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T uberculosis is a major cause of mor-
bidity and mortality worldwide. This
infectious disease caused by Myco-

bacterium tuberculosis kills each year be-
tween 1.2 and 1.8 million people (1). Al-
though the combined use of four first-line
antibiotics (izoniazid, rifampicin, pyrazin-
amide and ethambutol) known as directly
observed treatment short-course (DOTS)
claims to successfully treat 85% of the pa-
tients, multidrug-resistant strains of the my-
cobacteria rapidly emerge (2). Treatment of
MDR-tuberculosis requires, for a longer pe-
riod of time, the use of second line antibiot-
ics that are less tolerated mainly due to
lower therapeutic indexes, leading to non-
compliance, relapse, and consequently in-
creased mortality (3). While efforts are today
focused on structure-based drug design
and in vitro and in vivo screening to identify
new drugs (4, 5) and evaluation of their
combinations, our strategy relies on the im-
provement of existing therapies. Ethio-
namide, a second-line antibiotic, is one of
the most widely used drugs for the treat-
ment of multidrug-resistant tuberculosis;
however, its use is hampered by severe side
effects. Ethionamide itself is inactive and re-
quires activation by the mycobacterial mo-
nooxygenase EthA to an active NAD-adduct
that inhibits InhA, the enoyl-ACP reductase
involved in mycolic acid biosynthesis (6−8).
The expression of ethA is controlled by the

transcriptional repressor EthR, a member of
the TetR family of transcriptional regulators
(9, 10). Genetic inactivation of ethR logically
leads to overexpression of EthA and conse-
quently to hypersensitivity of the mycobac-
teria to ethionamide (6).

We postulated that synthetic inhibitors
of EthR would increase transcription of ethA
and thus improve ethionamide bioactiva-
tion and efficacy. The first inhibitor of EthR,
BDM14500, was identified through the
screening of 131 compounds designed on
the basis of the crystal structure of EthR. Hit-
to-lead optimization was then performed
via a rational design. We confirmed that all
inhibitors occupy the ligand binding site of
the protein, resulting in a global reorganiza-
tion of its DNA binding domains, which
leads to the inability of EthR to bind to its
DNA operator. This procedure eventually led
to the identification of compounds that sig-
nificantly boost the antimycobacterial activ-
ity of ethionamide in vitro and in vivo in M.
tuberculosis-infected mice, thus validating
the ethionamide boosting concept (11).

During the hit-to-lead process, EthR bind-
ing of potent inhibitors was monitored by
X-ray crystallography. Surprisingly one com-
pound (BDM31381) adopted a new orienta-
tion compared to the initial hit by pointing
its thienoacetyl substituent to the bottom of
the pocket (10). This observation stimu-
lated us to design new analogues to
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ABSTRACT In situ click chemistry has been
successfully applied to probe the ligand binding
domain of EthR, a mycobacterial transcriptional
regulator known to control the sensitivity of Myco-
bacterium tuberculosis to several antibiotics. Spe-
cific protein-templated ligands were generated in
situ from one azide and six clusters of 10 acety-
lenic fragments. Comparative X-ray structures of
EthR complexed with either clicked ligand
BDM14950 or its azide precursor showed ligand-
dependent conformational impacts on the protein
architecture. This approach revealed two mobile
phenylalanine residues that control the access to
a previously hidden hydrophobic pocket that can
be further exploited for the development of struc-
turally diverse EthR inhibitors. This report shows
that protein-directed in situ chemistry allows me-
dicinal chemists to explore the conformational
space of a ligand-binding pocket and is thus a
valuable tool to guide drug design in the com-
plex path of hit-to-lead processes.

LETTER

www.acschemicalbiology.org VOL.5 NO.11 • ACS CHEMICAL BIOLOGY 1007



explore the ligand binding pocket of the pro-
tein and experimentally probe its ability to
adopt new conformations upon binding of
more extended ligands. An interesting ques-
tion was whether yet unobserved conforma-
tions of the protein could be recruited in
situ by diverse reagents in a click chemistry
experiment. An extended binding pocket
would provide an opportunity for the de-
sign of structurally diverse if not larger li-
gands. In the past 10 years, approaches
based on the use of proteins as catalysts to
covalently assemble fragments have been
more and more successful. The concept of
kinetic target-guided synthesis (TGS)
(12−14) is based on the use of protein pock-
ets to catalyze an irreversible reaction be-
tween two sets of complementary reactants.
In particular, in situ click chemistry has
emerged as the reaction of choice to pro-
duce efficiently potent triazole inhibitors of
enzymes (acetylcholine esterase, carbonic
anhydrase, or HIV protease) (15−21). So far,
kinetic TGS approaches have been applied
to the development of protein inhibitors and
more recently to the discovery of
protein�protein interaction modulators
(22). The Huisgen 1,3-dipolar cycloaddition
between azides and alkynes that yields tria-
zoles was chosen for EthR-catalyzed synthe-
sis. This reaction has the advantage of be-

ing performed in biocompatible solutions
and in addition does not require external re-
agents or metal catalysts that might dena-
ture the protein. The first step was to iden-
tify an analogue of BDM31381 that could
serve as template for this reaction. Among
the compounds tested, the replacement of
the thienoacetyl group in BDM31381 by an
acetylazido group led to the discovery of
BDM14801. This compound proved to re-
tain affinity for the protein by inhibiting EthR-
DNA interaction with an IC50 of 7.4 �M.
Moreover co-crystallization of EthR with
BDM14801 and X-ray diffraction showed
the compound embedded in a similar orien-
tation as BDM31381 in the ligand binding
domain. The oxadiazole ring of the ligand is
involved in a T-shape interaction with
Trp103 while the amide function is
H-bonded to Asn179. Importantly the azido
function points to the hydrophobic bottom
of the pocket closed by Phe114, Phe184,
and Trp138 (Figure 1). BDM14801 was
therefore the candidate of choice to start in
situ click chemistry experiments designed to
explore flexibility and accessibility of the
bottom of the ligand binding pocket of EthR.

Sixty different aromatic or aliphatic
alkynes were selected for their potential
ability to interact with the hydrophobic por-
tion of the ligand-binding pocket close to

the azido function of BDM14801 (Figure 2,
panel a). The selected alkynes were ratio-
nally distributed into six clusters of 10, in
such a way that in case of condensation be-
tween multiple couples of reagents the re-
sulting mixture of products would display
different molecular weights (Supplementary
Tables 1 and 2). Each cluster (containing 10
individual alkynes at 40 �M each) was incu-
bated with BDM14801 (125 �M) and EthR
(5 �M) for 5 days at 37 °C. Concentration of
reagents was defined to ensure that at least
a 1:1 ratio of synthesized triazole and pro-
tein would be obtained. In parallel, the
same mixtures were prepared and incu-
bated in the absence of EthR or with bovine
serum albumin (BSA) to evaluate possible
non EthR-specific protein-based catalysis.
Analysis of the 18 reaction mixtures by SIM-
LC/MS confirmed that the predominant
product formed upon EthR-templated condi-
tions is 4-iodobenzenesulfonamide triazole
derivative (Figure 2, panel b). Comparison of
LC/MS traces of protein-templated product
with the corresponding 1,5- and 1,4-
regioisomers, synthesized under thermal or
copper iodide catalytic conditions, respec-
tively, revealed that 1,4-regioisomer, re-
ferred to as BDM14950, is the main kinetic
product of the reaction (Figure 2, panel c).
Analysis of X-ray structures of EthR co-
crystallized with BDM14801 and with
BDM14950 revealed that both compounds
occupy the two ligand-binding pockets of
the homodimeric repressor. More impor-
tantly, atoms that BDM14801 and
BDM14950 have in common occupy
equivalent positions in the ligand-binding
pocket (Figure 3). More precisely, the 4-(3-
thiophen-2-yl-[1,2,4]oxadiazol-5-yl)-
piperidine motif of each compound faces
Leu87, Leu90, Trp103, and Trp207. The
amide group of the side chain of Asn179 is
hydrogen-bonded to the oxygen of the
amide linker of the ligands (Figure 4, pan-
els a and b). However, in contrast to the
binding of BDM14801 to EthR, the binding
of BDM14950 leads to structural modifica-

Figure 1. X-ray structure of azido ligand BDM14801 co-crystallized with mycobacterial transcrip-
tional repressor EthR. Colors legend: green (ligand) and light blue (EthR) � carbon, dark blue �
nitrogen, red � oxygen, dotted lines � hydrogen bonds. Key flexible residues are highlighted in
yellow. The representations were generated from density maps using PyMol.
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tions of the deeper portion of the pocket to
accommodate the bulkier arylsulfonamide
motif. In particular, BDM14950 induces dis-
placement of Phe184 and Phe114, which
tilt their side chain in order to allow the aryl-
sulfonamide motif to gain access to a hydro-
phobic “back pocket” of the protein. The
phenyl ring thus establishes strong van der
Waals contacts with Trp138, while Gln125 is
displaced and Arg128 is recruited through
the formation of a network of hydrogen
bonds involving Glu180 (Figure 4, panel b).

Both arginine and glutamine are known to
be more flexible than most other residues
except lysine. In contrast, phenylalanine
shows the lowest propensity for flexibility

(23). Here, the in situ assembly of
BDM14950 within the ligand-binding do-
main of EthR was made possible only by the
recruitment of a different conformation of
the receptor. Indeed two phenylalanines
have moved significantly their side chain to
yield an “open-gate” conformation. In order
to correlate these structural differences be-
tween the two complexes, with functional
activity, BDM14950 was compared with the
original azide in our SPR assay designed to
evaluate the capacity of compounds to in-
hibit the binding of the repressor to its DNA
operator. BDM14950 displayed an activity
10-fold higher (IC50 � 580 nM) than that of
the corresponding azide (IC50 � 7.4 �M)

(Supplementary Figure 1). This data con-
firms that the conformational change in-
duced by BDM14950 anchoring remains
compatible with the reorganization of the
helix�turn�helix motifs that prevent DNA
binding.

In conclusion, whereas BDM14801/EthR
complex was shown to adopt a “closed-
gate” conformation (Figure 5, panel a), bind-
ing of BDM14950 to EthR forces the protein
to adopt an “open-gate” conformation
(Figure 5, panel b) revealing a deeper, yet
hidden, hydrophobic tunnel that may now
be exploited for the development of new
EthR inhibitor chemotypes.

Protein flexibility is a real challenge for
the medicinal chemist. It makes the under-
standing of structure�activity relationships
difficult and the rational design of com-
pounds even more difficult, reducing in
practice the strategy to a trial and error
gameplay. However, flexibility of a binding
domain can also represent an opportunity to
explore a larger diversity of ligands. This
has been recently exemplified by Garcin
et al., who have been able to optimize the
selectivity of a series of NOS inhibitors by ex-
ploiting the difference in plasticity of the
binding sites of the two closely related iso-
forms iNOS and eNOS (24). Therefore all re-
liable means to detect, assess, or model the
flexibility of a ligand binding pocket are
highly desirable in the context of drug dis-
covery. Handling receptor flexibility in silico
remains today a challenge and the simula-
tion of the relevant protein conformations
for a given ligand can only be achieved with
a combination of methods (25). In silico
docking based on X-ray diffraction data is
frequently considered to assist drug discov-
ery during hit-to-lead and lead optimization.
This approach is, however, often limited by
the inherent rigid model issued from crystal-
lography. As proteins are not structurally
static but adopt spontaneously a variety of
conformations (26), new molecular docking
methods have been introduced to take into
account both ligand and receptor flexibility

Figure 2. In situ click chemistry synthesis and analysis. a) Representative set of 15 alkynes. b)
Scheme of in situ click chemistry synthesis. c) Single ion monitoring LC/MS (SIM-LC/MS) confir-
mation of in situ synthesis of 1,4-triazole BDM14950 regioisomer.
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(27). However, these methods require pro-
tracted computational time that can only be
reduced by imposing limitations on the con-
formational space.

As the exploration of the upper part of
the ligand binding domain of EthR with ratio-
nally designed inhibitors revealed that the
conformation of amino acids surrounding
the accessible pocket were weakly influ-
enced by the structure of the ligands (10),
we designed an in situ click chemistry ap-
proach to explore in detail the binding cav-
ity in order to discover new accessible pock-
ets. Ligands of EthR were generated
according to a Huisgen 1,3-dipolar cycload-
dition. The binding modes of the starting
azide and the in situ generated triazole were
compared using X-ray crystallography. This
revealed the dual nature of the ligand-
binding pocket of the protein: the upper
part of the binding pocket is structurally con-
served, whereas the bottom part under-
goes important rearrangement. Hit com-
pound BDM14500 and optimized analogue
BDM31381 revealed only the less flexible
subdomain of the ligand binding pocket.
Consequently, classical docking experi-
ments would have been efficient only for
the exploration of this subregion. In con-
trast, the protein-directed in situ synthesis
used here revealed a previously hidden
binding pocket of EthR that can now be ex-
plored to develop a new series of ligands
with original binding modes. Although the
protein-templated in situ click chemistry ap-
proach developed in this study did not de-
liver improved EthR inhibitors, it has led to a
much better understanding of the target
and provides additional evidence that the
combination of crystallography and in situ
click chemistry is highly valuable in the field
of drug discovery.

With this report, we show that in situ
click chemistry not only is dedicated for the
discovery of optimized inhibitors of en-
zymes but also allows one to explore the
conformational space of flexible ligand
binding domain, including the one of tran-

Figure 3. X-ray structure representations of the ligand-binding pocket of EthR filled with
BDM14801 and BDM14950 surrounded by their respective initial Fo�Fc map at 3.0 � contour level.
Fo�Fc maps were calculated prior to adding the ligand to the model. Colors legend: green (ligand)
and light blue (EthR) � carbon, blue � nitrogen, red � oxygen, yellow � sulfur, purple � iodine.

Figure 4. X-ray structure representations of the ligand-binding pocket of EthR. a) EthR filled with
BDM14801. b) EthR filled with BDM14950. Colors legend: green (ligand) and light blue (EthR)
� carbon, blue � nitrogen, red � oxygen, dotted lines � hydrogen bonds. Key flexible residues
are highlighted in yellow. The representations were generated from density maps using PyMol.
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scriptional repressors. More importantly all
the binding pocket conformations observed
can now be used to design structurally di-
verse ligands that are expected to all remain
inhibitors. We thus believe that it is a valu-
able tool to guide drug design in the com-
plex path of the hit-to-lead process. In par-
ticular what has been achieved here with a
bacterial ligand-dependent transcription
factor could certainly be applied to human
nuclear hormone receptors (NHRs), which
are known to often display a high degree of
flexibility that poses difficulties for rational
drug design.

METHODS
General. All reagents and solvents were pur-

chased from commercial sources and used with-
out further purification. Reactions were performed
under air and monitored by TLC and LCMS when
possible. Flash chromatography was performed on
AIT system. Mass spectra were recorded on a LC-
MS-MS triple-quadrupole system (Varian 1200ws).
HPLC analysis was performed using a C18 TSK-GEL
Super ODS column, dimensions 4.6 mm � 50 mm.
LCMS gradient starting from 100% H2O/0.1% for-
mic acid and reaching 20% H2O/80% CH3CN/
0.08% formic acid within 10 min at a flow rate of
1 mL min�1 was used. 1H and 13C NMR spectra

were recorded on a Bruker 300 MHz spectrom-
eter. Chemical shifts in 1H NMR are reported in
parts per million (ppm) on the � scale from an in-
ternal standard of residual deuterated chloroform,
dimethylformamide, dichloromethane, or DMSO.
Data from 13C spectra were reported in terms of
chemical shift in ppm from the center peak of
CDCl3, CD2Cl2, DMF-d7 or DMSO-d6. Melting points
were determined on a Büchi B-540 apparatus and
are uncorrected.

In Situ Click Chemistry Protocol. Each of the 60
alkynes was solubilized in 250 �L of methanol to
reach a final concentration of 80 mM. The six clus-
ters of 10 alkynes were constituted by mixing
35 �L of the 10 required alkyne solutions to reach
a final concentration of 8 mM per compound in
350 �L of methanol. For each cluster, 4 deep wells
of the corresponding line of the plate were filled
with 3 �L of the respective acetylenic mixture, 3 �L
of azide at 25 mM in methanol: deep wells of row
1 were filled with 600 �L of EthR at 5 �M solubi-
lized in Tris buffer (Tris 10 mM, pH � 7.5, NaCl
200 mM, EDTA 0.1 mM, DTT 1 mM), deep wells of
row 2 were filled with 600 �L of Tris buffer, deep
wells of row 3 were filled with BSA at 5 �M solubi-
lized in Tris buffer, and deep wells of row 4 were
filled with 600 �L of CuI at 4 mM in acetonitrile.
Each reaction mixture was incubated at 37 °C for
96 h. Samples of the reactions (100 �L) were di-
luted in MeOH (100 �L) and injected (10 �L) for
LC-MS-SIM analysis.

LC-MS/MS Analysis. The LC-MS/MS system con-
sisted of a Varian 1200 L, a Prostar 430 autosam-
pler, a triple quadrupole mass spectrometry
equipped with an electrospray ionization source,
with a Prostar 325 detector. Analytes in incubation
mixtures were separated by HPLC using a gel TSK
C18 Super-ODS, 5 �m, 50 mm � 4.6 mm column.
LCMS gradient starting from 100% H2O/0.1% for-
mic acid and reaching 20% H2O/80% CH3CN/
0.08% formic acid within 10 min at a flow rate of
1 mL min�1 was used. The injection volume was
10 �L; 30% of the eluent was introduced into the
triple quadrupole mass spectrometer source. The
source temperature of the mass spectrometer was
maintained at 300 °C, the declustering potential
was 50 V, and the curtain gas pressure is 1.5
mTorr.

Chemical Synthesis of 2-Azido-1-[4-(3-thiophen-
2-yl-[1,2,4]oxadiazol-5-yl)-piperidin-1-yl]-ethanone
(BDM14801). In a round-bottom flask (250 mL) was
introduced 4-(3-thiophen-2-yl-[1,2,4]oxadiazol-5-
yl)-piperidine-1-carboxylic acid tert-butyl ester (1.1
g, 3.28 mmol, 1 equiv), and 7 mL of ethanol was
added. 4 N HCl in dioxane (1 mL, 4 mmol, 1.05
mmol) was added to the solution. The mixture was
heated at 50 °C for 2 h. The reaction was cooled
down, and 10 mL of diethyl ether was added. The
precipitate was filtered to give 9.56 g of a beige
powder. 1H NMR (DMSO-d6): 2.00 (qd, J � 11.5 Hz,
J � 3.0 Hz, 2H); 2.25 (dd, J � 11.5 Hz, J � 3.0
Hz, 2H), 3.10 (q, J � 10.2 Hz, 2H), 3.30 (d, J � 11
HZ, 2H), 3.50 (m, 1H), 7.26 (dd, J � 5.0 Hz, 3.70
Hz), 7.78 (dd, J � 3.5 Hz, J � 1.1 Hz), 7.85 (dd, J
� 5.0 Hz, J � 1.2 Hz). LCMS m/z: 236 [M � H]�.
4-(3-Thiophen-2-yl-[1,2,4]oxadiazol-5-yl)-
piperidinium hydrochloride (168 mg, 0.6 mmol, 1

equiv) and triethylamine (220 �L, 1.9 mmol, 3.1
equiv) were mixed in dichloromethane (1 mL) and
cooled to �15 °C. Chloroacetyl chloride (40 �L,
0.6 mmol, 1 equiv) was added dropwise over 10
min. The resulting mixture was stirred at RT for 2 h.
Dichloromethane (20 mL) was added to the solu-
tion, and the organic layer was washed 3 times
with 15 mL of hydrochloric acid solution (5%) and
then with 15 mL of brine and dried over MgSO4.
The organic layer was reduced under pressure to
give 2-chloro-1-[4-(3-thiophen-2-yl-
[1,2,4]oxadiazol-5-yl)-piperidin-1-yl]-ethanone as
a white solid with 95% yield. 1H NMR (CDCl3): 2.00
(m, 2H); 2.19 (m, 2H); 3.08 (m, 1H); 3.29 (m,
2H); 3.95 (m, 1H); 4.12 (s, 2H, CH2); 4.45 (m,
1H); 7.17 (dd, J � 5.0 Hz, J � 3.0 Hz, 1H); 7.53
(d, J � 5.0 Hz, 1H); 7.80 (d, J � 3.0 Hz, 1H). LCMS
m/z: 312 [M � H]�. 2-Chloro-1-[4-(3-thiophen-2-yl-
[1,2,4]oxadiazol-5-yl)-piperidin-1-yl]-ethanone
(312 mg, 1 mmol, 1 equiv) was dissolved in 1 mL
of DMF. Sodium azide (91 mg, 1.4 mmol, 1.4
equiv) was added to the solution, and the mix-
ture was stirred at RT for 18 h. The solution was re-
duced under pressure, and the residue was dis-
solved in 50 mL of ethylacetate. The organic layer
was washed with 20 mL of KHSO4 solution (0.1 N),
20 mL of saturated NaHCO3 solution, and 2 times
with 20 mL of brine. The organic layer was dried
over MgSO4, filtered, and reduced under pressure
to give 2-azido-1-[4-(3-thiophen-2-yl-
[1,2,4]oxadiazol-5-yl)-piperidin-1-yl]-ethanone as
a beige solid with a 80% yield. 1H NMR (CDCl3):
1.95 (m, 2H); 2.20 (m, 2H); 3.06 (m, 1H); 3.27 (m,
2H); 3.74 (d, 1H, J � 13.5 Hz); 3.99 (s, 2H); 4.45
(d, 1H, J � 13.5 Hz); 7.14 (dd, J � 5.0 Hz, J � 3.0
Hz, 1H); 7.50 (d, J � 5.0 Hz, 1H); 7.78 (d, J � 3.0
Hz, 1H). 13C NMR (CDCl3): 28.7; 29.4; 34.0; 41.2;
44.2; 50.9; 128.1; 129.4; 129.6; 164.4; 165.5;
180.4; LCMS m/z: 319 [M � H]�.

Chemical Synthesis of 4-Iodo-N-(1-{2-oxo-2-[4-
(3-thiophen-2-yl-1,2,4-oxadiazol-5-yl)-piperidin-1-
yl]-ethyl}-1H-1,2,3-triazol-4-ylmethyl)-
benzenesulfonamide (BDM14950). In a Wheaton
tube (1 mL) were introduced 2-azido-1-[4-(3-
thiophen-2-yl-[1,2,4]oxadiazol-5-yl)-piperidin-1-
yl]-ethanone BDM14801 (19 mg, 59 �mol, 1
equiv) and 4-iodo-N-prop-2-ynyl-
benzenesulfonamide (3) (59 �mol, 1 equiv) in
200 �L of CH3CN. Copper iodide (2 mg) was added
under stirring. The solution was stirred at RT for a
further 18 h. The organic layer was filtered and
washed with cold CH3CN to give the desired com-
pound as a beige powder. Yield: 69%. 1H NMR
(DMF-d7): 1.76 (m, 1H); 2.04 (m, 1H); 2.21 (m, 2H);
3.00 (m, 1H); 3.48 (m, 1H); 3.51 (m, 1H); 4.14
(m, 1H); 4.24 (s, 2H); 4.42 (m, 1H); 5.60 (m, 2H);
7.33 (m, 1H); 7.70 (m, 2H); 7.87 (m, 1H); 7.94 (m,
2H); 8.09 (m, 2H); 8.20 (brs, 1H). 13C NMR (DMF-
d7): 30.0; 30.1; 33.8; 38.7; 41.0; 43.8; 50.9; 99.6;
125.1; 128.1; 128.5; 128.6; 129.9; 130.4; 138.4;
140.8; 143.5; 164.1; 164.4; 182.0. LCMS (EI(�))
m/z: 640 [M � H]�.

SPR Assay. SPR analysis of the molecular inter-
actions between EthR and the ethA promoter re-
gion was performed using research grade CM5
sensor chips on a BIAcore2000 instrument.
Streptavidin was injected onto the CM5 sensor

Figure 5. X-ray structure representations of
the ligand-binding pocket of EthR showing the
mobility of Phe114 and Phe184. a) EthR filled
with BDM14801. b) EthR filled with
BDM14950. Colors legend: blue � nitrogen,
red � oxygen, hatched lines � hydrogen
bonds. Essential residues of the protein are
highlighted with sticks. The representations
were generated from density maps using
PyMol.
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chips at 500 ng mL�1 in 10 mM sodium acetate
(pH 3.5) for 12 min at a flow rate of 10 �L min�1.
The 106-bp biotinylated DNA fragment overlapping
the ethA-ethR intergenic region was obtained by
polymerase chain reaction (PCR), purified by agar-
ose gel electrophoresis, and immobilized onto the
CM5 sensor chip. The biotinylated DNA fragment
was injected in one channel of the chip at 200 ng
mL�1 to obtain a 50 resonance unit (RU) stable
fixation to streptavidin. Another channel of the
chip was loaded with a biotinylated double
stranded 113-bp long irrelevant DNA fragment
(�14 to �127 fragment of the E. coli bla gene
PCR amplified using oligonucleotides O-343: TTTC-
CGTGTCGCCCTTATTCC and O-344: CCACTCGTGCAC-
CCAACTGAT and pUC18 as substrate). Binding of
EthR to the immobilized DNA was performed at
25 °C in 10 mM Tris-HCl (pH 7.5), 200 mM NaCl,
0.1 mM EDTA, 1 mM DTT, and 1% DMSO at a flow
rate of 20 �L min�1. Specific interaction (SI) be-
tween EthR and the 106-bp DNA fragment was de-
fined as the signal difference between both chan-
nels. For dose response curves establishment, the
test compounds were serially diluted in the bind-
ing buffer containing 540 nM EthR, incubated
5 min at 37 °C, and then injected in the BIAcore
at a flow rate of 20 �L min�1 for 3 min. SI values
were measured at the end of the injection period
and used to calculate the inhibition of
protein�DNA interaction. IC50 values were deter-
mined by using the XLFit software.

Crystal Structure Determination of EthR�Ligand
Complexes. N-Terminally hexa-histidine-tagged
EthR was produced in E. coli C41 (pET-15b- ethR)
and purified as previously described (8). Prior to
crystallization, the protein was buffer exchanged
against 10 mM Tris-HCl (pH 7.5), 200 mM NaCl and
concentrated to 26 mg mL�1. Crystals were ob-
tained by the vapor diffusion method, using
0.1 mM Mes pH 6.5, 1.5 M ammonium sulfate,
and 20% glycerol as the crystallization solution. Li-
gands were dissolved in 100% DMSO. Prior to
crystallization, the protein was incubated with the
ligand, either BDM14801 or BDM14950, added at
equimolar concentration. The crystals belong to
space group P41212. Data collection statistics are
summarized in Supplementary Table 3. The diffrac-
tion data were processed with XDS (28). The struc-
tures have been determined by molecular replace-
ment using as the initial coordinates the EthR
structure deposited in the protein data bank (PDB
code 1U9N). The structures were refined using REF-
MAC5 (29) from the CCP4 suite (30) to a resolu-
tion of 1.9 Å. The ligands were positioned in the
electron density with COOT (31). The final Rwork
(Rfree) (32) for BDM14801 and BDM14950 are
18.2% (22.1%) and 19.3% (25.1%), respectively.

Accession Codes: Structure factors and final coor-
dinates have been deposited in the RCSB PDB with
ID codes 3O8G and 3O8H for BDM14801 and
BDM14950, respectively.
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