
I

Crystallographic Screening of 96 Fragment Library
Using Thermolysinas a Model Protein
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Introduction

Thermoylsin(TLN)is a thermostablezincmetalloproteinaseenzyme
which was originally identified in Bacillusthermoproteolyticus. TLN
itself is not of relevancefor any pathogenicprocessesin humans.
However,it is a well-studiedmodel system. Thisenzymeconsistsof
two domains. The N-terminal domain comprisesseveral -̡strands
andone long -hhelix. TheC-terminal domainis rich in -hhelices. The
central -hhelixconnectsthe two domains. Herealsothe activesiteof
the protease is located in the cleft formed between the two
domains. Thecentral -hhelixcontainsthe zincion that isessentialfor
the enzymaticactivity and severalresiduesbeingpart of the typical
metalloproteasesHEXXHsequencemotif coordinatingthe zinc ion.
TLN also contains four calcium ions important for the thermo-
stabilityandcorrectfoldingof the protease.
Thermolysin has endoproteolytic activity and removes large
hydrophobicaminoacids.

Theactivesitecanbe split into three subpockets:

ÅThe S1 pocket is non-specific and accommodateshydrophobic
ligandportions;
ÅTheS1Ψsubunit forms a deeppocketand recognizesthe sidechain
of hydrophobicaminoacidslike Leu,Ile,ValandPhe;
ÅTheS2Ψis a flat, open bowlshapedpocket which is well-accessible
by the surroundingwater phase.

In crystal structures of free thermolysin, it is possbileto detect a
valine-lysine dipeptide occupyingthe active site. This peptide is a
product of autoproteolysisof thermolysinin concentratedsolutions
and is cleavedform the C-terminusof the protein. It is not possible
to obtain the activesiteof TLNfree of this dipeptide.
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Crystallization:

HexagonalTLNcrystalswere grown by the vapordiffusionmethod
in sittings-drops at 19°C from a crystallizationbuffer consistingof
100mM Tris/HCl, 3.8 M CsClandpH= 7.5.
Theprotein solutionwasmixedwith the mother-liquor in a ratio of
1:1. Thecrystalsappearedafter 24-48 h at 19°C.

Incubationwith IsopropanolandSoaking:

As fragmentsshow very low affinities, much too low to displace
Val-Lys,it wasnecessaryto incubatethe crystalswith isopropanol
to displacethe dipeptidefrom the activesite. Subsequently,in the
accordinglyάǿŀǎƘŜŘέcrystals low-affinity fragments could be
soakedusingfragmentconcentrationsof up to 100mM.

¶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

V 96 high quality datasets out of 96
fragmentsweresuccessfullycollected

V All datasetshaveresolution< 2.0 Å
V ThreeHits

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

Rfactor outer shell(%) < 50
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ÅIncubationwith 20%IPA
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Soakingbuffer:

o 0% isopropanol

o 100 mM phenol
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Fragment Screening

ÅIncubationwith 20%IPA

ÅTransfer of pre-incubated

crystalsin Soakingbuffer:

o 0% isopropanol

o 100 mM fragments

ÅSoakingtime ~ 90minutes

A major challengein drug discoveryis the identification of chemicalmoieties that
specifically interact with a particularprotein target. Traditionally,this wasaddressedby
High Throughput Screening(HTS) but recently Fragment Screeninghas become
increasingly popular. In FragmentScreeninga set of smallmoleculesόάŦǊŀƎƳŜƴǘǎέύare
evaluatedfor specificinteractionwith the targetprotein.

Crystallographyand X-ray diffraction showsnot only whether a fragment binds to the
protein but also where and how the binding occurs and is therefore the favored
screeningmethod. Fragment hits are subsequentlychemically modified in several
optimization/screeningcyclesuntil a highaffinity leadstructureisobtained.

Followingthis strategy,starting from a fragment library composedof 361 compounds
and validatedat the aspartylproteaseendothiapepsinwhich produceda largenumber
of crystallographicallyconfirmed hits, we extracted a smaller sub-library (96 entries)
comprisingthe mostpromisingcandidatesandtestedthem on severalproteins.
Thefragmentlibrary wasassembledconsideringtheαwǳƭŜof¢ƘǊŜŜ(Ro3):Җ3 H-bond
donors/acceptors,cLogPҖ3, MW Җ300 Da, preferablyҖ3 rotatable bonds and
PSAҖ60Å.

S1

S1
Ω

S2
Ω

Zn

H 146

H 142E 166


