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Abstract

Missing synthetic tractability is a common pitfall that is often impeding fragment-to-lead
campaigns. Ideally, the follow-up fragment extension would be performed quickly and
exhaustively, leading to novel hit or lead compounds in rapid succession without the need for
tediously developing synthetic methodologies. However, no fragment library currently has this
so-called “sociability” as its primary design principle. Herein, we describe the development of
a 96-membered, highly diverse, and entirely sociable fragment library suitable for
crystallographic screening. Hundreds to thousands of follow-up compounds modified at all
growth vectors are available for each fragment from Enamine’s REAL Space. Additionally, tens
to hundreds of thousands of larger and more complex leadlike molecules are accessible per
library member, further expanded by scaffold-modified, alternative fragments. This allows for
rapid exploration of the chemical space around a fragment of interest without much effort.
Here, this library was used for a crystallographic fragment screening on a mycobacterial
thioredoxin reductase to identify new starting points for developing new anti-tuberculotic

agents. Several hits have been identified in a preliminary analysis of the screening.

https://doi.org/10.26434/chemrxiv-2024-rpst3 ORCID: https://orcid.org/0000-0001-9228-217X Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-rpst3
https://orcid.org/0000-0001-9228-217X
https://creativecommons.org/licenses/by/4.0/

Introduction

Fragment-based drug discovery (FBDD) is a method for screening and developing small
molecules that has gained widespread popularity over the last 25 years in medicinal
chemistry.” Currently, seven fragment-derived drugs have been approved, and many more are
in different clinical stages.?® In contrast to traditional high-throughput screening, FBDD utilises
compounds with fewer atoms, allowing for more efficient coverage of the available chemical
space.' Additionally, the risk for clashes decreases, facilitating highly efficient interactions with
the protein.”” Fragments, however, usually bind only weakly to their target, necessitating
sensitive, biophysical screening methods.

As the choice of fragment library can impact the downstream development into a promising
lead molecule, these libraries must be designed carefully. Many commercial and academic
libraries of various sizes are available, and some are geared towards specific properties and
targets.'? Regardless of choice, a common issue lies in the follow-up to a screening campaign.
Once promising hits are discovered, they need to be developed further quickly. However,
synthetic challenges often impede this, demanding more time and resources than
appropriate.®® This problem is also mirrored in a poll from Dan Erlanson on his blog “Practical
Fragments”.' Although not representative, almost three-quarters of the participants could
often or sometimes not develop a fragment due to synthetic challenges. Even more concerning
is that nearly two-thirds of all participants had complete fragment-to-lead projects often or

sometimes impeded by these issues (Figure 1).
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you from pursuing a particular fragment? impeded a fragment-to-lead project?

Figure 1: Adapted poll results from “Practical fragments” show a concerning degree of synthetic challenges in
fragment to lead projects. The poll was run on the website from 14 June to 16 July 2021. There were forty-two
responses to the left question and forty-four responses to the right question.’
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Regarding this issue, St. Denis et al. roughly classified fragments into two groups during a
review of Astex’s in-house libraries: sociable and unsociable.' Whereas unsociable fragments
have barely any accessible growth vectors and few commercial analogues, sociable ones can
be developed in nearly all directions with robust chemistry, and large numbers of follow-up
compounds are purchasable. The latter are the fragments desired in libraries, but based on
the poll results, the former are concerningly widespread. We encountered the issue of
unsociability ourselves in the follow-up to one of our crystallographic fragment screens.® For
a promising fragment, the necessary growth vectors were not accessible, and no buyable
compounds madified in the required position were purchasable. The fragment was developed
into a novel, potent inhibitor nonetheless, but it needed more time and effort than should have
been necessary."®

With sociability in mind, we started to look for fragment libraries that address this issue.
Fortunately, there is a rising interest in libraries that ease hit development. Cox et al. from the
Diamond Light Source developed so-called “poised fragments” consisting of two synthons
linked by robust synthetic methodology."” This quickly allows scaffold hopping for an identified
binder. The concept was further developed by Sreeramulu et al. from the iNEXT initiative.®
Recently, ChemSpace has launched their “REAL Fragment library”, which consists of
fragments that can be developed in several directions.” Nonetheless, to date, there is no
entirely sociable fragment library where a hit can be developed in virtually all directions.
However, the recently developed, ultra-large, make-on-demand libraries have made
previously unseen chemical spaces accessible and are privileged to be considered when
designing new libraries.

Inspired by the design of the F2X-libraries?’, we herein describe the design of a fragment
library suitable for crystallographic screening that allows access to virtually all growth vectors.
Based on Enamine’s REAL Space, hundreds of individually substituted and tens of thousands
of larger, leadlike follow-up compounds are available for each fragment. Overall, the 96-
fragment core library gives access to over 14 million follow-up compounds in Enamine’s REAL
Space. A correspondingly higher number of follow-up compounds is available for the 1098
fragment clusters. To prove its usefulness, this fragment library was used for a crystallographic
fragment screening on Mycobacterium smegmatis thioredoxin reductase (Msm-TrxR). Due to
a high sequence identity, this enzyme serves as a model for its homologue in Mycobacterium
tuberculosis (Mtb-TrxR)." Effective inhibition of the validated drug target Mtb-TrxR would allow
the development of new drugs for the treatment of tuberculosis, which is still one of the
deadliest infectious diseases, with around 1.5 million deaths annually.?'-2®* With its substrate

thioredoxin (Trx), the TrxR is essential for thiol redox homeostasis and maintaining
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infection.?*2® To date we report the identification of 24 bound fragments as a result of a
preliminary analysis of the crystallographic fragment screening.

Results

Library Design

. Washing and preparation of molecules
259 380 in-stock fragments Removal of all stereo information

Removal of all fragments with a clogS < -3 (corresponding to a solubility
146 820 fragments lower than 1 mmol/L)

Removal of all fragments with more than one extended RO3 violation
113 232 fragments MW < 300, clogP < 3, HBD < 3, HBA < 3, NRotB < 3 and TPSA < 60

Removal of all fragments containing unwanted or reactive substructures
103 171 fragments (PAINS, Brenk, NIH, ZINC)

Substructure Search in REAL Space S subset
28 725 fragments Removal of all fragments with few matches (< 50 HAC+3, <100 HAC+5)

Similarity matrix with FastROCS based on shape and features
1098 cluster Clustering with HDBSCAN

) _ y . Maximum diversity (ECFFP4 Tanimoto similarity < 0.75)
96-member “Core library = Fully sociable fragments (all exit vectors >10 substituents)

Figure 2: Design workflow of the 96-membered Core library.

The design (Figure 2) is based on Enamine’s in-stock fragment library in a process similar to
the development of the F2X-Library.?’ As all biophysical screening methods require a certain
degree of solubility, the logS based on the dominant protonation state at pH 7.4 was calculated
(MOE?®. A logS of minus three, corresponding to 1 mM/L, was set as the minimum, and all
compounds below that threshold were removed. Next, the fragments were analysed regarding
their “Rule of Three” compliance. As this rule is the FBDD analogue to Lipinski’s famous “Rule

of Five”, the same guidelines and limitations apply.?’-2° Thereby, the RO3 was taken as an

estimate of developability, and all fragments with more than one violation were removed. All
fragments not passing the PAINS®, BRENK®', NIH3233 or ZINC?** filters were sorted out to
prevent artefacts and false positive results during screening and to ease further development.
At this point, an estimate of sociability was introduced. Based on the REAL Space S (“simple”),
consisting of molecules with high synthesizability, all leadlike compounds (heavy atoms < 25
and logP < 3.5) in it were converted into a substructure-searchable database of roughly 440

million entries. For each fragment, the number of substructure matches in this space was
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calculated and based thereon, all with less than 50 matches with up to three more heavy
atoms and less than 100 matches with up to five more heavy atoms were removed. To cover
the chemical space as efficiently as possible and maximise the diversity of the library, the
pairwise similarity for all fragments based on 3D shape and arrangement of chemical features
was calculated with OpenEye’s FastROCS.* Based on the resulting square distance matrix,
the hierarchical, density-based clustering algorithm HDBSCAN was used to sort the fragments
into clusters with a minimum size of ten.*® The resulting 1098 clusters contained 76% of the

input molecules, whereas 24% were discarded as “noise”, not belonging to any cluster. For
each cluster, the fragment most similar to all other members was selected as representative.
This selection is considered a “General library” suitable for higher throughput screening
methods. However, the aim was a 96-membered library suitable for crystallographic screening
with two goals: maximise diversity and full sociability.

Therefore, the representative of the largest cluster was taken as the first fragment. Next, the
representative from the next largest cluster is added to the selection only if their Tanimoto-

similarity based on the FCFP4 fingerprint is below 0.75.% Furthermore, an R-group

decomposition of their substructure matches in the leadlike subset of the REAL Space S was
performed for all fragments. All except one exit vector must have at least ten small (< 7 heavy
atoms) substituents available to achieve full sociability. This led to a 96-membered “Core

library”.

Fragment Properties

Fragment libraries must not only represent the available chemical space evenly in terms of
structure but also in terms of properties.?® There is a shift towards smaller and more RO3-
compliant fragments for the Core and General libraries.?® For the Core library, most of the
fragments (73%) have a heavy atom count (HAC) between 11-15 and 80% of these fragments
have a molecular weight between 140 and 220 Da, thus focusing on the smaller compounds
from the in-stock library (Figure 3 A & B). This allows for plenty of room for subsequent
optimisation and limits complexity and, possibly, the risk of unfavourable interactions. Three-
quarters of the fragments possess one or two hydrogen-bond acceptors, allowing for the
formation of strong binding interactions without creating too much complexity (Figure 3 C).
Hydrogen-bond donors, however, fell recently under scrutiny, as they can impede
bioavailability and solvation and should therefore be limited, especially in the early stage of

hit- and lead-development.®®% In this regard, 86% of the fragments have only one or zero

donors (Figure 3 D). All fragments also show desired medium lipophilicity and polarity, with all
logP values below three and only four fragments having a TPSA larger than 60 A? (Figure 3 E
& F). Also, the focus on solubility during the design stage shifts the distribution of the logS
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distinctly towards higher values in contrast to the in-stock library (Figure 3 G). This results in

high RO3 compliance as only 11% of the members violate one rule (Figure 3 H).
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Figure 3: Physicochemical Properties of the in-stock fragment library (blue), the "General library” (yellow) and the
"Core library” (red). A Distribution of molecular weight (g/mol) B Distribution of non-hydrogen heavy atom count C
Distribution of hydrogen-bond acceptors D Distribution of hydrogen-bond donors E Distribution of logP values
F Distribution of total polar surface area (A?) G Distribution of logS values (calculated for pH 7.4) H Distribution of
Rule of Three compliance (MW < 300, clogP < 3, HBD < 3, HBA < 3, NRotB < 3 and TPSA < 60).
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Figure 4: Plots describing 3D-likeness and ring system in the three libraries. In-stock fragment library shown in
blue, "General library" in yellow and "Core library" red. A Distribution of the number of rotatable bonds
B Distribution of the fraction of sp3-hybridised carbon atoms C Principal moments of inertia (PMI) plot, describing

the shape of the molecules in regard to their similarity to a rod, disc and sphere shape D Distribution of the total
number of rings E Distribution of the number of aromatic rings F Distribution of the number of aliphatic rings.

In the past, fragment libraries used to be primarily flat and two-dimensional.*® Recently,
though, there has been a rising attentiveness to escape from this “flatland”.#'** Even though
using more three-dimensional fragments can result in lower hit rates due to the increased
complexity and impede synthetic tractability, a certain degree can also help introduce more
diversity and improve the solubility and selectivity of hits.***® In this regard, almost all
fragments of the Core Library have at least one rotatable bond and a median fraction of sp®-

hybridised carbon atoms of 32% (Figure 4 A & B). This is also reflected in the principal
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moments of inertia plot (Figure 4 C). Almost all of the fragments have some degree of “sphere-
likeness”, even though they are close to the “Rod”-“Disc” axis. However, this should be an
intuitive observation, as FBDD deals with small and less complex molecules. As rings are
ubiquitous in drug design, it is not surprising that all fragments contain at least one ring. Most
of the rings being aromatic contributes to the somewhat limited three-dimensionality, primarily
due to the focus on sociability (Figure 4 D, E & F).

Additionally, as we aimed for maximum diversity under the constraint of sociability, the library
was assembled to cover the available chemical space as best as possible. The average
similarity (ECFP4, Tanimoto) of each member to all the others is below 0.4 (Mean 0.31).
(Figure 5 A) This implies that the fragments are very dissimilar to each other. Also, regarding
the actual coverage of the chemical space, one can see that both the “General” and the “Core”
libraries sample the chemical space of the In-Stock fragment library evenly without excessive

aggregation in any one area (Figure 5 B).
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Figure 5: A Distribution of the average similarity of the members of the "Core library" B Depiction of the chemical
of the three libraries based on t-SNE calculation In-stock fragment library shown in blue, "General library" in yellow
and "Core library" red.

Sociability

The primary aim of this library is full sociability. Therefore, all growth vectors except one must
have a minimum of ten small substituents with up to seven heavy atoms. These are the single-
point modified derivatives (SPM), which are suitable for exploration of the chemical space
directly around the fragment and determination of first-shell structure-activity relationships.
(Figure 6). Hundreds to thousands (Median 841) of these SPMs are available for each
fragment. Considering the larger leadlike chemical space, derivatives which are substituted in
more than one position and with larger substituents, tens to hundreds of thousands (Median
76 532) of possible follow-up compounds become accessible, thus allowing for rapid
expansion of binding fragments. As the fragments each belong to a cluster of similar
compounds regarding shape and 3D arrangement of chemical features, in addition to growing,

the scaffold of a hit can be modified as well.
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Figure 6: Examples of the substituents available for each growth vector on the example of 1-methyl-N-(pyridin-3-
ylmethyl)pyrazole-4-carboxamide. The box in the upper right corner shows the total number of follow up compounds.
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Figure 7: Larger and more substituted follow-up compounds to 1-methyl-N-(pyridin-3-ylmethyl)pyrazole-4-
carboxamide (green) with the core scaffold marked in red. Also, various scaffolds are available for each fragment.
Modifications of the pyrazole ring (blue), pyridine (yellow), or both ring systems (red) are shown.
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Preliminary Fragment Hits

As a test case for our newly designed fragment library, we performed a crystallographic
fragment screening with the antibacterial drug target TrxR from M. smegmatis. With this
protein, a hit rate of 44% was achieved for the F2X entry library.'® Here, for each fragment,
two Msm-TrxR crystals were soaked for 3 hours, flash-frozen and a data set collected at
BL14.2 of HZB. The refined data sets obtained from the auto-processing pipelines were
screened for bound ligands using LigandFit.*° So far, 24 fragments have been found to bind
at eight different sites on the Msm-TrxR (Figure 8). Seven of these fragments are located on
the surface (shown in green) and might not influence the function of the enzyme. The
remaining 17 fragments are located either in the dimer interaction site (purple), the Trx-binding
site (orange) or the NADPH-binding site (cyan).

All three sites are crucial for the enzyme's activity. In general, prokaryotic TrxRs reduce its
substrate Trx in a catalytic cascade by an electron transport from the cofactors NADPH to
FAD, then to the active disulfide of TrxR and finally to the active dithiol of Trx, so that Trx can
then perform its essential function in redox homeostasis.?*#*® In more detail, this process
depends on a conformational change between an oxidised (Fo) and a reduced (Fgr)
conformation of the TrxR. In the Fo conformation, FAD reduces the active disulfide. To allow
the reduction of FAD by NADPH and the binding of thioredoxin with subsequent dithiol-
disulfide interaction, the NADPH- (Figure 8, grey) and FAD-binding domain (Figure 8, blue)
rotate against each other to form the Fr conformation. Also, the active disulfide of the TrxR

becomes accessible in the Fr conformation because it is presented on the surface while buried

Figure 8: Overview of binding fragments found in the crystallographic fragment screening on Msm-TrxR. 24
fragments were found in eight binding spots located on the surface (green), the dimer interaction site (purple) the
Trx-binding site (orange) and the NADPH-binding site (cyan, in the background). The NADPH-binding domain is
shown in grey, the FAD-binding domain is shown in blue, and the cofactor FAD is shown in gold.
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within the enzyme in the Fo conformation.®® Suppose this rotation is inhibited due to an arrest
in the Fo conformation by a fragment located in the dimer interaction site. In that case, Trx
may be unable to bind and interact with the active disulfide. If a fragment binds within the Trx-
binding site, Trx binding might also be prevented. In the same manner, if the binding of NADPH
is blocked, the enzymatic cascade and thus the activity of the enzyme is prevented.

F
P A D

0] H
SPM: 929 SPM: 379 SPM: 1213
Total: 50 602 Total: 61 487 Total: 87 107

Figure 9: Fragments binding on Msm-TrxR with the FAD-binding domain shown in blue and the NADPH-binding
domain shown in grey. Important residues for interactions or the definition of the binding site are highlighted. A
Eleven fragments bind in the dimer interaction site (purple) in close proximity to Arg266. B Five fragment bind in
the Trx-binding site (orange). C Two fragments bind in the NADPH-binding site (cyan). D, E and F Examples of
bound fragments in the dimer- (purple), Trx-binding- (orange) and NADPH-binding site (cyan) with the respective
number of single-point modified derivatives (SPM) and the total number of follow-up compounds available.

Dimer Interaction Site

The dimer interaction site lies within two of the FAD-binding sites of two TrxR protomers and
is formed by 60 amino acids, allowing different interaction patterns with potential ligands.'
Eleven fragments were found that bind to the dimer interaction site (Fehler! Verweisquelle
konnte nicht gefunden werden. A). The amino acid residues of Arg266, Gly279 and Thr291
play important roles in the formation of the binding site and the latter two are showing hydrogen
bonds to two of the bound fragments. Also, all fragments bind symmetrically mirrored in the
pocket regarding the other protomer. For clarity, only one binding mode per fragment is shown
in Fehler! Verweisquelle konnte nicht gefunden werden.. As stated above, the NADPH-
and FAD-binding domains must rotate against each other to allow the reaction cascade and
binding of Trx. By stabilising the Fo conformation through a ligand in the dimer interaction site
which connects the protomers, the functionality of the enzyme might be inhibited. Further
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investigation of this binding pocket and the influence of ligand binding on the conformational

change are needed.
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Figure 10: Overview of possible derivatives of one of the hits in the dimer site. The blue boxes exemplify what
substituents are available for each growth vector. The hydroxy group would be accessible as well but is necessary
for binding in this case. The yellow box shows examples of possible larger and more leadlike follow-up
compounds. And in the red box possible scaffold modifications are shown.

Trx-binding Site

The Trx-binding site lies at the interface between the FAD- and NADPH-binding domains. As
described above, this binding site is crucial for electron transport and reduction of Trx. In Fr
conformation of the reductase, the active disulfide is presented on the surface, thus enabling
the dithiol-disulfide interaction after binding of Trx. It was shown previously that an E. coli Trx-
TrxR complex is formed by the interaction of the Trx-loop Tyr70-lle75 (Ala67-1le75 for Msm-
TrxR) with a complementary cleft on the respective TrxR.*%5" Due to high sequence similarity,
this can be transferred to Msm-TrxR. Another interaction occurs at E. coli’s Phe141 and
Phe142 (Phe143 and Phe 144 for Msm-TrxR) with a hydrophobic pocket described by Lennon
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et al.%° and Koch et al.2® If fragments bind to these sites, the binding of Trx might be inhibited.
Since the bound fragments shown in Fehler! Verweisquelle konnte nicht gefunden werden.
B are located in the complementary cleft to the Trx-loop Ala67-lle75 next to TrxR’s Glu50,
Thr234 and Phe144, the insertion of the loop could get sterically hindered, and thus, the
formation of a Trx-TrxR complex should be prevented (Fehler! Verweisquelle konnte nicht

gefunden werden. B).

NADPH-binding Site

The enzymatic activity of the TrxR is highly dependent on the binding of the cofactor NADPH
as it provides reducing equivalents for the reduction of FAD within the catalytic cascade, as
described above. Two fragments were observed to bind in the NADPH-binding site (Figure 9
C). One of these fragments has formed an H-bond with His177. Other important amino acids
include Arg119, His120, Leu121, Arg178, Arg179, Arg183, and 1le206. In a previous fragment
screening on the same protein, H-bonds could be identified to several of the amino acids
mentioned above, while others play a role in forming the binding pocket. Since NADPH is a
widespread cofactor for many enzymes, an inhibitor for this mycobacterial NADPH-binding
pocket would have to be very selective. Therefore, a more detailed evaluation of the hits and
their binding is necessary and will be performed after a full evaluation of the fragment

screening.

Methods

Library Design

Preparation of the database was performed using MOE (2022.2).26 Washing, desalting,
neutralising charges, and calculating the dominant protonation state were done using the built-
in functions. Filtering unwanted substructures was performed with RDKit’s Filter catalogue
module using the PAINS, BRENK, NIH, and ZINC parameters.®? Enamine kindly provided the
REAL Space S subset in annotated files. All molecules with a logP lower or equal to 3.5 and
less than 26 heavy atoms (442 000 626 compounds) were transformed into a substructure-
searchable database with OpenEye’s OEChem toolkit, optimised for using SMARTS as
queries.%® All putative fragments’ number of substructure matches and the respective heavy
atom counts were calculated by querying the databases using the OEChem toolkit again.

The pairwise similarity was calculated using OpenEye’s FastROCS. Ten conformers per
molecule were calculated using OpenEye’s OMEGA tool with the “strict” flag set to false.>
These were used as input for calculating the square distance matrix using FastROCS and the

provided Python script (“ShapeDistanceMatrix.py”).>® This matrix was transformed into an
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array and clustered using HDBSCAN (metric = “precomputed”, min_cluster_size = 10,
cluster_selection_method = “leaf”).3¢ The representative for each cluster was calculated using
the previously calculated FastROCS similarities.

The possible growth vectors were enumerated for all remaining fragments, and the
substructure-searchable databases were queried for molecules substituted at only one of the
respective growth vectors with up to seven more heavy atoms. The matches were then

decomposed into their substituents using RDKit's RGroupDecomposition module.

Protein Expression and Purification

Expression and purification were done as already described by Fisser et al. with slight
modifications.® The vector encoding for M. smegmatis TrxR (pCDF6P) contains an N-terminal
GST-His-tag for the protein and was heterogeneously overexpressed in E. coli BL21 (DE3)
cells. The cells were cultivated in TB-medium with 50 ug mL™" streptomycin at 37 °C. After
reaching an ODego of 0.6, the culture was cooled on ice for 30 minutes. The protein expression
was induced by adding 1 mM IPTG and continued for 18 hours at 16 °C and 170 rpm. The
cells were harvested (2,981 xg, 15 minutes, 4 °C) and stored at -20 °C until usage.

Cell pellets were resuspended in GST buffer (50 mM Tris/HCI, 300 mM NaCl, 2 mM fresh DTT,
pH 7.5) and pressed through a 1000 pL pipette tip. The suspension was mixed with
2.5ugmL" DNase |, 100 yg mL" lysozyme and 1x protease inhibitor mix (SERVA,
Heidelberg) and incubated for 30 minutes at 4 °C. The cell lysis was carried out using an LM20
Microfluidizer™ at 20,000 psi and centrifugation (17,000 xg, 30 minutes, 4 °C). The
supernatant was transferred on a 2 mL glutathione agarose resin (SERVA, Heidelberg) twice,
washed three times with 5mL GST buffer and incubated for 18 hours at 4 °C with
2.87 mg mL™" PreScission protease (provided by Bianca Berkenfeld) in 2 mL GST buffer. The
protein was eluted with 4 mL GST buffer. The eluate was incubated with a spatula tip of FAD
solved in 1 mL GST buffer for 1 hour at 4 °C. The protein solution was concentrated (2,981 xg,
10 minutes, 4 °C) and washed with GST buffer using the Amicon® Pro Purification System
(Merck Millipore) with a 10 kDa cut-off. The protein solution was stored at -80 °C until usage.
As a second purification step, a size exclusion chromatography was performed on an Enrich™
SEC650 column on a Bio-Rad NGC™ chromatography system (Hercules, USA) using the gel
filtration buffer (10 mM Tris/HCI, pH 8.0). Fractions containing the protein were combined and
concentrated using the Amicon® Pro Purification System with a 10 kDa cut-off.

Crystallisation

M. smegmatis TrxR (23 mg mL™" in gel filtration buffer) was mixed with 10 mM DTT, incubated
for 1 hour at 4 °C and centrifuged (21,910 xg, 10 minutes, 4 °C). Crystals were grown by
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mixing 1 yL of the protein solution with 1 pL crystallisation buffer (2.16 M sodium malonate,
10 % (v/v) glycerol, pH 6.5) and incubating at 20 °C for 8 and 13 days on MRC maxi plate —
PS (Jena Bioscience, DE) and MRC 2 well crystallisation plate — PS (Jena Bioscience, DE).

Soaking

For each fragment, 2 wells of an MRC 3 well crystallisation plate — PS (Jena Bioscience, DE)
were prepared with a nominal amount of 100 mM fragment in 0.4 yL and dried at 40 °C for
18 hours. 0.4 yL soaking solution (2.05 M sodium malonate, 9.5 % (v/v) glycerol, 5 % (v/v)
DMSO, pH 6.5) was added and incubated at RT for 5 minutes. Crystals were soaked by
transferring at least three crystals into each drop and incubating for 3 hours at 20 °C. Two
crystals per condition were picked and flash-frozen in liquid nitrogen. An additional number of
24 crystals were soaked in the soaking solution without presence of a fragment for data
collection of the apo structures for subsequent analysis using PanDDA.%

Data Collection

Data collection was carried out at the beamline MX-14.2 at the BESSY Il synchrotron radiation
source operated by Helmholtz-Zentrum Berlin.% Diffraction data was collected at 100 K using
a PILATUS detector. For each data set, 1,200 images with an oscillation range of 0.1° and an
exposure time of 0.15s were recorded at full transmission. In total, 210 data sets were

collected.

Data Processing and Hit Identification

Collected data sets were processed using XDSAPP.%” Crystals belonged to space group P3121
and showed a mean resolution of 1.99 A. The data was further processed using the automated
refinement pipelines fspipeline and DIMPLE with PDB model 8CCl as input.®®-% Preliminary

hit identification was carried out using LigandFit.*°

Conclusion

The rapid rise of ultra-large virtual chemical libraries enlarges the easily accessible chemical
space massively. This, in turn, allows the design of fragment libraries not only with diversity in
mind but with a “sociability-first” approach. Even by using only a fraction of the larger
REAL Space, there is a multitude of fragments that show full sociability. While maintaining a
high degree of diversity, we constructed a library of fragments that can be grown in virtually all
directions with small and large substituents alike and can have their scaffolds easily modified.

This allows for almost immediate follow-up to any interesting screening hits, thus shortening
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the hit-to-lead time massively. Fragments only substituted in one position allow for quick first-
shell SAR and improvement of the efficiency of the fragment itself, whereas the larger and
more complex compounds allow for growing in the desired directions and improvement of
physicochemical parameters. Additionally, the properties of the library are well inside the

desired ranges, minimising constraints during development.

For the test case of finding inhibitors for a mycobacterial TrxR as antituberculotic agents,
several binding fragments could be identified. Due to the design of our social library, direct
follow-up compounds are available for the hits. In total, 1.3 million follow-ups are available for
the 17 fragments located in the three relevant binding pockets described above. This means
that, on average, roughly 77 thousand follow-ups are available for each of the fragments for
expansion. In combination with structure-based design methods like docking, promising

fragment extensions are now very fast accessible.

With this small and efficient library at hand, showing the promise of the “sociability-first’
concept, we will transfer it to various other libraries. Using the entire REAL Space allows for
even more diverse fragments and follow-up compounds and the design of more extensive
libraries suitable for higher-throughput methods. Furthermore, this concept can be easily
applied to libraries specialising on different concepts and screening techniques (covalent
binders, natural product-likeness, high sp3-fraction, minifrags or '°F fragments). Fluorinated
and covalently modified analogues are readily available from Enamine’s in-stock screening

collection.
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