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Crystallographic Screening of 96 Fragment Library
Using Thermolysin as a Model Protein
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Introduction

Thermoylsin (TLN) is a thermostable zinc metalloproteinase enzyme
which was originally identified in Bacillus thermoproteolyticus. TLN
itself is not of relevance for any pathogenic processes in humans.
However, it is a well-studied model system. This enzyme consists of
two domains. The N-terminal domain comprises several β-strands
and one long α-helix. The C-terminal domain is rich in α-helices. The
central α-helix connects the two domains. Here also the active site of
the protease is located in the cleft formed between the two
domains. The central α-helix contains the zinc ion that is essential for
the enzymatic activity and several residues being part of the typical
metalloproteases HEXXH sequence motif coordinating the zinc ion.
TLN also contains four calcium ions important for the thermo-
stability and correct folding of the protease.
Thermolysin has endoproteolytic activity and removes large
hydrophobic amino acids.

The active site can be split into three subpockets:

•The S1 pocket is non-specific and accommodates hydrophobic
ligand portions;
•The S1‘ subunit forms a deep pocket and recognizes the side chain

of hydrophobic amino acids like Leu, Ile, Val and Phe;
•The S2‘ is a flat, open bowlshaped pocket which is well-accessible

by the surrounding water phase.

In crystal structures of free thermolysin, it is possbile to detect a
valine-lysine dipeptide occupying the active site. This peptide is a
product of autoproteolysis of thermolysin in concentrated solutions
and is cleaved form the C-terminus of the protein. It is not possible
to obtain the active site of TLN free of this dipeptide.
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Crystallization:

Hexagonal TLN crystals were grown by the vapor diffusion method
in sittings-drops at 19°C from a crystallization buffer consisting of
100 mM Tris/HCl, 3.8 M CsCl and pH = 7.5.
The protein solution was mixed with the mother-liquor in a ratio of
1:1. The crystals appeared after 24-48 h at 19°C.

Incubation with Isopropanol and Soaking:

As fragments show very low affinities, much too low to displace
Val-Lys, it was necessary to incubate the crystals with isopropanol
to displace the dipeptide from the active site. Subsequently, in the
accordingly “washed” crystals low-affinity fragments could be
soaked using fragment concentrations of up to 100 mM.

• 120 mM Tris pH=7.5

• 2 mM CaCl2
• 20% Isopropanol

• 120 mM Tris pH= 7.5

• 2 mM CaCl2

• 20 % DMSO

• 20% MPD

Soaking
Buffer

From 20% to 0% IPA

IPA

✓ 96 high quality datasets out of 96
fragments were successfully collected

✓ All datasets have resolution < 2.0 Å
✓ Three Hits

Data processing XDS

Space group P 61 2 2

Unit cell parameters (Å,°)
93, 93, 130 Å;    
90, 90, 120°;

Resolution range (Å) < 2.0

Completeness (outer shell) (%) > 99

R factor outer shell (%) < 50
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• Incubation with 20% IPA

• Transfer of pre-

incubated crystals in

Soaking buffer:

o 0% isopropanol

o 100 mM phenol

1.4 Å, ELETTRA, Trieste, Italy
1.5 Å, ELETTRA, Trieste, Italy

1.4 Å, BESSY, Berlin, Germany

J13

J22

J88

Ca

Ca

Ca

Ca

Fragment Screening

• Incubation with 20% IPA

• Transfer of pre-incubated

crystals in Soaking buffer:

o 0% isopropanol

o 100 mM fragments

• Soaking time ~ 90 minutes

A major challenge in drug discovery is the identification of chemical moieties that
specifically interact with a particular protein target. Traditionally, this was addressed by
High Throughput Screening (HTS) but recently Fragment Screening has become
increasingly popular. In Fragment Screening a set of small molecules (“fragments”) are
evaluated for specific interaction with the target protein.

Crystallography and X-ray diffraction shows not only whether a fragment binds to the
protein but also where and how the binding occurs and is therefore the favored
screening method. Fragment hits are subsequently chemically modified in several
optimization/screening cycles until a high affinity lead structure is obtained.

Following this strategy, starting from a fragment library composed of 361 compounds
and validated at the aspartyl protease endothiapepsin which produced a large number
of crystallographically confirmed hits, we extracted a smaller sub-library (96 entries)
comprising the most promising candidates and tested them on several proteins.
The fragment library was assembled considering the „Rule of Three‟ (Ro3): ≤ 3 H-bond
donors/acceptors, cLogP ≤ 3, MW ≤ 300 Da, preferably ≤ 3 rotatable bonds and
PSA ≤ 60 Å.
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