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An important step to promote fragment-based drug design (FBDD) is to find high-quality fragment molecules.
Therefore the design of the fragment library is the most crucial stage. In our fragment library, the main considerations
are ligand efficiency (LE), diversity, and solubility with drug-like properties. We especially considered LE to raise hit
probability in screening. We estimated LE of the fragment molecule based on known LE values of the active com-
pounds. We also developed a docking program suitable for screening fragments rather than drug compounds. Further-
more, we explored fragment-linking program, which links together fragments that bind to adjacent sites on a target pro-
tein so as to promote FBDD in silico.
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MW <= 250
SlogP <= 3.0
H-bond Donor <=3

StARLITe-DB (ca. 200K compounds)

Frequent fragments of the compounds
< bioh have LE>= 03
logS >=3.0 [estimate] (solubility in water >= 1 mM)
Removal of the unfavorable structures
Checking of the compounds (MW <= 120)
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F ent DB Ma:ua[ inspegction
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Fig. 1. Flowchart of the Construction of the Fragment Libra-
ry DB
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Functional forms

Weak hydrogen bond Halogen bond

CH-n cro

H H H H
o Y&H I'o
H = ] o\. ~TT— oi/
r H\_ r
H H H i
r: Lennard-Jones-type 8-5 potential

: i 5
ro-repulsive term of r,

Optimum distances are defined from crystallographic data
Well depth parameters are determined empirically

Other terms
vdW, coulomb, ASA, #rotatable bond
And intra ligand terms (vdW, coulomb, tortion)

Fig. 2. Functional Forms of PD-DOCK
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Determination of potential parameters

r‘?i;ﬁ

Native pose

ﬂ;‘l’

Sample poses ~ 10000

(Duplications were removed by clustering.)

PDP ID Target Lingand
MW
20HK BASE1 145.19
1EQG Ccox1 205.28
104B c-Src SH2 639.54
104P c-Src SH2 178.14
1RS2 DHNA 195.18
1RS4 DHNA 430.26
IN1M DPP-IV 171.26
2ADU Methionine aminopeptidase 159.19
1GWQ ERa 242.30
1NDE ERB 486.06
1U3s ERpB 277.28
2JJC hsp90 95.10
1QWC neuronal nitric oxide synthase 179.27
10UK P38 507.58
IWTH p38 200.24
1W83 P38 441.89
1W8s4 p38 22.29
1272 p38 472.56
1WcC CDK2 129.55
1YZ3 PNMT 203.09
1AAX PTP1B 356.16
1C83 PTP1B 246.18 i
INNY _ PTP1B 71672 &
1CIZ stromelysin 502.61 UU) [
1G4K stromelysin 309.30 !
2C90 Thrombin 180.60
105G Prothrombin 383.45
1C52 Urokinase 121.16
1FV9 Urokinase 149.15
10WE Urokinase 290.35
1839 RNA guanine transglycosylase 162.17 Native

Parameters were
optimized for the
separation of native-like
poses from all other
sampled poses.

}

RMSD

Fig. 3. The PDB Data Used for the Determination of Potential Parameters
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Evaluation (Astex test set 2007")
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Fig. 4. Result of the Evaluation of the Potential Parameters

Fragment Linker

Program for linker design

Fragments with known binding modes
which bind to neighboring pockets

|,@\ ~, A /E\‘ DB of linkers

Synthetically accessible compounds
linked by optimal liner

Fig. 5. An Outline of Fragment Linker Program

LORBENEEL <D, ZOIELEEEIIANT,
#2000 DY > —(ERHO DB ZHE L7z, VU
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£o, BEETILIEMIEDEREN D DML HE IR
KHRET2U > h—nF2EBMT5IEHAEET,
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T A MNypFEILEY > H—THET 5 F)E
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Fragment Linker DB

flexibility

*Linker database can be changed by user.

*Definitions of chemical reactions are easily customized.
Grignard reaction (halogen / ketone, aldehyde)
R1-X + R2-C(=0)-R3 -> R1-C(-R2)(-OH)-R3
Grignard reaction (halogen / halogen)
R1-X + R2-X -> R1-R2
Esterification (alcohol / carboxylic acid)
R1-OH + R2-C(=0)-OH -> R2-C(=0)-0-R1
Amidation (amine / carboxylic acid)
R1-NH2 + R2-C(=0)-OH -> R2-C(=0)-NH-R1
nucleophilic substitution of haloalkanes (amine / halogen)
R1-NH2 + R2-X -> R2-NH-R1
nucleophilic substitution of haloalkanes (alcohol / halogen)
R1-OH + R2-X -> R1-O-R2
Nucleophilic addition (ketone / amine)
R1-C(=0)-R2 + R3-NH2 -> R1-C(-R2)=N-R3

Fig. 6. Definitions of Chemical Reactions
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N REDEERDIZFINF—EDENT T T X
Mt &) =T DT HZcTTA1 3N
N2 ROENS N8 EDREEITHED TR
F—lLrsd TXRINF—MHEOFREIZIE, Fig. 81
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(PDB I — K : 2CKM) O@3'? &4 EERKRL =Y
SH—=T0T T LORER % iET U7z, Fig. 9 /»
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Fragment Linker

algorithm

Identify reactive groups in each linker in database

Conformation analysis of linkers

‘ Multiple conformer 3 %i‘g{
Linking and structural
optimization of the liner

structural optimization of
hole ligand and
surrounding protein residues

Calculation of
evaluation function

Fig. 7. Fragment Linking Process in Fragment Linker Program

Fragment Linker Fragment Linker
Evaluation function example
Acetylchollnesterase(ZCKM)

E (kcal/mol) = Avdw
+ Aelectrostatic
+ Abond length A
+ Atortion angle /

o] 13 [o]

+ Abond angle N 2 d%
+ Asolvation e . =
+ 0.7*(#Rotatablebond) o )]
g -5 “ 0o
Avdw = -
Aelectrostatic Difference of MMFF force field between the 8 /./.—-:ergy ®
Abond length bound and unbound state x \@050 &
Atortion angle w
Abond angle 25 -7

Asolvation Difference of solvation energy by GB/SA method
#Rotatablebond Number of Rotatable bonds of linker \ SR
B
Coefficient of #rotatablebond was taken from Andrews’ score'® & ” n H

Fig. 8. Scoring Function for Fragment Linker Program
Fig. 9. Case study: Finding the Suitable Linker for Frag-

ments Bound to Acetylcholinesterase!?

SNLFETHD EFHEL, HfFL TWa, 27,
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DI LE Z2ZEL, BREOEGWT I A2 My W5,
FrRIEEDEIAT IV EME L. 2K, 41 IHICHEMLTBEZWZ &Y >N E DK
771U ® LE @RI HIESBEANE L &Y D15 RSB OSTREM ICB & 1272 o /=87, FBDD 13

HICEHLEZHDOTH > T, ZOZYMIIHILD B2 28RO FBDD IZ¥E £5 2 DWW K E/aw]
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etk 2D TND EEZTWS, f#lx1X, FBDD
DRI INETOAT A FINITI A NNHETE
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ZEMTED., AT FHIT I A MNE—HEOEK
L7b B OREEIEEMBE 25 2 5 & S ITEAHE
ZWLDONIZHT 5. Head ¥4y, Tail #5
Chain {372 EET I A MEL T, ZhEhD
IN—= G5 MIEHICED XS ICHFEL Twan
EZD. INETE, Z0X5EERZLLEHN
DOEEZTTEATE . Zansid, By 2N
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& % Fragment Linker 7' 074 5 LD AIEEHFSE 2
R L TS HDEHFHEL TS,

723, PD-DOCK & FragmentLinker 7' 107 5 A
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FD—BEL TR T 7 IV T8 1 > EhEL
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REFERENCES

1) Shuker S. B., Hajduk P. J., Meadows R. P.,
Fesik S. W., Science, 274, 1531-1534 (1996) .
2) Nienaber V. L., Richardson P. L., Klighofer

3)
4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

V., Bouska J. J., Giranda V. L., Greer J.,
Nat. Biotechnol., 18, 1105-1108 (2000) .
Shoichet B. K., Nature, 432, 862—-865 (2004) .
Congreve M., Chessari G., Tisi D., Woodhead
A.J., J. Med. Chem., 51, 3661-3680 (2008).
Hopkins A. L., Groom C. R., Alex A., Drug
Discov. Today, 9, 430-431 (2004) .
StARLITe: ¢http://www.ebi.ac.uk/chembl/),
cited 21 October, 2009.

StarDrop™: (http:// www.optibrium.com/
stardrop/), cited 21 October, 2009.

Cornell W. D., Cieplak P., Bayly C. 1., Gould
I. R., Merz K. M. Jr., Ferguson D. M.,
Spellmeyer D. C., Fox T., Caldwell J. W.,
Kollman P. A., J. Am. Chem. Soc., 117, 5179
=5197 (1995).

Wang J., Wolf R. M., Caldwell J. W.,
Kollman P. A., Case D. A., J. Comput.
Chem., 25, 1157-1174 (2004) .

Gasteiger J., Marsili M., Tetrahedron, 36,
3219-3228 (1980).

Hartshorn M. J., Verdonk M. L., Chessari G.,
Brewerton S. C., Mooij W. T. M., Mortenson
P. N., Murray C. W., J. Med. Chem., 50, 726
=741 (2007) .

Rydberg E. H., J. Med. Chem., 49, 5491-5500
(2006) .

Andrews P. R., Craik D. J., Martin J. L., J.
Med. Chem., 27, 1648-1657 (1984).



