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ABSTRACT: 178-HSD14 is a SDR enzyme, able to oxidize estradiol and 5-androstenediol using NAD". We determined the
crystal structure of this human enzyme as the holo form and as ternary complexes with estrone and with the first potent,
non-steroidal inhibitor. The structures reveal a conical, rather large and lipophilic binding site and are the starting point
for structure-based inhibitor design. The two natural variants (S205 and T205) were characterized and adopt a similar

structure.

INTRODUCTION

17B-Hydroxysteroid dehydrogenase type 14 (17B-
HSD14),"* also called retSDR3, DHRS10 or SDR47C1o, is
the latest 178-HSD which has been identified. It belongs
to the SDR (Short-chain Dehydrogenase-Reductase) fami-
ly. Its physiological role is yet unknown. Estradiol (E2), 5-
androstene-3,173-diol (5-diol) and testosterone (T) have
been identified as substrates in vitro.” 178-HSD14 catalyzes
the alcohol oxidation of the aforementioned estrogens
and androgens at their position 17 giving rise to estrone
(E1), dehydroepiandrosterone (DHEA), and 4-androstene-
3,17-dione (4-dione), respectively.* The enzyme requires
NAD" as cofactor.

17B8-HSD14 is a cytosolic enzyme.* Concerning its locali-
zation, northern blot analyses have shown that the hu-
man HSD17B14 gene is dominantly expressed in the brain,
liver, placenta,” and in the kidney.? In another study, us-
ing immunochemical based methods Sivik et al.* demon-
strated that the protein is also expressed in adrenals and
testis as well as in eye, heart, kidney, esophagus, liver,
rectum, salivary glands and skeletal muscle. 17p-HSD14
has also been identified in breast cancer tissue.’

The gene coding for 178-HSD14 was first isolated from
the human retinal epithelium by Haeseleer® and contains
a serine at position 205 (S205). An alternate version of the
gene was subsequently isolated from a melanotic mela-

allelic variant, termed T205, carries a threonine at posi-
tion 205. The meaning of the observed polymorphism has
not been analyzed until now and the T205 variant has also
never been characterized to date. In this study, the struc-
tural and the biochemical characterization of the T2o05
will be addressed as well as its comparison to the S205
enzyme.

The Sz05 variant of hi173-HSD14 has been crystallized
and the 3D-structure of the apoenzyme determined by
Lukacik et al.* Crystal structures of a target protein pro-
vide important structural insights into binding sites.
However from the existing structure no information
about the protein/ligand interaction, either with the co-
factor or with the substrate, can be extracted.

Furthermore, inhibitors are important tools not only to
characterize the binding site of a protein but also to study
the physiological role of a protein in vivo. No inhibitor of
this enzyme has been reported to date. In the following,
the first potent non-steroidal inhibitor of h173-HSD14 is
described. The ternary complex enzyme-cofactor-
inhibitor was also crystallized and its structure deter-
mined.

In the present study the description of the new variant
T205 as well as five new crystal structures provide further
insights in the characterization of this enzyme.

RESULTS AND DISCUSSION
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Identification of the first h173-HSD14 inhibitor. The
dihydroxyphenylpyridine methanone compound class 1,
previously described as weak hi73-HSDz2 inhibitors,” was
chosen as the initial scaffold. Several modifications, to be
described in detail elsewhere, were accomplished to fea-
ture compound 2 (Figure 1). This compound is the first
reported hi17B-HSD14 inhibitor (see Supporting Infor-
mation SI). As measured in a fluorimetric assay, it shows a
Ki= 71 nM.

Figure 1. Structure of dihydroxyphenylpyridine methanone
scaffold 1 and compound 2.

Protein expression and purification. Both recombi-
nant hi17B-HSD14 protein variants (S205 and T205) were
overexpressed in E.coli BL21 pLysS via transformation
with the corresponding N-6His-tag plasmid, following
Lukacik’s procedure,” applying minor modifications (see
SI). Pure enzyme was obtained with a yield between 8 - 15
mg of protein per liter of bacterial culture. The specific
activity was 1.35 and 1.21 nmol.min™.mg” for S205 and
T2o05, respectively, in presence of E2.

Protein stability and Thermal Shift Assay (TSA) ex-
periment. The main challenge encountered during the
protein purification was the low stability of hi7B-HSDg4.

Table 1. Effect of different buffer additives on the
T,, of h173-HSD14

T, in°C T, in°C

No additive 35.5 59.0
Glycerol 20% 57.5
MPD 10% 47.0
PEG400 10% 53.0
Ethylene glycol 10% 53.0
Glucose 250 mM 37.5 59.5
NAD" 0.2 mM 415 59.0
Glucose 250 mM, NAD" 0.25 mM 48.5 59.0
80000
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0.25 mM NAD™"
60000 || —— 250 mM glucose
—— no additive

40000
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Figure 2. TSA curves of h173-HSDi4 obtained in presence
of glycerol (red), NAD" (cyan), glucose (blue) or without
any additive (magenta).

In the absence of any buffer additives, no or only minor
amounts of protein could be isolated. Glycerol is known
to stabilize proteins by compacting their structures to a
globular shape® and its addition substantially increased
the efficiency of protein purification. However, it must be
emphasized that glycerol in presence of NAD" and the
enzyme, without substrate, induces the production of a
fluorescent substance which, after investigation, turned
out to have the same fluorescence fingerprint as NADH.
We concluded that glycerol is recognized as a substrate
by hi7B-HSDi4, thereby transforming NAD" into NADH.
Ethylene glycol, MPD and PEG4o00 caused the same effect
as observed with glycerol. Glucose, which is commonly
used as a cryo protectant and is also known to stabilize
proteins,” was identified not to be a substrate and was
therefore added during purification. The protein was
further stabilized by adding NAD" (0.5 mM) during the
purification steps and for storage (0.25 mM).

Glycerol is often used as protein stabilizer during activi-
ty assays. To the extent of our knowledge, it is not sys-
tematically investigated whether or not glycerol can be
accepted as a substrate during enzymatic assays, and
whether it interferes with substrate binding. The presence
of glycerol might therefore lead to some discrepancies in
the interpretation of biological results.

The search for sufficient stabilization conditions, com-
patible with our fluorimetric activity assay, was supported
by TSA, which validates the amount of stabilization of a
protein upon addition of different buffer additives (Figure
2). The reference curve was obtained in the absence of
any additive and revealed two inflection points (T,,= 35.5
°C, Tm= 59 °C, Table 1). Conversely, in the presence of
glycerol, a curve with one single melting point can be
observed (T,,= 57.5 °C), indicating that it effectively stabi-
lizes the protein. Similar curves were obtained with MPD,
PEG400 and ethylene glycol, but at lower melting tem-
peratures than observed with glycerol (Table 1). This indi-
cates a weaker stabilizing effect on the protein.

Remarkably, adding glucose or NAD" resulted in TSA
curves with two maxima. Both molecules independently
induced a slight shift in the T, of the protein but did not
greatly affect the T,,. The combination of glucose and
NAD" has a greater influence on T,, (AT,= +13°C, com-
pared to the measurement without any additive) while
T, remains unchanged. This result suggests that the first
maximum corresponding to T,,, might represent a fraction
of the protein in a less-stable conformation, while the
second maximum T,,, represents the true melting point of
the protein in its most stable conformation.

The influence of different ligands on h178-HSD14 stabil-

Table 2. Effect of different ligands on the T,, of
h17B8-HSD14

T,,in °C
DMSO 2.5% 56.0
Estradiol 0.25 mM 58.0
Estrone 0.25 mM 57.5
Compound 2 0.25 mM 70.5

ACS Paragon Plus Environment

Page 2 of 14



Page 3 of 14

©CoO~NOUTA,WNPE

ity was also tested. Pure DMSO was used as control and a
T,, of 56°C was obtained (Table 2). No second maximum
was identified. In the presence of E1 and E2, only a slight
shift could be observed (AT,= 1.5-2°C). However, the
strongest positive shift was recorded upon addition of our
inhibitor (AT,,= 14.5°C), indicating that compound 2 has a
strong affinity for the protein resulting in a strong stabi-
lizing effect.”™"

Activity assay and biochemical characterization of
both S205 and Tz05. The activity of h178-HSD14 was
determined by fluorimetric intensity measurement of
NADH formed during the catalytic reaction. The reaction
was carried out using the purified enzyme, E2 as substrate
and NAD" as cofactor (see SI). High substrate concentra-
tion (32 pM) had to be applied because of the low sensi-
tivity of the method. All the other 17p-HSDs have the
characteristic ability to perform both oxidative and reduc-
tive reactions in vitro depending on the oxido-reduction
state of the cofactor. Therefore, the activity of h17p-HSD14
in the presence of E1 and NADH (corresponding to the
back reaction) was also tested. However, no conversion to
NAD" could be detected after 15 min. In vivo, the cyto-
plasmic NAD" concentration is about 500 times higher
than NADH. This indicates that in vivo this enzyme
should be a pure dehydrogenase. In order to carry out a
biochemical comparison of S205 and T205 variants, kinet-
ic experiments were performed with the substrates E2, 5-
diol and T. With all substrates, the enzyme follows Mich-
aelis-Menten kinetics. However, with testosterone, no
saturation curve could be observed, and consequently the
kinetic parameters could not be determined. For 5-diol
and E2 the Michaelis-Menten constants (K,,), the maxi-
mum velocities (V,,,,) and the turnover rate values (k)
were determined (Table 3). For the S205 variant, the Km
values obtained are in the same range as those published
by Lukacik et al.”* The kinetic data of the T205 variant are
very similar to those of the S205 protein, indicating that
the T205 mutation does not influence the catalytic effi-
ciency of the enzyme. This result appears reasonable as
the amino acid 205 is not close to the catalytic triad. The
rather high Km and low turnover of h173-HSD14 for both,
5-diol and E2, had already been pointed out by Lukacik et
al.* and might indicate that the enzyme could bind other
types of substrates.

Crystallization of h178HSD14. Our crystallization tri-
als led to five different crystal structures: h178-HSD14 as
apoenzyme (S205), as binary complexes with NAD" (with
both variants S205 and T205), as a complex with the
product E1 (T205) and as a complex with the first non-
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steroidal inhibitor 2 (T205). All crystal structures were
obtained by co-crystallization (see SI). The data pro-
cessing and the refinement statistics are summarized in
Table 4.

The apo structure was reproduced using different crys-
tallization conditions than those described by Lukacik et
al.,’ leading to a structure of 1.52 A resolution. In the apo
form a homotetramer is present in the asymmetric unit of
the monoclinic space group Pi12a (Figure 3A). It exhibits
the A2B2 symmetry as described by Lukacik et al.,” how-
ever, in this new structure the C-terminus segment is
visible. The tetramer is built-up by the interaction of two
identical dimers (A2 and B2) each composed of two mon-
omers. The two dimers A2 and Bz differ in the confor-
mation of the flexible loop, formed by the a-helices aFG1
and oFG2 (residues 189-212), which is open in A2 and
closed in Bz. A maximum shift of about 7 A is observed
between the two conformations of the flexible loop,
which adjusts the size of the active site (Figure 3B). In the
dimer A2, the C-terminus of each monomer is inserted
into the wide-open active site of the opposite monomer.

In the case of the holo structure, both variants of the
protein S205 and T205 were co-crystallized in complex
with NAD". Both variants contain only one monomer in
the asymmetric unit in the cubic space group 123. Here,
the tetramer is formed by four identical molecules. The
PISA calculation™ with a total buried area of 6610 A” for
each monomer and the analysis by native ESI mass spec-
trometry (result not shown) support that the tetrameric
form is the assembly present in solution. No structural
differences between the S205 and the T205 holoenzymes
were evident from their 3D-structures as both isoforms
were identical, with the mutated amino acid being the
only exception (Figure 3C). The flexible loop (aFG1 and
aFGz2) is fixed in a closed conformation, which reduces
the volume of the binding pocket. The active site cleft is
also downsized by the presence of Tyrz53 belonging to
the C-terminus from the adjacent crystal mate. The C-
terminal part of the monomer is completely defined in
the density and reveals a different conformation com-
pared to the dimer A2 of the apo structure: it is not enter-
ing the binding pocket of the monomer but it is arranged
around the surface of the bordering monomer (Figure S8).
No further major conformational changes are observed.

In the structure of both ternary complexes, the mono-
mers, present in the asymmetric unit, interact with each
other similarly to the holo form, generating a tetramer via
crystal symmetry. The C-terminal tails of the complex
with E1 and with compound 2 are very flexible and the

Table 3. Kinetic analysis of h17p-HSD14 and enzymatic specific activity.

S205
Substrate | Ky (UM) Vimax (MM.min™) ke (min™)

5-diol 6.6%1.5 58+0.4 0.017

E2 6.2+1.4 82+0.1 0.024

T205
K (LM) Vinax (MM.min™) Kkecat (min™)
7.8+1.2 68+0.3 0.019
7.9%1.7 114+0.3 0.033

Mean values and given standard deviations were calculated based on 5 - 7 measurements.
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amino acids from Ser258 to Ile268 are not defined by the
electron density map. Only Pro269, Ser270 and Gly271,
which are stabilized by a contact with the asymmetrical
equivalent molecule, can be seen. A backbone compari-
son between the holo form and the ternary complexes
does not reveal any differences between the structures.
Both, E1 and the inhibitor, are located in the steroid bind-
ing pocket. The substrate binding site has a conical shape,
with the catalytic triad being at the apex of the cone and a
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wide solvent-exposed opening at the other side.

In all the structures the catalytic triad, composed of
Seri41, Tyri54 and Lys158, maintains an identical geome-
try. A special attention should be paid to Hisg3, which is
stabilized by GIni48, located in the substrate binding site
and close to the catalytic triad because it is not present in
other human SDR 173-HSDs. This fact might be exploited
to optimize the inhibitor structures in order to achieve
specific interactions with hi173-HSDi4 and thereby in-

Table 4. Data collection and refinement statistic for the crystal structures.

PDB ID code ¢

(A) Data collection and processing

Apo structure
51CS

space group P12

unit cell parameters a, b, ¢ (A) 7.0, 92.2, 87.3

Matthews coefficient ° (A3/Da) 2.5

solvent content ® (%) 49.9

(B) Diffraction data

resolution range (A) 50-1.52 (1.61-
1.52)

unique reflections 169468 (27103)

R(I)sym (%) 5.8 (48.)

Wilson B factor (A%) 13.72

completeness (%) 99.5 (98.8)

redundancy 3.8(3.8)

<I/o()> 15.2 (2.7)

(C) Refinement

resolution range (A) 43.95-1.52

reflections used in refinement 169468

(work/free) (160994/8474)

final R value for all reflections

(work/free) (%) 0.13/0.16

protein residues 1033

water molecules 735

RMSD from ideality: bond lengths (&) 0.008

RMSD from ideality: bond angles (°) 0.937

Ramachandran plot:*

residues in most favored regions (%) 92.5

residues in additionally allowed regions

(%) 7

residues in generously allowed regions

%) .0

residues in disallowed regions (%) 0.0

Mean B factor protein (A?) ¢ 18.4

Mean B factor ligand (A%) d -

Mean B factor water molecules (A%) d 32.2

Holo structure ~ Holo structure ~ E1 complex Inhibitor 2
S205 5JSF T205 5JS6 5HS6 complex 5ICM
I23 I23 I422 I422

130.2, 130.2, 130.2, 130.2,

130.2 130.2 91.0,91.0,131.9 917, 91.7, 133.8
3.2 3.22 2.4 2.4

61.7 61.7 49.0 49.9

50-1.84 (1.95- 50-2.00 (2.12- 50-2.02 (2.14- 50-1.68 (1.78-
1.84) 2.00) 2.02) 1.68)

31827 (5106) 24734 (3933) 18613 (2930) 34525 (5122)
4.7 (49.) 4.2 (483) 9.1 (48.6) 8.1(49.3)
35.06 44.6 26.13 19.96

99.9 (99.6) 99.4 (98.5) 99.7 (98.7) 991 (98.3)
6.6 (6.8) 6.6 (6.5) 7.5 (7.6) 6.9 (6.7)

213 (4.2) 22.71 (3.91) 15.9 (4.3) 141 (2.9)
46.05-1.84 46.03-2.00 46.11-2.02 37.82-1.68
31827 24734 18793 3251
(30235/1592) (23497/1237) (17682/931) (30885/1626)
0.16/0.19 0.17/0.19 0.16/0.19 0.16/0.19
268 268 257 255

86 64 136 189

0.007 0.007 0.007 0.009

0.817 0.817 0.868 1.004

92.2 92.2 93.3 92.8

7.8 7.8 6.7 7.2

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

45.8 56.3 29.1 23.0

- - 44.9 26.1

49.7 56.0 35.6 329

“ Values in parenthesis describe the highest resolution shell. ® Calculated with Matthews_coef program from CCP4 suite version
6.4.0.% ¢ Calculated with PROCHECK." ¢ Mean B factors were calculated with MOLEMAN.'
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creasing selectivity toward other human SDR 173-HSDs.

Description of the NAD®, estrone, and inhibitor
binding modes. Interactions stabilizing the cofactor in
h17B-HSD14 are identified for the first time as the previ-
ously described structure did not contain NAD'. The
cofactor NAD" is buried inside the cofactor binding pock-
et and is coordinated via H-bond contacts to several ami-
no acids and a number of crystallographically observed
water molecules (Figure 4). These interactions are similar
to those previously observed in other 178-HSDs, for ex-
ample in 178-HSD10."

E1, the product of the catalytic reaction, is found to be
bound to the active site in an atypical fashion with its A-
ring positioned in van der Waal’s interaction distance to

Figure 3. (A) Surface representation of the apoenzyme homo-
tetramer (PDB code: 5ICS). (B) Ribbon representation of the
superimposition of the four chains in the apo structure. The
two chains forming dimer B2 are shown in pink shades and
the two chains forming dimer A2 are shown in blue shades.
(C) Ribbon representation of the superimposed binary com-
plexes of variant S205 (greencyan) and T205 (gray) together
with bound NAD; the catalytic triad and the residues 205 are
shown as stick model (S205 PDB code: 5JSF, T205 PDB code:
5JS6). All structural representations were prepared with
PvMOI..

Journal of Medicinal Chemistry

the nicotinamide portion of the cofactor (Figure 5A) thus
placing the actual 17-reaction center in remote position
relative to the cofactor. No apparent m-stacking interac-
tion of the steroidal A-ring can be observed with any
amino acid. The only H-bond interaction established is
between the A-ring’s hydroxyl group and the hydroxyl of
Tyris4 of the catalytic triad (d= 2.5 A). The carbonyl
group in position 17 does not form any interactions, nei-
ther with any amino acid nor with the solvent. The ste-
roidal C-ring is placed in the hydrophobic cleft formed by
Trp192 and Leugs. The methyl group of the Ei1 is not de-
tectable in the electron density of the ligand and there-
fore it was not included in the model. The orientation we
do observe is, however, not unlikely due to the pseudo
symmetry of E1,”7 and this also allows for the possibility
that both orientations occur (with the 17 position of E1
binding to the catalytic triad or being away from it). No
back reaction of the enzyme was observable by fluores-
cence assay. This result could be explained by the slow
transformation rate of E1 to E2 or by the binding of E1in a
non-productive way or by both at the same time.

Regarding compound 2, the C-ring is located in vdW
radius distance to the nicotinamide moiety of NAD" (Fig-
ure 5B). The hydroxyl group in position 3 of the C-ring
establishes two hydrogen bonds to the OH groups of
Ser141 (d= 2.6 A) and Tyri54 (d= 2.4 A), two amino acids
being part of the catalytic triad. The two hydroxyl groups
of the catechol A-ring form a polar interaction with the
carbonyl backbone oxygen of Alai49 (d= 2.8 A and d=3.14
A). Interestingly, the keto group between the pyridine
and the C-ring does not form any interactions but seems
to be important for the inhibitor to adopt the correct
geometry. From the surface representation (Figure 5C), it
becomes apparent that the V-shape of the inhibitor nicely
complements the shape of the active site.

CONCLUSION

In this work, we have elucidated the first crystal struc-
tures of h178-HSD14 in complex with ligands. The struc-
ture of the binary complex with the cofactor NAD" differs
from the apoenzyme with respect to the flexible loop
(«FG1 and aFG2 segment) which adopts a unique closed

Figure 4. Interaction scheme between NAD" and h17B-
HSD14 (PDB code: 5ICM). Water molecules are repre-
sented in red spheres. H-bond contacts are shown as
dotted lines.
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W192

Figure 5. Crystal structures of h173-HSD14 in complex with E1 (A, PDB code: 5sHS6) and inhibitor 2 (B and C, PDB code: 5ICM).
In panels A and B, estrone and inhibitor 2 are shown as stick model, the amino acids within a distance of 4.6 A and cofactor are
shown as thin lines. H-bond distances are depicted as dotted lines. Fo-Fc difference electron densities are shown as green mesh
at a contour level of 2 . Panel C shows the protein as surface representation, cofactor and compound 2 as stick model.

conformation in the presence of NAD": it is found in ei-
ther open (A2 dimer) or closed (B2 dimer) conformation
without cofactor. The overall structure and the active site
geometry in the ternary complexes with E1 or with com-
pound 2 are very similar to those of the binary complex,
with the flexible loop in the same closed state delimiting
an elongated and conical active site. Binding of the cofac-
tor appears to induce a shift of the flexible loop, which
reduces the size of the active site and thereby produces
the active conformation of the enzyme.

The ternary complex with inhibitor 2 is the most inter-
esting structure obtained in this study as it describes the
binding mode of the first non-steroidal h173-HSD14 inhib-
itor in complex with the protein. It is striking that up to
now no human SDR 173-HSDs could ever be crystallized
in complex with a non-steroidal compound. Several at-
tempts have been conducted with 173-HSD1 but all failed,
possibly owing to the lipophilicity of the active site or the
flexibility of the compounds.

Compound 2 is the first h173-HSD14 inhibitor identi-
fied. It binds in a competitive manner occupying the sub-
strate binding site. It has a strong affinity for the enzyme,
indeed it is stabilized by three additional interactions and
adapts very tightly to the active site geometry owing to its
V-shape. The knowledge of its binding pose is of utmost
importance as it is a starting point not only for structure-
based drug design of hi173-HSDi4 inhibitors, but also to
endow inhibitors with the required selectivity toward
other 173-HSDs. The identification of the first hi73-HSD14
inhibitor is a valuable tool to further investigate the phys-
iological role of this enzyme. However, further studies are
still necessary to investigate the endogenous substrate
and the functional role of the enzyme in vivo.

EXPERIMENTAL SECTION

Chemical methods. Column chromatography was per-
formed on silica gel (0.04-0.063 mm, Macherey-Nagel).
Mass spectrometry was performed on a Q-Trap 2000
(Applied Biosystems) equipped with an electrospray in-
terface (ESI). 'H and ®C NMR spectra were measured on a
JEOL ECX-400 spectrometer in acetone-d6 at 400 MHz

and 100 MHz, respectively. Chemical shifts are reported in
8 (parts per million: ppm), using residual peaks for the
deuterated solvents as internal standard: 2.05 ppm (‘H
NMR), 29.8 ppm and 206.3 ppm (*C NMR). Signals are
described as t, dd, ddd, dt and m for triplet, doublet of
doublet, doublet of doublet of doublet, doublet of triplet
and multiplet, respectively. All coupling constants (J) are
given in Hertz (Hz). Infrared spectroscopy was performed
on a Bruker ALPHA FT-IR spectrometer as neat sample.
The compound has 99.1% chemical purity as evaluated by
HPLC on a Shimadzu® LC-20 system. A RP Ci8
NUCLEODUR® (125 mm X 4 mm, 5um) column (Ma-
cherey-Nagel) was used as stationary phase. All solvents
were HPLC grade. In a gradient run the percentage of
acetonitrile in water was increased from initial concentra-
tion of 30% at o min to 90% at 15 min and kept at 9o% for
5min. UV spectra were recorded at a wavelength of
254 nm.

[6-(3,4-Dihydroxyphenyl)pyridin-2-yl]-(4-fluoro-3-
hydroxyphenyl)-methanone (2).

C18H12FNO4; MW: 325; mp: 180-181 °C; 'H NMR: § 8.07-
8.00 (m, 2H), 7.87 (dd, J= 8.7 Hz, 2.0 Hz, 'H), 7.83 (dd,
J=6.8Hz, 1.5Hz, 1H), 7.74 (ddd, J=8.5Hz, 4.5Hz,
2.0 Hz, 1H),7.69 (d, J=2.a1Hz, 1H), 7.53 (dd, J=8.3 Hz,
2.1 Hz, 1H), 7.29 (t, ] = 9.6 Hz, 1H), 6.93 (d, ] = 8.3 Hz, 1H);
BC NMR: 8§ 192.4, 156.6, 155.6, 155.4 (d, ] = 249.4 Hz), 147.8,
146.3, 145.5 (d, J=13.0 Hz), 139.0, 134.2, (d, J=3.3 Hz),
131.3, 124.8 (d, J = 7.6 Hz), 122.4, 121.3 (d, J = 4.2 Hz), 119.8,
16.6 (d, ] =19.1 Hz), 116.3, 14.8; IR: 3388, 1661, 1599, 1583,
1526, 1235, 755 cm; MS (ESI): 326 (M+H)".
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Atomic coordinates and experimental data for the crystal
structure of apoenzyme (PDB ID: 5ICS), of holoenzyme (PDB
ID: 5JSF and 5JS6), for the co-crystal structure of E1 (PDB ID:
5HS6) and of 2 (PDB ID: 5ICM) with hi178-HSD14 will be
release upon article publication.
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ABBREVIATIONS

17B-HSD14: 17B-hydroxysteroid dehydrogenase type 14; SDR:
short-chain dehydrogenase reductase; NAD(H): nicotina-
mide adenine dinucleotide; E2: estradiol; 5-diol: 5-
androstene-3[,173-diol; T: testosterone; Ei: estrone; DHEA:
dehydroepiandrosterone; 4-dione: 4-androstene-3,17-dione;
TSA: thermal shift assay; T,,: melting temperature; MPD: 2-
methyl-2,4-pentanediol; PEG: polyethylene glycol; PDB:
Protein Data Bank; vdW: van der Waals, SI: supporting in-
formation.
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20 Figure 1. Structure of dihydroxyphenylpyridine methanone scaffold 1 and compound 2
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