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Fragment-Based Drug Discovery (FBDD) has been recognized as a newly emerging lead discovery methodology
that involves biophysical fragment screening and chemistry-driven fragment-to-lead stages. Although fragments, de-
fined as structurally simple and small compounds (typically <300 Da), have not been employed in conventional high-
throughput screening (HTS), the recent significant progress in the biophysical screening methods enables fragment
screening at a practical level. The intention of FBDD primarily turns our attention to weakly but specifically binding
fragments (hit fragments) as the starting point of medicinal chemistry. Hit fragments are then promoted to more potent
lead compounds through linking or merging with another hit fragment and/or attaching functional groups. Another
positive aspect of FBDD is ligand efficiency. Ligand efficiency is a useful guide in screening hit selection and hit-to-lead
phases to achieve lead-likeness. Owing to these features, a number of successful applications of FBDD to ‘‘undruggable
targets’’ (where HTS and other lead identification methods failed to identify useful lead compounds) have been report-
ed. As a result, FBDD is now expected to complement more conventional methodologies. This review, as an introduc-
tion of the following articles, will summarize the fundamental concepts of FBDD and will discuss its advantages over
other conventional drug discovery approaches.
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Fig. 1. Images of Interactions between Protein and Fragment
or HTS Hit
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Fig. 2. Probability of Specific or Non-specific Interaction be-
tween Ligand and Protein
a) probability of measuring interaction; b) probability of specific inter-
action. (adapted from ref. 5 with permission, and altered)
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Fig. 3. Schematic Representation of the Relation between
Biological Activity and Molecular Mass
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Fig. 4. Relation between Molecular Size and Biological Ac-
tivity
Only the most potent inhibitors at each molecular size are plotted.
(adapted from ref. 9 with permission, and altered)

In Silico

Fig. 5. Representatives of Fragment Screening Methods
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NMR, crystallography, and surface plasmon resonance (SPR) are the biophysical ones. In silico virtual screening is also frequently used, prior to the biophysi-
cal actual measurements, to construct focused fragment library. High-concentration bioassay may be used for targets to which the biophysical methods are inapplic-

able, albeit risks for high frequency of false positive and negative.
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Fig. 6. Comparison of Biological Activity and Ligand
Efficiency of Hit Fragments
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Fig. 7. Schematic Explanation of Fragment-to-lead Tactics
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Fig. 8. Examples of Each Fragment-to-lead Tactic
a) fragment-linking; b) fragment-merging; ¢) fragment growth.

11 215 T35 [Fig. 8(c)].® 757 A > NI
N> > Tz, il 7RG R K D
BIleEmEAFLE Y., ZoFlIcHHBHEIIC, b
Y NI ST A N OEMEERIZTHTNN, TIN5
2, 3HTOIEM L JERICHER S EHTEDZr— 2
32 L<7kn,

&2, EBEO FBDD LTINS O Fik%E
BORZETEBINDEVSFZHENMLTBEZN
(Fig. 9). Howard »ic k2 b0 E VHEFAD
BWAFITIE, ETROCTITANAZY -2
rTHEsNETYI ) 7I)Va—)L 12705, fragment
growth IZX > TIHEENEO SN B3 NELSN TN
5. 980T, hOYECOUN Y REEEEHATZ
D13 EEBITHBITESTSH I I A N 14 KU
16 ERINZ. 13EWUWNSITAENWDY I )5
ZHEREDE S fragment-merging 73fiE X 1 16 73,
BEBSABEAFLVLERY > H—ET 5 frag-
ment-linking IZ& > T 1T 5N TWS, Ak
EDRENEE Y NI -ED 050 TH A XRETK
ZLL ROOREEEN, 3Lkl TENETN
55 f%, 8600 fFDIEMEN LERBL TWa, ZDfl]
T RBITIC K 2DT N 8OED 7 T 7 A > KR
V) =27 &40 ERHBO(LEMERIZED, 100

uM 2 DSV EIE 2 1.4 nM ICX TH&E BT /2
CHFHEINTHD, ZOROLIICTIIHZAKS
HONH 5.

5. T£&o

FBDD OERICHLIEBMEZEZETLDHDELUT
DEDITRB.

& LEBWNEEOIA T I —-Th>TH, 7
FGTARZAD) =272 EB75 I AR
R—=ZDMEEIZIHTS L2 FNEEXRT
B,

® FEWNYNIEITHTBHTITT AL bORES
BAEZS WD, HBEEKROMRITLL, Z
IV BRRTHMTE 5.

& FEMIEHOIHNWT I T A MEHFERICLT
b, HHEDEWAT A FINTrI A MY —
W&o TiEEDm L2 2 —F ¢ —IZHEBT
x5,

BRERAY ) —Z 2 7 Rkl EBROBIEBGICH
%% 55, SBDD 7z ERH XN 5 & A
Fiddm, VA2 RRESEGHRRET I T A b
M5ESNSEEHR, Rule of Five ® Hann O fEHT 72
EEHEMICET S N2 #5, FBDDIZZINn 5D
MEICKOHEEIND Y — RRBETFIETHS. =



322

Vol. 130 (2010)

Cl

14
MW = 142
|C50 >300 HM
e
O MeO. Me
O 0 Fragment s”=°o
$=0 Growth Me HN

Zn

|
HN - .
o™ HO™ ]
= H
NH, 2

13
MW = 393
IC5 =12 uM
BEl=12.5

12
MW = 370
ICSO =100 HM
BEI=10.8
N
N

7]

N

\
RSN
Cl

15
MW = 181
ICs0 = 330 uM
BEI = 19.3

¢

Fig. 9.

BHHICHR /=L DIZ, FBDD IR D Y — R 8)
RFEFEEHANRDDOTHD, TNHEDIFTV—
EHHZTREHOTHS. FBDD EMIC 1E 9)
T5H5DTIERL, RO — RERFEAOFIME 10)
LTahzEmd, Ths ORI O I®E & Bk
Uik oM E£XK%, Z4AFBDD OHWTH 2. 1)
REFERENCES
1) ““Fragment-based Approaches in Drug Discov-
ery,”” ed. by Jahnke W., Erlanson D. A.,
Wiley-VCH, Weinheim, 2006.
2) deKloe G. E., Bailey D., Leurs R., de Esch I.
J. P., Drug Discov. Today, 14, 630-646
(2009) .
3) Bohacek R. S., McMartin C., Guida W. C., 12)
Med. Res. Rev., 16, 3-50 (1996) .
4) Hann M. M., Oprea T. 1., Curr. Opin. Chem. 13)
Biol., 8, 255-263 (2004) .
5) Hann M. M., Leach A. R., Harper G., J. 14)
Chem. Inf. Comput. Sci., 41, 856-864 (2001) .
6) Lipinski C. A., Lombardo F., Dominy B. W., 15)
Feeny P. J., Adv. Drug Deliv. Rev., 46, 3-26
(2001) .
7) Leeson P. D., Springthorpe B., Nature Rev.

Drug Discov., 6, 881-890 (2007) .

Fragment
-Merging

16
MW = 517
|C50 =0.22 uM
BEI=12.9

Me

MeO. Me
o

Me HN
Fragment
-Linking

o

HOY ™

N=n

N \

SN
Cl

17
MW = 585
ICs0 = 0.0014 pM
BEI = 15.1

Fragment-to-lead Tactics in Practice

Congreve M., Carr R., Murry C., Jhoti H.,
Drug Discov. Today, 8, 876-877 (2003) .
Reynolds C. H., Tounge B. A., Bembenek S.
D., J. Med. Chem., 51, 2432-2438 (2008) .
Coan K. E. D., Shoichet B. K., J. Am. Chem.
Soc., 130, 9606-9612 (2008) .

Wyatt P. G., Woodhead A. J., Berdini V.,
Boulstridge J. A., Carr M. G., Cross D. M.,
Davis D. J., Devine L. A., Early T. R., Feltell
R. E., Lewis E. J., McMenamin R. L.,
Navarro E. F., O’Brien M. A., O’Reilly M.,
Reule M., Saxty G., Seavers L. C. A., Smith
D.-M., Squires M. S., Trewartha G., Walker
M. T., Woolford A. J.-A., J. Med. Chem.,
51, 4986-4999 (2008) .

Hopkins A. L., Groom C. R., Alex A., Drug
Discov. Today, 9, 430-431 (2004) .
Abad-Zapatero C., Metz J. T., Drug Discov.
Today, 10, 464-469 (2005) .

Orita M., Ohno K., Niimi T., Drug Discov.
Today, 14, 321-328 (2009) .

Hajduk P. J., Sheppard G., Nettesheim D. G.,
Olejniczak E. T., Shuker S. B., Meadows R.
P., Steinman D. H., Carrera Jr. G. M., Mar-
cotte P. A., Severin J., Walter K., Smith H.,
Gubbins E., Simmer R., Holzman T. F., Mor-



No.

323

16)
17)

18)

gan D. W., Davidsen S. K., Summers J. B.,
Fesik S. W., J. Am. Chem. Soc., 119, 5818-
5827 (1997).

unpublished data.

Nienaber V. L., Richardson P. L., Klighofer
V., Bouska J. J., Giranda V. L., Greer J.,
Nat. Biotechnol., 18, 1105-1108 (2000) .
Fejzo J., Lepre C. A., Peng J. W., Bemis G.

19)

W., Ajay, Murcko M. A., Moore J. M.,
Chem. Biol., 6, 755-769 (1999).

Howard N., Abell C., Blakemore W., Ches-
sari G., Congreve M., Howard S., Jhoti H.,
Murray C. W., Seavers L. C. A., van Mon-
tfort R. L. M., J. Med. Chem., 49, 1346-1355
(2006) .



