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Fragment-based activity space: smaller is better
Thomas Hesterkamp1 and Mark Whittaker2
Fragment-based drug discovery has the potential to supersede

traditional high throughput screening based drug discovery for

molecular targets amenable to structure determination. This is

because the chemical diversity coverage is better

accomplished by a fragment collection of reasonable size than

by larger HTS collections. Furthermore, fragments have the

potential to be efficient target binders with higher probability

than more elaborated drug-like compounds. The selection of

the fragment screening technique is driven by sensitivity and

throughput considerations, and we advocate in the present

article the use of high concentration bioassays in conjunction

with NMR-based hit confirmation. Subsequent ligand X-ray

structure determination of the fragment ligand in complex with

the target protein by co-crystallisation or crystal soaking can

focus on confirmed binders.
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Introduction
Fragments represent smaller, less complex, molecules

than either drug compounds or typical lead series com-

pounds. It is now widely acknowledged within the phar-

maceutical and biotech industries that weakly active

fragment hit molecules can be efficiently optimised into

lead compound series if structural insight is obtained at

the outset for the binding interaction between each

fragment hit and the target protein of interest. This is

supported by recent reports of the progression into human

clinical trials of drug molecules developed from weakly

active fragment starting points [1�].

There have been a number of excellent reviews pub-

lished in the past year that cover fragment-based drug

discovery in general [2��,3��], particular approaches to

fragment screening [1�,4,5�], as well as the specifics of

implementation within different organisations [6�,7��,8].
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Here we focus on chemical diversity in relation to

methods for screening fragments and highlight how this

may impact on fragment-based drug discovery.

Chemical diversity and fragments
Fragment-based drug discovery can explore drug-like

chemical diversity space in an efficient and effective

manner. This is demonstrated both by finding novel

starting points for targets for which it has previously been

found to be difficult to find small molecule ligands [9�]
and by the speed with which optimisation can be accom-

plished. The two key factors are, firstly, the relatively

good coverage of fragment chemical diversity space

during the screening stage and, secondly, that drug

chemical diversity space is explored in an efficient itera-

tive fashion during the optimisation stage as fewer com-

binations need to be evaluated than through a purely

random screening and undirected optimisation approach

[6�]. For example, a fragment collection of 10 000 mol-

ecules may virtually represent the diversity of one billion

molecules if one considers the combinatorial power of

fragment merging or linking (e.g. by assuming two adja-

cent binding sites to which fragments bind and 10 differ-

ent possibilities of fragment linking) [10], but only a small

part of the larger chemical space defined by fragment

merging and linking needs to be explored in the struc-

ture-directed elaboration of fragments into leads.

A key question is ‘When is a molecule a Fragment?’ [3��].
The most widely accepted definition for fragment mol-

ecules is provided by the rule of 3 according to which

fragments are compounds with molecular weight

�300 Da, clogP �3 and three or less hydrogen bond

donors [11]. This is a derivation of the Lipinski rule of

5 for oral bioavailability of molecules [12] and is based on

the experience of the Astex group in finding fragment hits

through screening by high throughput crystallography.

However, various research groups have applied variations

of the rule of 3 criteria as well as applying additional

criteria [13]. Another key question is ‘How do you select

the best fragment for optimisation?’. A very useful con-

cept that can be applied to help with selecting the best

fragments for optimisation is ‘ligand efficiency’, which

relates target affinity or potency to molecular size [14,15].

Ligand efficiency (LE) has been developed from the

concept of Kuntz et al. [16] on the maximal affinity of

ligands and represents the binding energy per heavy atom

in a molecule. This is equal to the free energy of binding

of a ligand to a target protein divided by the non-hydro-

gen atom count (NHC) of the ligand (i.e. LE = �DG/

NHC � �RTln(IC50)/NHC) [14]. Importantly the bind-

ing energy contribution per non-hydrogen atom tends to
www.sciencedirect.com
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level off when reaching a NHC of 15 or more, which

equates to a fragment-like molecule of �250 Da. Thus,

rather than focusing on the potency of a hit molecule,

fragment-based drug discovery gives access to low mol-

ecular weight efficient binders where the optimisation pro-

cess can concentrate on improvements in potency and

other desirable attributes without an immediate concern

about increases in molecular weight. Not all fragment hits

will display high ligand efficiency in their interaction with

a particular target protein and so the concept of ligand

efficiency is particularly useful in selecting which frag-

ments to take forward into optimisation. It has been

suggested that fragments selected for optimisation should

exhibit a LE in excess of 0.3 kcal mol�1 per non-hydro-

gen atom since this corresponds to the LE of a fully

optimised drug of molecular weight 500 (typical number

of non-hydrogen atoms � 38) and IC50 of 10 nM, and it is

assumed that optimisation to drug molecules will proceed

in a linear fashion by the addition on average of

0.29 kcal mol�1 binding affinity per additional non-hydro-

gen atom [14,17��,18].

How one chooses to define fragments has an impact on

chemical diversity [19]. It has often been argued by the

proponents of fragment-based drug discovery that a

relatively small number of low molecular weight frag-

ment molecules can provide a higher degree of sampling

of the chemical diversity space for fragments than a very

large number of higher molecular weight compounds is

able to sample the respective chemical diversity space

for drug-like compounds [20�]. In support of this theor-

etical studies by Reymond and co-workers suggest that

the number of possible organic compounds increases

exponentially with the square of the number of atoms

[21,22], and it has been further estimated by Guida and

co-workers that the universe of organic compounds

containing up to 30 C, N, O and S atoms is in excess

of 1060 different molecules [17��,23]. Furthermore,

Hann and co-workers have argued that lower molecular

weight molecules exhibit reduced complexity than the

molecules in drug-like collections and have developed a

model to rationalise ligand–receptor interactions in the

molecular recognition process [24�]. According to this

analysis it was shown that the theoretical probability of a

useful interaction falls dramatically with increasing mol-

ecular complexity of the ligand. It can be argued that

drug-like collections such as typical HTS screening

decks contain molecules that are too complex to yield

useful binding events in a reasonable relationship to the

size of the compound file. These arguments are well

reasoned but the decisions made in the implementation

of fragment-based drug discovery will affect the extent

to which the chemical diversity space for fragments is

effectively covered. This is due to some general limita-

tions inherent in the fragment-based approach to drug

discovery and also restrictions imposed by the different

techniques used for fragment screening. The general
www.sciencedirect.com
limitation that applies to all fragment screening methods

is that each fragment molecule needs to have a relatively

high aqueous solubility in order to be screened at the

high concentration required to determine the expected

weak binding interactions. This will result in the chemi-

cal space of more lipophilic fragment molecules not

being screened. While this aspect is encoded to some

extent in the rule of 3 through the limitation of lipophi-

licity to those compounds with clogP of 3 or less, we and

others have applied in silico QSAR models for aqueous

solubility to restrict fragment selection to those com-

pounds whose solubility is above a certain threshold. In

selecting our fragment library for screening by high

concentration bioassay we have only selected those

compounds predicted to have an aqueous solubility in

excess of 1 mM [25] while Hubbard and co-workers at

Vernalis apply a limitation of 2 mM [26,27�]. The Hub-

bard group have reported that the application of such an

in silico filter for aqueous solubility can remove in excess

of 50% of commercially available fragment molecules

from consideration [26]. However, this constraint to

fragment chemical diversity space does have the

advantage that fragment optimisation starts from com-

pounds with good aqueous solubility that gives scope for

the introduction of lipophilic moieties, as is typical

during the course of medicinal chemistry optimisation,

while still maintaining drug-like properties within

acceptable limits [28,29].

Impact of fragment screening method on
diversity
While the theoretical probability of target interaction

increases with lowering the ligand complexity, Hann

and co-workers considered that measuring a weak inter-

action would be more difficult. Hence, the authors intro-

duced the term ‘Probability of useful event’, which is a

bell-shaped curve (too small ligands are missed in screen-

ing and too big ligands have a poor probability of target

interaction). On the basis of this premise, the selection of

the fragment screening technique is of key importance.

A plethora of methods exists for fragment screening, and

these have been comprehensively reviewed elsewhere

[1�,4,5�,17��,25]. The question that we wish to focus on

here is how each method predetermines the extent of

exploration of chemical diversity space for fragments.

While there are some very specific limitations imposed

by various fragment screening methods there are two

general factors that have an impact for all methods.

The first is sensitivity of the screening method and the

second is throughput. Sensitive screening methods

enable weakly active fragment molecules of lower mol-

ecular weights to be identified as hit compounds and so

fragment libraries with a lower molecular weight range

can be used. On the contrary the use of a low throughput

screening method necessitates the use of a smaller frag-

ment library with a concomitant sparser coverage of

fragment chemical diversity space.
Current Opinion in Chemical Biology 2008, 12:260–268
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Perhaps the most elegant method of fragment screening is

by X-ray crystallography in that it provides directly struc-

tural information on the interaction between fragment

ligands and the protein target [30]. However, owing to the

method’s low throughput, even when fully automated,

the technique can only be effectively applied to targets

for which a robust crystallographic system is available that

allows soaking of preformed crystals with fragment cock-

tail mixtures of up to 10 compounds at high concen-

trations [31]. This requirement imposes two key

limitations. The first limitation is that the number of

fragment compounds that can be evaluated per screening

campaign is typically limited to no more than 1000. This

is in spite of the efforts that have been put into fragment

cocktail design to obviate the need for tedious deconvo-

lution experiments to identify which compound is giving

rise to the observed ligand electron density in the X-ray

crystallographic studies. An approach to facilitating direct

identification of the binding fragment from a cocktail

soaking experiment is to ensure that fragments are

selected to ensure maximum shape diversity in each

cocktail. The team at SGX Pharmaceuticals designed

their fragment library for X-ray crystallographic screening

so that approximately one-half of the compounds in the

fragment library contain one or more bromine atoms

(arylbromides). The presence of this halogen permits

unambiguous bromine atom identification in experimen-

tal electron density maps, since the X-ray wavelength can

be adjusted during the diffraction data collection to allow

detection of anomalous dispersion signals unique to bro-

mine. Furthermore, it is argued that the aryl bromides can

be used as synthetic handles to facilitate synthetic elab-

oration of the screening hits. This is a very ingenious

premise, but the lipophilicity of aryl bromides (the intro-

duction of bromine onto an aryl ring increases cLogP by

between half to one log unit) will lower aqueous solubility

and tend to result in the bromine atom interacting with

lipopophilic pockets within the protein target such that

there is not a suitable vector for the direct elaboration of

the binding fragment by exploiting the rich chemistry

that is available for aryl bromides. Nevertheless, the SGX

group has reported examples where this approach has

been successful [20�]. In contrast to fragment screening

by X-ray crystallography, screening by NMR or bio-

chemical assay does not impose any additional require-

ments for the chemical matter to be screened. However,

screening by NMR [4] remains a relatively low through-

put method in comparison to screening by biochemical

assay. In NMR screening, as when screening by X-ray

crystallography, cocktail mixtures are used to improve

throughput. However, in contrast to screening by X-ray

crystallography larger numbers of compounds can be

routinely screened; for example, the Abbott group screens

up to 12 000 compounds by NMR methods in their

fragment programmes [32]. This clearly allows a larger

exploration of chemical diversity space than is possible by

screening using X-ray crystallography alone. Other tech-
Current Opinion in Chemical Biology 2008, 12:260–268
niques such as using biochemical assays for high concen-

tration screening of fragments have no limitations on

throughput since high throughput screening devices

are used [5�,7��,17��,25,33�] and so greater exploration

of fragment chemical diversity is possible.

The second limitation to screening fragments by X-ray

crystallography is that there is a significant possibility of

missing active fragments owing to the protein being locked

into a conformation, in the crystals used for the soaking

studies, that does not allow the interaction of fragments

that require induced fit to bind. Although, no data are

available on the false negative rate for fragment screening

by X-ray crystallography it may be significant for certain

targets. Abbott scientists reported that while initial frag-

ment hits could be effectively discovered by soaking

preformed crystals of dihydroneopterin aldolase with frag-

ment cocktails, the crystal structures of more active

analogues, prepared from the initial fragment hits, could

only be obtained by co-crystallisation studies [34]. This

concern of missing active fragments has resulted in a

general consensus approach to emerge ‘whereby the frag-

ment library is pre-screened with a relatively rapid and

sensitive technique before being characterised structu-

rally’ [6�]. Such a triaging approach allows X-ray crystal-

lographic studies to be performed by both soaking

preformed crystals and by co-crystallisation studies. It

should be noted that Astex, an early proponent of screening

fragments by crystal soaking, now routinely uses NMR

screening of fragments as a pre-filter to performing struc-

tural studies by X-ray crystallography [31] as does the

Vernalis group [6�]. The approach that we have adopted

at Evotec is to employ high concentration biochemical

assays [25] in concert with NMR screening [35] to triage hit

fragments before detailed structural determination [36].

Biochemical assays identify fragment hits with pharmaco-

logical relevance from the outset, that is, inhibitors of the

target enzyme or competitors to biological binding part-

ners. In addition, biochemical screening allows use of full-

length proteins at low, typically nanomolar concentrations

frequently in a near physiological environment with

auxiliary proteins, substrates, bio-membranes and other

co-factors associated. Hence, high concentration bio-

chemical assays sample the biologically active more

relevant form of enzymes and other protein/co-factor com-

plexes. By contrast, NMR and other biophysical assays are

routinely conducted on truncated protein domains at elev-

ated micromolar target concentrations typically in the

absence of substrates and other auxiliary macromolecules.

Such clean biophysical assay systems enable robust screen-

ing at high micromolar to millimolar fragment concen-

tration and the detection of particularly low molecular

weight ligands because interference with auxiliary assay

components does not cause false positives. Moreover, the

binding site resolution of protein-detected NMR assays

ensures that ligands binding only to the active or an

allosteric site of interest are followed up, while non-specific
www.sciencedirect.com
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Figure 1

Decision tree for selecting the optimal combination of NMR and biochemical screening methods for fragments (HTFS is high throughput fragment

screening by biochemical assay).
binders and compounds that give rise to protein precipi-

tation are immediately eliminated. Consequently, protein-

observed NMR screening identifies artefact-free binders

that can be of low molecular weight. In fact protein-

observed NMR has been positioned as a gold-standard

technique to assess the ‘drugability’ of a target, meaning

the likelihood to develop pharmaceutically relevant lead

molecules for a target [32]. From a more pragmatic point of

view researchers using biophysical fragment screening

methods will use bioassays as an orthogonal method to

check whether fragment hits exhibit biologically relevant

activity and because bioassays will be required in every

medicinal chemistry compound optimisation programme

to drive the SAR. Vice versa bioassay fragment hits may be

subject to ligand detected NMR experiments (or alterna-

tive biophysical techniques [5�]) as an orthogonal tech-

nique to confirm binding before proceeding into X-ray

crystallography. We have developed a decision tree to help

with the selection of the optimal fragment screening

strategy (Figure 1).

Case studies
In a recent review by Alex and Flocco a summary is given

of 68 fragment hits reported in the literature that have

been progressed into lead compounds [3��]. Twenty-one

of these fragment hit molecules were discovered by

bioassay (HTS and biochemical screening), 15 by

NMR screening and 14 by screening by X-ray crystal-

lography. For those fragment hits that the reviewers were
www.sciencedirect.com
sufficiently confident in the reported activity we have

calculated the average potency for fragment hits discov-

ered by bioassay and by NMR screening to be approxi-

mately 2 mM each whereas the average potency for

fragment hits discovered by X-ray crystallography we

calculate to be 0.5 mM (Table 1). While it can be argued

that with such low numbers of compounds the merit in

such a comparison is not particularly useful, it is none-

theless surprising that there is so little difference between

the techniques in terms of average potency of the hits that

are selected for follow-up. We have also calculated aver-

age ligand efficiencies (LE) for this data set and find that

the average for the fragment hits discovered by bioassay is

0.5, by NMR screening 0.3 and by X-ray crystallography

screening 0.4. Considering that these LEs are derived

from different types of results such as IC50, Ki, and Kd we

conclude an equivalency of the primary screening tech-

niques in terms of hit identification sensitivity. We

further conclude from this that the key distinctive feature

between the three main methods for screening fragments

is throughput. The higher throughput of bioassay

methods enables more fragments to be screened and

hence greater evaluation of fragment diversity space than

for the other methods. We consider that using a relatively

large diverse fragment library confers many advantages.

The targets that tend to be progressed in fragment-based

drug discovery are those for which a robust crystallo-

graphic system can be readily developed. This can lead
Current Opinion in Chemical Biology 2008, 12:260–268
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Table 1

Comparison of the three main methods for fragment screening

Fragment screening

method

Typical size of fragment

library screened

Information provided Activity ranges of

hits (mean) (mM)a
LE ranges of

hits (mean)a
Limitations with respect

to diversity

X-ray crystallography �1 000 as mixtures of

4–10 compounds

3D-structural information on

fragment target interaction

10–2 500 (450) 0.26–0.62 (0.41) Small libraries only.

Fragment hits may be

missed by soaking of

preformed crystals

Nuclear magnetic

resonance

1 000–10 000 as

mixtures

Binding affinity together with

binding site information

through displacement of well

characterised compound or

HSQC data

2–17 000 (1850) 0.20–0.48 (0.32) Small to medium-sized

libraries

Bioassay (HTFS) 20 000 Binding affinity at specific

site or functional activity

0.1–41 000 (2220) 0.21–0.86 (0.50) No limitation on library

size only generic

constraints for fragment

solubility apply

a Data compiled from a review by Alex and Flocco [3��].

Figure 2

Radicicol, a natural product inhibitor of Hsp90, and three active

fragments identified by fragment screening of a 1200 member fragment

library that included radicicol-derived compounds. IC50 as obtained

using a biochemical assay.
to different companies finding for the same target similar

or identical fragment starting points through the screen-

ing of relatively small fragment libraries of compounds

sourced from third-party compound suppliers. Unless

there is a divergence in the manner in which the struc-

ture-based optimisation is progressed this can lead to

companies filing patent applications covering similar

chemical matter. A case in point is the cancer target heat

shock protein 90 (Hsp90) [37–40], which to our knowl-

edge is being progressed using fragment-based drug dis-

covery by a number of companies including Abbott [41��],
Astex and Vernalis [6�]. We initially screened 1200 frag-

ments by a sensitive biochemical confocal fluorescence

binding assay for the ATP binding site using a Tamra

labelled analogue of geldanamycin. The assay was min-

iaturised to a 1 ml/well format and conducted on the

EVOscreen1 Mark II HTS platform using a proprietary

2D-FIDA anisotropy readout (Z0 > 0.8) with each frag-

ment screened in triplicate at 11 concentrations from 1 to

2000 mM. Forty-five fragments exhibited IC50 values

between 15 and 1500 mM, and a priority list of fragments

was selected for structural studies following review by

medicinal chemists. This resulted in 33 fragments being

initially selected for structural studies of which co-crystal

structures were obtained for 12 of the fragments. We do

not know if this 35% success rate from biochemical assay

to fragment crystal structure is due to false positives from

the screening process or to false negatives from crystal-

lography. Notably, there was no bias for the more potent

fragment hits to produce crystal structures or vice versa.

This result led us, in subsequent projects, to triage

fragment hits by NMR studies as our preferred approach

to select compounds for crystallography following bio-

chemical high throughput fragment screening (HTFS).

However, we still observe false negatives in the crystal-

lography process. For 4 out of the 12 fragments that were

successful in structural studies with Hsp90, we could not
Current Opinion in Chemical Biology 2008, 12:260–268
obtain the ligand bound structures by soaking, whereas

co-crystallisation was successful. We assume that had this

target been directly addressed by X-ray crystallographic

screening, these fragments would have been missed. In

the Abbott Hsp90 programme 11 520 compounds were

screened by NMR (2D HSQC), and hits were triaged by

orthogonal screening using a fluorescence resonance

energy transfer (FRET) biochemical assay before X-ray

structure determination of the fragments in complex with
www.sciencedirect.com
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Hsp90. The X-ray structures reported by Abbott were all

obtained by co-crystallisation. Three of the active frag-

ments that we discovered were related to the natural

product Hsp90 inhibitor radicicol (Figure 2). The Verna-

lis group has independently reported the carboxylic acid

of Fragment 2 as an Hsp90 inhibitor [6�], and their X-ray

crystal structure of this compound in complex with

Hsp90 appears to be similar to the structure that we

have solved for Fragment 1 in complex with Hsp90. The

resorcinol moiety present in these fragments is a key

feature of other Hsp90 inhibitors (Figure 3) such as

structurally related compounds from Astex (1 and 2)

[42,43] and Pfizer (3) [44] that we presume were dis-

covered by fragment-based methods. In addition, Kyowa

Hakko Kogyo have described resorcinol analogues in-

cluding compound (4) that we presume were derived

from SAR studies of the minimal active fragments of

radicicol [45], and Vernalis reported compound (5) to be

derived by structure-based design from an initial HTS hit,

although this programme has been presumably assisted by

their fragment studies [46]. The fact that so many research

groups are focusing on the same starting points for Hsp90

highlights the benefit of having access to either novel
Figure 3

Inhibitors of Hsp90 that feature a resorcinol moiety.
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fragments not available to others and/or to a large diverse

fragment library. This will be particularly the case for

well-validated targets for which the structural biology is

straightforward such that direct fragment screening by

crystallographic methods is possible.

Enriching fragment data sets by parallel
screening
For high concentration bioassay based fragment screen-

ing we use generic assay formats that allow for a direct

comparison of experimental data sets. For instance we use

only one or two red-shifted, short-lived fluorescent dyes

for ligand or substrate labelling and frequently we

develop class-generic assay systems (for proteases,

ATPases, kinases, etc.) where only the target of interest

and the substrate/ligand is exchanged. This enables the

direct comparison of data sets and derivation of valuable

information about selectivity and frequent hitters due to

fluorescence artefacts or promiscuous fragments. Figure 4

details the outcome of screening of a 20 000 maximum

diverse fragment collection (in replicates of n = 3) for four

prominent pharmaceutical targets. The two aspartyl pro-

teases BACE-1 and renin were screened with a catalytic

assay format using fluorescently labelled peptidic sub-

strates at 0.25-fold their respective Km concentration. The

correlation of the median percentage inhibition values at

1 mM fragment concentration (Figure 4a) shows a sig-

nificant number of statistical fragment hits for BACE-1

but only a few for renin. Interestingly there is a set of dual

aspartic acid inhibitors (turquoise circles in Figure 4a)

that may be considered of high priority for subsequent

ligand structure determination by crystallography. Many

of these fragment hits contain head group structural

features that facilitate H-bond formation to the catalytic

asparates, including primary amine, aminopyrimidine,

piperazine and piperdine motifs. Researchers at Plexxi-

kon have applied a similar approach to develop drug-like

inhibitors of PDE4 isoforms [33�]. Their workflow com-

prised screening, using a high concentration HTS tech-

nique, a set of 20 000 so called scaffolds (125–350 Da)

against a panel of PDE isoforms in order to identify target

family scaffolds inhibiting three or more PDE isoforms

before developing one common scaffold into nanomolar

inhibitors of PDE4 by structure-based drug design. The

crucial step in their programme was the identification of a

chemical scaffold with a binding mode robust to the

introduction of substituents, thus allowing extensive

use of in silico predictive methods. In Figure 4b we have

correlated the median percentage inhibition values for

two non-homologous targets, Bcl-2 and the inactive con-

formation of MAPKAP kinase 2 (MK2). As expected the

rich hit populations for these two targets do not signifi-

cantly overlap, that is, the target-specific fragment hits are

selective. This implies that there are no promiscuous

inhibitors or general artefacts in this sensitive bio-

chemical screening process that would require tedious

follow-up work to clean-up the data sets.
Current Opinion in Chemical Biology 2008, 12:260–268
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Figure 4

Correlation plots of median percentage inhibition values for four pharmaceutical targets screened at Evotec. (a) BACE-1

(X axis) and Renin (Y axis). (b) Bcl-2 (X axis) and MK2 (Y axis). Legend: blue, statistical hit X axis; red, statistical hit Y axis; turquoise, statistical

hit in both screens.

Current Opinion in Chemical Biology 2008, 12:260–268 www.sciencedirect.com
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Conclusion
Each fragment screening technique has its advantages;

X-ray crystallography provides immediate structural infor-

mation, NMR provides binding site and affinity infor-

mation of a very high quality while bioassays provide

functionally relevant activity data for larger collections

of fragments. However, we and others are seeking to

combine the methods in order to maximise their value

to fragment-based drug discovery. NMR and biochemical

screening of fragments are complementary orthogonal

methods that can be used individually or in concert to

provide the most effective way of addressing each new

biological target of interest. The strength of biochemical

screening is that its throughput allows large fragment

collections to be screened in a short length of time. This

ensures that the most ligand efficient diverse starting

points are available for medicinal chemists to select for

subsequent optimisation. A further advantage is that

screening related targets using generic biochemical assay

formats enables insights into target selectivity from the

outset. The large number of fragment hits that are obtained

through use of biochemical screening of large fragment

libraries can be effectively triaged ahead of crystallography

by the use of protein NMR. Thus, the most effective way

to perform fragment screening is not to rely on a single

method but to use orthogonal methods in concert.
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