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Abstract: The time-limiting step in HTS often is the development of an appropriate assay. In addition, hits
from HTS fairly often turn out to be false positives and generally display unfavorable properties for further
development. Here we describe an alternative process for hit generation, applied to the human adipocyte
fatty acid binding protein FABP4. A small molecular ligand for FABP4 that blocks the binding of endogenous
ligands may be developed into a drug for the treatment of type-2 diabetes. Using NMR spectroscopy, we
screened FABP4 for low-affinity binders in a diversity library consisting of small soluble scaffolds, which
yielded 52 initial hits in total. The potencies of these hits were ranked, and crystal structures of FABP4
complexes for two of the hits were obtained. The structural data were subsequently used to direct similarity
searches for available analogues, as well as chemical synthesis of 12 novel analogues. In this way, a
series of three selective FABP4 ligands with attractive pharmacochemical profiles and potencies of 10 µM
or better was obtained.

Introduction

There exists a vast body of evidence that indicates that
elevated plasma levels of free fatty acids provide an important
link between obesity, insulin resistance, and type-2 diabetes (for
recent reviews, see refs 1-4). Yet it has been observed that
mice which are deficient in the adipocyte fatty acid binding
protein FABP4, also known as aP2 and A-FABP, lack this link
and show increased insulin sensitivity upon dietary obesity.5 A
synthetic small molecule that binds to the human variant of
FABP4, thereby blocking the binding of endogenous ligands,
is therefore expected to have a similar beneficial effect and
might as such be developed into a candidate drug for the
treatment of type-2 diabetes.

Today, high-throughput screening (HTS) usually is considered
as the method of choice for hit generation in the search for new
candidate drugs. Given a particular macromolecular target, an
extensive library of diverse chemical compounds, usually
comprising 104-106 entities, is screened for modulators of its
biological activity. Hits from HTS subsequently enter an
intensive chemistry program in which it is attempted to further
develop them into lead molecules with optimized potencies,

selectivities, and pharmacochemical features, and with time into
efficient drugs.

An important drawback of HTS is the requirement of a robust
assay specific for the target in question. Developing such an
assay usually demands much time, because detailed knowledge
of the biological function of the target is essential. In addition,
the need for a simple read-out of, for instance, a fluorescence
or radioactivity signal favors the choice of an indirect assay
containing multiple proteins or even complete cells, introducing
a considerable risk to detect false positives. For this reason,
hits from HTS need to undergo stringent orthogonal tests for
confirmation. Finally, it is well documented that difficulties in
lead optimization very often can be related to HTS hits that
were too big and lipophilic from the beginning.6,7

Here we describe the application of an alternative, highly
efficient approach to identify novel ligands that preferentially
bind to FABP4. This approach, termed structure-based screen-
ing, is generally applicable on drug targets as soon as reasonably
pure material is available. Moreover, it drastically reduces the
risk of false positives and provides high-quality hits with
advantageous attributes to enter the hit-to-lead process.

The general idea behind structure-based screening is il-
lustrated in Scheme 1. The process starts with the application
of a generic binding assay using a relatively small compound
library containing polar compounds of low molecular weight
(MW < 350 Da). Nuclear magnetic resonance (NMR) methods
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are ideally suited for this task.8,9 A 1H 1D relaxation filter
experiment10,11 applied on a mixture of potential ligands and
target protein, for example, combines the quality of being a true
and generally applicable binding assay that allows finding low-
affinity binders with an adequate throughput. Alternatively,
NMR methods such as saturation-transfer difference (STD)12,13

or WaterLOGSY14-16 or other biophysical techniques such as
size-exclusion separation in combination with mass spectrometry
(MS) detection,17,18 or surface plasmon resonance (SPR),19,20

could be used to detect small molecule binding to the target.
Next, the hits found in the first step are ranked according to

affinity to obtain a crude structure-activity relationship.
NMR,21,22as well as, for instance, SPR19,20or isothermal titration
calorimetry (ITC),23,24 can provide the tools to establish this
ranking. In cases where there is a functional assay available
that is able to reliably detect weak binders (with affinities down
to the millimolar range), it could of course also be used at this
stage. On the basis of the resulting hit chart, structure deter-
mination efforts on target-hit complexes by means of X-ray
crystallography and/or NMR are initiated. Because the hits are

highly soluble, the probability of obtaining crystal structures
of target-hit complexes is reasonably high, despite their generally
rather low affinity. Hits for which complex structures are
determined are prioritized for further development. If no high-
resolution structures are obtained, one may have to resort to
low-resolution structural information from, for example, epitope
mapping by NMR of the binding surface25-27 or automated
docking of ligands.28,29The structural data obtained are subse-
quently used to design new potential ligands with improved
binding properties. These new compounds enter the process at
the second step, that is, affinity ranking, and are further
optimized by structure-based design.

Results and Discussion

Initial Binding Assay. For the initial binding assay, NMR
1H 1D T1F-relaxation filter experiments11 were used. Binding
of a small molecular ligand to FABP4 results in a reduced
tumbling rate of the ligand and consequently an increase in the
ligand NMR line widths (and concomitant decrease of the peak
amplitudes). In contrast to the SAR-by-NMR method, which
utilizes chemical shift changes of protein resonances in either
2D 1H-15N HSQC30,31or 1H-13C HSQC spectra,32 1H 1D Τ1F-
relaxation filter experiments circumvent the need to deconvolute
active mixtures to identify hits, because the NMR signals of
the individual compounds in the mixture are monitored. In
addition, experiments which monitor changes in the ligand
spectrum do not require any isotope-labeled target protein and
are not limited to target proteins below a certain molecular size,
as are methods relying on the observation of the signals from
the protein. The STD and WaterLOGSY techniques both
monitor ligand resonances and therefore possess the same
advantages as the1H 1D T1F-relaxation filter experiment. The
performance of these experiments, which have the additional
advantage of requiring smaller amounts of protein, relies on an
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Scheme 1. Flow Chart for Structure-Based Screening

Structure-Based Screening As Applied to Human FABP4 A R T I C L E S

J. AM. CHEM. SOC. 9 VOL. 124, NO. 40, 2002 11875



efficient spin diffusion process and improves therefore with
increasing molecular weight of the target protein. However, for
targets with molecular weights below approximately 20-25
kDa, the sensitivity of these experiments is very low.15 We
therefore used the1H 1D T1F-relaxation filter experiment in the
FABP4 (14.7 kDa) work.

A library containing 531 compounds, mixed into 57 cocktails,
each containing 5-10 compounds, was screened. These com-
pounds were chosen from commercial and internal sources on
the basis of a variety of criteria including relatively low
molecular weight, high water solubility, and high structural
diversity to obtain a broad screening library suitable to screen
diverse targets using NMR techniques in a couple of days. The
cocktails were designed to avoid spectral overlap and to
maximize the chemical diversity within the cocktail.

Figure 1 shows an example of the results for a cocktail
containing 10 small molecular compounds. The two doublet
signals at 6.64 and 6.98 ppm and the two triplets at 2.25 and
2.62 ppm in the reference spectrum (red) originate from
BVT.1960 and disappear when FABP4 is present in the sample.
The signals from the nonbinding compounds in the mixture
remain unaffected. In total, 52 initial hits were detected for
which the signal intensity in the presence of protein was reduced
by 80% or more.

Affinity Ranking. A crude structure activity relationship
(SAR) for the identified hits can be based on a simple ranking
of binding affinities for different ligands. Here we used the1H
1D T1F-relaxation-filtered NMR experiment to divide up the hits
into two groups. In a1H 1D T1F-relaxation-filtered NMR
experiment, the integrated signal intensities for the ligand after
a spin-lock time with durationSL, I(SL), mainly depend on the
fractions of free ligand (pL) and ligand bound to the protein
(pLE), respectively, and the correspondingT1F values:33,34

where∆δ is the chemical shift difference for free and bound
ligand,kex is the exchange rate, andν1 is the frequency of the
spin-lock field.

If peak amplitudes,A(SL), are regarded, effects due to the
transverse relaxation time,T2, which include substantial ex-
change terms, play a role as well:

whereT2
/ is the transverse relaxation time corresponding to the

observed line width.
Thus, the relative observed effect on the peak amplitudes of

the ligand signals in1H 1D T1F-relaxation filter experiments
upon ligand binding may be written as

Figure 2 depicts a plot of the relative amplitude reduction of
NMR signals of small molecular ligands as a function of binding
affinity to a protein target with the size of FABP4 (14.7 kDa).35

The length of the spin-lock time can be selected to detect ligands
with different affinities for the target. When longer spin-lock
times are used, weaker binding ligands will be detected. From
the simulation, it can be seen that using a spin-lock time of
400 ms results in the nearly complete loss of signals for ligands
binding with an approximately 0.5 mM affinity or tighter. This
attribute was exploited in the initial FABP4 screen.

Applying a 1H 1D T1F-relaxation filter with a considerably
shorter spin-lock time results in a more stringent binding assay,
which makes it possible to classify ligands according to binding
affinity because the detection cutoff now is approximately 0.25
mM. In this way, the 52 initial FABP4 hits were examined and
classified as weaker (14) and stronger (38) binders, respectively.
As this experiment was performed on individual compounds
instead of cocktails, potential competition effects were elimi-(33) Lian, L.-Y.; Roberts, G. C. K. InNMR of Macromolecules: A Practical

Approach; Roberts, G. C. K., Ed.; Oxford University Press: Oxford, 1993;
pp 153-182.
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Figure 1. Parts of the aromatic region (left panel) and aliphatic region
(right panel) ofT1F-filtered 1H 1D spectra of a cocktail of 10 low molecular
weight compounds in the absence (red) and presence (black) of FABP4.

I(SL) ) I(0) exp(-SL/T1F) (1)

1/T1F ) pLE/T1F,EL + pL/T1F,L + pLEpL(2π∆δ)2
kex

kex
2 + (2πυ1)

2

(2)

Figure 2. Effect on the amplitudes of the ligand signals (fraction vanished
intensity) in1H 1D T1F-relaxation filter NMR experiments as a function of
affinity according to eq 5. The simulation was performed for an equimo-
lecular mixture of a protein with an averageT2 relaxation time of 79.1 ms
and a small molecular ligand with an averageT2 relaxation time of 2 s.
The spin-lock field (ν1) was assumed to be 4000 Hz, and the chemical
shift difference for free and bound ligand (∆δ) was assumed to be a
maximum 50 Hz. The exchange rate (kex) and dissociation constant (KD)
were estimated assuming a diffusion-controlled “on” rate (kon) of 109 s-1.
Effects for spin-lock times of 100 ms (blue) and 400 ms (red) were
calculated.

A(SL) ∝ T2
/‚I(SL) (3)

1/T2
/ ) pLE/T2,EL

/ + pL/T2,L
/ + pLEpL(2π∆δ)2/kex (4)

effect_T1F ) 1 -

{T2,L
/ exp(-SL(pLE/T1F,EL + (pL - 1)/T1F,L + pLEpL(2π∆δ)2 kex

kex
2 + (2πν1)

2))
pLE/T2,EL

/ + pL/T2,L
/ + pLEpL(2π∆δ)2/kex

}
(5)
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nated as well. The vast majority of the initial hits (43 out of
52, 83%) comprised a CO2-, SO3

-, or PO3
- group, indicating

that they are fatty acid mimics, and this feature was further
accentuated in the strong binder category where 95% (36 out
of 38) of the hits comprised a CO2-, SO3

-, or PO3
- group.

The potencies of the highest ranked hits were subsequently
measured using a fluorescence polarization assay,36 which was
available in this case. Binding of the fatty acid analogue to
FABP4 results in a reduced tumbling rate and consequently an
increase in fluorescence polarization. Successive additions of
the NMR hits (0.002-4.0 mM) replaced the fatty acid analogue,
resulting in a dose-dependent attenuation of polarization signal
from which EC50 values were deduced. To assess selectivity,
potencies of the hits were also measured for FABP3. As an
example, the fluorescence polarization dose-response curve for
BVT.1960, with an EC50 value for FABP4 of 590( 60 µM, is
shown in Figure 3. This compound was shown to be at least 25
times more selective for FABP4 over FABP3 (EC50 ) 30 ( 15
mM).

Complex Structures. For two of the ligands revealed by
means of NMR, X-ray crystallographic structures of FABP4 in
complex with these ligands could be obtained. Figure 4 shows
a region of the crystal structure of FABP4 in complex with
BVT.1960. As in previously published FABP-fatty acid complex
structures,37-39 the figure reveals the interactions between the
carboxylate group of the NMR hit and a conserved tyrosine
side chain (Tyr 128). In addition, a novel interaction, not found
in FABP-fatty acid complexes, was found for a distal hydroxyl
group, which forms a hydrogen bond to the side chain of Asp
76.

FABPs constitute a family of a dozen homologous proteins,
expressed in a highly tissue-specific manner. An attractive
FABP4 binding compound should not bind (or bind significantly
weaker) to other human fatty acid binding proteins, though. In
particular, binding to FABP3, which is expressed in heart and
muscle, should be avoided. The amino acid sequences of FABP4
and FABP3 are 65% identical40 with only a few substitutions

in the ligand-binding pocket (Figure 5). The FABP4-BVT.1960
crystal structure in combination with a protein sequence
comparison reveals that the selectivity of BVT.1960 against
FABP3 can be attributed to the effect of V115L and C117L
substitutions. Presumably, the additional bulkiness introduced
by these substitutions hampers the beneficial van der Waals
interactions experienced by one of the flanks of BVT.1960.

Hit Optimization. Because of the>25 times selectivity for
FABP4 over FABP3 and the availability of a complex structure,
the BVT.1960 scaffold was chosen to be the starting point for
the generation of analogues. From the crystal structure, it was
found that the flank opposite the one interacting with Val 115
and Cys 117 pointed toward an unoccupied portion of the
binding pocket. It was therefore believed that the ligand could
be extended into that direction, to improve binding properties.
This notion was employed to guide similarity searches in the
Available Chemicals Directory (ACD-3D, MDL Information
Systems, Inc.) and the Pharmacia compound collection. In total,
11 compounds, four of them commercially available, were
checked for improved binding characteristics, both regarding
affinity and selectivity against FABP3. As is summarized in
Figure 6, it was found that substitutions at the ethylene linker
carbons resulted in a loss of selectivity, whereas replacing the
para-hydroxyl group on the aromatic ring resulted in decreased
potency. Substitutions at theortho and meta positions with
respect to the ethylene linker, on the other hand, appeared to
have the capacity to combine improved potency with retained
selectivity (Table 1).

On the basis of these findings, 12 additional BVT.1960
analogues, mainly differing in substitutions on the phenyl ring,

(36) Dandliker, W. B.; Hsu, M. L.; Levin, J.; Rao, B. R.Methods in Enzymology;
Academic Press Inc.: San Diego, 1981; Vol. 74 Pt C, pp 3-28.

(37) Xu, Z. H.; Bernlohr, D. A.; Banaszak, L. J.J. Biol. Chem.1993, 268, 7874-
7884.

(38) Banaszak, L.; Winter, N.; Xu, Z. H.; Bernlohr, D. A.; Cowan, S.; Jones,
T. A. AdVances in Protein Chemistry; Academic Press Inc.: San Diego,
1994; Vol. 45, pp 89-151.

(39) Reese-Wagoner, A.; Thompson, J.; Banaszak, L.Biochim. Biophys. Acta-
Mol. Cell. Biol. Lipids1999, 1441, 106-116.

(40) Veerkamp, J. H.; Peeters, R. A.; Maatman, R.Biochim. Biophys. Acta1991,
1081, 1-24.

Figure 3. Fluorescence polarization dose-response curves for BVT.1960
and two analogues. Data corresponding to measurements for FABP4 and
FABP3 are colored blue and red, respectively. Data points are depicted as
b (BVT.1960); 2 (BVT.4097); 9 (BVT.1961).

Figure 4. Crystal structure of the ligand-binding site of human FABP4.
The structure of the initial hit from the NMR screen (BVT.1960 shown in
black) was used to design a higher affinity ligand (BVT.1961 shown in
color) with a similar binding mode and retained selectivity against FABP3.
Amino acid residues annotated with red labels are different in FABP3 as
compared to those of FABP4.

Figure 5. Amino acid sequence alignment of human FABP3 and FABP4.
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were synthesized (SINTEF Applied Chemistry, Trondheim,
Norway). Binding studies by NMR and fluorescence polarization
for these compounds distinctly pointed to a beneficial effect of
substitutions at themeta(R2) position (Table 2). As is shown
in Figure 3, an ethyl substitution on this position reduced the
EC50 for FABP4 from 590 to 80µM. An analogue with an
isopropyl substitution, BVT.1961, combined a potency of 10
µM with completely retained selectivity for FABP4. The relative
potencies of the methyl, ethyl, and isopropyl analogues sug-
gested that these compounds bind to the same site and in a
similar way as the unsubstituted NMR hit. An X-ray structure
confirmed that BVT.1961 adopts a binding mode equivalent to
that of BVT.1960 (Figure 4).

The binding of BVT.1960 and BVT.1961 to FABP4 was also
examined by observing perturbations in1H-15N correlation
experiments. Figure 7 shows the 2D1H-15N HSQC spectra of
15N-labeled FABP4 in the absence (black) and presence of
BVT.1960 (red) or BVT.1961 (green). It can be seen from these
spectra that binding of BVT.1960 and BVT.1961 results in the
sharpening of a common set of signals, corresponding to amide
groups of amino acid residues that define the binding pocket.
In the absence of either of these ligands, these amide resonances
are extensively exchange-broadened. Chemical shift differences
between the resonances of the two complexes are generally
small, again indicating equivalent binding modes, with the
exception of the Asp 76 amide resonance. As could be
confirmed by the X-ray structures of the FABP4 complexes
(Figure 4), the substantial chemical shift change of this
resonance is due to the short distance between the Asp 76 amide
group and the isopropyl group of BVT.1961, which is absent
in BVT.1960.

In general, the low-resolution structural information obtained
from epitope mapping by NMR of the binding surface makes
it possible to identify the ligand-binding site and to confirm
that analogous compounds bind with the same binding mode.
This would be crucial information in cases where no high-
resolution structures of target-ligand complexes can be obtained.
With larger target proteins, for which assignments of the
backbone resonances are not possible or are deemed too time
consuming to obtain, site-selective labeling schemes25 could be
applied to acquire this information.

Concluding Remarks

BVT.1961 amply fulfills the hit criteria that would have been
set in an HTS, that is, a binder to FABP4 that combines a
moderate potency with a reasonable selectivity. The same is
true for two other analogues. Instead of an isopropyl moiety,
these compounds incorporate a benzyl or phenone group at the
meta position (Table 2). Thus, the structure-based screening
approach efficiently generated a series of hits for FABP4,
providing valuable starting points for the generation of lead
molecules.

Recently, another example of the structure-based screening
approach was provided by Moy et al.18 This group used size-
exclusion chromatography coupled to electrospray ionization
MS as the initial binding assay to verify the interaction of known
inhibitors to MMP-1 and to identify novel ligands to RGS4.
NMR was subsequently used to check for specific binding, to
identify the ligand-binding site, to provide estimates for IC50

and KD values, and, in the case of MMP-1, for structure
determination. Unfortunately, no results of the iterative develop-
ment of the initial hits have been reported yet in this case. The
results reported here for FABP4 show that the complete
structure-based screening approach indeed provides a valuable
tool for the quick identification of novel ligands with specific
binding properties comparable to the confirmed hits from HTS.

Apart from the general applicability in early stages of drug
development, a clear advantage of the structure-based screening
approach is that it starts from small, highly soluble compounds.
The identified ligands thus allow for expansion,6 to generate
molecules with optimized affinity and selectivity, without the
immediate risk of obtaining drug candidates with disadvanta-
geous bioavailability properties. The generation of structural data
of the binding site early in the optimization process furthermore
allows synthetic chemistry to focus on the most promising
analogues, not only resulting in a highly efficient hit generation
process, but also streamlining the following hit-to-lead efforts.

Materials and Methods

NMR Sample Preparation.FABP4 was produced as a recombinant
protein fromEscherichia colicells harboring a plasmid containing the
gene coding for a 132 amino acid protein construct of FABP4. The
protein was purified by means of ammonium sulfate precipitation
followed by gel filtration using a Superdex 75pg column (Amersham
Pharmacia Biotech). Protein concentration and buffer exchange were
performed using Millipore Ultrafree-4 centrifugal filters into a buffer
containing 50 mM sodium phosphate buffer, pH 7.5, and 5 mM DTT
in 100% D2O.

Cocktails of 5-10 compounds were derived from 500 mM stock
solutions of individual compounds in DMSO-d6. For each cocktail, two
NMR samples were prepared, containing 50µM of each compound in
50 mM sodium phosphate buffer, pH 7.5, in D2O, in the presence or
absence of 50µM purified protein.

To produce a13C/15N-labeled protein, a similar protocol was followed
as for the unlabeled protein, except that theEscherichia colibacteria
were grown in minimal media containing13C-glucose and (15NH4)2-
SO4 as the sole carbon and nitrogen sources. The final protein
concentration was 0.2 mM for the samples containing13C/15N-labeled
protein. The NMR buffer contained 20 mM potassium phosphate, pH
7.6, 2 mM TCEP, 100µM NaN3, and 30µM DSS in 90% H2O/10%
D2O.

The NMR sample containing13C/15N-FABP4 and BVT.1960 was
prepared by adding an aliquot of a 73 mM BVT.1960 stock solution
in 20 mM potassium phosphate, pH 7.6, 2 mM TCEP to a13C/15N-

Figure 6. Summary of potency for FABP4 and selectivity against FABP3
of 11 analogues to BVT.1960 from the Available Chemicals Directory and
the Pharmacia compound collection.
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FABP4 NMR sample, to reach a final concentration of 60 mM. The
13C/15N-FABP4-BVT.1961 sample was prepared by adding a 5.7 mM
BVT.1961 stock solution in 20 mM potassium phosphate, pH 7.6, 2
mM TCEP to a 13C/15N-FABP4 NMR sample, to reach a final
concentration of 0.7 mM.

NMR Spectroscopy.1H 1D T1F-relaxation filter experiments were
recorded at 20°C on a 600 MHz Varian Unity INOVA NMR
spectrometer using a 120µL 1H {15N} flow probe, coupled to a Gilson-
215 liquid handler. A set of two experiments with identical experimental
parameters was recorded for each cocktail, one in the absence and one

Table 1. Potencies for FABP4 and Selectivities against FABP3 Derived from the Fluorescence Polarization Assay for Analogues of
BVT.1960 As Identified in the Available Chemicals Directory (ACD-3D, MDL Information Systems, Inc.) and the In-House Compound
Collectiona

a Results were obtained semiquantitatively from dose-response experiments.

Table 2. Potencies for FABP4 and Selectivities against FABP3 Derived from the Fluorescence Polarization Assay for Analogues of
BVT.1960, Synthesized for the Purpose of Optimizing the Interaction with FABP4
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in the presence of FABP4. The spin-lock time was set to 400 ms. A
second series of experiments, applying a spin-lock time of 100 ms,
was recorded for the individual hits. Resulting data were processed
and analyzed interactively using the V-NMR software. Compounds that
showed a decrease in signal intensities of at least 80% in the presence
of protein relative to the reference spectrum were considered as binders.

The two-dimensional NMR experiments were performed at 20°C
on a 800 MHz Varian Unity INOVA spectrometer equipped with a
triple resonance1H {13C/15N} probe.15N fast HSQC spectra of13C,15N-
FABP4 in the presence and absence of BVT.1960 and BVT.1961 were
recorded with a spectral width of 10 000 Hz sampled over 2048 complex
points inω2 (1H) and 2940 Hz sampled over 128 complex points inω1

(15N). NMRPipe41 was used for processing. The spectra were processed
using a Lorentzian-to-Gaussian transformation inω2 with an exponential
line sharpening and Gaussian line broadening of 10 Hz. A cosine bell
transformation was used inω1. Both dimensions were zero-filled once,
and linear prediction to double size was used inω2.

Fluorescence Polarization Assay.Triple measurements in a fluo-
rescence polarization assay were performed in 50 mM sodium
phosphate, 1 mM EGTA, pH 7.5, and a constant concentration of 2%
DMSO. A solution containing 2 mM FABP4 was mixed with 100 nM

fluorophore-labeled fatty acid (C4-BODIPY 500/510 C9, Molecular
Probes), after which was added 0.002-4.0 mM NMR hit. The
polarization of the fluorescence signal after excitation at 485 nm was
measured at 530 nm (Fluorolite FPM-2, Dynex Technologies). Results
were fitted in Origin 6.1 with a sigmoidal dose-response function:

in which P denotes polarization,LC denotes ligand concentration, and
HS denotes Hill slope.

X-ray Crystallography. Crystals of human FABP4 were grown with
the hanging drop method. A drop contained 2µL of protein at 20 mg/
mL in 25 mM Tris pH 8.0, 5% DMSO, 1 mM ligand and 2µL from
the reservoir, containing 20% PEG 2000, 5% DMSO, and 0.1 M Tris
pH 7.0. Crystals were cryofrozen in mother liquor, and data were
collected on a Raxis4 image plate mounted on a Rigaku generator with
a rotating copper anode. It was processed with the programs Denzo
and Scalepack.42

The FABP4 structure was solved by molecular replacement using
mouse FABP4 as a model (PDB code: 1lie). Model building was
performed with O.43 The models were refined with Refmac.44 Rmerge

and completeness were calculated by Scalepack. RefinementR-factors
were calculated with Refmac. Model statistics were calculated by
Procheck.45
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Figure 7. 1H-15N HSQC of FABP4 in absence of ligand (black), and in
the presence of BVT.1960 (red) or BVT.1961 (green). Signals that are
substantially shifted or sharpened upon ligand addition are indicated.
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