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Fragm
ent-based drug design has em

erged 
in the last decade. T

his exciting field has 
been 

recently 
review

ed
 
[1]. 

O
btaining 

structural 
inform

ation 
on 

the 
fragm

ent 
com

plexed to the protein target is a key 
factor 

and 
also 

a 
m
ajor 

lim
itation. 

Therefore, 
com

putational 
m
ethods 

are 
needed to m

ine efficiently all the available 
3D

 
structures 

of 
ligands 

com
plexed 

to 
proteins, both treated as a w

hole or best as 
sm

aller fragm
ents to increase the likelihood 

of 
fragm

ent 
hopping 

from
 
one 

target 
to 

another. 

In this w
ork, w

e’ve used M
ED

-SuM
o [2] to 

query 
and 

m
ine 

the 
Protein’s 

Surface 
C
hem

ical Functions surrounding fragm
ents 

of PD
B
 ligands, seeking sim

ilarities w
ith the 

kinase of interest (i.e. Vegfr D
FG

out, pdb 
code 2oh4, ligand code G

IG
) and collecting 

a 
library 

of 
1129 

unique* 
fragm

ents 
positioned 

in 
the 

vegfr’s 
active 

site 
and 

annotated w
ith the counts of contacts and 

h-bonds.  

Fragm
ents 

can 
be 

used 
to 

design 
novel 

ligand 
scaffolds 

(lead 
generation) 

or 
to 

optim
ize 

attachm
ents 

on 
a 

fixed 
scaffold 

(lead 
optim

ization). 
H
ere 

w
e 

present 
the 

optim
ization 

of 
a 

substructure 
(i.e. 

phenylam
ide) 

of 
the 

G
IG

 
ligand 

to 
find 

others D
FG

out ligands.  

The 3D
 hybridisation in 5 iterations of the 

phenylam
ide 

m
oiety 

w
ith 

1129 
fragm

ents 
suggested by our M

ED
-H

ybridiser protocol 
leads to 22824 m

olecules. In this list, w
e 

identified 3585 different scaffolds, 298 are 
in PubC

hem
, 46 in the PD

B
 attesting of the 

diversity 
and 

quality 
of 

those 
generated 

m
olecules. 

25 
are 

m
arked 

as 
active 

on 
protein kinase in PubC

hem
 bioassay. 
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In this w
ork, w

e’ve applied the protocol to generate 
kinase’s D

FG
-out ligand. W

e’ve selected a V
EG

FR-2 
D
FG

-out 
structure 

(2oh4) 
and 

w
e’ve 

kept 
the 

phenylam
ide m

oiety of its G
IG

 ligand as a scaffold to 
optim

ize w
ith attachm

ents. 

The database of PD
B
 ligands, is queried w

ith the 9 Å
 

environm
ent of G

IG
, show

n in Fig.3. The database is 
the 

M
ed-SuM

o 
PD

B
 

site 
database 

w
here 

the 
environm

ent is defined as the environm
ent at 4.5 Å

 
w
here 

 
is 

potentially 
interacting 

w
ith 

the 
ligand. 

Triplets 
of 

SC
Fs 

are 
set 

to 
the 

highest 
quality 

available 
in 

M
ED

-SuM
o 

(m
axim

um
 
edge 

=
 
20 

Å
, 

m
axim

um
 sum

 of edges =
 60 Å

) 

The scaffold phenylam
ide is show

n in Fig.4, both in 
2D

 and 3D
. The atom

ic 3D
 coordinates are the sam

e 
as in 2oh4. W

e’ve kept the only 2 possible positions 
for attachm

ent (as found in G
IG

): para of the phenyl 
ring and to the C

 of the am
ide group. 

The results of the query tow
ards the w

hole PD
B
 are 

hundreds 
of 

hits 
aligned 

to 
the 

query. 
H
its 

are 
analyzed, sorted and clean of false positives by a 
clustering according to the signature (Figure below

) 
D
uplicate Ligands in 2D

 are kept only if they differ by 
a rm

sd >
 0.25Å

. 

H
ybridisation 

of 
such 

a 
large 

num
ber 

of 
aligned 

ligand from
 the PD

B had been forecasted recently [3] 
and w

e did an attem
pt w

ith M
ED

-SuM
o in this w

ork. 

The hybidisation of the phenylam
ide scaffold had been done w

ith the M
ED

-H
ybridiser protocol, i.e. a M

ed-SuM
o protocol  w

ith a strong focus on 
the portions of ligands (M

ED
-portions): tw

o ligands can have a rather different environm
ent as a w

hole but share com
m
on portions w

ith a highly 
conserved protein’s environm

ent (like the hinge neighborhood in Fig.1.).  

W
e’ve used a phenylam

ide m
oiety as a starting scaffold to bias the the lead optim

isation tow
ards D

FG
-out ligands. It is an interesting case study 

as inhibitors targeting the D
FG

-out conform
ation m

ay exhibit a higher selectivity and less com
petition w

ith ATP, as exem
plified by the drug 

im
atinib. W

e’ve obtained a set of 1129 M
ED

-portions positioned in sub-parts of the V
EG

FR-2 binding site (Fig.6). 

W
e’ve characterized the hybrids (duplicates are filtered) by M

olecular w
eight (average and standard deviation) at each iteration (step). The 

hybrids are grow
ing at each step, lead-likeness (rule of three) is decreasing quickly as the optim

ization proceeds and the drug-likeness (rule of 5) 
is higher than 60%

 w
ithin the hybrids (Fig.7). 

To assess the diversity and potential affinity to protein kinases of the hybrids, w
e’ve analyzed the results in term

s of unique scaffolds. W
e’ve 

found 3585 unique scaffold (average M
W
 =

394). 50 scaffolds are found in the PD
B and 298 in PubC

hem
 (Fig.8.). 25 scaffolds are found in the 

active m
olecules of the protein kinases biossays, 3 of them

 are not found in the PD
B. 
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R
e
fe
re
n
c
e
s
: 

O
v
e
rv
ie
w
: 

M
ED

-SuM
o, a very pow

erful target-based drug design softw
are, 

m
akes possible to com

pare any interaction surface against the full Protein 
D
ata B

ank in few
 m

inutes. Independent from
 the notion of protein sequence 

or fold, M
ED

-SuM
o detects and com

pares biochem
ical functions on protein 

surfaces such as H
-B
onds, C

harges, H
ydrophobic and A

rom
atic groups. In 

order to rapidly brow
se hundred of hits, the M

ED
-SuM

o scoring function takes 
into account biochem

ical functions and shape overlaps. 

The 
core 

M
ED

-SuM
o 

algorithm
 

is 
based 

on 
the 

representation 
of 

m
acrom

olecular structures using a set of Surface C
hem

ical Functional groups 
(SC

F). The functional groups are grouped into triplets, w
hich are considered 

as the m
inim

al unit for a biological function. The triplets form
 a graph w

hich 
can be treated pow

erfully and quickly thanks to the graph theory. T
he result of 

com
parisons consists of several m

atching sites. Each site is a set of pairs of 
m
atching functional groups (M

ED
-SuM

o Surface C
hem

ical Features). 

C
o
n
c
lu
s
io
n
 

A
d
v
a
n
ta
g
e
s
:  

• 
The W

hole PD
B
 is brow

sed: hundreds 
of 

protein 
kinases 

are 
hit 

in 
this 

w
ork. 

• 
O
thers ATP binding proteins are hit, 

e.g. 
a 

synthetase/am
idase 

(Fig.1) 
and are therefore am

enable to drug 
design w

ithin M
ED

-SuM
o. 

• 
O
ne or m

ore 3D
 alignm

ents of a hit 
protein to the query are taken into 
account for a precise local alignm

ent 
( Fig.2) 

B
a
s
e
d
 o
n
 th

e
 d
e
te
c
tio

n
 o
f s

im
ila

r 3
D
 in

te
ra
c
tio

n
s
 b
e
tw

e
e
n
 p
ro
te
in
s
 a
n
d
 fra

g
m
e
n
ts
 in

to
 th

e
 P

D
B
, o

u
r M

E
D
-

H
y
b
rid

is
e
r p

ro
to
c
o
l is

 a
b
le
 to

 g
e
n
e
ra
te
 h
y
b
rid

s
 w

h
ic
h
 a
re
 lik

e
ly
 to

 b
e
 D

F
G
-o
u
t lig

a
n
d
s
. H

y
b
rid

s
 a
re
 d
iv
e
rs
e
: 

1
%
 (5

0
/3
5
8
5
) o

f th
e
 g
e
n
e
ra
te
d
 s
c
a
ffo

ld
s
 a
re
 fo

u
n
d
 w

ith
in
 th

e
 P

D
B
. 5

0
 s
c
a
ffo

ld
s
 a
re
 fo

u
n
d
 w

ith
in
 th

e
 a
c
tiv

e
 

m
o
le
c
u
le
s
 fro

m
 th

e
 p
ro
te
in
 k
in
a
s
e
 P
u
b
c
h
e
m
 b
io
a
s
s
a
y
s
, 3

 o
f th

e
m
 a
re
 n
e
w
 c
o
m
p
a
re
 to

 th
e
 P
D
B
.
 

C
o
lo
r c
o
d
in
g
 o
f M
E
D
-S
u
M
o
 S
C
F
 

(S
u
rfa
c
e
 C
h
e
m
ic
a
l F
e
a
tu
re
s
): 

F
ig
.3
 : 2

o
h
4
 is
 s
h
o
w
n
 in
 o
ra
n
g
e
. T
h
e
 

c
o
-c
ry
s
ta
llize

d
 lig

a
n
d
 G
IG
 is
 s
h
o
w
n
 

in
  g
re
y. O

th
e
rs
 c
o
lo
re
d
 fe
a
tu
re
s
 a
re
 

th
e
 M
E
D
-S
u
M
o
 S
C
F
s
 w
h
ic
h
 

d
e
s
c
rib

e
 th

e
 lig

a
n
d
 e
n
v
iro

n
m
e
n
t a
t 

a
 m
a
x
im
u
m
 d
is
ta
n
c
e
 o
f 9
Å
 

 F
ig
.4
 : 2

o
h
4
 is
 s
h
o
w
n
 in
 o
ra
n
g
e
. T
h
e
 

p
h
e
n
y
la
m
id
e
 s
u
b
s
tru

c
tu
re
 o
f G

IG
, 

p
h
e
n
y
la
m
id
e
  is

 s
h
o
w
n
 in
 g
re
y
 in
 3
D
. 

T
h
e
 2
D
 d
e
p
ic
tio
n
 o
f th

e
 p
h
e
n
y
la
m
id
e
 

s
h
o
w
s
 th

e
 a
tta

c
h
m
e
n
t p
o
in
ts
 fo

r 
h
y
b
rid

is
a
tio

n
 w
ith
 a
 s
ta
r.
 

F
ig
 8
: (le

ft) U
n
iq
u
e
 

h
y
b
rid
s
’ s
c
a
ffo
ld
 fo

u
n
d
 in
 

P
D
B
 a
n
d
 P
u
b
c
h
e
m
. (rig

h
t) 

U
n
iq
u
e
 h
y
b
rid
s
’ s
c
a
ffo
ld
 

fo
u
n
d
 in
 p
ro
te
in
 k
in
a
s
e
s
 

b
io
a
s
s
a
y
 a
n
d
 a
m
o
n
g
 th
e
m
 

th
o
s
 e
w
h
ic
h
 a
re
 n
o
t fo

u
n
d
 

in
 th
e
 P
D
B
. 

A
n
n
e
x
e
 o
n
 M
E
D
-S
u
M
o
 u
s
e
r in

te
rfa
c
e
s
: 

A
n
n
e
x
e
 o
n
 M
E
D
-H
y
b
rid
is
e
r : 


