoring function takes | | | | as _J:._c_ﬁoﬁm\ ﬁmamﬁi@ the DFG-out noano:jm.ﬁ_o.: may .@.A_,___u_.ﬁ a higher selectivity and less .noB_um.n_ﬂ_os é_ﬁ_)_ ATP, as exemplified by the drug
Therefore, computational methods are into account biochemical functions and shape overlaps. j,_m. database of PDB __@m:n_m.\ IS m_cm:mn_ with the 9 u, imatinib. We've obtained a set of 1129 MED-portions positioned in sub-parts of the VEGFR-2 binding site (F/g.6).

needed to mine efficiently all the available The core MED-SuMo algorithm is based on the representation of ﬁm_um\ _ﬂo_,_\_gmgn_m.mm_m_wﬂmvm:o,m\,_\ﬁ:m_:QMWWme:m &ﬂﬁmmﬂwm.mmﬁ_)__w We've characterized the hybrids (duplicates are filtered) by Molecular weight (average and standard deviation) at each iteration (step). The

3D structures of ligands complexed to
proteins, both treated as a whole or best as
smaller fragments to increase the likelihood

hybrids are growing at each step, lead-likeness (rule of three) is decreasing quickly as the optimization proceeds and the drug-likeness (rule of 5)

environment is defined as the environment at 4.5 A
- _ | - is higher than 60% within the hybrids (F/g./).

where is potentially interacting with the ligand.

macromolecular structures using a set of Surface Chemical Functional groups
(SCF). The functional groups are grouped into triplets, which are considered

of fragment hopping from one target to as the minimal unit for a biological function. The triplets form a graph which Triplets of SCFs are set to the highest n_cm__w< To assess the diversity and potential affinity to protein kinases of the hybrids, we've analyzed the results in terms of unique scaffolds. We've
another. can be qmmﬁmn_ _uoém:nc__«\ and quickly Em:xm. to the m_a_u._,_ ﬂ_.)_moJ\. The ﬂmm.c_ﬁ of m<m__.mc_m in MED-SuMo (maximum edge = 20 A, found 3585 unique scaffold (average MW =394). 50 scaffolds are found in the PDB and 298 in PubChem (Fig.8.). 25 scaffolds are found in the
comparisons consists of several matching sites. Each site is a set of pairs of maximum sum of edges = 60 A) active molecules of the protein kinases biossays, 3 of them are not found in the PDB.
. \ _ matching functional groups (MED-SuMo Surface Chemical Features). B
Mﬂmﬁ__\,_«_m ,mmm_? %ﬂwm %M : kmm_wm_,\_omm_wmm% - STOPE |v | The scaffold phenylamide is shown in Fg.4, both in e —— 1000000 e * %Leadlike e0s
Chemical Functions surrounding fragments Advantages: e g < e ,_ s 2D a nd 3D. .Em atomic 3D coordinates are the same o AEld
of PDB ligands. seeking similarities with the : as in 2oh4. We've kept the only 2 possible positions 100000 S IT0 — 500
. m nds, seexing P db e The Whole PDB is browsed: hundreds for attachment (as found in GIG): para of the phenyl 10000 = 471 i R P
Inase of Interest (.e. Vegfr DFGout, P of protein kinases are hit in this ring and to the C of the amide group. —&—Nb Molecule K 3 v
code 20h4, ligand code GIG) and collecting work. = Nb Molecule (after 2D removal)| 1000 - 00| 1 erage M
a library of 1129 unique* fragments The results of the query towards the whole PDB are Nb Unique scaffold o " -
positioned in the vegfr's active site and e Others ATP binding proteins are hit, hundreds of hits aligned to the query. Hits are g0
annotated with the counts of contacts and e.g. a synthetase/amidase (F/g.1) analyzed, sorted and clean of false positives by a 10 1o 16:0% 100
h-bonds. and are therefore amenable to drug clustering according to the signature (Figure below) 4 4 09% ] g Dom ] o ol ¢ bt g
: n_mm_D_J <<_._”_)__3 _/\_m_UnmC_(_O. _UC_U__ﬁmﬁm _l_@msn_m _3 N_U are _Am_u—” 03_< :... ._”_)_m«\ n__._n_nm_\ _U< step1 step2 step3 step4 stepd
Fragments can be used to design novel : : armsd > 0.25A.
ligand scaffolds (lead generation) or to * One or more 3D alignments of a hit . 0y ,
optimize attachments on a fixed scaffold protein to the query are S_mm: Into Hybridisation of such a large number of aligned s s
(lead optimization). Here we present the account for a precise local alignment ligand from the PDB had been forecasted recently [3] = i
optimization of a substructure (i.e. Q.. Q 2) and we did an attempt with MED-SuMo in this work. . o S
phenylamide) of the GIG ligand to find 0 10—
others DFGout ligands. M D e
|_|_)_m WU _)_<_U—\_ﬁ__mm.—”_03 _3 m _.—nm_\m.—”_o_\_m O._... .—”_)_m In in FupLhem n :nm_mm_: not in in Prot kinase pubchem bioassays _:Pﬂr_:mmm_ﬂﬁﬂ:_umm;mgammmmwmm__:_

phenylamide moiety with 1129 fragments
suggested by our MED-Hybridiser protocol
leads to 22824 molecules. In this list, we
identified 3585 different scaffolds, 298 are Prgft mom
in PubChem, 46 in the PDB attesting of the St mom s
diversity and quality of those generated
molecules. 25 are marked as active on
protein kinase in PubChem bioassay.

Conclusion

Based on the detection of similar 3D interactions between proteins and fragments into the PDB, our MED-
Hybridiser protocol is able to generate hybrids which are likely to be DFG-out ligands. Hybrids are diverse:

1% (50/3585) of the generated scaffolds are found within the PDB. 50 scaffolds are found within the active
molecules from the protein kinase Pubchem bioassays, 3 of them are new compare to the PDB.
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