Selectivity profiling of PI3K interacting molecules against multiple targets The present invention relates
to methods for the identification and characterization of PI3K interacting molecules and for the
purification o{?}?lg% SSing phenylthlazole ligand 1 as a ligand for PI3K. Fur}%ei,/%%%f%’h&%resent
invention rela harmaceutical compositions comprising said interacting molecules €.g. for the
treatment of cancer, metabollc diseases or autoimmune/inflammatory disorders. Kinases catalyze the
phosphorylation of proteins, lipids, sugars, nucleosides and other cellular metabolites and play key
roles in all aspects of eulcryotic cell physiology. Especially, protein kinases and lipid kinases
participate in the signaling events which control the activation, growth, differentiation and survival of
cells in response to extracellular mediators or stimuli such as growth factors, cytokines or chemokines.
In general, protein kinases are classified in two groups, those that preferentially phosphorylate tyrosine
residues and those that preferentially phosphorylate serine and/or threonine residues. Inappropriately
high protein kinase activity |s§r}vo Mg[r n}ﬁp C}nglg llnn sanear, metabolic diseases and
autoimmune/inflammatory dig6rde IS ca e cause wec‘ffy or indirectly by the failure of
control mechanisms due to mutation, ové’r%‘%ﬂ?é%‘f&‘i’!ﬁ"ﬁﬁﬁﬁropnate activation of the enzyme. In all
of these instances, selective inhibition of the kinase is expected to have a beneficial effect. One group
of lipid kinasemthpiebas hreama acieeent farusad tiugheistovidiaimihamphaspheinasitsdeBS-kinase
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suggesting sdlesmmipposidigstherapeutic indications. PI3K gamma appears to be a major mediator of
the innate immune system For example, P13K gamma deficient macrophages and neutrophilic
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1915-1922). overexpression or inappropriate activation of the enzyme. In all of these instances,
selective inhibition of the kinase is expected to have a beneficial effect.

One group of lipid kinases that has become a recent focus of drug discovery is the
phosphoinositide 3-kinase (PI3K) family. Members of the PI3K family are lipid kinases
that catalyse the transfer of the gamma-phosphate from ATP to the 3’-hydroxy! group of
phophatidylinositol and its derivatives, collectively called phosphoinositides. Eight
members (isoforms) of the PI3K family have been isolated from mammalian cells so far
and grouped into three classes according to their primary structure and substrate
specificity (class 1A: PI3K alpha, beta and delta; class IB: PI3K gamma,; class II: PI3KC2
alpha, beta and gamma; class 1lI: Vps34 yeast homologue) (Fruman et al., 1998.



In contrast to the widely expressed P13K alpha and beta isoforms the hematopoietic specific isoforms
PI3K gamma and delta suggest important therapeutic indications. Both isoforms appear as ideal
targets for the treatment of autoimune/inflammatory diseases mediated by hyperactive phagocytes,
mast cells, B}gﬂag??f?/?ﬁ(ﬁﬁocytes (e.g. rheumatoid arthritis, asthma or aIIeF’gﬁ /Fé)gt%‘f?éwgf??n order to
avoid unwanted side effects highly isoform selective inhibitors are necessary (Ohashi and Woodgett
2005, Nature Medicine Il, 924-925). Members of the phosphatidylinositol kinase-related kinase (PIKK)
family are high molecular mass kinases involved in cell cycle progression, DNA recombination, and the
detection of DNA damage. The human ATM gene, which is defective in cells of patients with
ataxia-telangiBotagiaiagrikideirkvoived itrdetd Rioricand® redponseyob telts tddantagdeyDNA,.is a member
of this family. Zwotkeriz 90 Resynesm FRAP), which is involved in a rapamycin-sensitive pathway
leading to Gl cell cycle progression (Shilo, 2003. Nature Reviews Cancer 3, 155-168). - 3 - One
prerequisite for the identification and characterization of PI3K inhibitors js the provisi f suitable
assays, prefe(ﬁ'g ?’%i‘bﬁﬁfy?{fg{}%or%‘stgfﬁ%eﬁr 'é%‘fgg%’&? ﬁfrh%cﬂﬁygé%tf Lf%fr%t}lgggs?ﬁave been
proposed to dd#ield thisisual BobRiaanidmdil(, diEKsipim ki aBE kol driase [lheasiiay using
purified or recatiybinanieethzy (oadlydesalution bhisedatsay withedpophnhpic ve SidEszatmareaction is
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phosphatidylinositol immobilized on plates. This assay type also uses recombinant P13K gamma
enzyme but ciheseugde dbeensticalls mighipiiptedgist imabis Ficckikantneoding X9 g3nBiervol. Screening
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specific isoforms PI3K gamma and delta suggest important therapeutic indications. Both

isoforms appear as ideal targets for the treatment of autoimune/inflammatory diseases

mediated by hyperactive phagocytes, mast cells, B-and T-lymphocytes (e.g. rheumatoid

arthritis, asthma or allergic reactions). In order to avoid unwanted side effects highly

isoform selective inhibitors are necessary (Ohashi and Woodgett 2005, Nature Medicine

11,924-925).

Members of the phosphatidylinositol kinase-related kinase (PIKK) family are high
molecuiar mass kinases involved in cell cycle progression, DNA recombination, and the
detection of DNA damage. The human ATM gene, which is defective in cells of patients
with ataxia-telangiectasia and is involved iﬁ detection and response of cells to damaged
DNA, is a member of this family. Another is mTOR (synonym FRAP), which is involved
in a rapamycin-sensitive pathway leading to G1 cell cycle progression (Shilo, 2003.
Nature Reviews Cancer 3, 155-168).



2004. Bioorganic and Medicinal Chemistry 12, 4749-4759; Knight etal., 2006, Cell 125, 733-747).
More recently, kinases or kinase domains displayed on bacteriophages have been employed to
assess the ability of a given compound to interact with a large set of kinases (Karaman etal., 2008.
Nature Biote&ﬂ&?gwg%‘?llﬂ-l%). In addition, chemical proteomics meth§dSHAVE/ BRER described
which allow the profiling of kinase inhibitors against the proteome (WO 20067134056; Bantscheff et
al., 2007. Nature Biotechnology 25, 1035-1044; Patyicelly et al., 2007. Biochemistry 46, 350-358;
Gharbi et al., 2007. Biochem. J. 404, 15-21; W02008/015013). In view of the above, there is a need for
providing effective methods for the identification and selectivity profiling of P13K interacting
compounds as well as for methods for the purification of PI3K. Summary To comply with this need, the
disclosure praidspira, i eptedimanimameinad esiadomibrondkafiBioniesaing
compound, comprising the. rovi [ rat ontain : ntacting the
protein prepa 5?%%\1%%1} Bﬁeér%?/%ﬁfgg oreBﬁg%h (EIn ?i ﬂ.' %%P%qﬁi%qg%l z%%gsgg%%sﬁ%glr#ngﬁ%%é E:Qotn%oitions
 allowing the fBFmsHER! SFAHS A RSTNERESRRE 1° 2358 EBIMRR; c) incubating the phenylthiazole
ligand 1 - PI3K complex with a given compound, d) determining whether the compound is able to
separate P13&dkomtitreliy) Piolilizad pharydthiazotedigandburdde) geiefiadwn gevdnetinanthe
compound is gbleto sepasAlGAlERsAT MsH R MBI e/ MTORom diashinarephilized

phenylthiazole ligand I In a second.embodiment, the present disclosure relates to a.method for the
e PR S e R e
preparation Cﬁi‘ﬁréﬁ“ﬁb@l@i@ laver chromatography analysis {Carpenter et al., 1990, J

265, 19704-19711).
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Another assay described in the art is based on the phosphate transfer from radiolabeled
ATP to phosphatidylinositol immobilized on plates. This assay type also uses
recombinant PI3K gamma enzyme but can be performed in a high throughput mode
{Fuchikami et al., 2002, 1. Biomol. Screening 7, 441-450).

Yet another biochemical screening assay is based on a competitive flucrescence
polarization (FP) format using fluorophore-labeled phosphoinositide {Drees et al., 2003,
Comb. Chem. High Throughput Screening 6, 321-330).

Finally, a cell-based Akt-EGFP redistribution assay was reported based on fluorescence
microscopic imaging and automated image analysis. To this end Chinese Hamster Ovary
(CHO) cells were stably transfected with the human insulin receptor and an Akt]-
enhanced green fluorescent protein (EGFP) fusion construct. After stimulation with
insulin-like growth factor-1 (FGF-1) PI3K was activated and the Akt]-EGFP protein was
recruited to the cell membrane. The validation of the redistribution assay with PI3K
isoform selective inhibitors showed that PI3K alpha is the main isoform activated in
CHO host celis after IGF-1 stimulation (Wolff et al., Comb. Chem. High Throughput
Screen. 9, 339-350).

Another, although not in all instances necessary prerequisite for the identification of
selective kinase inhibitors is a method that allows to determine the target selectivity of
these molecules. For example, it can be intended to provide molecules that bind to and
inhibit a particular drug target but do not interact with a closely related target, inhibition
of which could lead to side effects. Conventionally large panels of individual enzyme
assays are used to assess the inhibitory effect of a compound for kinases (Knight et al.,



- 5 - b) contacting the protein preparation with phenylthiazole ligand | immobilized on a solid support
and with a given compound under conditions allowing the formation of a phenylthiazole ligand | - P13K
complex, c) detecting the phenylthiazole ligand | - PI3K complex formed in step b), and d) detecting
whether also a complex between phenylthiazole ligand | and ATM, AIR, DNAPK and or mTOR has
been formed in step b). In a third embodiment, the disclosure provides a method for the identification
of a PI3K interacting compound, comprising the steps of: a) providing two aliquots of a protein
preparation containing PI3K, b) contacting one aliquot with the phenylthiazole ligand | immobilized on
a solid support under conditions allowing the formation of a phenylthiazole ligand | - PI3K complex, c)
contacting the2ffheBiaticgroiomnd Wed isiah{Aisraisae IRATd T Hipfokmnizatcdala 2R SEPPISR and with a
given compound.-aamencasdiiensyallomieg thefesaation ok aishapylthiatatecigahehts RIBK complex,
d) determining the amayns of theRhapyiihiazele ligead PRl campissdormed in-sters & and c), and
e) determining whether also a cqm 6% %%Weeg @Qﬁﬂtyggiaz%eﬁg?‘r%(% I flngl @i'{lg/rll @hTﬁﬁc%NAPK and or
MTOR has beBlFiot a(ﬁai"ﬁa&eep%'b and c). ﬁa ourtf eno Imént, % CﬂSngSUI’é_ reE]a,tes to a method
for the identifieeiemissanrersedirhayabear dsmibst hicb iiping areftinsebkingssiBlbikG wo aliquots
comprising eaghiatt|¢asponecel{ $¥an 290G AABK Bantscheff et al., 2007. Nature Biotechnology

25, 1035-1044; Patricelly et al., 2007. Biochemistry 46, 350-358; Gharbi et al., 2007.
Biochem. J. 404, 15-21; WO2008/015013).

In view of the above, there is a need for providing effective methods for the identification
and selectivity profiling of PI3K interacting compounds as well as _for methods for the
purification of PI3K.

Summary
To comply with this need, the disclosure provides in a first embodiment a method for the

identification of a PI3K interacting compound, comprising the steps of
a) providing a protein preparation containing PI3K,
b) contacting the protein preparation with phenyithiazole ligand 1 immobilized
on a solid support under conditions allowing the formation of a

phenyithiazole ligand 1 — PI3K complex,

¢} incubating the phenylthiazole ligand 1 — PI3K complex with a given

compound,

d) determining whether the compound is able to separate PI3K from the
immobilized phenylthiazole ligand 1, and

) determining whether the compound is able to separate also ATM, ATR,
DNAPK and/or mTOR from the immobilized phenylthiazole ligand 1.

In a second embodiment, the present disclosure relates to a method for the identification of a

PI3K interacting compound, comprising the steps of

a) providing a protein preparation containing PI3K,



b) incubating one aliquot with a given compound, c) harvesting the cells of each aliquot, - 6 - d) lysing
the cells in order to obtain protein preparations, e) contacting the protein preparations with the
phenylthiazole ligand | immobilized on a solid support under conditions allowing the formation of a
phenylthiazole ligand | - PIS3K complex, and O determining the amount of the phenylthiazole ligand | -
PI3K complex formed in each aliquot in step €), and g) determining whether also a complex between
phenylthiazole ligand | and ATM, ATR, DNAPK andser mTOR has been formed in step e). 6a In a first
. aspect, there is provided a method for the identification of a PI3K interacting compound, comprising

the steps of a) providing a protein preparation containing PI3K,
b) contacting the protein preparation with phenylthiazole ligand 1 immobilized

on a solid support and with a given compound under conditions allowing the
formation of a phenylthiazole ligand 1 — PI3K complex,

c) detectihg the phenylthiazole ligand 1 — PI3K complex formed in step b), and

d) detecting whether also a complex between phenylthiazole ligand 1 and ATM,
ATR, DNAPK and or mTOR has been formed in step b).

In a third embodiment, the disclosure provides a method for the identification of a PI3K

interacting compound, corsprising the steps of:

a) providing two 'aiiquots of a protein preparation containing PI3K,

b) contacting one aliquot with the phenylthiazole ligand 1 immobilized on a
solid support under conditions allowing the formation of a phenylthiazole
ligand 1 — PI3K complex,

¢) contacting the other aliquot with the phenylthiazole ligand | immobilized on
a solid support and with a given compound under conditions aliowing the

formation of a phenylthiazole ligand 1 — P13K complex,

d) determining the amount of the phenylthiazole ligand | — PI3K complex
formed in steps b) and ¢), and

e) determining whether also a complex between phenylthiazoie ligand 1 and
ATM, ATR, DNAPK and or mTOR has been formed in steps b} and c¢).

In a fourth embodiment, the disclosure relaies 1o a method for the identification of a

PI3K interacting compound, comprising the steps of:
a) providing two aliquots comprising each at Jeast one cell containing Pi3K,
b) incubating one aliquot with a given compound,

¢} harvesting the ceils of each aliquot,



b) contacting the protein preparation with
3-(2-{2-[2-(2-amino-ethoxy)-ethory]-ethoxylethoxy)-N-[5-(4-chloro-
3-methanesulfonyl-phenyl)-4-methyl-thiazol-2yl]-propionarni de or salt thereof immobilized on a solid
support under conditions allowing the formation of
a3-(2-{2-[2-(2-amino-ethoxy)-ethoxykethoxy}-ethoxy)-N-[5-(4-chloro-3-
methanesulfonyl-pheny1)-4-methyl-thiazol-2yl]-propgpnamide - PI3K complex, c) incubating the
3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxyl-ethoxy)-N-[5-(4-chloro3-methanesulfonyl-pheny1)-
4-methyl-thiazol-2y1)-propionamide - PI3K complex with a given compound, d) determining whether
the compound is ablg) togspatiaiedNBik fidem thetimimprhilihe dr8paati@2-(2-aminoethoxy)-
ethoxy]-ethoxy} -ethoxy)-N-[5-(4- chloro- 3-metlaanesulfonylphenyl)- 4- methyl- thiazol-
A o 8 AR S5 SRS R0 25pa e loo ATV ATR
3-(2-12-{2-(2-amino-ethHRyeBHHE R ARORA SHRBRT) URARS Senditiens A G Btk SisdeimaHsR Bheny)-4-
methyl-thiazol-2y1]-propibaaridepin deset dndPiBpectnpieraig provided a method for the identification
of a PI3K interacting compound, comprising the steps of a) providing a protein preparation containing
PI3K, b) contacting the protein preparation with, 3-(2- «(2-aminQ-etho thoxyl -
ethoxy)-N-[5-(4-chlor -38%%’%5}?‘&‘5%5‘6@%&58?%&? }E[%é%?k%?z%%gl] -ﬁ%ﬁ%@ﬁﬁnﬁe or salt thereof
immobilized on a solid sfPPSH BN AHBYiEHEShEBUNd under conditions allowing the formation of
a 3-(2-{2-[2-(2-aminoethoxy)- ethoxy]-ethoxy} -
ethoxy)-N45-(4-chlorg-3dnethanas uicsydp sy 3 )cémpiih Wethiaao bRy HhiapienBgaide IP48K complex,
c) detecting the 3-(2-{242-fRramyRo IR SR PRI B EIa-Bdchloro-3-
methanesulfonyl-phenyl)- 4-methyl-thiazol-2y1]-propionamide-PI3K complex formed in step b), and d)
detecting whether also a complex between the 3-(2-{2-[2-(2-amino-ethoxy)-ethory]-
ethoxyl-ethoxy)-N-[5-(4-chloro-3-methanesulfonyl-phenyl.)-4-methyl-thiazol-2y1]- propionamide and
ATM, ATR, DNAPK and or mTOR has been formed in step b). 6b



In a third aspect, there is provided a method for the identification of a PI3K interacting compound,
comprising the steps of: a) providing two aliquots of a protein preparation containing PI3K, b)
contacting one aliquot with the 3-(2-{2-[2-(2-aming-ethoxy)-ethoxykethoxyl-ethoxy)-
N-[5-(4-chloro-3-methanesulfonyl-pheny1)-4-methyf-thiazol-2y1)-propionamide or salt thereof
immobilized on a solid support under, conditipns allowing the formation of a 3-(2- .

{242-(2-amifl SGRH Tt %Wé%%’i&f}@oéit%%ﬂg@ﬁ?@%m GEE ﬁEhgé%mf%‘}iﬁﬁenylm-methyl-thia
zol-2y1]-propopaumdd eomPd 8Kgdenpsieskoic) contacting the other aliquot with the :
3-(24242-(2-amino-ethoxy)-ethoxy]-ethoxylethoxy)-N-[5-(4-chloro-3-methanesulfonyl-phen371)-4-meth
yI-thiazoI-2yIkPr_op'onarréi.de or s{':llt thereof.immo%lizecg a solid support and with a given compound
under conditions ANBWIAG ThE FEHRAHGR bf & 331345 {2: Smino-etlioxy)-ethoxykethoxy} -
ethoxy)-N-15-(4-chlcroi&:gnethapestifonsipheen vith Jrieti A HzokryieropighamideoRisK complex,

d) determining th%@H%?}Jﬂt[@f(mﬁﬂ%f@'Qﬁ@ﬂ%@ﬁ?ﬁ&@ﬁﬁh&@ﬂﬁ&ﬁ%ﬂ-ﬁlmﬁb 150X amide
N-[5-(4-chloro-3-metha esuItonyl-E_hen%l)-&r%%thgfl-th|azol-22/%gd:$roP|§naml e-l;lsKtcomPIex formed
in steps b) and c),(’ér“?&t%?ra‘éttﬁﬁlﬁ TG RSP A TR T SRS SR BN SH g the sommation o

3-(24242-(2-amine-ethoxy)-  3-(2-{2-[2-(2-amino-ethoxy}-ethoxy]-ethoxy}-ethoxy)-N-[ 5-(4-chioro-3-

eth oxykethoxy}-etgggﬁg)l-ggi{gi{ﬁ;ﬁl;g%%@ﬁﬁ&gbﬁaﬁgga@ﬁgk%%mag-jpgﬁgﬁ%@&)I2y|kpropionamide.

and ATM, ATE., DNAPK and ormT as been formed in steps b) and c). In a fourth aspect, there is
provided a metho@ e HRE TS HTR Catfo P of a P B RS B G CompBUR e CorpRsing tFeS8ps of: a)
providing two aliqueteicanpiising tach atdessttte cell oRaimingeRIBK, PR kcabatingvéthezaliquot with
a given compoundgi@n%%%gag the cells of each aliquot, d) lysing the cells in order to obtain protein

preparations, ‘ _ ) . -
d) determining whether the compound is able to separate PI3K from the immobilized 3-

(2~ {2-[2-(2—ahainoethoxy)~ ethoxy]-ethoxy} -ethoxy)-N-[5-(4- chlore- 3-methanesulfonyl-
phcnyl}; 4- methyi- thiazol- 2vl]-propionamide, and

e} determining whether the compound is able to separate also ATM, ATR, DNAPK
and/or mTOR from the immobilized 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-
eftmxy)-N-{S—@—chlor@3~m6thaﬂesulfdnyl -phenyl}-4- methyl-thiazol-2y1}-propionarmide,

In & second aspect, there is provided a method for the identification of a PI3K interacting

compound, comprising the steps of .

a) providing a protein preparation containing PI3K,

b cont&cting the protein preparation with 3-(2-{2-[2-(2-aminc-ethoxy)}-ethoxyl-ethoxy} -
ethoxy)-N-[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2yl]-propionamide
or salt thereof immobilized on a solid su?port and with a given compound under
conditions allowing the formation of a 3-(2-{2-[2-(2-aminoethoxy)- ethoxy]-ethoxy} - .
ethoxy)-N-[5-(4-0]:1101‘0—3-mcthaheslﬂfonyiphenyi}-«f{r—methyl~thiazol-2y1}-propi'onamide -
PI3K complex,,_ '
¢) detecting the 3-(2-{2-[2-(2-aminc-ethoxy}-ethoxy]-ethoxy} -ethoxy)-N-[ 5-(4-chloro-3-

- methenesulfonyl-phenyl}- 4-methyl—thiazoi_—2y1]—propionanﬁde~PIBK complex formed in
step b, and o
d) cietecting whether also a complex between the 3-{2-{2-[2-(2-amino-cthoxy)-ethoxy]-
ethoxy}_nethoxy)-N-[S-(4—ch10ro—3—methanesulfonyl—phcnyi}—ﬁ‘r-methyl~t‘ﬂiazol~2yl]-
propionamide and ATM, ATR, DNAPK and or mTOR has beer formed in step b).



e) contacting the protein preparations with the 3-(2-(2-[2-(2-amino-ethoxy)-ethoxy]-
ethoxyl-ethoxy)-N-E5-(4-chloro-3-methanesulfonyl-Pheny1)-4-methyl-thiazol-2y1]- propionamide or
salt thereof immobilized on a solid support under gonditions allowing the formation of a
3-(2-{2-[2-(2-amino-ethoxy)-ethoxy)-ethoxy}-ethoxy)-N-[5-(4-
chloro-3-methanesulfonyl-pheny1)4-methy1-thiazol-2yl]-PrepiQnamlde.;:-PI3K "omplex, and f)
determiningntﬁzg’éﬁ‘%s@ﬁfyb fhe' P(éy{lg%% E—’%ﬁ%ﬁ%-ﬁ%&%& 1%%?13%%&%)&%% 1OXy T- |
N-(5-(4-chlepsyBynetisempstiifs td sishepy 1)-4-methyl-thiazo1-41]-proPionmide - PI3K complex formed
in each aliquot in siep &) sAnd. Saghdeterpisiod whatharalsadeormplex betweenthe
3-(2-{2-[2-(2-amino-ethoxy)- . : . ] ethoxv-ethoxy)-
ethoxy]-ethoxyl-et%iﬁiﬁ%(’&‘%ﬁ‘r‘ﬁ-é@m&ﬁéﬁ%’s{&ﬁ!gﬁ%aﬁﬁgﬁyeﬁ’-%%% %}iﬂhﬁa?aﬁyﬁt}fp%pionamid
and ATM, ATR, DNAPR!¢ ahtronmEQRdveisobderhforihdchictistefriedo Bedanprioramidhe eontekt of the
present invention, j 13 been, syiprsioglyfaupdhHhalahenyinacaieliganct Hisafigtioand and a
ligand of other members o the PIKK family, namely ATM, ATR, DNAPK and TOI%(E.I}’AP). This
enables the use of%H@ﬁ%ﬁﬁé’fcﬂ@?@&'ﬁﬁlwwﬁ%@%ﬁ&“%ﬁﬁ R R S Sénhing assays as
well as in methodsdientneprisificationoobRldikopihresidactbiEKofqpipénmy Ithiazole ligand 1 is given in
Figure I. This compound. is .a substituted.thi VI i . ~ .
(3-(2-{242-(2-aming?e%%n&cﬁ%t %x&%ﬂ%%?—é%%g%ﬁl\%é%- 221-[~ (G-amine ,ethaxy) eﬂmy,] ctho,xy}
chloro-3-methaneseifferphe TPt AR P PREYO GRS Y S R AT Figure 1
has hydrochloride as thg aniest indigeidisalution. Hiweussofurhe mibunteiviansoaneaigowdusaged in
the context o the presept invertion. Jhe.phenyitiazaleiand L ganbe eaxalenisaupled (o 2

suitable solid suppSPEMAterial Via the primary amino group and be Used for the isolation of binding
proteins. The syntheis0fpifetytitipedtenbaptiiergibsared-moxhiiprel 2 ARG ehe invention,
the expression "ph@lﬁ;{l{(fg@ggg&ligand I" also includes compounds comprising the identical core but :
which have another linker, preferably coupled to the nifrogen. not being part.afthe cvclicsisuctures, for
linkage to the soliddééﬁfﬁﬂﬁ“ﬁ*%ﬁ?ﬁéﬁ?ﬁﬂﬁ(‘g@ﬁé%éh g@%@gﬁg@& 9 é}rg 10 at}gnﬁs. T%}(/—:' linkers may
contain either a caspxysdigdsdanabaminbubtreghotmendrbisr: I PRERAEERbbdiment, the
expression “phenylthiazole ligand | %glgggﬁdcompounds having the same _
N45-(4-chIoro-3-m§ﬂ%ﬁ§)?fé{s?ai%nyl- ﬁ%ny )-4- m-eth%%thiaﬁog{x%é%%gc?p@@%&%gﬁo pprise
another linker at the) NiseRTiREg " AERC 8K §ICAIBdRYI 67 2 a kk'/'lam nocarbonyl; either of which
being optionally suQ@@M%b;yypatﬁg@);myﬁmao}nmmmp@ﬁl}f@gfamk‘lrm%ﬁ@f’@gbmcarbonyI, Cl--
- 7 - C8-alkoxy optignally substituted by-Rydroxy| i GBsalkylaptioaatyesubstittitacdaysiyydroxyl or
halogen. Furtherm(??%j',jl ?gl%nﬁieggsﬁ%n also includes compounds as described above which have _
instead of the 4-chlerdaesidue another halogen, e.g. bromide or which are further substituted at the
phenyl ring, e.g. by halogen. Furthermore, instead of the methane sulfonyl group, also another group
like a hydroxyh gamgoxeor, Bdre GHatkylkdronpthoptionalydsulitititediyMfoemaag be present.

compound, comprising the steps of:

a) providing two aliquots compnising each at least one cell containing PI3K,
b) incubating one aliquot with a given compound,
¢) harvesting the cells of each aliguot,
d} 1ysing the cells in order to obtain protein preparations, |
| ¢) contacting the protein preparations with the 3-(2- {2-[2-(2-amino-ethoxy}-ethoxyl-
emoxy}-eihoxﬁ-N-[5-{4—chloron3—memanesulfonyl-phenyl}-4-methy1—thiazol-_-2y1]- '
propionamide or salt thereof immobilized on a solid support under conditions allowing
the formation of a 3-(2- {2~{2-(2-amino~eﬂloxy)-ethoxy}-ethoxy}~ethoxy}—N—[5-(4-
chloro-3-methanesulforyi-phenyl)4-methyl-thiazol-2yl}-propionamide - PI3K complex,
and S _ ' :
f) de{ermin:ing the amount of the 3-(2- {2—[2-(2-amino~cﬂ10xy)’»cthoxy]~é@hpxy} -ethoxy)-
N-[5-(4-chloro-3-methanesulfonyi- phanyl)—4—methy1-t}1ia201~2y1}—propionaﬁxide - PI3K

complex formed in each aliquot in step e), and



In an especially preferred embodiment, compounds falling under the expression "phenylthiazole ligand
I" are selected from the group consisting of
3-(2-{2-12-(2-amino-ethoxy)-ethoxyl-ethoxyl-ethoxy)-N45-(4-chloro-3-methanesulfonyl-pheny1)-4-meth
yl-thiazol-2y11-propionamide hydrochloride, 3-(2-{242-(2-amino-ethoxy)-ethoxyl-ethoxy}-
ethoxy)-N-15-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2y11-propionamide, and
compounds with the sa@@ining whether also a complex between the 3-(2-{2-[2-(2-amino-ethoxy)- .

N45-(4-chloro-3-m quo I 2 h are only
further substituted” %} Zel%‘ g %ﬂg}x%}%%‘ ?:ég;)on oeryé}f%f)&l%%g m?r%%gég%élﬁelther of
which being optloﬂalﬁypgmgﬁmtéélnﬁé@#e %Bﬁﬂlﬁrﬁ‘iﬁér@ beschegrjpamitg: P -
-C8-alkoxycarbonyl, Cl - C8-alkoxy optionally substituted by hydroxyl or C | -C8-alkyl optionally
- substituted by hydroxyl or halogen According to the present invention "P13K" comprises all members
of the 131@%§#ﬁﬁ%omprising class IA (e.g. PI3K alpha, beta and delta), class 1B (e.g. PI3K gamma),
class Il (e.g. PISKC2 alpha, beta and gamma) and class Il (e.g. Vps34 yeast homologue). The
sequence of neandi I wamman(tiesoitar s beowsmreingbr iotothdet B)aayiRiazrls Figure 4. The
sequence ?{g};}.ﬂ“ﬁ%mﬁwﬁ%ﬁm@mmhg&ﬁf StasBdAhisngbre B iMHei QUK Sfatisonding!to the present
oA G e T S Q0 TN ABdAIne: B%ﬁéﬂ?xﬂmmefﬁ%h& The
expressmn’% 'ES{K(:"T fites ?unctlonaly acti erjvatives thereo or func agyve fragments
thereof, or & WQWQ%&% 8t %ﬂ&‘?ﬂg"&%&f@&’%?ﬁaﬁfjﬁelc adid lfhae% zes Yo the nucleic
acid encodingifeadgrofdil3 Kinder low stringency conditions. Preferably, these Iow stringency conditions
include hybridization in a buffer comprising 35% formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 5 mM

EDTA, 0.02% PYP, 0.029 / regl SAIRONSREM DA cangolAlout/vol) dextran
sulfate for i‘g’fié ughurrse aq[ 4@%‘% %%ﬂg Hgaqgnﬁtg %ﬂ, ;

buffer tln s-HCI (pH 7.4),
5 mM EDTARHH% 96 7S %or 12 @ 5&15%@ ‘é‘g‘d‘“’ A a?s% ’%13[‘% ﬁ‘er%o%s%lsﬁgr% E% 2X SSC, 25
mM Tris- H@hl(qul%?-rll?tEamml@Dﬂ*ﬂ’h&ﬁﬂﬁl@&t@@ﬁ”&%’ ﬂé’u?g‘ﬁ?%’ée e '81’ ? §'%e present
invention, "fTiVureenRss Ataxiz Tetalegie chasiaidLitatogip reteiionT o phetdn E@ﬁ“iﬁémber of the

phosphatidylinosiiol3 inase amibe ehREiains sk sammAnG oM N ghmaysdyipligapborylating key |

bstrat lved in DN [ C 3,
155-168), ALEBIIRg TR B oo R '“ﬂ%;;%?g% D fAD3. Rcaied

protein (syrﬁﬁwmhwg%&*ﬁréﬁ%lﬁ?@“ Pﬁ@i‘i'“&d&ﬁﬂﬁg SIS
DNA-depeniignti pioteinikimaissl TineERRIIC jeAecertioglds tHie ciaytiersubEnRXerESitlear
DNA-dependgp}; g{;gﬁ!@qeganm*mgelm&ﬁmec@mmw)mmmmgmhd octmpehentdshifte autoimmune

antigen Ku (13 ! Y Rd @ERR:0 ﬁh{&maﬁ 222G &ydtscown, the
catalytic suk(ﬁm ‘%‘“’% Eﬁ#jgﬁ e dg{]gﬂ\i%ntt% ﬁ“ ! gag)vrg ac%,% glgegtog @ the DNA and
trigger its klﬁé‘é‘é“éﬁl ‘ﬁ}(ﬁ%ﬁ@ LF&! lE’(S)undt A bex ress Its catalytlc properties. According

to the presemtbmwé"ﬁmdmkﬁmﬁ@wwfémthﬁéﬁﬁﬁ@ﬁéﬁ tSVQé%"é’f?’éﬁB}ﬂ?/@lﬁ‘(ﬁﬁr@}ﬁ also known as

resen ﬁ]vemlon NAPK" means

FRAP or RAFT") (Tsang et al., 2007, Drug Discovery Today 12, 112-124). The mTOR protein is a large '

Kinase of 288 kP@ \é"h'.?ha RS sl SRRl OTaaRismS SedameRE:oR fitatha Seduence of the
carboxy-termlr]al ho%téggl nositol ?ihklnase (P}\Jr%_k( argil%%i émgﬁgnég gggw iS highly

conserved BAEHE Bied %N awﬂﬁ)lts serine and threonin r}a?(e act |t ut no ectable lipid
kinase acnvmﬁhyi—thtazo] -2yll-propionamide core but comprise another hnker at ihe —ato

C1-C8 alkylcarbonyl or a C1-C8 alkylaminocarbonyl, either of which being optacmally
subsiituted by halogen, hydroxy, amino, C1-C8-alkylamino, C1-C8- alkoxycarbonyl, C1-



According to the present invention, the expressions "ATM", "AIR", "DNAPK" or "mTOR" relate to both
human and other proteins of this family (Shilo, 2003. Nature Reviews Cancer 3, 155-168). The
expression especially includes functionally active derivatives thereof, or functionally active fragments
thereof, or a HamMeI8HEER thereof, or variants encoded by a nucleic acid thet HBeliveses2the nucleic
acid encoding said protein under low stringency conditions. Preferably, these low stringency conditions
include hybridization in a buffer comprising 35% formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 5 mM
EDTA, 0.02% PVP, 0.02% BSA, 100 ug/m1 denatured salmon sperm DNA, and 10% (wt/vol) dextran
sulfate for 18-20 hours at 40C, washing in a buffer consisting of 2X SSC, 25 mlul Tris-HCI (pH 7.4), 5
mM EDTA, areh QukdoySEpadieid- &Bgmtﬁeat@@m@msbm%mp%&m@wi%m@fe%ﬁsc 25 mM

Tris-HCI (pH Z)@f%fi"\" % gge. %%er]n'@r? S:sf%rpléés%g%rﬁoarlnggigés J&%E%ﬁhc?s %% dig %%1 's a ligand

for all isoforms o ove). Howev erred that PI3K is

out the invention
Kol Gl R o R A e
protein prepagatidwrdontabiiigted 3K theppbeidbdnThe snbyhorlegsh tHaphesesrei nivsaadre chs be
performed Wimm@rﬁﬂ%ﬂy@r@mmm anatgiapking rMetesiay@siongasohe Bi3K issalupilized in the

preparation. Exgmpy ﬁdﬂﬁh{é%b@tﬂgfé@tﬂﬂMHI&%Q?}’SETMSVQI@“& a cell lysate, a partial cell lysate

which contains not all proteins present in the original cell or a combination of several cell lysates, in
partlcular in cases where not every target protein of interest is present in every cell lysate The term

"protein prepdfatiin'csREg At RIsE Erds SRadHf e CpRABIAIT Ha! Presenter ofe | SRPESIBIh species in
a protein pregptatightofzriteliestddi dre shiteetbioom WeastemdolotstmobedHRHR-dibedisthat are
specifically dimegbégﬂfﬁtéa{&@}Letﬁa;sgmqslfhxciﬁoaospmm&%ﬂﬂny(%e@ﬂ)l(?n@ﬂmma and/or
PI3K delta), t@ﬁ&@?%ﬂc&&m@m 9 @oﬁ%@&d?% r{'i"’{?‘glzb%(nﬂﬂé%% %9&71%{%%&4 dy. Such
antibodies are now f %rt Sgsakl et al ? ﬁio ora etal., 98 J. Biol.
Chern. 575, 8559 DB ATl e eGSR SR QM Bt e below).
The presence?dd AFPWI?‘A’I’?"{’ DA PhE arrisr MTDR- ﬁ’FB’E@r&W%’%F@?@ BYé‘Bh?&YBT‘?@Tq rest can be
detected on Westek2bjaispikekeddwithrantiiddes thht turehspeadifidtéordsatichp MeteinnCelldysates or

partial cell lyS@ESam@beﬁdaptameci bmlﬁcﬂﬂwgnﬁﬁihmglﬁ"@ﬁh@ & NUHRHS bEWO CpRiadiiR, ribosomes,
golgi etc.) flrs% t%r;gt}peey%grﬁﬁgé %g)g%r '106§ gﬁr};}/%gi%or@ltl&s%%%% neﬁ‘;s! (?thods for the

isolation of ce s.are n.in the art ( apter 4 rification, o from

nell
Mammalian Celre ﬁf‘?"éﬁ@ﬂ%‘?{?ﬁ}ﬁﬁl&%‘@fﬁ Ao iyArebReS- Edrlky! satirrelCHisER IR M. Dunn,
Hidde L. PloebydrDavier Weleggieicher, Paul T. Wingfield; Wiley, ISBN: 0471-14098-8). - 10 - In addition;
protein preparations can be prepared by fractionation of cell extracts thereby enriching specific types

of proteins SUQQ&%%QQ'W&BNE%P&%HG‘ Q@'G&ﬁ t@i‘i ﬁx@r@ém@#%@rﬁﬁﬁc ' ion of Tissue
Culture Cells in Current Pro %ﬁ{rﬁtgg g%\fg | or ( Cg?él% rémBm%r)] I\/‘assunn, Hidde
L. Ploegh, Dawglw elc%er a%ul |é| 471 ?LEO £

(e.g. PI KC2 alpha, beta and gamma) and ciass 1§ (e g. Vp534 yeast homoiogue)

The sequence of human PI3K gamma (the so far only known member of class IB) is
given in Figure 4,

The sequence of human P13K delta (a member of class 1A} is given in Figure 5.

According to the present invention, the expression “PI3K” relates to both human and
other proteins of this family. The expression especially includes functionally active
derivatives thereof, or functionally active fragments thereof, or a homologues thereof, or
variants encoded by a nucleic acid that hybridizes to the nucleic acid encoding said
protein under fow stringency conditions. Preferably, these low stringency conditions
include hybridization in a buffer comprising 35% formamide, 5X SSC, 50 mM Tris-HCI
(pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% BSA, 160 ug/ml denatured salmon sperm
DNA, and 10% (wt/vol) dextran suifate for 18-20 hours at 40°C, washing in a buffer



Furthermore protein preparations from body fluids can be used (e.g. blood, cerebrospinal fluid,
peritoneal fluid and urine). For example whole embryo lysates derived from defined development
stages or adult stages of model organisms such as C. elegans can be used. In addition, whole organs
such as heartis¥EMEE%bm mice can be the source of protein preparatioRS T/ERa4¥/i¢fdas can also
be perfused in vitro in order to obtain a protein preparation. Furthermore, the protein preparation may
be a preparation containing PI3K which has been r%comblnantely produced. Methods for the
production of recombinant proteins in prokaryotlc and eukaryotic cells are widely established (Chapter
5 Production of Recombinant Proteins in "Current Protocols in Protein Science", Editors: John. E.

Coligan, Ben Mn&uinn, diifidgdc Ploegis, DaviddMpBrrighermRaubTAVingfietds Msymw—% ISBN:
0-471-14098-8), In 2 eeéegmmgg;mggtﬁtmsn@&mggm Qeinyenignyt L‘%Et;téﬁ'?ﬂ yof a protein

preparation includes the |ng at least cell'containing PI3K and lysing the cell.
Suitable cells ffd?%?s Oa(ié 5%8 bde LML 3 gs(Eres were members of the PIK3 family are
expressed. Members of the P13K family are expressed in most cells and tissues. PI3K gamma is
preferentially axpseBsgddn wellgredethe ihemasapoiatid/ Sy stems(eAtiraleliogytessimadiapladges, mast
cells and pm%l%té)nb%@'%ﬁtﬂ B%Q'ﬂmé"a%@ﬁbétaéf?%@rpﬁmﬁmdﬂ%ﬁoﬂ@%ﬁ%@%nﬁpﬁha'Um cells.

P13K delta is ubéqiwtqHstly expressedw, ono nce? expression in lymphocytes, granu Iocytes and
mast cells. THerefor ore, in a preferred em M %t talls 1Bofa eél tom %é‘ﬁp heral bloo J represent a
suitable biologit4 Fﬁa‘l‘gﬁ’ﬁfP %EWEHBV?IH&SB}jé’pa?%t}Ha&HE Rexigrs GeEReinan RnlpRbeytes and

lymphocyte subpopulations obtained from peripheral blood (PBLSs) are widely known (W.E Biddison,
Chapter 2.2 "Riepaiiaion and guliseiofdign AyRpheayiestiurie uangReakickdir&pl Biology,
1998, John Wﬁ@%t@ﬂ ggg,n t{}gr)ofyg{ %@P&%@@Bﬁ%ﬁaﬁﬁﬂ centrifugation is a method for the
separation of lymphocytes from other blood cell populations (e g. erythrocytes and granulocytes).
Human lymphocyte subpopulations can be isolated via their specific cell surface receptors which can
be recognized"§5°HBE0CIShaPEs PO HIE PRe PANSBET sBparatd isRiGdHvBIVEE dBtRIng of these
antibody reagémts R Klagnetischeadsleshitie aliawl itie enbiahimerit of cedsdhabare-taendely these

antibodies (D%HW&%&ﬁﬂefﬁ}ofEhﬁﬂﬁﬁlﬁthmPh@Cm cebsnaasbhpdhennes enturedrandnstimulated by
adding antibogligs dire¢ @2%% I%%HJ&%BE‘,’)E%QE;%%? SRIQIS SHER &Pz% Hipigate T-cell
su P@ the
(4]

recptor S|gnaI|ng an sequen %Sﬁf‘e ation o Journal of

putma
Immunology 7514 ef&%ﬁé%%“‘)&% ti?/énf’c‘ftﬁ’ﬁrﬁ?gﬁ ‘ﬁf‘n‘ght%%ﬁt’g ﬁ?é‘b“%‘é“n’ liffes (e.g.
MOLT-4 cells®fefatbiestip At Actikeliieg (RBLEDIR) 258y c AR bR G dexrt RB boppite At 4dA be
stimulated by omarssslinkinglthie frigderatiinity receptor for IgE (FcepsilonRI) by multivalent antigens to
induce activation of P13K (Kato et al., 2006, J. Immunol. 1770): 147-154). In a preferred embodiment,

the cell is part,g of ace foft ItHre S enenpngnn l‘[_’nethoc,?,%r&),r :txtle% harvest (3 gnc 2l %gydoefr ie}l}l/ gHIture system
are known in the art? eratur supr e choice of the ce maln fhe €xpression of

P13K, since it Bléoeﬁ@lﬁ?eastﬁ%@&étgm $ Wélf'}emy %‘t%éﬁt“i‘?ﬂ ]t)r@%‘éﬁl%?%‘iiﬂ%é > In order to
determine whéiReiZd)ghernelRepepmiitiidasesrkingss péteffl kbtAnehipleareurs of tH@ﬂhWﬁtien, methods
like WesternbiegaRltoiR-bagestadi cleier aCidsselptaniost meﬂmds;ybtarﬁhﬁhtﬂbts;ﬁmddymﬁsnﬂbroarray

methods (" D%ﬁﬂ@ﬁ(ﬁiﬁi@?&%@i&!ﬁ%@e dﬁlktdﬁaéﬁlétﬁt&fﬁtgﬂﬁy Wﬁ%d%%&%&%&l%@ gldnterestis

present in the cgll, The chalce pLING el may, aise\Re, INugnced BY e pLIROS of the study. If the in
vivo efficacy for A given drug needs to be ana yzed then ce s or |ss es may be selécted in which the

desired therapeutic effect occurs (e.g. granulocytes or mast cells). By contrast, for the elucidation of
protein targetéeediaing uhevartedisidecofiectshhecepit oiassiaTivgy b6 BHaly$8dARKYhivh the side
effect is observgUR UrLatdio Gy Rmaasetl amhs Meatkims usals O Fanithedkin, CEiE). Nature

Reviews Cancer 3, 155-168). The expression especially includes functionally active

derivatives thereof, or functionally active fragments thereof, or a homologues thereof, or

variants encoded by a nucleic acid that hybridizes to the nucleic acid encoding said

protein under low stringency conditions. Preferably, these low stringency conditions

include hybridization in a buffer comprising 35% formamide, 5X SSC, 50 mM Tris-HCI

(pH 7.5), 5 mM EDTA, 0.02% PVP, 6.02% BSA, 100 ug/mi denatured salmon sperm

DNA, and 10% (wt/vol) dextran sulfate for 18-20 hours at 40°C, washing in a buffer



- 12 - the art. For example, a biopsy is a diagnostic procedure used to obtain a small amount of tissue,
~which can then be examined miscroscopically or with biochemical methods. Biopsies are important to
diagnose, classify and stage a disease, but also to evaluate and monitor drug treatment. It is
encompassed within the present invention that by the harvest of the at least one cell, the lysis is
performed simultaneously. However, it is equally preferred that the cell is first harvested and then
separately lysed. Methods for the lysis of cells are kifown in the art (Karwa and Mitra: Sample
preparation for the extraction, isolation, and purification of Nuclei Acids; chapter 8 in "Sample
Preparation Techniques in Analytical Chemistry", Wiley 2003, Editor: Somenath Mitra, print ISBN:
0471328456; GATHEMSENZEERLAS3eY, TG @feret Sy BeY Andnicdigs $BA 56 shieved by
homogenizersi{eug:. # GH¥T; hotneghing ét) a bivfsomic desiptelt A SR, izyialiddyd(d, (detdrgents (e.g.

NP-40, Triton X100 SHABR: SISIDRSH01S sBeckarspeated freezing and thawing, or a combination
of these methods. According to the methods of the invention, the protein preparation containing PI3K

is contacted with the phenylthiazole ligand | immobilized on a solid support under conditions allowing

the formation Gh&wHBEigMEi e ligdha 11238 BICEFHpIEOTRENY gredentshaitish, Be8' R "a
phenylthiazoletligeagbion: BiSKneempiex! denotésad ammp|&3kherd” ke rephithiaz ole Hg&nd<anteracts

with PI3K, e.g.egyegawlﬁglhgﬁqdmgg;&fgj%@ébfby non-covalent binding. The same definition applies
also for complexes between phenylthiazole ligand | and ATM, ATR, DNA PK or mTOR. The skilled

person will knoI\I/lv which gofgdition§ can be ?}f 1_Iied in order to. enﬁ%g the fo&g&_ation of the phenylthiazole
e

. : some S enis, st a pro eparation contaming is pfo ", .
ligand 1 - PISK'compléx. In‘the context of esent invention, térm "Under conditions allowing

the formation Sfttheredbndpleithirpierdeisinytotoulicoriserrttrmtoritbuety fopisitipreppesierably such
binding is possiteing Msunalusasthesnre sitailtysabhaiingdhe hebe:patanoit BReapimmabilized phase
and pouring thﬁi&ﬁaﬁﬁﬂﬁ@&séOe?aﬁ%%?éii?{‘ii%@ﬁ%r‘éﬁkb%%ﬂ%éﬁ'ﬁ@é%ﬂfé#@&%‘%ﬁl?kﬁ?%l§°"d

support is in a particulate form and mixe vv!i}h the cely sate. - 13 - IP tr] context of non-lcovalent

pinding, the bitCHFBEREEN B RIM SR Iah GRS EEE 0l S IgES Hfirogen

bonds, hydropkibgfechitéeienohey o dacsthpripketib Al theresst is present in every cell lysate. The term
“protein preparation” also includes dissolved purified protein.

The presence of PI3K protein species in 2 protein preparation of interest car be detected
on Western blots probed with antibodies that are specifically directed against PI3K. In
case that PI3K is a specific isoform (e.g. PIK3 gamma and/or PI3K delta), the presence of
said isoform can be determined by an isoform-specific antibody. Such antibodies are
known in the art (Sasaki et al., 2000, Nature 406, 897-902‘; Deora et al., 1998, 1. Biol.
Chem. 273, 29923-29928). Alternatively, aiso mass spectrometry (MS) could be used
{ses below). '

The presence of ATM, ATR, DNAPK and/or mTOR protein in 2 protein preparation of
interest can be detected on Western blots probed with antibodies that are specific for said
protein.

 Celi lysates or partial cell lysates can be obtained by isolating cell organelies {e.g.
nucleus, mitochondriz, ribosomes, golgi ete.) first and then preparing protein preparations
derived from these organelies. Methods for the isolation of cell organelles are known in
the art (Chapter 4.2 Purification of Organelles from Mammalian Cells in "Current
Protocols in Protein Science™, Editors: John.E. Coligan, Ben M. Dunn, Hidde L. Ploegh,
David W. Speicher, Paul T. Wingfisid; Wiley, ISBN: 0-471-14098-8}.



In a preferred embodiment, the steps of the formation of the phenylthiazole ligand 1- P13K complex
are performed under essentially physiological conditions. The physical state of proteins within cells is
‘described in Petty, 1998 (Howard R. Petty, Chapter |, Unit 1.5 in: Juan S. Bonifacino, Mary Dasso, Joe
B. Harford, J&HARPEBBHcott-Schwartz, and Kenneth M. Yamada (eds.) EaFERTIBOMERS in Cell
Biology Copyright (c) 2003 John Wiley & Sons, Inc. All rights reserved. DOI:
10.1002/0471143030.cb0101s000nline Posting Daig..May, 2001 Print Publication Date: October,
1998). The contacting under essentially physiological conditions has the advantage that the
interactions between the ligand, the cell preparation (i. e. the kinase to be characterized) and
optionally the lecrffidomchreftecpapantichsaspbs piptetiiEbydtacaboaiitid sl "Essetstiateiphysiological
conditions” argmifighalipdfase,pRaditigRgwhichinie BrRsenrki Biaitinat pRREaEIRgsample
material. They inglle R PRYSIPIRGIA! BRI CONGRIITALANS PH: ALl ERGRRIRIA BHffer capacity

and post-translational modifications of the proteins involved. The term "essentia hy5|01ﬂ)gical
conditions” do¥SeRER redliiPE oo 1 tearRen & thhes: kg brif fﬁ%bhﬂ?@‘gr&\g B \Fherefrom the
sample is derRaxd ThiY esBelstidfycrelSe: 8ctvditidA8%¥)conditions close to cellular conditions. The
person skilled in the art will, of course, realize that certain constraints may arise due to the
experimental pepAIch i cyeplibiTRadepn el lherandiins Rl tauRiRplhg eventualy
necessary dls&a}logr% ,?%I} %/lvuz%l s or L(l:r(le}%:\}nembranes when taking and processing a sample from a
living organism may require conditions Which are not identical to the physiological conditions found in
the organism. Suitable variations of physiological conditions for practicing the methods of the invention
will be apparérirtexiopk skilkéd dmithe disard darved dompdsed! e thlepment "dagentalyuybhysiological
conditions” assgedonaieda; dapehimRanyh kT iRIbgOERY stoaddhatdhrdaim hessentiadlyuehysiological
conditions’” relals, P AIALIPAS FIARE. L BYIRIABIGA 6PPRHLANGH RS E:cha/HRd BiaaLahcels, but

does not necessayily require that these condifions are identical. For example, "essentially physiological
conditions” mATCBHRSHLEBEI0ER NI RELCT SFRES BPIEEERSE%7C. and 0.001-10 mM dalent
cation (e.g. Mg++, Ca++,); more preferably about 150 m NaCl or KC1, pH7.2 to 7.6, 5 mM divalent
cation and oftéarthetdhoerichudpr@:0d 1 petioenhaobespecierpiotetv@igind IAIKAwhdrt-ibasic detergent
ETeren,/NT-%IE@B&&L%}@@@H@&&%@%BWSh@#kyﬁbamﬂa@r%m@%,;Mmlmo.05-|_O.if;/o
volume/volum eneral gu e 0 q [ applicable:
BhAPLSeRGIokance e lowlng Pulaind.as tgft%ﬁtsp%d BonR.may e

10-250 mM N% b0 mM Tris HCI, p with optional addition valent, cation(s) and/or metal
chelators andRSEABRIBAIC [detEfgefits. Prasatabigtotls db RS hySibRSGica LBRGit AN fiean a pH of
from 6.5 to 7.S0obesferBphMedpemotisde 3. Sepgbri2apdivr SprieemtBaid oMragficld Wiy mMm,
preferably fronp2% t01B0: i, lan@9Hex concentration of monovalent salts (e.g. Na or K) of from 120 to
170 mM, preferably 150 mM. Divalent salts (e.g. Mg or Ca) may further be present at a concentration
of from 1 to 5 mM, preferably.1 to 2 herein more preferably the buffer is selected from the group
consising of TS H S B R e e
immobilized o REBHATSHEAEAS PErSETHBLIARES NG AtiASARSEFh cuuHa 88 Sloit 2R X88%0 every
undissolved stgpolt being able to immobilize a small molecule ligand on its surface. According to a
further preferred embodiment, the solid support is selected from the group consisting of agarose,

modified agargse, e RAN 95 RRGFRar b p- Aot SRRRAIGSRL AR EEIWPHR, Aicferro- or
ferrimagnetic ParI{cIes. Phen Itglaaole ligan may. Eefcoq led to the solid sup Prt «ﬁlther covalently or

amiy_arc ercéar?%e Members of the £I3 anblg are gxpressed i 8% Fels and e
noncovalently. Non-covalent binding includes binding via biotin affinity igands binding to steptavid in
matrices. tissues. PI3K gamma is preferentially expressed in cells of the hematopoietic system (e.g.

granulocytes, macrophages, mast cells and platelets) but also in cardiomyocytes, vascular

smooth muscle and vascular epithelium cells. PI3K delta is ubiquitously expressed with

pronounced expression in lymphocytes, granulocytes and mast cells.

Therefore, in a preferred embodiment, cells isolated from peripheral blood represent a
suitable biological material. Procedures for the preparation and culture of human
lymphocytes and lymphocyte subpopulations obtained from peripheral blood (PBLs) are
widely known (W.E Biddison, Chapter 2.2 “Preparation and culture of human



Preferably, the phenylthiazole ligand 1 is covalently coupled to the solid support. Before the coupling,
the matrixes can contain active groups such as NHS, Carbodimide etc. to enable the coupling reaction
with the phenylthiazole ligand 1. The phenylthiazole ligand | can be coupled to the solid support by
direct coupling Py *#8R&! functional groups such as amino-, sulfhydryl-, cBFFEEERORGHNERyI-,
aldehyde-, and ketone groups) and by indirect coupling (e.g. via biotin, biotin being covalently attached
to phenylthiazole ligand 1 and non-covalent binding pf biotin to streptavidin which is bound to solid
support directly). - 15 - The linkage to the solid support material may involve cleavable and
non-cleavable linkers. The cleavage may be achieved by enzymatic cleavage or treatment with
suitable chemigabhaetngdsn Riefesitaddeiactin th iottridieas:{on birdingrohenylthigasieiigantbt to solid
support material, arg.linkpoE Wit G -aamhaekRons: hypisa'y! '{E'éesfe?!i}%é{&b@?}s}ﬁﬂﬂ%égfté’ 9 or 10
atoms. The In}kers c%}ntalg gf\%ewer caron/.- or amino-ac |verp?troup. e ski Iedigi:s will appreciate
that between the'Indiidu I‘OSR pge_ f the rictfiod eog‘thg%_\;gc i6n, W sﬁrﬁnus?éﬁ 3 'ay?l”:)pé‘%'ecessary.
" Such washing Y&'BEfE B¢ ShanaRslicng caern sslarbrsrEFrcts shYl SPREck R95R19 S EME8 to remove
non-bound coapdrents pifitek e hiysaierfxbantihedsolid e ppgstcl oeyspaesifion{edgndsinypledonic) binding
interactions capupfdpipimHeedRYRaAding: fenrsley el aidetergentpidaymaderate Aeiriments to salt
concentations e ESRANIcE AReR IR B S GRUICAIN e ids.oLiDe INERLAR, (he read-out
(i:‘eré ection'Q

system is either the detection or determination K (first emhodiment), the de the
phenylthiazol 571 6. BTSR &Y Tgf?gegéﬁfgaé‘?ﬂgécﬂ é’?ﬁ)?%‘#’ﬂ%%&%&ﬁ%ﬁsbmﬁg "amount of
the phenylthisseblertrpang Pr PasReptTfpRegl(seicérid Sttt diatiaofirsdniseplivn engspl iTaratdhout the
invention, the shrequeddl-quiosysteynsiarsedf fdrifie det@mmmmatian Or, devestionhef Pdsdieathefdetection of
the phenylthiaggiq.ligRed &s)3lsanmplex or the determination of the amount of the phenylthiazole
ligand 1 - P13K complex can be used for the detection of ATM, AIR, DNAPK or mTOR or the detection
or the determination of the amount of a complex between phenylthiazoie ligand | and said proteins.
This implies tH it CHEBEYRSPePET HePHRHLER foH T3k (! Jings @rﬁidﬂé}ﬁé“ﬁé‘a,%ﬁﬁgent specific
for ATM, ATRIBIPARK JavkenTOR Blag e beelipadriristeset. BGisetaently ctheestipoditnd s and
explanations gisenibhgiaw alshi appifiinythe dpdrieTio (FOd ATMRA THR , MINARK OhitidaRor to the

detection of the gomplex.e519be determinalionakhe AmaMt ofAi5oMplexpetween phenylthiazole

ligand 1 and said proteins. In the method according to the first embodiment, the detection or
detennination of separated P13K is preferably indicative for the fact that the compound is able to

separate PI3KTroRTHsE shaisze i sithiaRse afasall crlivsccayssenyAdneiadspytthe

harvest of a cell out of a cell culture system are known in the art (literature supra).

The choice of the cell will mainly depend on the expression of PI3K, since it has to be
ensured that the protein is principally present in the cell of choice. In order to determine
whether a given cell is a suitable starting system for the methods of the invention,
methods like Westernblot, PCR-based nucleic acids detection methods, Northernblots
and DNA-microarray methods (“DNA chips™) might be suitable in order to determine
whether a given protein of interest is present in the cell.

The choice of the cell may also be influenced by the purpose of the study. If the in vivo
efficacy for a given drug needs to be analyzed then cells or tissues may be selected in
which the desired therapeutic effect occurs (e.g. granuiocytes or mast cells). By contrast,
for the elucidation of protein targets mediating unwanted side effects the cell or tissue
may be analysed in which the side effect is observed (e.g. cardiomycytes, vascular

smooth muscle or epithelium cells).

Furthermore, it is envisaged within the present invention that the cell containing PI3K
may be obtained from an organism, e.g. by biopsy. Corresponding methods are known in



- 1 6 - the respective compound interacts, preferably binds to P13K, which is indicative for its
therapeutic potential. In one embodiment, the phenylthiazole ligand | -PI3K complex formed during the
method of the invention is detected. The fact that such complex is formed preferably indicates that the
compound dd¥8 HEtE#iletely inhibit the formation of the complex. On thECERERAPRASHNO complex
is formed, the compound is presumably a strong interactor with P13K, which is indicative for its
therapeutic potential. According to the methods of the second, third and forth embodiments the
amount of the phenylthiazole ligand | -PI3K complex formed during the method is determined. In
general, the less complex in the presence of the respective compound is formed, the stronger the
respective corpadnEbindeimple, withioRdB ks, adighdsinpicediieefasdisithenapeatiagoientiat.orhe detection

of the phenyithigzole ligands} wRIBKCemmIRAsOLAINgRANe spcond smbrdimanteanke performed
by using Iabekgld antibodies dlrectedd?%sunst PI3K .and a swtabée readgtllj m. Ac ordlgg toa
a

{ syste
preferred em boa?rsﬁeesn?ﬁﬁgpﬁ%lﬂglf 8Sﬁggﬁ%fiiy-alg?3% %%ranp Se%%%’bmpt) ggoiéo gtaé%%eedaﬂy determining
its amount. In"MRBIGHJFY8 B Fecond, third and forth embodiments, it is preferred that P13IC is
separated from the immobilized phenylthiazole ligand | in order to determine the amount of the
phenylthiazole; igand R4S Kiaamplesresent invention that by the harvest of the at least one cell,
the lysis is performed simultaneously. However, it is equally preferred that the cell is first

harvested and then separately lysed.

Methods for the lysis of cells are known in the art (Karwa and Mitra: Sample preparation
for the extraction, isolation, and purification of Nuclei Acids; chapter 8 in ”Sample
Preparation Techniques in Analytical Chemistry”, Wiley 2003, Editor; Somenath Mitra,
print ISBN: 0471328456; online 1SBN: 0471457817). Lysis of different cell types and
tissues can be achieved by homogenizers (e.g. Potter-homogenizer), ultrasonic
desintegrators, enzymatic lysis, detergents (e.g. NP-40, Triton X-100, CHAPS, SDS),
osmotic shock, repeated freezing and thawing, or a combination of these methods.

According to the methods of the invention, the protein preparation containing PI3K is
contacted with the phenylthiazole ligand 1 immobilized on a solid support under
conditions allowing the formation of a phenyithiazole ligand 1 — P13K complex.

in the present invention, the term “a phenyithiazole ligand 1 — PI3K complex™ denotes a
complex where phenylthiazole ligand | interacts with PI3K, e.g. by covalent or, most
preferred, by non-covalent binding. The same definition applies also for complexes
between phenylthiazole ligand | and ATM, ATR, DNAPK or mTOR.

The skilled person will know which conditions can be applied in order to enable the
formation of the phenylthiazole ligand 1 — PI3K complex.

In the context of the present invention, the term “under conditions allowing the formation
of the complex” includes all conditions under which such formation, preferably such
binding is possible. This inciudes the possibility of having the soiid support on an
immobilized phase and pouring the lysate onto it. In another preferred embodiment, it is
also included that the solid support is in a particulate form and mixed with the cell lysate.



According to invention, separating means every action which destroys the interactions between
phenylthiazole figand | and P13K. This includes in a preferred embodiment the elution of PI3K from the
immobilized phenylthiazole ligand 1. The elution can be achieved by using non-specific reagents as
described in d&EBEBR2{ionic strength, pH value, detergents). In additiorf.{if G198/ aew@d whether a
compound of interest can specifically elute the PI3K from phenylthiazole ligand 1. Such PI3K
interacting compounds are described further in the following sections. - 17 - Such non-specific
methods for destroying the interaction are principally known in the art and depend on the nature of the
ligand enzyme interaction. Principally, change of ionic strength, the pH value, the temperature or
incubation witi detesgrais AR SUEMIReiliads ke Bifsagistevba ignaelianzsRaRdrm the immobilized

ligand. The a@?i&%%‘é' Ofv%”sﬁ'(%}%é)suﬁ%rs &%&%&CW&&HQWﬂ%%’&ﬁ!&%?é&?&%%%}ﬁﬁn%pH value
(high or low p lowering pH by usirig 0.1 M citrate, p change of ionic strength (e.g. high salt

concentration 'ﬂfgﬁ?g Na!, KI, MgC12, or KCI), polarity reducing agents which disrupt hydrophobic
interactions (e.g. dioxane or ethylene glycol), or denaturing agents (chaotropic salts or detergents such
as Sodium-ddaedyk<uifates O restyiew: stpbraiman tanitic200R tHenphemdaditindle digamatography). In

some cases, $18sQlichsiRPad B&%%@?Eﬁ@é& t@s&%t%ﬁ@aﬁﬁ&@%f&@ﬁhﬁ%ﬁ&@&%@l@%ﬁ&@&aﬂhe

individual methods ;or tt{lésng igcoerﬁé le 51%%{[ eg)f ths ﬁollq rg\%r Qrg 'Q thF art. If the

support materla IS cgn(t)ame |n a CO the re ease\ﬁ mate can be CO as cGlumn

flowthrough. IHtask & sd bﬁbr?n‘i‘é’fé‘f%ﬂ‘@’m“ﬁ@'d (At d 9 s S EoRIGonERRS %weama%atch
procedure) arBelivitisrmidseprnettion. Stepaladiedss Germie’ dintrfalatidreinBipbeiagesightyCand the
released mategas is callectedwsissupernatarsosylternatively mgnaﬂ@aeadse@aﬂdae usedas solid

support so th%t%%@ﬁ‘ﬁ gaesbeudlimagied: ﬁ@’f’&ﬁﬁm? USRI BHMAgRRiG G isg. In step d) of
the method a aé g.lpe first embodiment, it is de ermlned it PI3K has been separated from the

immobilized p eny?trhl e ligand 1. This may include the detection of PI3K or the determination of the
amount P13K. Consequently, at least in preferred embodiments of all identification methods of the
invention, mefftedsofoadtire: detdatiersafisEparbied PASK orddititins deterimindtionagt ithartteunt are

used. Such mathaeifopténRemtie e al! MeddGHge-RUBGoChrRMisadMe hodmsueRAad)protein

sequencing ( dggr s hy S t S nodetection
methods emp()?lig‘%lrlgzj ﬂm& ﬁgacq’ ff’é%“amg%gl PJ%S@@I' r%t? %‘"«9 Eis e@fﬁ:}%%%g% | g%mgr?fgbody is used

in order to det gﬁgi W ?ﬂﬁr}@ﬁ%’%{?ﬁgaﬁt{?g EPISR)! fh%resﬂfﬁ%ed"dgrson will
understand tHAE, FEEEbCHRPIOSESHH CRPIEK BA6THe: dEl@ébte@Fbsdﬁ e rhielosica sPétsfit isoform of
PI3K is to be detemmined, pH, isoformesgetific, 2nfibochpamay He psadrahslaridichteddaatiensuch WO

2009/ 0980218§ﬂ%P02<99§i’W The term “essentially physiological conditions” does not require
conditions identical to those in the original living organism, wherefrom the sample is
derived, but essentially cell-like conditions or conditions close to cellular conditions. The
person skilled in the art will, of course, realize that certain constraints may arise due to
the experimental set-up which will eventually lead to less ceill-like conditions. For
example, the eventually necessary disruption of cell walls or cell membranes when taking
and processing a sampie from a living organism may require conditions which are not
identical to the physiological conditions found in the organism. Suitable variations of
physiological conditions for practicing the methods of the invention will be apparent to
those skilled in the art and are encompassed by the term “essentially physiological
conditions” as used herein. In summary, it is to be understood that the term “essentially
physiological conditions” relates to conditions close to physiological conditions, as e. g.
found in natural cells, but does not necessarily require that these conditions are identical.

For example, “essentially physiological conditions” may comprise 50-200 mM NaCl or
KCI, pH 6.5-8.5, 20-37°C, and 0.001-10 mM divalent cation (e.g. Mg++, Ca++,); more
preferably about 150 m NaCl or KCi, pH7.2 to 7.6, 5 mM divalent cation and often



- 18 - antibodies are known in the art. Furthermore, the skilled person is aware of methods for
producing the same. Preferably, PI3K, ATM, ATR, DNAPK and/or mTOR are detected or the amount
of said proteins is determined by mass spectrometry or immunodetection methods. In the following,
this will be exXplaikedtisiHore detail by reference to P13K, but the embodifEhErasd/etetanation
described below also apply to ATM, ATR, DNAPK or mTOR. The identification of proteins with mass
spectrometric analysis (mass spectrometry) IS knovlvp in the art (Shevchenko et al., 1996, Analytical
Chemistry 68: 850-858; Mann et al., 2001, Analysis of proteins and proteomes by mass spectrometry,
Annual Review of Biochemistry 70, 437-473) and is further illustrated in the example section.
Preferably, thg,mass sRectrpmetsy analysists petarmead msa fuantitaibwecraasnen: (anesample by

using ITRAQ él?gfgﬁoto%n '%g “c%rtta %OEJ%%EA’:% %@&ﬂ?%?'é{atgugg%‘éﬂc%t?%) %&:'QIAB (Rleavable

isotope-coded affinity ta Proteome Res. 5

to a further
preferred em BBty LB‘F&)seFrﬁ’f |%‘t}1§’ﬁti&tl dReeerihrdelioriagdn Byrﬂggg%éeﬂtﬁ%@ﬂy (MS) is
performed byriae idearnfication 8f b redtyME bépttied/ of mTHK! PHE #loite ehtior] s¢didamigested with
proteases andfthr1rsudiingnpepiides aeeat eielninatdiy MS-iAs adeaiginpeptide frequencies for
peptides from the same source protein differ by a great degree, the most frequently observed peptides
that' typrcally ¢ ntr utez to the ntification of this protein being termed proteoty, P tide".
Therefore, a pro eof’ ﬁi esseP da tg] ?‘gthai "Pe“séth nL|Snven‘i|(51?1 is gl)‘(t expijferrrmeénélf v?et observable

peptide that dﬁﬁfﬁ@k}ﬁdgﬂ‘ﬁ‘fré'é)at%ﬂe@rfﬁf‘ﬁrf)t‘e‘inao'i’Ltff?ftéiﬁ“@@fb?‘d‘?“A‘lfchﬂhd{to‘%t plefdited
embodiment, phefechizyafeteri2atio Alishérfodvied Dycoompaimothemroret/pb petidescobtained in the
course of pragtiging: thme reethpdaigheaventsnmwinkogem pieieey niegRentidasasiagrewhen using
fragments prapaseddy fIOIERSE (HARRIBNBRIGJIRITIcRHAR 812 PRI9IR MRewsllydhe same
proteotypic peptr rve for a ven me itis oss om EE‘ proteotypic
peptides obtaﬂ’i%ﬁr% %’ ?éﬁfﬁl%cﬁ E? Esbs Bides %trgF dy or enzymes of a
given class of enzymes and thereby identifying the enzyme being present in the sample. - 19 - As an
alternative to masscepestrofmistnyremalysienthe, gltiteg i ¢ihghndin gscostutiedi 4sth dmagsphadtners or
scaffold protetnﬁtﬂaammeugﬁtectﬁg mr/étﬁtamwteﬁawmdﬂ@tsﬁmtneamysttgie@e@straersitbmatibody
directed agalrgst Plglée( L 3gains {nap]hobspg rﬂrgﬂh %@ém%qe% Fbrrrgtc%rmore in another preferred
e coe ng

embodiment, ohee the | identity o ute parther has rBeen established by mass
spectrometry analysis, each binding partner can be detected with specific antibodies directed against

this protein. StiesiinaritiBdugbsnptdeass apiiiimens Bt satil sornirite dolecweBrsnrihsigtsvEL 1SA
assays, sandwiakiFhd SPegasey sradithantipadye asepys ae dadmBipaiolt terendd Téthaestahlishment of

such assays i@tggqt@pu'rast@%@rg,@q,pq%rrm e@)spages | I-1 to 11-30 in: Short Protocols in

Molecular Biology. Fourth Edition, Edited by usubel et al., Wiley, New York, 1999).
Phenylthiazole ligand 1 may be coupled to the solid support either covalently or non-
covalently, Non-covalent binding inciudes binding via biotin affinity ligands binding to
steptavidin matrices.

Preferably, the phenylthiazole ligand I is covalently coupled to the solid support.

Before the coupling, the matrixes can contain active groups such as NHS, Carbodimide
efc. to enable the coupling reaction with the phenylthiazole ligand 1. The phenylthiazole
ligand 1 can be coupled to the solid support by direct coupling (e.g. using functional
groups such as amino-, sulfhydryl-, carboxyl-, hydroxyl-, aldehyde-, and ketone groups)
and by indirect coupling (e.g. via biotin, biotin being covalently attached to
phenyithiazole ligand 1 and non-covalent binding of biotin to streptavidin which is bound

to solid support directly).



These assays can not only be configured in a way to detect and quantify a PI3K interacting protein of
interest (e.g. a catalytic or regulatory subunit of a P13K complex), but also to analyse posttranslational
modification patterns such as phosphorylation or ubiquitin modification. Furthermore, the identification
methods of the invention involve the use of compounds which are tested for their ability to be an P13K
interacting compound. Principally, according to the present invention, such a compound can be every
molecule which is able to interact with P13K, eg. by Iahibiting its binding to phenylthiazole ligand 1.
Preferably, the compound has an effect on P13K, e.g. a stimulatory or inhibitory effect. Preferably, said
compound is selected from the q,roup consisting of synthetic or naturally occurring chemical _
compounds or DRk Rirese i SR M PSRRI s Pl Rt R Bppsinevabliginkehatural

small molecule'doriporedsiap ksferhisiyedsbicctarmpionttisage ntifiest statiwighfisimbidibremicebntaining
such compounggthbben, in the course of the present invention, such a library is screened. - 20 - Such
small molecules are preferably not proteins or nucleic acids. Preferably, small molecules exhibit a
molecular Weigéu fless.than 100 Da,fm re preferred less than 750 Da, most preferred less than 500
Da. A "library" ?f%?&?i%ft BTt ﬁ{\(}gﬂi%ﬁ PRERYLEZR e 8RR oty &9 O AERRShTBR ERdmerous)
different chemieallsviatiesith alapeopr berddanin Axoiady nkardratsdiachbbleHB1H er fibefumstional
analysis (screemiagihérinertitfeskhirindidshiar entiiese-angvalgtdgpsame time provide for a rapid

- identification of the individual entities that form the library. Examples are collections of tubes or wells or

spots on surfages that contain chemical compoynds that, can he added intg. reactigns with one or more
defined potentis f/%%@é?%@ﬁﬁﬁnp%’r@na@%?ﬁ}% t%%ﬁﬁ%ﬁeélhtﬁp‘ﬁf? _é‘ﬂ@'ﬁ?ifﬁ%sr?%g‘?d@ﬁ%ﬁeéﬁ H'%f a desired
"positive" interdRYFBH W HEEH PAFtaes S135 8% BEFREEIVe s pesmaccare tapitkpridatsied die to the
library construgttesenlsiiiadiéstbf syniheticaand i=atuealiofigins cameitheidheppsabasedtht gdisigned by
the skilled artisgauExampiesaidig,pensitestionial llrariss At areyidadin. feLexamplen, Breinbauer R,
Manger M, Schn%%k M gv§ld9rg1£%ri1nn I-lbwafg‘;gilspggd&é% gigecgr Cé)m%%%gdgibr gevetlopt)me#tt.'Cum Med
Chem. 2002 Dee;é?é%?):.z & , Wherein natural proddcts are descri 24 that’are e|rbfog{i)c:§’1 y validated
starting points fOPERETaENS it SrclashibSHial libraries, as they have a proven record of biological
_relevance. '_I'his sp_ecial role of_ nqtural products in meo!icinal qhemistry and chemical biology can be
interpreted in the-light-gf e insiahis.abouidsdanaip arhiisriure Alargieinsgainedpy. siiyctural

biology and bioinformatics, In order to fulfill. the specific requirements of the individual binding pocket
it doma Y BB OER et bGP RN o FRATEE Sen REcBy Erehhem

variation. Solidijshaagd chdiiistoyislsaldetoiskcohvdiaengfficicht téotfoititisropfithisatiomprdeass, and
recent advancesinthis.figldiasedhightigRteduinithisscemigwiaidice. iiheriglaied.rgferences include

Edwards PJ, Morrell Al. Solid-phase compound library synthesis in drug design and development. Cur
Opin Drug Discov Devel. 2002 Juk5(4):594-605.; Merlot C, Domine D, Church DJ. Fragment analysis

- in small molecuilﬁr{c)jis oveny. (i“,nl{frern%griln %éu%DLSE?Q‘éBeV%';S 5:002 Maay;% 3)#%93.-9. Rev‘i:ew; Goodnow
RA Jr. Current practices in [%enera o1 of small mojecule rew 1eats.J Cel _’iogﬁeé’ﬁ’lngdf)‘bl.‘”ZOOLSuppl
37:13-21; whicHfsEerdd TRk the LarionrliaravERisriedegad ihnBis) srhamieceutieal
companies reqadéterteirgs @l growmgrooifcbgaienyithigtobuidiyd dad Ridtictoresidocarsbamsainh
throughput scregnidisssays oCaliRetiaTe obsmal molerolRSMILD siveras, S il urs Anddsrug-like”
properties have,if Ing Rk P BAGHIEN SREIPYRLA MERDR RELAIPING O TRIFYIQUSILIFe! Iead
P implies %{mt in cases where an agent specific for PI13K (e.g. an antibody) is used, an agent
specific for ATM, ATR, DNAPK, or mTOR has to be used instead. Consequently, the
embodiments and expianations given below also apply to the the detection of ATM,
ATR, DNAPK or mTOR or to the detection of the compiex or to the determination of the

amount of a compiex between phenylithiazole ligand 1 and said proteins.

In the method according to the first embodiment, the detection or determination

of separated PI3K is preferably indicative for the fact that the compound is able 1o
separate PI3K from the immobilized phenyithiazoie ligand 1. This capacity indicates that



- 21 - purchase from compound vendors, and by union of separate collections following company
mergers. Although high throughput/combinatorial chemistry is described as being an important
component in the process of new lead generation, the selection of library designs for synthesis and the
subsequent design of library members has evolved to a new level of challenge and importance. The
potential benefits of screening multiple small molecule compound library designs against multiple
biological targets offers substantial opportunity to diggaver new lead structures. In the second and third
embodiments, the PI3K containing protein preparation is first incubated with the compound and then
with the immobilized phenylthiazole ligand |. However, the simultaneous incubation of the compound -
and the immobilizeehpheny ithingaledigasdds (poifcalbiatisnlisvith e 1tk Gonaiging: petain
preparation is Q@g@é%@gg{ggﬁg@;(competitive binding assay). In case that the incubation with the
compound is first, the PI3K is preferably first incubated with the compound for 10 to 60 minutes, more
preferred 30 t0.45 min t((ags at a temperature of 4C to 37C, more preferred 4C to 25C, most preferred

4C. Preferably Compounde shé ted at concentrations ranging from 1 jaM to 1 mM, preferably from 10

to 100 WA, Thetsegtimdzste pigeontactiigkvittnihiexirfisno bdizedig aind ristre fef abviperdosmed for 10 to
6(_) rr]nit?utes at Zb@@&@ﬁ%@%@ghgﬁ@ﬁ@pgﬁ?gﬁggﬂweg%lélﬁg%,m@ﬁgg@lg%g;ﬂw@&gd S)CHQ §Ia:/L izrg)cubated
with the compound iazole.lizan - 30 t minutes, more preferre to
minutes at a teéné%%g#uggnﬁ%}/é Qo’%ﬁ}%f rﬁ‘%rg‘?g‘f‘gﬁé’%’re‘ﬁ&e tgoé%%?xmégt'térgefgﬁ%ol; 3@.’ Ill’?é‘l%rably
compounds arS{RUE 4t (SRS RGP RIRGiRPISHEbIN Brangivierareterdb P m Wit 1100 p.M.
Furtheiinore, stegisativede)itftisepassmbemiabdiment may be performed with several protein
preparations in order to test different compounds. This embodiment is especially interesting in the
context of medisvarightiraughputStraeningssbambelandmindhesthiraeor forth embodiment, the
amount of the phenglth}aﬁzr%l]e I_i%lan%l - PI3K complex formed in step c) is compared to the amount:
fowled in step B)"2" _ YRR SRRBodimart ATRAlReEPERAEIT BRtYRE PReAgftmzole ligand
1 - PI3K complésirstinred in stapral, the less complex in the presence of the respective compound is

formed, the stronger the respective compound interacts with PI3K, which is indicative for

its therapeutic potential. .

The detection of the phenylthiazole ligand 1 — PI3K complex according to the second
embodiment can be performed by using labeled antibodies directed against
PI3K and a suitabie readout system.

According to a preferred embodiment, the phenyltidazole ligand 1 ~ PI3K complex complex
is detected by determining its amount.

In the course of the second, third and forth embodiments, it is preferred that
PL3K is separated from the immobiiized phenylthiazole ligand | in order to determine the
amount of the phenylthiazole ligand 1 - PI3K complex. |

According to invention, separating means every action which destroys the interactions
between phenylthiazole ligand 1 and PI3K. This includes in a preferred embodiment the
elution of PI3K from the immobilized phenyithiazole ligand 1.

The eiution can be achieved by using non-specific reagents as described in detail below
(ionic strength, pH vaiue, detergents). In addition, it can be tested whether 2 compound of
interest can specifically elute the PI3K from phenylthiazole ligand 1. Such PI3K
interacting compounds are described further in the following sections.



c) in comparison to step b) indicates that PI3K is a target of the compound. This results from the fact
‘that in step c) of this method of the invention, the compound competes with the ligand for the binding
of PI3K.. If less PI3K is present in the aliquot incubated with the compound, this means preferably that
the compound has competed with the inhibitor for the interaction with the enzyme and is, therefore, a
direct target of the protein and vice versa. Preferably, the identification methods of the invention are
performed as a medium or high throughput screenlnq The interaction compound identified according
to the present invention may be further characterized by determining whether it has an effect on PI3K,
for example on its kinase activity (Carpenter et al., 1990, J. Biol. Chem. 265, 19704-19711). Such
assays are knommrhmﬁsgéblﬁdsaelﬂnc@mm&m@t@Iav&smgé%ﬁ RGBS 8RNIAT

(Fuchiami ot 2 2901 Biomol.Se'sepn 441 420) b addione igracion compaund

identified accordlng t present invention el characterized %ie%earﬂ% Whether it

has an effect o TR A}ﬁeF?*"b”ﬁlﬁ@ I’é‘%‘ﬁﬁ’ﬁe@ﬁ‘%? SRSHRRE M fekaraseE &@tﬁﬂt%@%mﬁ@ﬁ%t al.,
2004. Biooraanie drsdavietdichsalative mistmed Zradd 97 59mohitatdelighh 006, GellidRbn733a747).

Briefly, PI3K lipiLkistaseraetivityinastiae ms@agrgﬂma@g@@w%b@?%ﬁ a@ﬁ@ngmmg.p lipid
vesicles. The reacti 8%%5‘3 Pﬂ %g“%ycthqvpg@g@n afaci |f|g9n?& nlc;sqslt\}(g{p gﬁ’ %bf quent phase
OF

separation by exfractlon e[ chroma rap an IyS|s arpenter e Blol. Chem.
265, 19704-19F P15 RIEHRATLE aKéF’ﬁﬁ% %’@éﬁ? SSPRSIRPER e A WSSy, PI3K is
incubated with h@uﬂﬁtﬂb‘%h‘@%i%ﬁé@su@ﬁﬁmé Afte¢tm’éeheagtmlis conjristaiting remation
products are mixhsbwiipia specfiorpliesphaimosioh datecRydRIptAadlsafereseant pregnhoinositol

probe. The polafizatian.£oaP). v@g@qggg%g%asogpg%gamm)to the phosphoinositol detector protein
is displaced by the reaction product The degree of polarization of the fluorescent probe is inversely

proportional to the amount of the product of the PI3K reaction (Drees et al., 2003, Comb. Chem High
Throughput Sci8eRiRg §311830)id supparthgs Méf@@@wﬁmmummwﬁmpmmmmwmmy a

fluorescence pdlbeizativities segthwithfer shikaletembptidbestdsteate trnsdie wapshrBaieflteaknown

A phosphoSeq e B A et Prose et S e e
anti-phosphosegine s the reaction procee e phos ated pe o the
antlp%ospﬁloseerlljne%% &)d%lJ é/%@gmtl% ‘lﬁganu%ﬁgefggﬁn & BBTAr 3i?on éfgfﬂg cf: }ﬁp%ﬁi’(fgt?hat inhibit
the kinase resufCRPRIEWSHBRG2HED %@n@loeﬂ‘}érﬁbﬂb@éﬁﬂéﬂﬁéﬁﬁ%ﬁ"ﬁécﬁmﬁg% thezprbsent
invention may ferutrfubetioptinivdy (lecedsaptianibdbiompl ks sulssdejusniobiptimisationmahatah
compounds is ofiesmaceelpraaddrcaise ohihe: stsdatiae REvivRIRIRNERAIPKSARMINoFMAtion
encoded in the%ﬁ&ﬁﬁﬁ&%&%?@a%ﬁ%?%hw&w agion is often facilitated due to the ready

‘applicability of high-throughput chemistry (RTT) me ho s for fo1|ow up synthesis. One example of such
a library and qud %ptlép tion ga eagggl I%d :fotﬁqu éna (Pomel et al., 2006, J. Med. Chem. 49,
3857-3871). The 2 et of the Thventio ngc%mprlse o methg éttg W‘?@?@ﬂlﬁ is determined whether
the compound Ri3k|eatobsep saprtaalishoAiTiM, :Aﬂ%ﬁbi}}&sh@d&iﬁwgdmzma' @a\froﬁrtheﬂﬁ}mmdt@d

phenylthiazole ugaamebﬁwﬁbpmm@m%&rmm%ﬂﬁ@ &mount PI3K.

Consequently, at least in preferred embodiments of all identification methods of the
invention, methods for the detection of separated PI3K or for the determination of its
amount are used. Such methods are known in the art and include phvsaco—chﬂ-mxcal
methods such as protein sequencing (e.g. Edmann degradation), analysis by mass
spectrometry methods or immunodetection methods employing antibodies directed
against PI3K.

Throughout the invention, if an antibody is used in order to detect PI3K or in order o
determine its amount (e.g. via ELISA), the skilled per.son will understand that, if &
specific isoform of PI3K is to be detected or if the amount of specific isoform of PI3K
is to be determined, an isoform-specific antibody may be used. As indicated above, such



complex between phenylthiazole liaand | and ATM, ATR, DNAPK and/or mTOR has been formed. As
indicated above, these steps can essentially be performed as described above for P13 K, where
agents, e.g. % ggﬁ%wlecific for the given kinase are used when requir%% Eﬁ@t}&ggﬂzbehind these
method steps is that It is possible to determine the specificity of the identi |edT interacting
compound. It is preferred, in the context of the present invention, to identify PI3K interacting
compounds which are specific for PI3K, i.e. which bk to a lesser extend to ATM, ATR, DNAPK
and/or mTOR, or, even more preferred, do not bind to one of or all of these proteins. The invention
further relates to a method for the preparation of a pharmaceutical composition comprising the steps of
identifying a P3RS Ak BEnThBG it B HRSEANE ot bih ekl e A RErson & AW RS AfUNSRRY tHE interacting
compound to grplaimgabesdical composition. Therefore, the invention provides a method for the
preparation of pharmaceutical compositions, which may be administered to a subject in an effective

e torany, Lrclediag SRodmani the MerReuliodsnibrant Al UilPthe i aHAIRGLD e veared

is preferably an ani including, but not limited to animals such as cows, p|gs.hh8rij§, ﬁlhickens, cats,
0

dogs, etc., anBr e Ie s 5K R RN Al 48 P REEEP BFERe b 1§ HUARHE FRHQL JREIRACS fhent, a
non-human nfahaviids this subbjebe. Thelaiesdpoumtyddéeiafiedadedrding téth IKveptionhare useful for
the preventiormisdigatime rhof disaasts berthil ¢ phayisa spleysuch Ascarier (Vg Astaast, colon or
ovary cancer), mgtabolic disorders (e.g. diabetes or obesity) or autoimmune/inflammatory disorders
(e.g. rheumatic arthritis, psoriasis, Crohn's disease, ulcerative colitis, asthma or allergic reactions).
Consequently, the present invention also relates to the use of a compound identified by the methods of

the invention fOrtHEHIERIANGH BIOEIRRBItRMaTT TBFHeMPEitARHY BF SWaSSSRIGIEBETHS Sbove
mentioned dideasasinRhithdrifbeechirkprtstatl Mifertivlytskltesen atphefniddet tfsdfievmposition
comprising said, com Ul e geperahshndohatimes Bicakoo Bpasitians oA el rsaakioyention
comprise a tharapeuicallyefiastive AMeWLAhA ELREYEs cd sdpasmaseutically acceptable

carrier. In a specific embodiment, the term "pharmaceutically acceptable"” means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or other
generally recc?gﬁféféhibh@m%ﬁpﬁ%wm ipnaliis s parfermshdipa ey ReEn 4O The term
"carrier" refersxamgldilusntpsidgvEiRAEX cipibmi] ogy veéisidierwitapshidr theltheeapedtieiischdeministered.

Such pharmaggaiticalcayiercean beavisdigwdspesuchasmate aash qilsuingludingntizose of
petroleum, anm@gb%%ggetg In%g;_ggggc/etic origin, including but not limited to peanut oil, soybean oil,
mineral oil, sesame oil and the like. Water is a preferred carrier when the pharmaceutical composition
is administered orally. Saline and aqueous dextrose are preferred carriers when the pharmaceutical

composition i$eehidinsteiedantferisiorsifersslinemduilinms opld difucpissetiextiysetishd dcerol
solutions are phiefenatibatdom phyyedas diguicdbcatriedMB) injesidhieadlbiiotis. Sisitabletpimarhaceutical
excipients iNCligRRRNEDGINRISE: PROIOSheSHEROSaN ISR, iMalbetice Winbrehalks shigangel, sodium
stearate, glycerolmonostearale, g, SRH Y, GAONAE AUEH SKip: MUl JlyGRrel RFYRKERS: glveol,
water, ethano and 1hd T‘&e. o

from the same source protein differ by a great degree, the most frequently observed

peptides that “typically” contribute to the identification of this protein being termed

“proteotypic peptide”. Therefore, a proteotypic peptide as used in the present invention is

an experimentally well observable peptide that uniquely identifies a specific protein or

protein isoform.

According to a preferred embodiment, the characterization is performed by comparing
the proteotypic peptides obtained in the course of practicing the methods of the invention
with known proteotypic peptides. Since, when using fragments prepared by protease
digestion for the identification of a protein in MS, usually the same proteotypic peptides
are observed for a given enzyme, it is possible to compare the proteotypic peptides
obtained for a given sample with the proteotypic peptides already known for enzymes of
a given class of enzymes and thereby identifying the enzyme being present in the sample.



-25 - The composition, if desired, can also contain minor amounts of wetting or emulsifying agents, or
pH buffering agents. These compositions can take the form of solutions, suspensions, emulsions,
tablets, pills, capsules, powders, sustained-release formulations and the like. The composition can be
formulated ad¥® 8RBy, with traditional binders and carriers such as tPigiERHE¥E0MGHA| formulation
can include standard carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium garbonate, etc. Examples of suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E.W. Matrtin.
Such compositions will contain a therapeutically effective amount of the therapeutic, preferably in
purified form, together with a suitable amount of carrier so as to provide the form for proper

administrationylo e sl ToeRuaian ol sul (e oAt KRR Lol R preferred

embodiment, the composition is formulated, in accordance with routine procedures, as
pharmaceuticA S4B ANEH P57 FE AV Q< AR TH S A h R 2R AR ically,
compositions 8Pt peribiastadkahidissty Ae2iasiUtichs r erinstigndriorsuiolSbuffes. Where
necessary, theboeehposition may also include a solubilizing agent and a local anesthetic such as
lidocaine to ease pain at the site of the injection. Generally, the ingredients are supplied either
separately or gxed taqeter, nunil dosage.fm fon AmAle s yephilrednongleror
water-free concentrate in aﬁermet cally Sealed contamer sucﬁ as an ampaoule or sac etteglndlcatlng
the quantity oPARFSERSSE Wﬁ@ﬂéh?ﬁegﬁdmbsoﬁﬁgﬁomq@’ RO mTAEErBABDS MRTLIEHCIR O5n be
dispensed wit#eatédiwdio prpditticanbbrdieiirsted legphal thisqeoieeal grade water or saline. Where the
composition is administered by injection, an ampoule of sterile water or saline for injection can be
provided so that e IRARBOIRIES-EARYBE MRGLLRrQR radminisiiation, WedheraBautas o4 the invention

can be formulated.as neuiral o1 sl formes, Eprmaceicaly aceeptaie sais npluds oge formed
with free carboxyi' groups such as those efved rom Hycfrro ?ﬂOI‘IC, phosphoric, aceﬁc, oxalic, tartaric

acids, etc., th6SaUEHmERt Rt FLessas kg Potna ScitdSiRBkE Hedta ainsysBprehllahite,
triethylamine, i2-hiplaShirro Retherndd , ihibtidéaelapBickige, Feterthanditihoseddedibe d b sodiim,
potassium, anrapR By calsiugnaddeyric hydroxides, etc.. - 26 - and can be determined by standard
clinical techniques. In addition, in vitro assays may optionally be employed to help identify optimal
dosage rangeﬁ.1 Theé)recise dose to]be empl yed (Ip the formulatipn V\tli|| aéso deptend nihe route of
administration, Snd thESefiBUdes¥ of fife LAY ofndf’éo‘?raér}oanﬁtg‘hc_)%q §EFecldéd aceording to the
judgment of theSseENEIBFPIBNT BRSNSt RGECR GRET oS itk eRysal§®ranges for
intravenous abimisistratiembre gesteralisddaln2eHiosm cpagearm swhattipbospimpdario: ger kilogram
body weight. Sulijakie Aesaegitanges for intranasal administration are generally about 0.01 pg/kg body
weight to 1 mg/kg body weight. Effective doses may be extrapolated from dose-response curves
derived from in vitro or animal madel test systems, In general, suppositories may contain active
ingrecient in (18 EFGE o B8 Ky B At BT R BB, C APt (o 6596
active ingrediemicherddered davgirapitibnia branRikrinigractias ermpsserdio administer a therapeutic of
the invention, e.g., encapsulation in liposomes, microparticles, and microcapsules: use of recombinant

cells capable ﬂﬁr@f&i@ﬁ%@&)frﬁﬁqéhﬁrﬁ@%k@nyﬁﬁz@{tf&ﬁ%ﬂéﬂram%}%&%%‘aﬁ'%y@é}iﬁ #R@oulYu and Wu,
1987, 3. Biol. Glam, 2Rt (8RAdSa SRUUEION ol 8 ReAP B DYSISIe Al a5 Raflgla retrovial
or other vector, etc. Methods of Introductiornt IfEIude but are not I?mlté t Intradermal, ﬁwtramuscular,
intraperitoneal: IiEETAMY (e SUBRONAR AR fhfrai s Bl Epftiraptiamteta bt E6thpounds may
be administered by any convenient route, for example by infusion, by bolus injection, by absorption
through epitheligeaibmuencutaneans lniagsde Bonotid, gedint antkingstisalthticesaatial)yand may be
adml_nlste_red ggg‘gm{egr %gh@gge_ng&;gglIgragp%/ﬁ@g%eg\g rgmgsoi’r_a,gg;@ c&gfpﬁbqysmpp or local. In
addiion, it may be gesirable fo iplroduce the pharmaceutical pompostions of e Jayention into the
central nervousosys em )gany suﬂ%%le route, Inc ualng Intraventricular and mtrafﬁeélal injection;
intraventricul &IPSR ASHE) et AR D)) ari traERtAEIRE SUSBABPISI S ARSPIdN dBached to a
reservoir, suctrasear’ Qepmayat resanoir sRblmbprary adendaistation can also be employed, e.g., by use
of an inhaler or nebulizer, and formulation with an aerosolizing agent. In a specific embodiment, it may
be desirable to administer the pharmaceutical compositions of the invention locally to the area in need
of treatment. This may be achieved by, for example, and not by way of limitation, local infusion during
surgery, topical application, e.g., in conjunction with a wound dressing after surgery, by injection, by
means of a catheter, by means of a suppository, or by means of an implant, said implant being of a
porous, non-porous, or gelatinous material, including membranes, such as sialastic membranes, or
fibers. In one embodiment, administration can be by WO 2009/098021PCT/EP2009/000692 - 27 -



direct injection at the site (or former site) of a malignant tumor or neoplastic or preneoplastic tissue. In
another embodiment, the therapeutic can be delivered in a vesicle, in particular a | iposome (Langer,
1990, Science 249:1527-1533). In yet another embodiment, the therapeutic can be delivered via a
controlled rel@sHEARIL In one embodiment, a pump may be used (LarkfeF " 3ptaPe9a% et another
embodiment, a controlled release system can be placed in proximity of the therapeutic target, i.e., the
brain, thus requiring only a fraction of the systemic-gpse In the context of the present invention, it has
been found that phenylthiazole ligand I is a ligand for ATM, ATR, DNAPK, and mTOR. Therefore, the
present invention also relates to methods for the identification of compounds interacting with ATM,
ATR, DNAPKsaph/en il TaRechilte Seanetiiads| arsop extacine baswdscriatdh abeiadblihemantext of the

identification qf 3K RIRFBRING SOUTPAKNAR JFHLDBEMIROITS, SRHSAERIMItA the.Prasent

invention that[ghese methods, for tme icg%rat' cation of ATM, ATR, DNAPK or mTOR-interacting
4, mOst pre errfd leSft an . . .
compounds may or m%y not contain the step of determining whether a given compound may be able to

interact also with other PIKK kinases as defined in the present invention The invention further relates
to a method far thibrpuyfificatichingf 1A The, pkEe) (DINARICrarmdies oTOR st m prigih gatesste ps of a)
providing a praigiftRparatien: RGN aNes Ahsrepphsaid pafeiibddh saraGHRgHRprotein
preparation witlyphenyifiazgle ligand:l [nmakiizest on aisRlihSHRRARUNAGT RONgiioRg @llowing the
formation of an phenylthiazgle, ligand.1 - protein.complex, and c) separating the protein from the
immobilosct pHOR, BRI TPREHGHER S5k A B S ST PR e
phenylthiazolExgapigs1ars sollsatenwrichivetsgnizds thepaty Bteivdacepidaneitag ettt purification
methods for theseqralieitat YO R0Q8408 SRR PEIH &R 200D/000682m&8 defined potentially

interacting partners in a high-throughput fashion. After the identification of a desired

"positive” interaction of both partners, the respective compound can be rapidly identified

due to the library construction. Libraries of synthetic and natural origins can either be

purchased or designed by the skilled artisan.

Examples of the construction of libraries are provided in, for example, Breinbaver R,
Manger M, Scheck M, Waldmann H. Natural product guided compound library
development. Curr Med Chem. 2002 Dec;%(23):2129-45, wherein natural products are
described that are biologically validated starting points for the design of combinatorial
libraries, as they have a proven record of biological relevance. This special role of natural
products in medicinal chemistry and chemical biology can be interpreted in the light of
new insights about the domain architecture of proteins gained by structural biology and
bioinformatics. In order to fuifill the specific requirements of the individual binding
pocket within a domain family it may be necessary to optimise the natural product
structure by chemical variation. Solid-phase chemistry is said to become an efficient tool
for this optimisation process, and recent advances in this field are highlighted in this
review article. Other related references include Edwards PJ, Morrell Al. Solid-phase
compound library synthesis in drug design and development. Curr Opin Drug Discov
Devel. 2002 Jul;5(4):594-605.; Merlot C, Domine D, Church DJ. Fragment analysis in
small molecule discovery. Curr Opin Drug Discov Devel. 2002 May;5(3):391-9. Review;
Goodnow RA Jr. Current practices in generation of small molecule new leads. J Cell
Biochem Suppl, 2001;Supp! 37:13-21; which describes that the current drug discovery
processes in many pharmaceutical companies require large and growing collections of
high quality lead structures for use in high throughput screening assays. Collections of
small molecules with diverse structures and "drug-like" properties have, in the past, been
acquired by several means: by archive of previous internal lead optimisation efforts, by



.The embodiments as defined above for the identification methods of the invention also apply to the
purification method of the invention. Preferably, said purification is performed using an isoform specific
antibody as explained above. In a preferred embodiment, the purification method of the invention
further comprises after step c) the identification of proteins being capable of binding to ATM, ATR,
DNAPK and/or mTOR. This is especially interesting when the formation of the complex is performed
under essentially physiological conditions, becausé i£1s then possible to preserve the natural condition
of the enzyme which includes the existence of binding partners, enzyme subunits or post-translational

modifications, which can then be ide tlfled with th elp of ma ectromefry (MS). Consequently, in
a preferred emBaHTI: mén?”ﬂ}te pm?tgca?on etod™ oft e Jf‘R)@PttlSﬁ ?éf?ﬁ%? CRRHPTHRRS dREOERE ) the

determination WPTEEREY tREERertyiowgh R ghrierpbstisaaibingiuin) ehoid, &gy ibbigeitin
modification. Theitgventinsofurthesmptaies fa the weeafspifemydthiazoledigans 1dar shecitenification of

- ATM, ATR, DNP}EA&%@?’%%T%HE‘&%V%'% cepRAvRdsand mfﬁtt%rp%tﬁéém&f ﬂ%ﬂte

embodiments as deflhed“a o Iso aﬁgy to the uses,of the |nvgntlo pre erred er% X diment of
1

R ta 28R TGN h%tﬁme ?Féﬁ?&t“ﬁgfa amely the

the present invaritiSh, ot on eT'ﬁy?
pheny|morpholﬁtaéttrm@téwlt‘gaﬁmwd BRI @tﬁy’tSpww)wtﬁ»@tpmnmwcﬁrmenf&r@ne) as

shown in Fig. 1&bstastérlivativeenityaredikcevgr cowmpadndsaomprising the identical core but which have
another linker, preferably coupled to the nitrogen not being part of the cyclic structures, for linkage to

the solid suppoyt, may.he gﬁg&{_g %&%&@‘lo&tﬁ&gf the interacting compounds, Consequently, in

these embodiments of the invention, both [igands are immobilized. In this context, it is included that, in

case that beadSOF&BE PrHokh H’iﬁ&%’%o&réﬁ"nﬁﬁfo‘ﬁﬂ}i@dﬂn"tﬁ% %ﬁ@%%ﬁ@ﬁa‘t“éﬁéﬂ@éﬁ%ﬂ is
immobilized oniomebibas aridthihetinde liggand id.irdmwbilize dhensthelatirebaadubatiisafotitext,

typically linkersdaayaiaackizome %%Q:%ﬁ%@m&&t&ém@g m%mn&%%ﬁtthﬁ&ﬁtﬁﬂrh@w- hydroxy

or amino-active [s] f her illustrated b the foI win ures and examples,
which are not cognns%l K%c épr mlﬁélg f%il%t o%e eoéf% |on con et%eai% the claims of the

present application. Short descrlptlon of the figures Figure 1: Synthesis and structure of phenylthiazole
ligand I. The pHensdshigzas|érkigmnebitivas withtesicetasmtbserived theeREHpls preferably first

incubated with the compound for 10 to 60 minutes, more preferred 30 to 45 minutes at a
temperature of 4°C to 37°C, more preferred 4°C to 25°C, most preferred 4°C. Preferably
compounds are used at concentrations ranging from 1| uM to 1 mM, preferably from 10 to
100 uM. The second siep, contactmg with the :mmobtls.?,od izgand is preferably
pPrfonned for 16 to 60 minutes at 4°C.

In case of simultaneous incubation, the PI3K is preferably simultaneously incubated with
the compound and phenylthiazole Iigand 1 for 30 to 120 minutes, more preferred 60 to
120 minutes at a temperature of 4°C to 37°C, more preferred 4°C to 25°C, most prefarred
4°C. Preferably compounds are used at concentrations ranging from | uM to | mM,
preferably from 10 to 100 pM. ' -

Furthermore, steps a} to ¢} of the second embodiment may be performed with
several protein preparations in order to test different oornpounds. This embodiment is
especially interesting in the context of medium or high troughput screenings (see belowl.

In the third or forth embodiment, the amount of the phenylthiazole ligand 1 - PI3K complex

formed in step c) is compared to the amount formed in step b)



Figure 2: Drug pulldown experiment with immobilized phenylthiazole ligand 1 and Western blot
detection of P13K proteins. As biological material a cell lysate prepared from MOLT-4 cells was used.
The drug pulldown experiment was performed as described in Example 2 with lysate samples
containing 50 mg of protein. Captured proteins were eluted with DMSO containing buffer (lane 1), 100
uM of free phenylthiazole ligand 1 or SDS sample buffer (lane 3). The eluted samples were separated -
on SDS-polyacrylamide gels and transferred to mer@Branes. The blots were first incubated with
specific antibodies directed against P13K gamma (Figure 2A) and P13K delta (Figure 23). Secondary
detection antibodies labeled with fluorescent dyes for detection were used with the Odyssey infrared

imaging systent” E5A - pRid G ehadisirtontrt rhamoumiafihs phieryitiozainlisaed dhehbhtareletligand
1; lane 3: SDS #etutidrir fégure 3: Drug pulldown experiment with immobilized phenylthiazole ligand 1

for mass spec@pm%geﬁm&aseé gép@tmaﬁaémmﬂ@w%gé@@%V&Gn\r% 9@%%@%? s shown.

The indicated %el a[ea%{\;/y e cut out as %gl sllcglsda ﬂtg)rotelns were subjected to analy SI y mass

spectrometry. g} gl% o‘\r/’v?]t"gx erlmen faspd vd'&?%i’e@mﬁgﬁ’?ﬁ'@)@mﬁ%cﬁw}fh a

MOLT-4 cell ly$5tizsafnisietebhintine pEEATy of [srstRBIRKPropsmnbBUE ®itvehbisibaset pignylthiazole
ligand 1 were ¢hatesnpitn® DS seeapi elefifebianckstparateshing SRSpotpaekyamide galisigetrophoresis
(SDS-PAGE). FigiieafleRaptides dantiigthebRd 3Kigammma . e peplides-thatwess ideviified by mass

spectrometry anai¥5|s of the human P13K delta sequence are shown'in bold type and underlined. - 30
- Figure 5: Peptldes identified of PI3K delta. The peptides that were identified by mass spectrometry
analysis of the human PI3K gamma sequence are shown in bold type and underlined. Figure 6: Elution
assay for the |d’e‘#fnlfﬂbémdhﬁ@ﬁdﬂfﬂ@&ﬁ@mnﬁhnd@rta"chngn&annlpomrﬁjfmrformed asa medium or high

throughput screening.

The interaction compound identified according to the present invention may be further
characterized by determining whether it has an effect on P13K, for exampie on its kinase
activity (Carpenter et al., 1990, J. Biol. Chem. 265, 19704-19711). Such assays are
known in the art, also in a format that allows medium 1o high throughput screeﬁing
(Fuchikami et al., 2002, J. Biomol. Screening 7, 441-450).

In addition, the interaction compound identified according to the present invention may
be further characterized by determining whether it has an effect on ATM, ATR, DNAPK
or mTOR for example on their kinase activities (Knight et al,, 2004. Bioorganic and
Medicinal Chemistry 12, 4749-4759; Knight et al., 2006, Cell 125, 733-747).

Briefly, PI3K lipid kinase activity can be measured using solution-based assays with
phopholipid vesicles. The reaction is terminated by the addition of acidified organic
solvents and subsequent phase separation by extraction or thin layer chromatography
analysis (Carpenter et al., 1990, J. Biol. Chem. 265, 19704-19711).

Alternatively, a2 fluorescence polarization assay format can be used. Briefly, PI3K is
incubated with a suitable phosphoinositol substrate. After the reaction is complete the
reaction products are mixed with a specfic phosphoinositol detector protein and
fluorescent phosphoinositol ;Srobe The polarization (mP) values decrease as probe
binding to the phosphoinasitol detector protein is displaced by the reaction product. The
degree of polarization of the fluorescent probe is inversely proportional to the amount of
the product of the PI3K reaction (Drees et al.,, 2003, Comb. Chem. High Throughput
Screening 6, 321-330).



The experiment was performed as described in example 3. PI3K gamma protein was captured by
immobilized phenylthiazole ligand | from MOLT-4 cell lysate and eluted by the compounds as
indicated. Eluates were transferred to a nitrocellulose membrane and PI3K gamma was detected with
the Odyssey Infrared Imaging system. First antibody: anti-PI3K gamma (Jena Bioscience ABD-026S;
mouse antibody). Second antibody: anti-mouse | RDye800 (Rockland, 610-732-124). Integrated
Intensity (integrated kilopixel/mm2) are shown. Compgunds used for elution: Compound 1
(LY294002); IC50 > 100 gM; compound 2 (AS-605240): IC50=26 nM; compound 3 (AS-604850);
IC50=1.7 uM, Figure 7: Competitive binding assay for the identification of PI3K gamma interacting
compounds. The experiment was performed as described in example 4. Test compounds at the

indicated conceﬁaﬁr%@eééﬁﬁnﬁagﬁﬁwm{s‘%wﬁa@gqgﬁ&?y'\é%&ég%.%éﬁ&ﬁ&%%&ha%sﬁ’ 3K

' iized phenylthiazole

gamma protein ngt interacting with test compounds was capttired by th g
ligand 1 on the &Hfinfty The \)%. Sdﬁffﬁ’i‘i]ﬁslt’ﬁﬁtgfﬁgk sﬁgﬁ%aﬁgfgéyﬁcﬁn r&Re 2B e PRRABINS were

eluted with SDSUSERIEBYIREHaaES withhtddkwers. tPhrsidriud t P rindberlinlopbasmxsorane. The
amount of PI3Kagitmina Mastaetesisrechwittedbe tdyseayHofiamed |ppgiRgsyste. (A 2Rt blot

probed with antiedigsiand sianais drisaird Witk Qoyssey intiredimaging s Lﬁ%r@:oﬁh&%hﬁ‘a}“body:
anti-PI3K gamr‘%at(uﬁsr%a! %_lo%clencesu D-0 OQVS'O quse antJboqu). Second anfibody: anti-mouse
IRDye800 (Roc fan , fL % 'fafﬁzrf) B-COm eﬁdﬁag%ndfh%‘ Turves. Relative Odyssey units
(Integrated Intensity; integrated kilopixel/mmz2) are plotted against compound concentrations and half
maximal bindingteornpetitods (k) vhdd escaiinpte th Cprypound dnioh2840 GaXhEC 5O apdRhibdd;
. Comp_oundtZ (A@%ﬁpcﬁ%%aiﬁﬁp?Hs@&ﬁ&&mmﬁﬂﬁmgsaﬁo%&@%%%%&%%%ﬁ@trﬂé\écerééa{ﬂ?e (10
experiment wa r -a il . oupds were used at.a concentration o
pM in both asszjf%g gf#dgﬁ%%&?h&%? %%ll%d%e%%g]ﬁa%@uéﬁ%ey fﬁ‘iﬁ‘%ﬁ%"cﬁ&&%@%@ ‘Inn_ raeﬁg_ eﬁ%aging
“system. Figure TEERONNRPITOMRY OTBISRUANIBRGID demigaied esprte sradyrpglicabilivgfon. The
experiment wadigerfoxmghpeicherinoh 836S)oo ptppatition iheingpaysiyesis.Ramos cell lysates as
described in Example 6. Based on quantitative mass spectrometry profiling the IC50 values (pM) are

shown for i”‘_’iV@ﬁ’@'aE&FH&ES-oé\isg‘c%”%pﬁb%%%99&91§8§%imion is_ described for_ PI3K gamma

(Pomel et al., 2006, I. Med. Chem. 49, 3857-3871).

The methods of the invention comprise a method step wherein it is determined whether
the compound is able to separate also ATM, ATR, DNAPK and/or mTOR from the
immobilized phenylthiazole ligand 1 (first émbodiment) or whether also a

complex between phenylthiazole ligand 1 and ATM, ATR, DNAPK and/or mTOR has -
been formed. As indicated above, these steps can essentially be performed as deseribed
above for PI3K, lwhcre agents, e.g. antibodies specific for the given kinase are used when
required. .

The rational behind these method steps Is that it is possible to determine the specificity of
the identified PI3K interacting compound. 1t is preferred, in the context of the present
invention, to identify PI3K interacting compounds which are specific for Pi3K, i.e. whick
bind to a lesser extend to ATM, ATR, DNAPK and/or mTOR, or, even more nreferred,
do not bind 1o one of or all of these proteins, '

The invention further relates to a method for the preparation of a pharmaceutical
composition comprising the steps of

a) identifying a PI3K interacting compound as described above, and



B: Compound CZC00018052 C: Compound CZC00019091 Figure 10: Dose response curves of
compound CZC18052. The compound was tested in the competition binding assay with multiplexed
immunodetection of kinases as described in Example 7. In a single assay, the binding affinity of the
compound was measured for PI3Kalpha, PI3Kbeta, PI3Kgamma, PI3Kdelta and DNAPK. Briefly, a 1:1
mixture of Molt-4 and Jurkat cell lysates was incubated with the affinity matrix (1:1 mixture of beads
with immobilized phenylthiazole ligand 1 and beads24ith the phenylmorpholin-chromen ligand) and
compound CZC18052. The beads were washed and the bound kinases were eluted. Aliquots of the
eluate were spotted on five different nitrocellulose membranes, each of which was incubated with the
respective target antiody &ntrelabrethsenttyastigcrespamducopbrimessitivetiomprsifivorescent signal
was quantified using an infrared scanner. The compound showed potent binding for a range of

kinases: PI3Kaiphard|C50e HOAGAMYRIAKPIEUES T0-034 B BRlaK SAMBREHL050;70-43 04),
P13Kdelta (IC50 = 0.14 %\{I) %n DNAPK chSO‘: 08&5? gilavlg géure 11: Dose resgaonse (aurves for
S

.F
compound cZry8ehe MR me WS CarfaE o tas‘(ﬁ!?-:] Fifed e '?(%Fﬁ%l TPuthe anmpound

e“éf(f)er m%n was carrie ' ' |
showed binding e téefahoiimeg KhfdsesrpiraipiatiaboyiiegMeriBikbdebpEstrdis.. 7 pM),

PI3Kgamma (kz&erab{): bt gviP [BKldedta, (K500 Brpfddl tamdi DNARISh( 14 5 ws6 pipd) Hosmpound
CZC19950 shenyadRotemn, RINAINGONNIR BISHaAN MAEERAE thd mBM bref3biy hRRRIRIMae! after

staining with Cog%sg,iebg e Bigtspr(])(\)/mi umen 'r@gu'&r%%ﬁ%qgé greas were cut out as gel slices and proteins
were subjecteap to anaf?&s y mass spectrometry. The drug pu fdown experiment was performed as

described in Example 2 with a 1:1 mixture of Jurkat and Ramos cell lysate sample containing 50 mg of
protein. Proteihbeoermpptoidmidetifizd cegtesdipghiazbeiigemipn wesrasefutddwith BB8saEmple buffer and
separated by SEimpalyaaiidanideigel elepimiphoiesis (&RasRAGE)cIhedallowinenotrins were

identified in this,sxperiment, RNAB KA TV, SBMTIOR: iguie 13 BeRlides danifistymass
spectrometry %f DNA-PK after a dru%_&ullcdown with IECITYLObI“g,e ghep Ithlazolq.ltgan |. The identified
peptides are urfa%rr_ieﬁ‘seéﬁ'%iéueruemfﬂ? ep?t'icﬁséé3 1detitited ?)3}1 massa f)’e‘%: r%ﬁﬁ‘é’ﬁ;?%f‘ TP e drug
pulldown with fr@bk2EPERenylthiazole ligand |. |

Consequently, the present invention also relates to the use of a compound identified by
the methods of the invention for the preparation of 2 medicament for the treatment of one
or more of the above mentioned diseases. Furthermore, the present invention relates toa
pharmaceutical composition comprising said compound.

In general, the pharmaceutical compositions of the present invention comprise a
therapeutically effective amount of a therapeutic, and a pharmaceutically acceptable

1

carrier. In a specific embodiment, the term "pharmaceutically acceptable" means:
approved by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly, in humans. The term "carrier” refers to a diluent, adjuvant, excipient, or
vehicle with which the therapeutic is administered. Such pharmaceutical carriers can be
sterile liquids, such as water and otls, including those of petroleum, animal, vegetable or
synthetic origin, including but not limited to peanut oil, soybean oil, mineral oil, sesame
oil and the like. Water is a preferred carrier when the pharmaceutical composition is
administered orally. Saline and aqueous dextrose are preferred carriers when the
pharmaceutical composition is administered intravenousty. Saline solutions and aquéous
dextrose and glycerol solutions are preferably employed as liquid carriers for injectable
solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, giycerol monostearate, talc,

sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like.



Figure 15: Peptides identified by mass spectrometry of mTOR after a drug pulldown with immobilized
phenylthiazole ligand I. Figure 16: Synthesis and structure of the phenylmorpholin-chromen ligand
(8-(4- aminomethyl-pheny1)-2-morpholin-4-yl-chromen-4-one). The ligand was synthesized as
described in BSAHINE%B2fhe structure of the ligand is shown [G.]. Figure FEIBRGBEMSEN
experiment with the immobilized phenylmorpholin-chromen ligand for mass spectrometry analysis of
proteins. A protein gel after staining with Coomassig;hlue is shown. The indicated gel areas were cut
out as gel slices and proteins were subjected to analysis by mass spectrometry. The drug pulldown
experiment was performed as described in Example 2 with a 1:1 mixture of HeLa and K-562 cell lysate
sample contaifiagdfpmdioh pifodesire® rateiasdocumgiiotine phrenyimolphalinghramebifigapd were
LSz e i s S5 s sinis o v,

- JFigure 18: Peptides identified by mass spectrometry. of human er a drug
puldonn wit R T SIoh 00 e regr A, RS PR PR BRI T 5a

Figure 19: Petti®s [HEnteABPRTIIA SRRER SR B A ATHRAPRTIN At i prIBBHRT with the
immobilized pivdraprmiensohvshiraehiglyrsn digadatrinrmdiation- 4B omclydassendisrdFRigmess20cPeptides
identified by rprenspesitioanesiidet humanumteR lafiesa diighubepneivith thatmmabiizad
phenylmorphqligsehipmen ligapd fame behaca ket aate X aiPRIR P iRAratoR;ef the affinity
matrix This example |IIu%trate§eH”|% e r&g?lé)nmsqjhtgle S‘JQ&%’ %%lxcggx gfrflgl(?(, C%E_lflire F%L 5}13K kinases
from cell Iysatcé“g:l ﬁé_rgaﬁtglfffng ligand'was covalent |mmo%.illze on a’solid sup on't rough covalent
linkage using @rapsiHerfuttbrrariiBup. Hhisreraing inslfsciss teetrin ekdfitpldioraaséditple 3 and

example 4. Syntfeeshtyoh phehytivazotedigendvith 3-{@(dd 2x{@uanoinareidroxyds ethyonyldetthexy)-
ethoxy)-N-[5-@rghierppaetaanasuiiony kphenydidumetdiotiaroba shdalroniomamise: yrdrochloride)

administration.

In a preferred embodiment, the composition is formulated, in accordance with routine
procedures, as a pharmaceutical composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous adminisiration are solutions in
sterile isotonic aqueous buffer. Where necessary, the composition may also include a
solubilizing agent and a local anesthetic such as lidocaine to ease pain at the site of the
injection. Generally, the ingredients are supplied either separately or mixed together in
unit dosage form, for example, as a dry lyophilized powder or water-free concentrate in a
hermetically sealed container such as an ampoule or sachette indicating the quantity of
active agent. Where the composition is to be administered by infusion, it can be
dispensed with an infusion bottle containing sterile pharmaceutical grade water or saline.
Where the composition is administered by injection, an ampoule of sterile water or saline
for injection can be provided so that the ingredients may be mixed prior fo
administration.

The therapeutics of the invention can be formulated as neutral or salt forms.
Pharmaceutically acceptable salts include those formed with free carboxyl groups such as
those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., those
formed with free amine groups such as those derived from isopropylamine, triethylamine,
2-ethylamino ethanol, histidine, procaine, etc., and those derived from sodium,
potassium, ammonium, calcium, and ferric hydroxides, etc..

The amount of the therapeutic of the invention which will be effective in the treatment of
a particular disorder or condition will depend on the nature of the disorder or condition,



Steps 1-3: 1-bromo-1-(4-chloro-3-methanesulfonyl-phenyl)-propan-2-one was prepared following the
procedure described in WO 2003/072557. Step 4:
5-(4-chloro-3-methanesufonyl-phenyl)-4-methyl-thiazol-2-ylamine
1-bromo-l-(4Wc(P1ﬁﬂ’?g’l@%éthanesulfonyl-phenyfi-propan-2-one (480mg 1.5%%85%%@%?3&% (114mg
1.5mmol) were combined in ethanol (12m1) and heated to 70C for 2 hours. The reaction mixture was
allowed to cool to room temperature and the solid pgoduct was collected by filtration and dried under
vacuum to yield 5-(4-chloro-3- methanesufonyl-pheny1)-4-methyl-thiazol-2-ylamine as an off-white
solid (375mg). 'H NMR (400MHz DMSO-d6) 69.4 (br s, 2H), 8.0 (d, 1H), 7.9 (d, 1H), 7.8 (dd, 1H), 3.4
(s, 3H), 2.3 (sr@HnSte geker(Riné@ 42- (R 2i8d (diolidrtsurmksahie sdifbnyl-pheitrp19sseyn ethy|-thiazol-2-
ylcarbamoyl]-gshexalethosnireikaxykeihohethipaasbacigeaci dert-thityresterdos34o 842-
(242 (2-tert byygmieal WA IRGEP O RO REHIONY InelBe HPIBRIANIGAFI] 4RPGRRS 1.ommo),
EDAC (403m .1mmo|é HOrI?_T §$4maq Z.é}mmo , NIVI%/I %4§Oué_%.8mrréo¥ antﬂ i dement
5-(4-chloro-3-THEHEYTES ?6“?/% yij-A4-metty 5019 Drdetie S50HG"E. FhinSdlf Were ‘combined in
dimethylformahfr#mep(i‘aiﬁ‘ﬁjeér?ﬁdsﬁ?ﬁéd)%iﬁ'é?hwww-t%‘ﬁ%@éﬁﬂﬁ?@%@ﬂ%fﬁr\&%sf?émoved
under reducethpsessuresdndniearesi e ghsselize dbiond RO mettearaenélS0mdye warsheghwith IM HO
?ﬁueoussolugalnﬁﬁ@m@l%Bdﬁ@&&@@%@%@t@r%gdiumg&df&g%nrﬁ%mrﬁﬁﬂi(ﬁ@mand@i@d )
agnesium sy e), filt and e t rifi ography
using 50g 8o f%ﬁ’?%ébs “i%%ﬂriﬁéegeﬁ%?g(%&eﬁﬂté?z% %1%%@%%?@%r%%%%%%%%%%mzﬂ-(2-
(2[5-(4-chloroS3 AR H e SaIRO APP SRR AhethyIEt NS o ITy I B i Sy R RBXAOCE! tes
ethoxy)-ethoxgjstetho Xyl gyl canrasiier seithas redvial adise ingwdiont (0. thy ressgud] 8¥rent present) 'H
NMR (400MHm@DBE KR d; B fsrnhtibyi hpisfdribly Cdnéain 119 1 BYbasiviihgddie(t. 2H) 3.8-3.5 (br m,
14H), 3.3 ( hrm, 5H), 2.8 (t, 2H), 2.4 (s, 3H), 1.4 (s, 9H). Step 6:
3-(2-{242-(2-6\?"no_s?é@P%é_%Z%%?ﬁ%(ﬁ %[‘Q ?(%L-ﬁ%ﬁ%gdx yc)a’-nNéeS 1;548-(?%02{ I%%ﬂ%?tet (jietherapeutic of the

methanesulfon?ﬂ%enyi lazol- propionamide

ori

(2-1242-(2-12[B3Rlep dré-3ehantalaEen I’Tdﬁiﬂgﬁﬁ'éﬁyi’)i%‘?ﬁi’é‘tﬁ{ﬂ%ﬁiﬁzB\i?"%ﬂﬂé%%ﬁhBﬁﬂk"f
ethoxyl-ethoxyeetionypetiebxybatiye) -cirbamtsingidthertisupredteruist. 0f TSapmoinedaiadissolved in
dichloromethangotl @l yand waates with 16, (AmlodNisaiithen i thoxans) cdiewaastionavas stirred
at room temparatue dor 3,0 S, N SqeNLVES eYaPRREH aadinedesidye direhsider vacuum to
yield 3-(2-(242 (2 amino-cthony). ethogkeagpetiox NS (e o iomaperionent
loro-3-methari® i@b‘:ﬁg‘?ﬁp’ﬁg\‘l&‘j( ) RS tHIB BT o Oionamibe RyarochIoT e as & Jellow viscous
oil ( 830mg relsiFyEngBvaricyrERoHE) PIRIFRL 40t N/TPlz@6@%@508?35(r¥rh§,°8m’,08@5(§?a§1—h‘? 7.7 (hrd, |
H), 7.6 (br d, a¢h)iBiQethd try 4hi) cBB<Bibnthronts.| 2¢1)e:BuB 1k, BHINBBothbmbaiky, igidctbr.nby2H), 2.6 (s,
3H). NMR spegtiasierambiainesifsial Brukatsindoud ahleet : (Abbraviatens usedduhiead
CDCI?’dGUter%qllgsra?thrm, and may be administered together with other biologically active agents.

Administration can be systemic or local. In addition, it may be desirable to introduce the

pharmaceutical compositions of the invention into the central nervous system by any

suitable route, including intraventricular and intrathecal injection; intraventricular

injection may be facilitated by an intraventricular catheter, for example, attached to a

reservoir, such as an Ommaya reservoir. Pulmonary administration can also be employed,

e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing agent.

in a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment. This may be
achieved by, for example, and not by way of limitation, local infusion during surgery,
topical application, e.g., in conjunction with a wound dressing after surgery, by injection,
by means of a catheter, by means of a suppository, or by means of an implant, said
implant being of a porous, non-porous, or gelatinous material, including membranes,
such as sialastic membranes, or fibers. In one embodiment, administration can be by
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direct injection at the site (or former site) of a malignant tumor or neoplastic or pre-
neoplastic tissue.

in another embodiment, the therapeutic can be delivered in a vesicle, in particular a
liposome (Langer, 1990, Science 249:1527-1533).

In yet another embodiment, the therapeutic can be delivered via a controlled release
system. In one embodiment, a pump may be used (Langer, supra). In yet another
embodiment, a controlled release system can be placed in proximity of the therapeutic
target, i.e., the brain, thus requiring only a fraction of the systemic dose

In the context of the present invention, it has been found that phenylthiazole ligand 1 isa
ligand for ATM, ATR, DNAPK, and mTOR. Therefore, the present invention also relates
to methods for the identification of compounds interacting with ATM, ATR, DNAPK
and/or mTOR. These methods are performed as described above in the context of the
identification of PI3K interacting coumpounds. Furthermore, it is envisaged within the
present invention that these methods for the identification of ATM, ATR, DNAPK or
mTOR-interacting compounds may or may not contain the step of determining whether a
given compound may be able to interact also with other PIKK kinases as defined in the
present invention

The invention further relates to a method for the purification of ATM, ATR, DNAPK
and/or mTOR, comprising the steps of

a) providing a protein preparation containing one or more of said proteins,

b) contacting the protein preparation with phenylthiazole ligand 1 immobilized
on a solid support under conditions allowing the formation of an
phenylithiazole ligand 1 - protein complex, and

¢} separating the protein from the immobilized phenylthiazole ligand 1.

As mentioned above, it has been surprisingly found that phenylthiazole ligand | is a

ligand which recognizes these proteins. This enables efficient purification methods for
these proteins.



HC1 Hydrochloric acid HOBT N-Hydroxybenzotriazole m multiplet mg milligram ml millilitre mmol
millimole
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The embodiments as defined above for the identification methods of the invention also
apply to the purificaticn method of the invention.

Preferably, said purification is performed using an isoform specific antibody as explained
above.,

In a preferred embodiment, the purification method of the invention further comprises
after step c¢) the identification of proteins being capable of binding to ATM, ATR,
DNAPK and/or mTOR. This is especially interesting when the formation of the complex
is performed under essentially physiological conditions, because it is then possible to
preserve the natural condition of the enzyme which includes the existence of binding
partners, enzyme subunits or post-translational modifications, which can then be
identified with the help of mass spectrometry (MS).

Consequently, in a preferred embodiment, the purification method of the invention
further comprises after step c¢) the determination whether the given protein is further
posttranslationally modified, e.g. by ubiquitin modification.

The invention further relates to the use of phenylthiazole ligand 1 for the identification of
ATM, ATR, DNAPK and/or mTOR interacting compounds and for the purification of
PI3K. The embodiments as defined above also apply to the uses of the invention.

In a preferred embodiment of the present invention, not only phenlythiazole ligand 1, but
in addition also another ligand, namely the phenylmorpholin-chromen ligand (8-(4-
aminomethyl-phenyl)-2-morpholin-4-yl-chromen-4-one) as shown in Fig. 16, or
derivatives thereof, e.g. compounds comprising the identical core but which have another
linker, preferably coupied io the nitrogen not being part of the cyclic structures, for
linkage to the solid support, may be used for the identification of the interacting
compounds, Consequently, in these embodiments of the invention, both ligands are
immobilized. In this context, it is included that, in case that beads are used, both ligands
are immobilized on the same bead or that one ligand is immobiiized on one bead and the
other ligand is immobilized on the other bead. In this context, typically linkers have
backbone of 8, 9 or 10 atoms. The linkers may contain either a carboxy-, hydroxy or

amino-active group.



NI molar MHz megahertz NMM N-methyl morpholine NMR nuclear magnetic resonance cl quartet S
singlet
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The invention is further illustrated by the following figures and exampiés; which are not
considered as being limiting for the scope of protection conferred by the claims of the
present application.

Short description of the figures

Figure 1: Synthesis and structure of phenyithiazole ligand 1.
The phenylthiazole ligand | was synthesized as described in example 1.

Figure 2: Drug pulldown experiment with immobilized phenylthiazole ligand 1 and
Western blot detection of PI3K proteins.

As biological material a cell lysate prepared from MOLT-4 cells was used. The drug
pulldown experiment was performed as described in Example 2 with lysate samples
containing 50 mg of protein. Captured proteins were eluted with DMSO containing
buffer (lane 1), 100 uM of free phenylthiazole ligand 1 or SDS sample buffer (lane 3).
The eluted samples were separated on SDS-polyacrylamide gels and transferred to
membranes. The blots were first incubated with specific antibodies directed against PI3K
gamma (Figure 2A) and PI3K delta (Figure 2B). Secondary detection antibodies labeled
with fluorescent dyes for detection were used with the Odyssey infrared imaging system.

Lane 1: DMSO elution control; lane 2: elution with 100 uM free phenylthiazole ligand 1;

lane 3: SDS elution.

Figure 3: Drug pulldown experiment with immobilized phenylthiazole ligand 1 for mass
spectrometry analysis of proteins.

A protein gel after staining with Coomassie blue is shown. The indicated gel areas were
cut out as gel slices and proteins were subjected to analysis by mass spectrometry.

The drug pulldown experiment was performed as described in Example 2 with a MOLT-
4 cell lysate sample containing 50 mg of protein. Proteins bound to immobilized
phenylthiazole ligand 1 were eluted with SDS sample buffer and separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE).

Figure 4: Peptides identified of PI3K gamma.
The peptides that were identified by mass spectrometry analysis of the human PI3K delta
sequence are shown in bold type and underiined.



triplet Immobilization of phenylthiazole ligand | on beads (affinity matrix) NHS-activated Sepharose 4
Fast Flow (Amersham Biosciences, 17-0906-01) was equilibrated with anhydrous DMSO
(Dimethylsulfoxid, Fluka, 41648, H20 <= 0.005%). 1 ml of settled beads was placed in a 15 ml Falcon
tube, compoffm HBER¥ution (usually 200 mM in DMF or DMSO) was ad’gélféaﬁ%ﬂ%ﬁf%%ﬁ%?entration

0.2-2 imam! beads) as well as 15 ul of triethylamine (Sigma, 1-0886, 99% pure) Beads were incubated
at room temperature in darkness on an end-over-eggl.shaker (Roto Shake Genie, Scientific Industries
Inc.) for 16 - 20 hours. Coupling efficiency is determined by HPLC. Non-reacted NHS-groups were
blocked by incubation with aminoethanol at room temperature on the end-over-end shaker over night.
Beads were Wagteddwigpd@ndoftiDsdSOPANE dedire stored in isopropanol at -20C. These beads were
used as the affiRityepaieixinexarpledifeand misoRpaikaads (Raigansfihanphbii#edlixere

generated by é%llgl 'r;g%%%&l_lagé%%pﬁ gglm@ﬂgggggﬁﬁgnim_inoethanol as described above. Example

2: Drug pulldown of PI3K using immobilized phenylthiazole ligand 1 - 36 - This example demonstrates
the use of the immobilized phenylthiazole ligand 1 for the identification of PI3K proteins from cell
lysates of a h#igure F:dentivreasspior theddpatificeier alRBE camre MBSt THRIYRMIR lysate of
MOLT-4 cellsThas:cpniacte dwaitipdiferaffthity deatrikadescrkecbin éx&dElezhnreteingibivding to the
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subsequentlygmgmamﬁsgglyacrylamide gel elecrophoresis (Figure 3). Suitable gel bands
were cut out agn(gj S%Erj‘%(s:tgsd J%iné %Iog_roteolytic digestion with trypsin and analyzed by LC-MS/MS
mass spectrome'm/. &'identification of members of the 1313K famig/ is documented in Table 3. The
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compound 3 (AS-604850); 1C5=1.7 uM,

Figure 7: Competitive binding assay for the identification of PI3K gamma interacting
compounds.

The experiment was performed as described in example 4. Test compounds at the
indicated concentrations and the affinity matrix were added to MOLT-4 cell lysate and
the PI3K gamma protein not interacting with test compounds was captured by the
immobilized phenylthiazole ligand 1 on the affinity matrix. The affinity matrix was
separated from the lysate, bound proteins were eluted with SDS sample buffer and the
eluates were transferred to a nitrocellulose membrane. The amount of PI3K gamma was
determined with the Odyssey Infrared Imaging system.

7A: Dot blot probed with antibodies and signals detected with Odyssey infrared imaging
system. First antibody: anti-PI3K gamma (Jena Bioscience ABD-026S; mouse antibody).
Second antibody: anti-mouse IRDye800 (Rockland, 610-732-124).

7B: Competion binding curves. Relative Odyssey units (Integrated Intensity; integrated
kilopixel/mm?) are plotted against compound concentrations and half maximal binding
competition (IC) values calculated. Compound 1 (LY294002): 1Csy > 30 pM; compound
2 (AS-605240): 1Cso = 4.6 pM; compound 3 (AS-604850): 1C50 = 176 nM.

Figure 8: Compound profiling by adding compounds to cell iysates (lysate assay) or by
incubating compound with living RAW264.7 cells (cell assay).



1. Cell culture MOLT-4 cells (ATCC number 1582) were grown in 1 litre Spinner flasks (Integra
Biosciences, #182101) in suspension in RPM1 1640 medium (Invitrogen, #21875-034) supplemented
with 10% Fetal Bovine Serum (Invitrogen) at a density between 0.15 x 106 and 1.2 x 106 cells/ml.
Cells were hé?\%%éﬂﬁ?%entrifugation, washed once with 1 x PBS buffer {’Iﬁ%ﬁ%ﬂ‘@?{,"%‘fﬂﬁgo-OM) and
cell pellets were frozen in liquid nitrogen and subsequently stored at -80C. 2. Preparation of cell
lysates MOLT-4 cells were homogenized in a Potte1;S homogenizer in lys s buffer: 50 mM TrisHCI,
0.8% NP40, 5% glycerol, 150 mM NacCl, 1.5 mM MgCI2, 25 mM NaF, 1 mM sodium vanadate, 1 mM
DTT, pH 7.5. One complete EDTA-free tablet (protease inhibitor cocktail, Roche Diagnostics, | 873
580) per 25 nitzuéfgrerimsnaddschelhermmhteritswisd ouncstplo Yirfempwindsawereciratized POTTER
S, transferred:tg.&Awatlifaledn dyine sy iy aied fdi3Raainuies APicE &Md Spu R danwmeton iR min at

20,000 g at 4 é%pdg()sggr In SR, H%S gg{o precooled). The supernatant was transferred to an -
37 - ultracentrifuge UZ’S-%%%/car or%t %ﬁ%e Beckmann, 355654) and spun for | hour at 100.000 g at

4C (33.500 rpm in Ti50.2, precooled). The supernatant was transferred again to a fresh 50 ml falcon
tube, the prot&igwsraiestisiivpaelitiegrhiihdd inh kitBraeroamess speaRioreEy) anatdiatioes containing
50 mg of prot#in: pepaiigent weersepaded. ATkt seungslesnyereiombisdiatelsaysedRianexpdtiments or
frozen in "qUi%ﬂi&@g?B@é\%é@%@x@%@"@kﬁ@@oﬁq&%ﬁ&%ﬂ%yHFQQYE%@%?%FBHE‘% the

Sepharose-beads with i bilized compound, (100 js| beads per pull-down experiment) were
equilibrated ir? ﬁ%i‘é%’ﬁ?fg]r@ﬁ%ﬁﬁgﬁ gté%ﬂyvﬁﬁlg&ggwgggte sample containing 50 mg of protein on an

end-over-endShGRBPPRMG SR B&%ie, Scientific Industries Inc.) for 2 hours at 4C. Beads were
collected, trarBféiedrenMcbiédldd ks (MoBiTech 10055) and washed with 10 ml lysis buffer
containing 0.5% dVRGRuIaterients fodlowed by 5 ml lysis buffer with 0.25 % detergent. To elute the
bound protein, 60 pl 2 x SDS sample buffer was added, the column was heated for 30 minutes at 50C
and the eluatﬁrwas tmnﬁferred to a microfu(ge tube b)é Ig%r%}qiéﬂg?tion. Proteins were then separated by
SDSPolyacry armide e 'ecf?soepfr%%réslg i%rt%- ,&@@9% rotein detection by Western blot analysis

Western blots Wi répersithedt Hicdsttfithgito SanadmPyiitedbindingndsie PIK mutdntstere detected
and quantifiedrimpwsidgespecifi€ dntsd| 3K dantiitedids Flestrintibotlyy sifiloresnently talbbted secondary
antibody and the-Gdyssayd niisfedunaaging sysiemdrasn LHOQRRIoFeRses (PReamNgbraska,

USA) accordipgs o NBITHEH oL viERthy IR MANWIARIUERC Uik GRRENUEPASARL Bk, 2004.
Quantitative, two-color Wester fb ot ete,ctﬁr) with mfrg%ge%mr,escenc%%h heckgda%/ é2004 by
[1-COR BiosclEHRREA Wik REGH LTS o RENSHT BRI AHER Phema Eitfence,
catalogue nuri&EABD209 6 8yagisisedhs butmeehalipahrandindigsadedanith wemsietbver night at
4C. The secondarygant- MeusadRDyte MAsBED adtithe diy yiRbickikesas wetal o e ndhvpersGliGhé32-124) was
use7d1§g a dilug_Flyat@f&é;lgzgs)&t%ﬁhsnrawait@ﬂﬂ@dﬁ_ﬁgﬁ@d&ﬂfemﬂ%@m&g @Jm,o@a&amgu%auanbir
sc- was diluted 1:600 and incubated aver ni ry detection ody the
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antibody. The fluorescent signal was quantified using an infrared scanner. The compound

showed potent binding for a range of kinases:

PI3Kalpha (ICso = 0.027 pM), PI3Kbeta (ICso = 0.034 uM), PI3Kgamma (ICsp = 0.43

M), PI3Kdelta (ICso = 0.14 M) and DNAPK (ICse = 0.038 uM).

Figure 11: Dose response curves for compound CZC19950.

The experiment was carried out as described in Example 7. The compound showed
binding to the following kinases: PI3Kalpha (ICsp > 7 uM), PI3Kbeta (ICsp = 1.7 pM),
PI3Kgamma (1Csp = 0.17 uM), PI3Kdelta (ICso > 3 uM) and DNAPK (ICso > 6 uM).
Compound CZC19950 showed potent binding only to PI3Kgamma (1Csq = 0.17 uM).

Figure 12: Drug pulldown experiment with immobilized phenylthiazole ligand 1 for

mass spectrometry analysis of proteins.



5. Protein Identification by Mass Spectrometry - 38 - 5.1 Protein digestion prior to mass spectrometric
analysis Gel-separated proteins were reduced, alkylated and digested in gel essentially following the
procedure described by Shevchenko et al., 1996, Anal. Chem. 68:850-858. Briefly, gel-separated
proteins werd k&SRB the gel using a clean scalpel, reduced using 18TMEFBHPTRCE M

ammonium bicarbonate, 54C, 45 min) and subsequently alkylated with 55 mM iodoacetamid (in 5 mM
ammonium bicarbonate) at room temperature in thg,dark (30 minutes). Reduced and alkylated
proteins were digested in gel with porcine trypsin (Promega) at a protease concentration of 12.5 ng/pl
in 5mM ammonium bicarbonate. Digestion was allowed to proceed for 4 hours at 37C and the reaction
was subsequenphysiappeediesisngitny b Donaaeichiie 2sShowleTwepdiedioh griiardo aratysis by mass

spectrometry @{ebpﬂ%9%W%r%e%naqxﬁdeﬁm%M%@Qf;wdlt@JE&&%R@Q@%\%{M@{W@MIgest
supernatants Sammf =S Jere dried in a a vaccuu entrif %%ng xraer%l%pf jd in, fL(r)n ptto 1% formic

1 EXPE en Was. DErior BS !‘
acid. 5.3. Mass ometrlgcfar?a acq ui Ithﬂ IBe 585 were'inj ecte Into a nano LC system

(CapLC, Watéféwﬂ<8|ﬁﬁﬁ*a%ﬂ15?o%k)wwmg a%w mw’twefefa -FRIgEFRRAOF (QTOF2,
QTOF Ultimajr)TdifidicpbeMitrienbisipadio meepeit@ b SDRPIMs buffscnd rritenrifeptides were

separated on#RESHE-FySIRM BGilg BedEiciessinauess-pAG I gaiCsvaRiSHseansalare). Solvent A
was 5% acetqpitriladn Q-a%0 g%g;;glgﬁlqﬁp ESQIW'@W&"F@%) acetonitrile in 0.5% formic acid. Table

2: Peptides eluting off the LC system were partially sequenced within the mass spectrometer. Time

(min) % solvent A
Figure 13: Peptides identified by mass spectrometry of DNA-PK after a drug pulldown

with immobilized phenylthiazole ligand 1. The identified peptides are underlined.

Figure 14: Peptides identified by mass spectrometry of ATM after a drug pulldown with
immobilized phenylthiazole ligand 1.

Figure 15: Peptides identified by mass spectrometry of mTOR after a drug pulldown
with immobilized phenylthiazole ligand 1.

Figure 16: Synthesis and structure of the phenylmorpholin-chromen ligand (8-(4-
aminomethyl-pheny!)-2-morpholin-4-yi-chromen-4-one). The ligand was synthesized as
described in Example 8. The structure of the ligand is shown [G].

Figure 17: Drug pulldown experiment with the immobilized phenyimorpholin-chromen
ligand for mass spectrometry analysis of proteins.

A protein gel after staining with Coomassie blue is shown. The indicated gel areas were
cut out as gel slices and proteins were subjected to analysis by mass spectrometry. The
drug pulldown experiment was performed as described in Example 2 with a 1:1 mixture
of HeLa and K-562 cell lysate sample containing 50 mg of protein. Proteins bound to the
phenylmorpholin-chromen ligand were eluted with SDS sample buffer and separated by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).

Figure 18: Peptides identified by mass spectrometry of human ATR after a drug
pulldown with the immobilized phenylmofphotin-chromen ligand from Hela ~ K562
lysate mix.
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Figure 19: Peptides identified by mass spectrometry of human ATM afier a drug
pulldown with the immobilized phenylmorpholin-chromen ligand from HeLa — K562
tysate mix.

Figure 20: Peptides identified by mas spectrometry of human mTOR after a drug _
pulidown with the immobilized phenylmorpholin-chromen ligand from Hela — K562
lysate mix.

Example 1: Preparation of the affinity matrix

This example illustrates the preparation of the affinity matrix for affinity capture of PI3K
kinases from cell lysates. The capturing ligand was covalently immobilized on a solid
support through covalent linkage using an amino functional group. This affinity matrix
was used in example 2, example 3 and example 4.

Synthesis of phenylthiazole ligand 1 (3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-
ethoxy)-N-[5-(4-chIoro-S-—methanesulfonyl-pheny!)—4-methyi-thiazoi-Zyl]~
propionamide kRydrochloride)

Steps 1-3: I-bromo-1-(4-chloro-3-methanesulfonyl-phenyl)-propan-2-one was prepared
following the procedure described in WO 2003/072557.

Step 4: 5-(4-chioro-3-methanesufonyl-phenyl}-4-methyl-thiazol-2-ylamine

1-bromo- I -(4-chloro-3-methanesulfonyl-phenyl)-propan-2-one  (480mg [.5mmol) and
thiourea (1 14mg 1.5mmol) were combined in ethanol (12ml) and heated to 70°C for 2
hours. The reaction mixture was allowed to cool to room temperature and the solid
product was collected by filtration and dried under vacuum to yield 5-(4-chloro-3-
methanesufonyl-phenyl)-4-methyl-thiazol-2-ylamine as an off-white solid (375mg). "H
NMR (400MHz DMSO-dq) § 9.4 (br s, 2H), 8.0 (d, 1H), 7.9 (d, 1H), 7.8 (dd, IH), 3.4 (s,
3H), 2.3 (s, 3H).

Step 5: (2-{2-[2-(2-{2[5-(4-chloro-3-methanesuifonyl-phenyl}-4-methyl-thiazol-2-
ylcarbamoyl]-ethoxy}-ethoxy)-ethoxy]-ethoxy}-ethyl)-carbamic acid tert-butyl ester



804020804125 -39-5095
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3-(2-{2-[2-(2-tert-butoxycarbonylamino-ethoxy)-ethoxy]-ethoxy} -ethoxy)-propionic acid
(690mg 1.9mmol), EDAC (403mg 2.1mmol), HOBT (284mg 2.immol), NMM (420uL
3.8mmol) and 5-(4-chloro-3-methanesufonyl-phenyl)-4-methyl-thiazol-2-ylamine
(520mg 1.7mmol) were combined in dimethylformamide (16ml) and stirred over night at
room temperature. The solvent was removed under reduced pressure and the residue
dissolved in dichloromethane (150ml), washed with 1M HCI aqueous solution (50ml) and
saturated aqueous sodium hydrogen carbonate (50ml),dried {(Magnesium sulphate),
filtered and evaporated. The residue was purified by flash chromatography using 50g IST
silica flash cartridge eluting with 0-2% methanol/dichloromethane to yield (2-{2-[2-(2-
{2[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2-ylcarbamoyl}-ethoxy} -
ethoxy)-ethoxyl-ethoxy}-ethyl)-carbamic acid tert-butyl ester as an oil {1.1g residual
solvent present) 'H NMR (400MHz CDCI3) 10.3 (brs, 1H), 8.2 (s, TH), 7.6 (m, 2H), 7.2
(brs, TH), 3.9 (1, 2H) 3.8-3.5 (br m, 14H), 3.3 (br m, 5H}, 2.8 (t, 2H), 2.4 (5, 3H), 1.4 (s,
9H).

Step 6: 3-(2-{2-{2-(2-amino-ethoxy)-ethoxy]-ethoxy } -ethoxy)-N-[5-(4-chloro-3-
methanesulfonyl-phenyl)-4-methyl-thiazol-2yl]-propionamide hydrochloride

(2-{2-12-(2-{2[5-(4-chloro-3-methanesulfonyl-phenyl}-4-methyl-thiazol-2-ylcarbamoyl]-
ethoxy}-ethoxy)-ethoxyl-ethoxy}-ethyl)-carbamic acid tert-butyl ester (1.0g 1.5mmol)
was dissolved in dichloromethane (10ml) and treated with HCl (4ml 4M solution in
dioxane), The reaction was stirred at room temperature for 3 hours. The solvent was
evaporated and the residue dried under vacuum to yield 3-(2-{2-[2-(2-amino-ethoxy)-
ethoxy]-ethoxy}-ethoxy)-N-{5-(4-chioro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-

2yl]-propionamide hydrochloride as a yellow viscous oil { 830mg residual solvent
present) 'H NMR (400MHz CDCI3) 8.4 (br s, 3H), 8.2 (s, IH), 7.7 (br d, 1H), 7.6 (br d,
1H) 3.9 (br m, 4H), 3.8-3.6 (br m, 12H), 3.3 (s, 3H), 3.3 (br m, 2H), 3.1 {br m, 2H), 2.6
(s, 3H). NMR spectra were obtained on a Bruker dpx400. '

Table 1: Abbreviations used

br broad

CDCI3 deuterochioroform




5.4. Protein identification The peptide mass and fragmentation data generated in the LC-MS/MS
experiments were used to query fasta formatted protein and nucleotide sequence databases
maintained and l#')dated regularly at the NCB! (for the NCBInr, dbEST and the human and

genomes) andE

mouse

Pgﬂgg%lBioinformatics Institute (EBI, for the human, mo&’&{’ﬁzf’ﬁ%@ﬂ@@aster and C.

elegans proteome databases). Proteins were identified by correlating the measured peptide mass and
fragmentation data with the same data computed frgm the entries in the database using the software
tool Mascot (Matrix Science; Perkins et al., 1999. Probability-based protein identification by searching

sequence databases-using.mass s = ch criteria
varied depending on which mass spelktwblrteter was used for the analysis. Table 3: P13K proteins
identified by|mass spectrometry (MO lid£eksoexRrariment P15234B; MS sample refers tojthe gel
slice cut out Tm]st(t)je polyacrylamidg %Iegﬂgyggh@ﬁms sample Protein accesion number (IP1)

EDAC 1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide

g gram

HCI Hydrochloric acid

HOBT N-Hydroxybenzotriazole

m mutltiplet

mg milligram

mi millilitre

mmol : millimole

M molar

MHz megahertz

NMM N-methyl morpholine

NMR nuclear magnetic resonance

g guartet

singlet
t triplet

Immobilization of phenylthiazole ligand 1 on beads (affinity matrix)

NHS-activated Sepharose 4 Fast Flow (Amersham Biosciences, 17-0906-01) was
equilibrated with anhydrous DMSO (Dimethylsulfoxid, Fluka, 41648, H20 <= 0.005%).
I ml of settled beads was placed in 2 15 ml Falcon tube, compound stock solution
(usvally 100 mM in DMF or DMSO) was added (final concentration 0.2-2 pmol/ml
beads) as well as 15 ul of triethylamine (Sigma, T-0886, 99% pure). Beads were
incubated at room temperature in darkness on an end-over-end shaker (Roto Shake
Genie, Scientific Industries Inc.) for 16 - 20 hours. Coupling efficiency is determined by
HPLC. Non-reacted NHS-groups were blocked by incubation with aminoethanol at room
temperature on the end-over-end shaker over night. Beads were washed with 10 ml of
DMSO and were stored in isopropanol at -20°C. These beads were used as the affinity
matrix in example 2, 3 and 4. Control beads (no ligand immobilized) were generated by
blocking the NHS-groups by incubation with aminoethanol as described above.

Example 2: Drug pulidown of PI3K using immobilized phenylthiazole ligand 1



Protein name Number of peptides identified 4 IP100070943.3 PIK4CA; phosphatidylinositol 4-kinase,
catalytic, alpha polypeptide 62 5 1P100024006.1 P1K3R4,; phosphoinositide-3-kinase, regulatory

subunit 4, p150 11
WO 2009/098021 PCT/EP2009/000692
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This example demonstrates the use of the immobilized phenylthiazole ligand 1 for the
identification of PI3K proteins from cell lysates of a human T cell line (MOLT-4 cells;
ATCC number CRL-1582). To this end a lysate of MOLT-4 cells was contacted with the
affinity matrix described in example 1. Proteins binding to the phenylthiazole ligand |
were identified by Western blot and mass spectrometry (MS) analysis.

For Western blot analysis bound proteins were eluted from the affinity matrix and
subsequently separated by SDS-Polyacrylamide gel elecrophoresis. PI3K gamma and
P13K delta were detected with specific antibodies (Figure 2). The results of the Western
blot analysis show that immobilized phenylthiazole ligand 1 captures (pulis down) PI3K
gamma and PI3K delta from the cell lysate.

For the identification of proteins by mass spectrometry analysis the proteins captured by
the affinty matrix were eluted and subsequently separated by SDS-Polyacrylamide gel
elecrophoresis (Figure 3). Suitable gel bands were cut out and subjected to in-gel
proteolytic digestion with trypsin and analyzed by LC-MS/MS mass spectrometry.

The identification of members of the PI3K family is documented in Table 3. The peptide
sequence coverage of PI3K gamma is shown in Figure 4 and for PI3K delta in Figure 5.

1. Cell culture

MOLT-4 cells (ATCC number 1582) were grown in | litre Spinner flasks (integra
Biosciences, #182101) in suspension in RPMI] 1640 medium (Invitrogen, #21875-034)
supplemented with 10% Fetal Bovine Serum (Invitrogen) at a density between 0.15 x 10
and 1.2 x 10° celis/ml, Cells were harvested by centrifugation, washed once with 1 x
PBS buffer (Invitrogen, #14190-094) and cell pellets were frozen in liquid nitrogen and
subsequently stored at -80°C.

2. Preparation of cell lvsates

MOLT-4 cells were homogenized in a Potter S homogenizer in lysis buffer: 50 mM Tris-
HCl, 0.8% NP40, 5% glycerol, 150 mM NaCl, 1.5 mM MgCi2, 25 mM NaF, | mM
sodium vanadate, 1 mM DTT, pH 7.5. One complete EDTA-free tablet (protease
inhibitor cocktail, Roche Diagnostics, 1 873 580) per 25 mli buffer was added. The
material was dounced 10 times using a mechanized POTTER 8§, transferred to 50 ml
falcon tubes, incubated for 30 minutes on ice and spun down for 10 min at 20,000 g at
4°C (10,000 rpm in Sorvall SLA600, precooled). The supernatant was transferred to an



6 1P100292690.1 PIK3CG; phosphoinositide-3-kinase, catalytic, gamma polypeptide 39 6
IP100298410.2 PIK3CD; phosphomositide-3-kinase, catalytic, delta polypeptide 26 7 1P100298410.2

PIK3CD; phosphoinositide-3-kinase, catalytic, delta polypeptide 12
WO 2009/098021 PCT/EP2069/600692
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ultracentrifuge {(UZ)-polycarbonate tube (Beckmann, 355654) and spun for 1 hour at
100.000 g at 4°C (33.500 rpm in Ti50.2, precooled). The supernatant was transferred
again to a fresh 50 mi falcon tube, the protein concentration was determined by a
Bradford assay (BioRad) and samples containing 50 mg of protein per aliquot were
prepared. The samples were immediately used for experiments or frozen in liquid
nitrogen and stored frozen at -80°C.

3. Compound pull-down experiment

Sepharose-beads with immobilized compound (100 pl beads per pull-down experiment)
were equilibrated in lysis buffer and incubated with a cell {ysate sample containing 50 mg
of protein on an end-over-end shaker (Roto Shake Genie, Scientific Industries Inc.} for 2
hours at 4°C. Beads were collected, transfered to Mobicol-columns (MaBiTech 10035)
and washed with 10 ml lysis buffer containing 0.5% NP40 detergent, followed by 5 ml
lysis buffer with 0.25 % detergent. To elute the bound protein, 60 pul 2 x SDS sample
buffer was added, the column was heated for 30 minutes at 50°C and the eluate was
transferred to a microfuge tube by centrifugation. Proteins were then separated by SDS-
Polyacrylamide electrophoresis (SDS-PAGE).

4. Protein detection by Western blot analysis

Western blots were performed according to standard procedures and the PI3K proteins
were detected and quantified by using specific anti-PI3K antibodies (first antibody), a
fluorescently labeled secondary antibody and the Odyssey Infrared Imaging system from
LI-COR Biosciences (Lincoln, Nebraska, USA} according to instructions provided by the
manufacturer (Schutz-Geschwendener et al., 2004. Quantitative, two-color Western biot
detection with infrared flucrescence. Published May 2004 by LI-COR Biosciences,

www licor.com).

The mouse anti PI3K gamma antibody (Jena Bioscience, catalogue number ABD-0265)
was used at a dilution of 1:200 and incubated with the blot over night at 4°C. The
secondary anti-mouse IRDye™ 800 antibody (Rockland, ctalogue number 610-732-124)
was used at a dilution of 1:15000. The rabbit anti PI3K delta antibody (Santa Cruz,
catalogue number sc-7176 was diluted 1:600 and incubated over night at 4°C. As a
secondary detection antibody the anti-rabbit [RDyeTM 800 antibody was diluted 1:20
000 (LICOR, catalogue number 926-32211).

5. Protein ldentification by Mass Spectromeiry




8 1P100002591.3 PIK4CB; phosphatidylinositol 4-kinase, catalytic, beta polypeptide 15 9 |
P100021448.1 Pl K3R1 . phosphoinositide-3-kinase 27 - 40 -
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5.1 Protein digestion prior to mass spectrometric analysis

Gel-separated proteins were reduced, alkylated and digested in gel essentially following
the procedure described by Shevchenko et al.,, 1996, Anal. Chem. 68:850-858. Briefly,
gel-separated proteins were excised from the gel using a clean scalpel, reduced using 10
mM DTT {in 5mM ammonium bicarbonate, 54°C, 45 min) and subsequently alkylated
with 55 mM iodoacetamid (in 5 mM ammonium bicarbonate) at room temperature in the
dark (30 minutes). Reduced and alkylated proteins were digested in gel with porcine
trypsin (Promega) at a protease concentration of 12.5 ng/ul in 5mM ammonium
bicarbonate. Digestion was allowed to proceed for 4 hours at 37°C and the reaction was
subsequently stopped using 5 pl 5% formic acid.

5.2 Sample preparation prior to analysis by mass spectrometry

Gel piugs were extracted twice with 20 ul 1% TFA and pooled with acidified digest
supernatants. Samples were dried in a a vaccuum centrifuge and resuspended in 10 pi
0.1% formic acid.

5.3. Mass spectrometric data acquisition

Peptide samples were injected into a nano LC system (CapLC, Waters or Ultimate,
Dionex) which was directly coupled either to a quadrupole TOF (QTOF2, QTOF Ultima,
QTOF Micro, Micromass) or ion trap (LCQ Deca XP) mass spectrometer. Peptides were
separated on the LC system using a gradient of agueous and organic solvents (see below).
Solvent A was 5% acetonitrile in 0.5% formic acid and solvent B was 70% acetonitrile in
0.5% formic acid. |

Table 2: Peptides eluting off the LC system were partially sequenced within the mass

spectrometer.

Time (min) © | Y% solvent A | % solvent B
0 2 3

5.33 92 8

35 30 30

36 20 80

40 20 80

4l 95 ]




regulatory subunit 1 (p85 alpha) 9 1 P100011736.3 PIK3R2; phosphoinositide-3-kinase, regulatory
subunit 2 (p85 beta) 8 14 IP100333040.3 PIK3R1; phosphoinositide-3-kinase, regulatory subunit 1

(p85 alpha) 7 Example 3: Elution assay for the identification of PI3K gamma interacting compounds
WO 2609/098021 PCT/EP2009/000692
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5.4. Protein identification

The peptide mass and fragmentation data generated in the LC-MS/MS experiments were
used to query fasta formatted protein and nucleotide sequence databases maintained and
updated regularly at the NCBI (for the NCBIlnr, dbEST and the human and mouse
genomes) and European Bioinformatics Institute (EBI, for the human, mouse, D.
melanogaster and C. elegans proteome databases). Proteins were identified by correlating
the measured peptide mass and fragmentation data with the same data computed from the
entries in the database using the software tool Mascot (Matrix Science; Perkins et al,,
1999. Probability-based protein identification by searching sequence databases using
mass spectrometry data. Electrophoresis 20, 3551-3567). Search criteria varied
depending on which mass spectrometer was used for the analysis.

Table 3: PI3K proteins identified by mass spectrometry (MOLT-4 cells; experiment
P15234B; MS sample refers to the ge!l slice cut out from the polyacrylamide ge! (Figure

3).
Protein Number of
MS
accesion Protein name peptides
sample
number (IP1) identified
PIK4CA; phosphatidylinositol 4-kinase,
4 IPI00070943.3 62

catalytic, alpha polypeptide

PIK3R4; phosphoinositide-3-kinase,
5 tPI00024006.1 ) 11
regulatory subunit 4, p150

PIK3CG; phosphoinositide-3-kinase, catalytic,
6 {P100292690.1 ) 39
gamma polypeptide

PIK3CD; phosphoinositide-3-kinase, catalytic,
6 [P100298410.2 26
delta polypeptide

PIK3CD; phosphoinositide-3-kinase, catalytic,
7 IPIG0288410.2 12
delta polypeptide

PIK4CB; phosphatidylinositol 4-kinase,
8 1#100002591.3 15
catalytic, beta polypeptide

9 {Pi00021448.1 | PIK3R1,; phosphoinositide-3-kinase, 27




The preparation of the phenylthiazole ligand 1 affinity matrix was done as described in example 1. To
screen maximally 80 compounds in a 96 well plate the elution experiment is performed as described
below. Elution assay The affinity matrix (1200 gl of beads) was washed 2 x with 30 ml 1 x DP-buffer.
After each watHittf ¥t he beads were collected by centrifugation for 2 RRFRTEEWELIEOZpm at 4C in
a Heraeus centrifuge. The supernatants were discarded. Finally, the beads were equilibrated in 15 ml
binding buffer (Ix DP buffer/0.4% NP40). After this jgcubation time the beads were harvested and
mixed in a 50 ml falcon tube with MOLT-4 cell lysate at a protein concentration of 5 mg/m1 with a total
amount of 75mg protein. The preparation of the lysate was done as described in example 2. Beads
and the lysatg¢ were incubated for 2| hejisay 4ébusmiiigpsbaipngubation with the lysate beads were

collected by gentrifugation as descr %Qﬁm%g’%gﬁgsﬁgetg_%gyéecolumns (MoBiTec, #510129) and
5

washed with 10 ral Ix DRdsaffea®24% NP40 and 5m1 Ix DP buffer/0.2% NIP40 . Orice the washing
buffer had ruirthretigh-the-cotuma-eSTBRIT RO AR EDbeadseft-in-{he-columnwas-¢alculated
(approximately 19§0 t Jﬁ@a@ﬁ%’s WERR remespimpetidinUkirsieeexcess of| Ix DP-byffer/O.ZJ/o NP40 (4
ml) to generaje a 209 sfurry. or compaatng @loiian tessxphkl.d of this suspension was added to each
well of a 96 well plate (Millipore MultiScreenHTS , MSBVNI210, with lid and | .2um hydrophilic low
protein binding Duraporg brane). To.rempve. tesidual buffer. t well plate was assembled with
Assemble fiIteﬁrjg!ﬁ‘opaggollggc;’%?ﬂ@ﬁ?gteagﬁa tfﬁg rggﬁd\l/éﬁ: {%Jg&été?ﬁlbl?ﬁw%%ﬁs%ﬁ I30'}':%v=§‘m" OF 5 %% onds at 800
rpm in a centrfUBROHAREN 40 ul of elution buffer (1 x DP-buffer/0.2% NP40) supplemented with the test
compound was added to the beads. Test compounds were prepared by diluting them in dilution buffer
starting from 40dqigmencantaiedsiackisakdiondmPV &@n fihaalatesansasserabiaded the collection
plate, fixed on. a5l -TEREGBALINGLAAY ARSARHOASHEAULAPIRIEWIES lid e 3haRAHpm shaking.

To harvest th? elug;[e '[Q(F g V\{:elLficIjt%r]glqte assembled on the 96 well collection plate was centrifuged
for | minute at 800 rﬁrrrﬁ in"a taofe Fop Eéeﬁt‘rifuge at 4C (Heraeus). The eluates were checked for the
presence of PI3Kgamma and PI3Kdelta by using a dot blot procedure. - 42 - Detection of eluted PI3K

gamma The dfiltgdnRES#K gamma protein was detected and quantified by a dot blot procedure using an
antibody directgel #gainskalsK @asomedIsnadinasiengraL ABRHP20 ! adlperesaentivdabeled
secondary anliauag RS S0 RArkiand. E910-agaaAland. Ve elyescy Iafired Imading

system from LI- ER Biosciences (L.Jnco ras S cording to Instructions provided by the
manufacturera(%%_ d&f’cgi_s%ﬁmgﬁ'&g#gﬁe?%‘f.?W‘%ﬂﬁa‘ﬁ?ﬁ% (EAR0-EMBHXNEERTAIBIBEetection with
infrared fluorestdivatep iplishad Regimobufisy (xdPREissidtcdd A fiesomhéomyuhitacellulose
membranes wiare tiedtadswithe 20%0cetitandl )aha s 60 ud g mashedidith QL XTRES! biytkee. Eluates (as
described abqye) wekeisrpRiRashith d2 ek hx SiaS doadinahuifar (208 mMpFsisitiGhpH6.8, 8%

SDS, 40% glyc;g QxlatOGQA'O Br henol,blue adnd ap ied to the Nitrocellulo mbrane with a
BioRad dot blgt gppairt cs>£ Ieoﬁga?age gfsigt_)g% ):escn Q i e'xamp el\ﬁ. RSs ang%%sag were
incubated for 2 hours at 4°C. After the incubation with the lysate beads were collected by

centrifugation as described and transferred to 2 ml columns (MoBiTec, #510129) and
washed with 10 ml 1x DP buffer/0.4% NP40 and Smi 1x DP buffer/0.2% NP40 . Once
the washing bufier had run through the column completely the volume of beads lefi in the
column was calculated (approximately 1000 pl). The beads were resuspended in 4 fold
excess of 1x DP-buffer/0.2% NP40 (4 ml) to generate a 20% slurry. For compound
elution tests 50 ! of this suspension was added to each well of a 96 well plate (Millipore
MultiScreenHTS , MSBVNI1210, with lid and 1.2um hydrophilic low protein binding
Durapore membrane). To remove residual buffer the 96 well plate was assembied with
Assemble filter and collection plate and this sandwich assembly was spun down for 10
seconds at 800 rpm in a centrifuge. Then 40 ul of elution buffer (1x DP-buffer/0.2%
NP40} supplemented with the test compound was added to the beads. Test compounds
were prepared by diluting them in dilution buffer starting from 40 fold concentrated stock
solution in DMSO. The plate was assembled on the collection plate, fixed on an



For detection of P13K gamma the membranes were first blocked by incubation with Odyssey blocking
buffer for 1 hour. Blocked membranes were incubated for 16 hours at 4C with the first antibody (mouse
anti PI3K gamma from Jena Bioscience, ABD-026S) diluted 1:100 in Odyssey blocking buffer
supplemente® A2 Tween 20. After washing the membrane four timBSTEFEOALIAE3 with | x PBS
buffer containing 0.1% Tween 20 the membrane was incubated for 40 minutes with the detection
antibody (anti-mouse IRDyeTM 800 from Rocklangdy £10-732-124) , diluted 1:10 000 in Odyssey
Blocking Buffer supplemented with 0.2% Tween 20. Afterwards the membrane was vvashed four times
for 5 minutes with 1 x PBS buffer/0.1% Tween 20 and once for 5 minutes with 1 x PBS buffer.
Afterwards th&ppenidifanesbas: sadnnadadthithé Odlyssayardi@er s5rphatshaleng. dhdtysed: Table 4:

Pre aration offx-DR.QUIfRT S RALANGR:SIRK SRUHALEIBA! sRN0sinv K besishbienAddar 115 x lysis
buffer T“S/Hcclem;lifju'ggd MrSP nrq;\r{lu?e?r?t %O rpm in a table top centrifuge at 4°C (Heraeus). The
eluates were checked for the presence of PI3Kgamma and PI3Kdelta by using a dot blot

procedure.



Glycerol 87 % 5 % 288 ml MgC12 1 M 1.5 mM 7.5 ml NaC1 5 M 150 mM 150m1
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Detection of eluted PI3K gamma

The eluted PI3K gamma protein was detected and quantified by a dot blot procedure
using an antibody directed against PI3K gamma (Jena Bioscience, # ABD-026%), a
fluorescently labeled secondary anti mouse IRDye™ 800 (Rockland, #610-732-124)

and the Odyssey Infrared Imaging system from L1-COR Biosciences (Lincoln, Nebraska,
USA} according to instructions provided by the manufacturer (Schutz-Geschwendener et
al., 2004. Quantitative, two-color Western blot detection with infrared fluorescence.
Published May 2004 by LI-COR Biosciences, www.licor.com).

Nitrocellulose membranes were treated with 20% ethanol and subsequently washed with
I x PBS buffer. Eluates (as described above) were combined with 12 pl of 4 x SDS
loading buffer (200 mM Tris-HCI pH6.8, 8% SDS, 40% glycerol, 0.04% Bromphenol
blue) and applied to the Nitrocellulose membrane with a BioRad dot blot appartus
(BioRad, #170-6545) .

For detection of PI3K gamma the membranes were first biocked by incubation with
Odyssey blocking buffer for 1 hour. Blocked membranes were incubated for 16 hours at
4°C with the first antibody {mouse anti PI3K gamma from Jena Bioscience, ABD-026S5)
diluted 1:100 in Odyssey blocking buffer supplemented with 0.2% Tween 20. After
washing the membrane four times for 5 minutes with | x PBS buffer containing 0.1%
Tween 20 the membrane was incubated for 40 minutes with the detection antibody (anti-
mouse IRDye™ 800 from Rockland, 610-732-124) , diluted 1:10 000 in Odyssey
Blocking Buffer supplemented with 0.2% Tween 20. Afterwards the membrane was
washed four times for 5 minutes with 1 x PBS buffer/0.1% Tween 20 and once for §
minutes with 1 x PBS buffer, Afterwards the membrane was scanned with the Odyssey
reader and data were analysed.

Table 4: Preparation of 5x-DP buffer

Substance: Stock solution Final conc. in 1 x | Add for 11 5 x kysis
lysis buffer buffer

Tris/HCI pH 7.5 I M 50 mM 250 ml

Glycerol 87 % 5 % 288 ml

MgCl, 1 M 1.5mM 7.5 mi

NaCl SM 150 mM 150 m]

Naz VO, 100 mM I mM 50 mi




Na3VO4 100 mM 1 mM 50m1 - 43 - The 5x-DP buffer was filtered through 0.22 gm filter and stored in
40 ml-aliquots at - 80C. These solutions were obtained from the following suppliers: 1.0 M Tris/HCI pH
7.5 (Sigma, Tf2663é, 87% Glycerol (Merck, catalogue number 04091.2500); 1.0 M MgCI2 (Sigma,
M-1028); 5.0'KPRY! Qfgﬁbma, S-5150). Test compounds for elution The t g?@b‘?ﬁ‘%@%@gzﬁsted below
were used for elution experiments after dilution as described below. Typically all compounds were
dissolved in 100% DMSO (Fluka, cat.no 41647) at 4 concentration of 100 mM or 50 mM. Compounds
are stored at -20C. Dilution of test compound for elution experiments: Prepare 50 mM stock by diluting
the 100 mM stock 1:1 with 100% DMSO. For elution experiments further dilute the compound with
elution buffer (Ix DP-buffer/0.2% NP40). Compounds used for elution: Compound 1: P13K inhibitor

LY294002 (T qeess 1180 MiRhosetintciGfoulnBiol (et @il SiAdt5748) sitampotind 2: PISK
Compound 3 Bigic L et b A B D RS e, Nature
Medicine 11, 9 @&%%@@n%@ﬁ %’W&BE itEiaiAG gé'gs'éi's'f'f ?rtﬁgggb%mt?&%% 2ga’mma

interacting CO@W%IUZS), 5.0 M NaCli (Slgma, S-5150).

Test compounds for eiution

The test compounds listed below were used for elution experiments after dilution as
described below. Typically all compounds were dissolved in 100 % DMSO (Fluka, cat.no
41647) at a concentration of 100 mM or 50 mM. Compounds are stored at -20°C.
Dilution of test compound for elution experiments: Prepare 50 mM stock by diluting the
100 mM stock 1:1 with 100% DMSO. For elution experiments further dilute the
compound with elution buffer (1x DP-buffer/0.2% NP40). Compounds used for elution:
Compound 1: PI3K inhibitor LY294002 (Tocris 1130; Viahos et al., 1994, J. Biol. Chem.
269, 5241-5248).

Compound 2: PI3K gamma inhibitor (Calbiochem 528106; AS-605240; Camps et al,,
2005, Nature Medicine 11, 936-943),

Compound 3: PI3K gamma inhibitor Il (Calbiochem 528108; AS-604850; Camps et al.,
2005, Nature Medicine 11, 936-943).

Example 4: Competitive binding assay for the identification of PI3K gamma

interacting compounds

This examples demonstrates a competitive binding assay in which test compunds are
added directly into a cell lysate. Test compounds (at various concentrations) and the
affinity matrix with the immobilzed phenylthiazole ligand 1 were added to lysate
aliquots and allowed to bind to the proteins contained in the lysate sample. After the
incubation time the beads with captured proteins were separated from the lysate. Bound
proteins were then eluted and the presence of PI3K gamma was detected and quantified
using a specific antibody in a dot blot procedure and the Odyssey infrared detection
system (Figure 7A). Dose response curves for three compounds were generated (Figure
7B).



This examples demonstrates a competitive binding assay in which test compunds are added directly
into a cell lysate. Test compounds (at various concentrations) and the affinity matrix with the
immobilzed phenylthiazole ligand | were added to lysate aliquots and allowed to bind to the proteins
contained in the REYR galmple After the incubation time the beads with c&’&T{Fe"&f’B%‘}%%??& were
separated from the lysate. Bound proteins were then eluted and the presence of P13K gamma was
detected and quantified using a specific antibody if.dot blot procedure and the Odyssey infrared
detection system (Figure 7A). Dose response curves for three compounds were generated (Figure
7B). - 44 - Washlng of afflnlty matrlx The affinity matrix as described in example 1 (1.1 ml of dry
volume) was Washed ¢0\a swyiil 15 ml of Ix DP buffer containing 0.4% NP40 and then resupended
in 5.5 ml of IxfR zbﬂﬁﬁjﬁ mmlrame&ﬂ%d\tﬁ’@a@&% beadsslbryy Perparptian ehipst eosnpounds

Stock solutiong. of (g4} qgmﬁ%‘#WQW%ﬁQF%ﬁ{SH @Mﬁ%ﬁﬂf IEIPREAIRGIR A dPRfAl] higher
concentration ﬁ Bt% o the final (%?g %%) lgge .g. a 4 mM stock solution was
prepared for & finaPfelt dE-SRIANS N 5F4 f?) 2%’5 ?ﬁ eheme resulted in a final DMSO
concentration of 1%. For control experiments (no test compound) a buffer containing 1% DMSO was
used so that @tdeshsanuiies: comtaimett 1% DMSO. Compound 1: PI3K inhibitor LY294002 (Tocris

1130, Viahos 9hal. «diith=Toflal GEhpklede 982 HeBRabln SR RIR Gam TR hibior |
(Calbiochem p2RIOR, AERARR TIPS Shela0aR, NetueMeing L4, 230:94R)-fsampound 4
(CZCOOOlSS%eISlf tion of ¢ '1|‘1 Rie CeII sates were prepare(f c?es ried in example 2. For a
typical experifféhiop |v§atersmaa%tfebmaﬂﬁﬁﬁ b?ﬁ%ﬁ%@.ﬁ%&%ﬁéﬁs ALTCSIEF bath and
then kept at 4€suitedthie [yséiteloPdAFsiurreeshisdPrbaffdvalonddet €o shkearuntinal IP4Gtoncentration
of 0.4% was aechipsiadt) kibareAoRohineiinaiMalimes obal 50inld sorcentnaird @iatdase! ihibitor
solution was aggldeg (1 tablet of prot'ease inhibitor dissolved in 0.5 ml of Ix DP buffer containing 0.4%

NP40; EDTA ee tabl gpf)%?(a.s% pollbth,rgg&ég% gr(':%rle%:l\gg a{taéogu§ number 41647).

The lysate was fPJPt(ﬁer iluté by a er containing 0 that nainproteln

concentration?8f 5Afgritdfas achieved.
Compound 3: PI3K gamma inhibitor I (Calbiochem 528108; AS-604850; Camps et al.,

2003, Nature Medicine 11, 936-943).
Compound 4 (CZC00015387).

Dilution of cell lysate

Cell lysates were prepared as described in example 2. For a typical experiment | lysate
aliquot containing 50 mg of protein was thawed in a 37°C water bath and then kept at
4°C. To the lysate one volume of 1xDP buffer was added sc that a final NP40
concentration of 0.4% was achieved. Then, 1/50 of the final volume of a 50fold
concentrated protease inhibitor solution was added (1 tablet of protease inhibitor
dissolved in 0.5 ml of ix DP buffer containing 0.4% NP40; EDTA-free tablet protease
inhibitor cocktail from Roche Diagnostics, catalogue number 41647). The lysate was
further dilute by adding 1x DP buffer containing 0.4% NP40 so that a final protein
concentration of 5 mg/ml was achieved.

Incubation of lysate with test compound and affinity matrix

A volume of 100 pl of diluted lysate was dispensed into each well of a 96 well filter
plate. Then 1.5 ul of test compound diluted in DMSO was added. For control reactions
1.5 ul DMSO without test compound were used. Then 50 l of affinity matrix (20%
slurry) per well were added. The plate was incubated for 2 hours at 4°C on a shaker (750
rpm on a Thermomixer, Eppendorf).



Incubation of lysate with test compound and affinity matrix A volume of 100 pl of diluted lysate was
dispensed into each well of a 96 well filter plate. Then 1.5 pl of test compound diluted in DMSO was
added. For control reactions 1.5 pl DMSO without test compound were used. Then 50 ul of affinity
matrix (20% &&?ﬁ?gé%)?%éll were added. The plate was incubated for 2 hdfr S EP R BH Y S haker (750
rpm on a Thermomixer, Eppendorf). -45 - The plate was washed using a vacuum manifold instrument
(Millipore, MAVM 096 OR). Each well was washed 45times with 400 pi of Ix DP buffer containing 0.4%
NP-40 and 2 times with 400 pl with Ix DP buffer containing 0.2% NP-40. For elution the filter plate was
placed on a collection plate and 40 pi of 2x sample buffer (100 mM TrisHCI, pH6.8; 4% SDS; 20%
glycerol; 0.02¥s8ptaprasnotshide)sivighe DB mavi Rihinsoroentr@ddhporad s ag6ddonh well. The
plates were irgathatel] s Ihdnddutamad vaonado mipsratube oarfrsthiaksin b0 4N PAGahBarmomixer,

Eppendorf). Syhsegueaty ﬁﬁ‘%%@?%ﬁ’%ﬁ%&e&ﬁﬁ%gﬁ% §0502 Gpingtes at 1100 rpm (Heraeus centrifuge)

and the eluate.was collected in the wells of the collection plate, De io d quantification of eluted
DTS g TSR R AR s AR & 0 OB e A Sk bt P TS ot

procedure usiH§&TMEHddpiifrBcids HRirkt P Bregah A taRimsherelriing o BEha
Bioscience, ABD 026 6)dndraditreros evityalided| ed setoned rjlantibed ywaa tirowbersd fROfem|
800,from Rock]anehs6AOrdodn -tdfhlrdlie Qdysseyiafirared Whaging sy=iers e, LifheRoBjosciences

(Lincoln, Neb ) £ ' i [ | : turer
(Schutz-Gescfﬂv%E%Leéﬁg té“';é Q&%}@%@gﬁtﬁf gg?ﬁgzvgﬁ %ﬁkgégv{%?gﬁnéeﬁi@gﬁé%%g&%%%frared

l., 2004, Q ti
fluorescence. PRGHEREEMWES 59 4?‘69 I SR8 Y LR FRISE U RRRIE e or.com). The dot blot apparatus
was used according to the instructions of the supplier (Bio-Dot microfiltration apparatus, BioRad
170-65). Nitropeltgtaseandambnaiiesi¢BifElacd NF\fioeellulose, PALL BTNT3O0OR) were treated with

20% ethanol and sybgegueRtlypyashed with ERepufferifendrtid pi.afaldate,samplepyere applied
and left for 30 %iré u%o&g a vacuum %{g}a X‘{%Staj)%%%g F}apgetgction gf P%ﬁ%%% maaftr%e membranes
were first blodked y m_cu%%tlon with ssey blockin E)u e%d&%é% -4 g%nfor 1 hour at room
temperature. T RSP EER AR AR A RS HEC ST ftibody (anti
PI3K gamma fRiniel& i Bivse BaddaniB® H78%5) WhidhaRdysittidiaed dyssing bioeking vuffer
containing 0.2% Jore@iodfehtlieWashingitieaskemiBanaviguipirard ficbrdmaute withtREBS buffer

containing 0.1%4 Twaen, 38 dhe-merphieneswasRtbaleddol-AAminugsvidh he.drieclign antibody
(anti-mouse | [?a/e M 800Q from Rockland, 6 0-7&% -124 dllut%gﬂ

\ dysse [ r containin
2% Tueen S0 ARSI R byt DS DU A T nee BT AR 1 x e
buffer/0.1% TRSEFCREERMOREENFT inutes with 1 x PBS buffer. The membrane was kept in PBS
buffer at 4C afibetdentdcasprechvithvihe:©d yssey ingtiu the nestindtsign alsthvereprdicol@eetaeid analysed
according to thgctostitetinnapphiesnBHagtumrs ) QiZRRANAR0 24 B ER2009/0086 92
Nitrocellulose, PALL BTNT30R) were treated with 20% ethanol and subsequently

washed with PBS buffer. Per dot 30 pl of eluate sample were applied and left for 30 min

before a vacuum pump was applied.

For detection of PI3K gamma the membranes were first blocked by incubation with
Odyssey blocking buffer (LICOR, 927-40000) for 1 hour at room temperature. Blocked
membranes were then incubated for 16 hours at 4°C with the first antibody (anti PI3K
gamma from Jena Bioscience, ABD-0268) which was diluted in Odyssey blocking buffer
containing 0.2% Tween-20. After washing the membrane four times for 5 minutes with
PBS buffer containing 0.1% Tween 20 the membrane was incubated for 40 minutes with
the detection antibody (anti-mouse IRDye ™™ 800 from Rockland, 610-732-124) diluted in
Odyssey blocking buffer containing 0.2% Tween-20. Afterwards the membrane was
washed four times for 5 minutes each with | x PBS buffer/0.1% Tween 20 and once for 5
minutes with 1 x PBS buffer. The membrane was kept in PBS buffer at 4°C and then
scanned with the Odyssey instrument and signals were recorded and analysed according
to the instructions of the manufacturer.



- 46 - Example 5: Compound profiling of PI3Kdelta interacting compounds by adding compounds to
cell lysates or living cells This example demonstrates binding assays in which test compounds are
added directly into a cell lysate or incubated with living cells (RAW264.7 macrophages). For the cell
lysate compe%f H’gYassay compounds were added to lysate samplé?gﬁg Moo bind to the
proteins contained in the lysate sample. Then the affinity matrix containing the immobilized
phenylthiazole ligand was added in order to capturggoroteins not bound to the test compound. After the
incubation time the beads with captured proteins were separated from the lysate by centrifugation.
Bead-bound proteins were then eluted and the presence of P13Kdelta protein was detected and
guantified usiBgzansbegifiCominod/paniiithe D BY3Kdyl infreadctisectimpaysie . #btitge in cell profiling
experiment alighpisuakiife, RAWHdsbMagheRikages were first incubated with compounds for 30
minutes in cell culture medium. During this incubation time the compounds can enter the cells and bind

to protein targets within the cells. Then the cells were harvested, cell Iysgtes W%r%d)re ared and the
n

affinity matrix Was XAGRLE ifeBIRSHR R HRANE ASAs L AR E0 073 (8RR°SS: U8 ARSI & Her 90 minutes
of incubation tifeteceldlivipsans ieabarrs afth iy inegebstfAbEddsVrareerheggsiured proteins were
separated from the lysate by centrifugation. Bound proteins were then eluted and the presence of
P13Kdelta was,fgfeciad i Aaniilideusing & sResilicapshranand MePdysaey infaned detection
system. Both appIaachesy Igzjrgc?%sg;%”arro sl lonag celipaun ea?'%r%feﬁ%%et Ceoﬁ?ﬁﬁit‘“d P1103
(Figure 8). Ther%wo other Qomﬁgun S (%om(g)oun B'and %) intefacted with Pl de‘]ta in the lysate

assay but not &R iReds dumglilized Risgelihrdsdisndorah R dReAs i SASAPIHE latter two
compounds wenteinst ruiffisiertlyoc e pesmeatie Bk didtutes REcwpaddn7timgciiapharfss WAmerican Type
Culture Collectipinrddqelasiis, WE) saeheicdfiradie b escesatifoglfien. BaglesunegiamitdMEM, 4mM

L-glutamine, 4,5.0ft-AllGASEA@ IR 443965) sunpiemenRa ik 10 heainasivaieddgial bovine
serum (Gibco #102?0) agltc}j @%%%?g%lum blc?rboép%t/}ec(plbco #25080, 7.5% solution) at 37C in a

e ?] presence %??%188 EVeige]

humidified atrhd tai)c‘nere In acropﬁ)%eeﬂé‘ were sub-cultured by scraping the
cells from the culture dish in DMEM culture medium using a cell scraper - 47 - and replating them in
fresh culture maditarin R&I\WM264rE rergeroptrages| vetr @ LB BIRONE(detimantplzftes neercHing passage
number 3. Thp&ligewarenwashethanes sothphesnhatal bufiaed saknelRBhisGbestdA040),
removed fromthe cultre disidn MEM Gulturg 598%‘3‘@}5%?&9{;%%?%%%%0&9@ﬁewom

1

temperature for 3 minutes, The cell pellet was resuspended in DMEM . culture medium and the cell
amber was QEGHN RETE EH5R RTN GOAYS B GG DS 12 ATV e AR bated for 48

hours in freshPESIRENFeRIMEF @TRIBARLIAT RN thiSy e Seheerusprexitiately) gunvsce ifbeEom)
Compound praffilirg éallivingceligh the affinity matrix the beads with the captured proteins were

separated from the lysate by centrifugation. Bound proteins were then eluted and the
presence of PI3Kdelta was detected and quantified using a specific antibody and the
Odyssey infrared detection system.

Both approaches yielded similar results for the cell-permeable reference compound Pl-
103 (Figure 8). The two other compounds (compound 5 and 6) interacted with PI3Kdelta
in the lysate assay but not significantly in the cell assay. A possible reason for this
difference is that the latter two compounds were not sufficiently cell-permeable.

Cell culture

RAW264.7 macrophages (American Type Culture Collection, Rockville, MD) were
cultured in Dulbecco’s modified Eagle’s medium (DMEM, 4mM L-glutamine, 4.5 g/L
glucose; Gibco #41965) supplemented with 10 % heat-inactivated fetal bovine serum
(Gibco #10270) and 1.5 g/L. Sodium bicarbonate (Gibco #25080, 7.5% solution) at 37 °C
in a humidified atmosphere in the presence of 5 % CO,. Macrophages were sub-cultured
by scraping the cells from the culture dish in DMEM culture medium using a cell scraper



Treatment of cells with test compound The macrophages were washed with D-PBS buffer and fresh
DMEM culture-medium was added. Cells were treated with DMEM culture medium containing 0.2 %
DMSO (vehicle contro)g or DMEM culture medium with 10 gM PI1-103 (Calbiochem, catalogue number
528100; KnighPd % "%886, cell 125, 733-747), 10 gM compound 5 or 10N EBHIEEUREE over a
period of 30 minutes. Test compounds were prepared as 20 mM stock solutions in DMSO and further
diluted to reach the final concentration of 10 gM coaypound and 0.2% DMSO in the cell culture
medium. _ Preparation of cell lysates The culture medium was removed, cells were washed once with
D-PBS buffer and 4 ml ice-cold D-PBS buffer was added. Macrophages were removed by gently
scraping the celsrapldtizs tepe ridifgdhenitineDrRrBSh U THk Tcolksuspegrsiomsavesad tfansferred into
15 ml Falcon ipesnasnes kefd-oreieRinkhamag ophage Ssprasiens were ernRtdtlgedeatli00 rpm 4 C

for 3 minutes jp a HeraghEMyltifyge. AssxURsMAaNLYRS, 'Rmoves fhd the cell.pellgLs yere washed
with cold D-P n step, the cell E])ellets L\?/(?rféwckl frozen in
; e

%Ehjifer Atfter agl additjonal .?entrifuq t]
liquid nitroge Wg}"éetﬁ'g 8d' 81 iéanghﬁﬁ%gﬁ by addih ti%“gtf& ?/rsﬁ%'ﬁ R buffer, 0.8%
NP40). The lyEbges vaptisrarastapraspingsd 5 Mipettdiore iisd v ainanth S st 8P B0 Mifiutes rotating
at 4 C and thetateenfli@soxfon’1 G ininvate plated RO Guprrdand Gl iedihperh iteutistwafetrnsferred into
ultracentrifugedulesamd G THiEae doi@rd Lifedidth 2 iator dibp 3LLREPEnpEORANEH: Bofot,1 hour at
4C. An aliquo}: (%fﬁggngéarified supematant was used for protein quantification performing Bradford
assay (Biorad Brotein Assay dye concentrate, catalogue number 500-0006). The remaining samples
were quickly frozen in liquid nitrogen and stored at -80C until use in the binding assay. - 48 - Dilution
of cell lysate Seffdmprosduadifingoarkdngscdiscribed below from RA W264.7 macrophages. One
lysate aliquot WasithaweddsandhGewvataipoatid and then kept at 4C. To the lysate one volume of IXDP
25 i of I D B e m Roche
ml of Ix uffer c ing 0.8% : -free tablet protease inhibitor.coc om Roche
Diagnostics, c%%gll_%gdlfé{? rr%grllnrl er ﬁigi%eigét%@g@o%%% |ﬁ8o11uﬁ'P%’8téglﬁ%r$fr2%r§ gi%?g% was
achieved. Thé‘f?%’é?% RESHI e SR By amatiyhoeib Bkt RbARAiAP e dNeUt2848 proteinase
inhibitors so thaméefirfaBpooteimicbheenitr 2066, 6Tell0l 3tg/MBwWHd.athieViechrweaiskl rigf i@ffivty matrix
The affinity magrpamel@ssitbegdnaxamplait(fk2Tesl efipyinaadsalpirelsuas Mashegdno times with

10 ml of Ix DR Quffgrcanainig QP GNR40ARtLwas HDANY #RSESReRgad it 0, miof i [l buffer

containing 0.2% NP40Q (5% rey), Incupation of cell lvsate with the affinity matrix A volume of
50 gl of dilutef® f?ggf'é’ctéﬁdrﬁ%%géﬁéi%m a%elgti)%%te”ﬁ & (i%fg"each well of a 96 well filter plate. Then
100 gl of affinity matrix (5% slurry) per well were added. The plate was incubated for two hours at 4C
on a shaker (Popapnivontedihbiatesmixer, Eppendorf). The plate was washed using a vacuum manifold
instrument (MiflipQiguMANéLA9 6.5 RamBach wedl wae wanbediwotimes MA 2R alref abdP buffer
containing 0.4% Nir49 pBer e ution laralens the et plalewasmlpsedana. galigaian plate and
20 p.1 of 2x samgle uffer 10‘% mM TrlsHC%é;%-{g. . 4% SD%; 20% gi%/cer l; 0.0005/0 romphenol
blue) with DT FE(5G HANFHIBFRGRE SHPRITbRY Vit A &BJQ 5 GRERGRETSPRE ARG h B ated for 30
minutes at rodéh tEnhpErattrbes il divrker (£50 ersrapipgs MsRSHENEpBEN SR SEBstquently the
plates were ceftiftiged far foud minutaesrat Hee@wp M (iHérge iheenieifuga)tand theeludtadvas

collected in thgavelisRfithe cQUaclPRPIAIR coid D-PBS buffer. After an additional centrifugation

step, the cell pellets were quickly frozen in ligquid nitrogen. Cells were thawed on ice and
tysed by adding 120 ul Ix lysis buffer (1 x DP buffer, 0.8% NP40). The lysates were
transferred into 1.5 mi Eppendorf tubes and incubated for 30 minutes rotating at 4 °C and

then centrifuged for 10 minutes at 13,200 rpm at 4°C. The supernatants was transferred
into ultracentrifuge tubes and centrifuged in a TLA-120.2 rotor at 53,000 rpm (100,000 x
g) for 1 hour at 4°C. An aliquot of the clarified supernatant was used for protein
quantification performing Bradford assay (Biorad Protein Assay dye concentrate,
catalogue number 500-0006). The remaining samples were quickly frozen in liguid
nitrogen and stored at -80°C until use in the binding assay.



Detection and quantification of P13Kdelta The PI3Kdelta protein in the eluates was detected and
guantified by spotting aliquots on a nitrocellulose membrane and detection with a first antibody
directed against PI3Kdelta and a fluorescently labeled secondary antibody. The nitrocellulose
membranes Eﬁ?o%?gc?ggﬂﬁ‘ Nitrocellulose, PALL BTNT3OR) were pretreat &:Wz%‘%}%%nol and
subsequently washed with PBS buffer. - 49 - For detection of PI3Kdelta the membranes were first
blocked by incubation with Odyssey Hocking buffes§L1COR, 927-40000) for one hour at room
temperature. Blocked membranes were then incubated for 16 hours at 4C with the first antibody (anti
PI3Kdelta, rabbit polyclonal antibody from Santa Cruz, catalogue number sc-7176) which was diluted
1:800 in Odydadyibtosddnt vsdfer containing 0.2% Tween-20. After washing the membrane four times
for seven mm@éﬂaywths%ﬁ brifer-e0R @i Ba. 800 W \esNROVIN6 e brana gyainc ykated for 60

minutes with tf mn@gym@maong(ayara@e%amIagyg;rp%mcwofmye@@ﬁa calpipgue number
926-32211) d|| 63 0in O blockln %uffer con a|n| gth% gen -2 02% SDS.
b

Afterwards th8 ! vﬁggt 60 ERiF e g F%'?neﬁt(es SACh tt% § ﬁ%r’ﬁ 1% Tween
20 and once Rﬁm{/éfﬁﬁrﬂ?@mﬁzﬁ Pl hufdt byfier sestaiaas: M@lféﬂt EPbadrerRélcat 4C and
then scannedpwitizdh & biyeseyckastrirome Rioaknd Bignaksivee retabguededrhaddd 6dlysed addaiding to the

instructions Otshﬁamnhqﬁﬁmereoﬁ%%&ﬁw pitarad deRaging systemadroms lin@@RiRiRaciences
(Lincoln, Nebgaska,, %A)W$u 2 3}&9;.? r%%%‘?%?z;mﬁ&fg#%ﬁag@}ﬂgﬁﬂ(gx EQ%‘%{‘H@?WW

(Schutz-Geschwen déher e itative, two-color Western etection with infrared
fluorescence. pﬁ‘ﬁﬁﬁﬁ?@ﬂem%}'%ﬁﬁ B “@Oﬁ BB hces, wwwlicor. com). B) Compound profiling in
cell lysates Preparation of cell lvsates The culture medium was removed, cells were washed once with
D-PBS buffer wagh#aifiegieoid2«B8S buffer was added. Macrophages were removed by gently

scraping the %@aﬁfmzﬁ%emdae&%emrkpaﬁ §1bd@)ffﬁmTQ# &5/h3HSREIHIRNS WargsHansferred into
15 ml Falcon tubes and lﬁ?% cropl SYSRENSIARS,) (?{ere (fﬁa |fu ed atdlgoo rom 4 C

25 Wit ri bu
for 3 minutes |n a eraeus M m ifug e he supe rnafan as remove ﬁets were washed

with cold D-PBS B! RedaF gﬁfgaﬂﬂ%ﬁéi%?ﬁ/ﬂ@%ﬂ)ﬁﬁe’ﬁa‘i{ﬁém pellets were quickly frozen in
liquid nitrogen. Cells were thawed on ice and lysed by adding 120 pi Ix lysis buffer (1 x DP .buffer, 0.8%
NP40). The lysatestwekd teanstarcedinine kisisnk Rppendorf tubes and incubated for 30 minutes rotating

at4 C and th%&?ﬁ}%“%?@' &PB#&%IH@&B%@&@& wpmta&ﬁs;a&h@pa&ges RAIRALE Wap dransferred into
uItracentrlfug% % ﬁ?ﬁg f?rgg ﬁggﬂtgﬂg’eqoﬁ lﬁto%_ﬁh% 2 2 r?r'g{)r / %ﬁooéooodé g) r 1 hour at
[ a

4C. An aliquo upérna Was0ge té’lﬁ:%:é@) ication per?ormlng radford
0]

assay (BioracPlafptems Nﬁ@?‘é@/é“éo‘h‘(ﬁehﬁ*ﬁﬁe%étﬁﬁhé i) RIDO8) 2 THETEARI¥GRg samples
were quickly féppemiinfliqliic: pisog enancdtatediag -80@umtil usaifothersindiegtadddlipors0 - Dilution

of cell lvsate 1Gak/Msates sxorerpeapasgdvis destibed belipvedrammRAWE647 maprophages. One
ysate aliquot yas iaeadn R W@%eg‘?%ﬁntmdothﬁmﬁt it G ihe Waatnaag ualyme of bOP

buffer containin pro ase in or (1 tablet of S |n P buffer or
25 ml of Ix DF9 P'&B}ﬁtﬁlﬁ é%’(’f’ M?f“@gg"#ﬁ? @é Z\g fé%eﬁep?ﬂdé |to’r/°cob prom Roche
Diagnostics, cArafseué- Wﬂ%%e?@ﬂﬁ@?&%éh‘%ﬂé@ Bd tHalat ﬁwm%ﬁééﬂ'ﬂﬁaﬁ%aéfiﬁ%% was

achieved. ThedyaaitewaihsThithlarcsl ted iy edel rfgriR(DRiduéestcontairingeu8% dPRd¢hard proteinase

inhibitors so thﬁo@ﬁm%@m&rﬁ%@ﬁ@}r@ﬂ%a&ﬂ;@ 0L as A ANRY were centrifuged for

four minutes at 1100 rpm (Heraeus centrifuge) and the eluate was collected in the wells

of the collection plate.

Detection and guantification of Pl13K delta

The PI3Kdelta protein in the eluates was detected and guantified by spotting aliquots on a
nitrocellulose membrane and detection with a first antibody directed against PI13Kdelta
and a fluorescently labeled secondary antibody. The nitrocellulose membranes (BioTrace
NT Nitrocellulose, PALL BTNT30R) were pretreated with 20% ethanol and
subsequently washed with PBS buffer.



Washing of affinity matrix The affinity matrix as described in example 1(0.25 ml of dry bead volume)
was washed two times with 10 ml of Ix DP buffer containing 0.2% NP40 and was finally resuspended
in 5.0 ml of Ix DP buffer containing 0.2% NP40 (5% beads slurry). Preparation of test compounds For
in the lysate COPIEESHZxperiment stock solutions of test compounds were FBHAPA4 Y DMSO
corresponding to a 50fold higher concentration compared to the final concentration in the assay (for
example a 500 pM stock solution was prepared fargs final test concentration of 10 pM), This dilution
scheme resulted in a final DMSO concentration of 2% in the assay. For control experiments (no test
compound) a buffer containing 2% DMSO was used so that all test samples contained 2% DMSO.
Incubation of Eedldstsetienifl i ticlampoumachzade affienty imabinckadunl uimebaf SORThdbdiikated lysate (10
mg/ml protein iy gisRensed ioorgachuelber)areb well fibiar plafgerhhemBerairof Eistrampound
e b eRaderl fionchIBlEaarions 304 RSO WAL I95LaRON apere used

Then 100 gl o matrix (5% s er well were added. The plate was incu or two hours

at 4C on a shaker{? fﬁ%*bﬁ@éﬁl?@ﬁfqaws&dﬁ EfpemisH). SHe pﬁ%%% W PEdihh vacuum
manifold instrifiehtaidipsed, INMAY/ M 09BsOR plekire el asvmaiied @6 finres-RRh X0 RI of Ix DP
buffer containinginddhdRedthrier ihe dhitofbobprataiisutiee FitarqBstéwvis placadngnoa ollection

plate and 20 ghaf-206a0RiRRNIRE (RAAAMaEHSHICeh: Rif e @ %%atga%ngduﬁﬁéai» 02%
Bromphenol b fiﬁfLéer)a%\gtth Tfﬁ%g&%{;% mqﬂﬁ%’ﬁratlg1 was adgleedg% %aﬁﬁvgliu iehq Rlgjes were

incubated for 30 minutes at room temperature on’a s ermomixer, Eppendorf).

Subsequently’Tr@dﬁfé?ésbwgf@%é’ﬁff%@%%%ar2rr/?|ﬂ"tl"t%es? aﬂ‘?oorﬁ?r{ (BRRPadlie %’@ﬁ@ﬁfﬁ@e) and the
eluate WO 2068/0980 24P GTER20001000692 5 Brinuisasachiieithet inPiHi® hvélts/0f Hd vsHection plate.

The detectiomangddpmastiicatiomofudiSikiella wBs pefierMedmatiesats hediapomerESaRIe 6:
Selectivity Pf%ﬁ"m%ﬁ'?ﬂén'%E%Fﬁa%ﬂ”glﬁp'Eﬁé’%ms%y%H%&&Héﬂtﬁﬁ&'vs‘%gﬂé?ﬁvé%%@mt%lfh'S

examples demoanstrgteg a omptetlttll\{ee t;llg]ﬂdlg 0assafy W whic iIaegt co age a[dfj éjlrectly into a
cell lysate. Tebt cy omp LGS Tat Various concentrafiondy dhd the Ellﬁenlt matrlxyfi I MiXEGre of beads

with mmobﬂz%ﬁ%ﬁénﬁ}lﬂ‘ﬁﬁk T@fﬁghhgqpa%oé@ﬁﬂ%e%v “ﬁﬂ‘f’?@ﬂﬂ?féﬁlﬁme‘ﬁ%ﬁo‘f“ﬁhd{m’féﬁ‘bmen ligand)
were added tacwcetlivgate aliguatsnandeddwidsy tthbindto theprd$ihstzéidsinechdarttreclysiite sample.

After the incutgioqn @Gzﬁxiﬁlﬁub@a@&dﬁdﬂlo?awwﬁ%p'&&irlfeté’@r@nsﬂﬂﬂ{alﬁﬂd‘fwn thertyeate.. Bound
proteins Were%%ﬁg%&ﬁ%%%'ﬂi B[ecs‘gﬂq? &J‘ﬂgﬁ@@@ﬂgﬂ&gﬂﬂ% using quantitative mass
T

spectrometry based on the TTRAQ method. The IC50 values for the interaction of three compounds

with several kinase were determined (Figure 9).
B) Compound profiling in cell iysates

Preparation of celi lysates

The culture medium was removed, cells were washed once with D-PBS buffer and 4 mi
ice-cold D-PBS buffer was added. Macrophages were removed by gently scraping the
cells and resuspending them in D-PBS buffer. The cell suspensions were transferred into
15 ml Falcon tubes and kept on ice. The macrophage suspensions were centrifuged at
1500 rpm 4 °C for 3 minutes in a Heraeus Multifuge. The supernatant was removed and
the cell pellets were washed with cold D-PBS buffer. Afier an additional centrifugation
step, the cell pellets were quickly frozen in liquid nitrogen. Cells were thawed on ice and
lysed by adding 120 pl Ix lysis buffer (1 x DP buffer, 0.8% NP40). The lysates were
transferred into 1.5 ml Eppendorf tubes and incubated for 30 minutes rotating at 4 °C and
then centrifuged for 10 minutes at 13,200 rpm at 4°C. The supernatants was transferred
into ultracentrifuge tubes and centrifuged in a TLA-120.2 rotor at 53,000 rpm (100,000 x
g) for | hour at 4°C. An aliquot of the clarified supematant was used for protein
quantification performing Bradford assay (Biorad Protein Assay dye concentrate,
catalogue number 500-0006). The remaining samples were quickly frozen in liquid
nitrogen and stored at -80°C until use in the binding assay.



Washing of affinity matrix The affinity matrix (1:1 mixture of beads with immobilzed phenylthiazole
ligand | and beads with immobilized phenylmorpholin-chromen ligand) was washed two times with 15
ml of Ix DP bu;‘fer containing 0.4% NP40 and then resupended in 5.5 ml of Ix DP buffer containing
0.4% NP40 (‘Qé%%%%&g%lurry). Preparation of test compounds Stock soﬁﬁgﬁgzgp%'g?@ampounds
were prepared in DMSO corresponding to a 100fold higher concentration compared to the final desired
test concentraion (e.g. a 4 mM stock solution was. ggepared for a final test concentration of 4 gM). This
dilution scheme resulted in a final DMSO concentration of 1%. For control experiments (no test
compound) a buffer containing 1% DMSO was used so that all test samples contained 1% DMSO.
Compound C2G0ea18es2vdarl P13K/mTOR kinase inhibitor P1-103 (Calbiochem catalogue number
528100; Knightgtahsed bielalelbas/d3clibé]. Holom PR A OX 00 4RODsr i @anymadnhibitor 1
(Calbiochem B3R106, ARG FaRaE! elon 2005 NALSMEAIS L3 930 - Dilution of
cell lysate Celul/ es were prepared from Ramcrls cells %’? CF number b%-l%%glasddescrlbed in
example 2. F8 ’%ﬁéi&ﬂ ESRMATERE SR TE AR O JBREAIRI T BEF R 0 ProteiR was thawed in a
37C water bath ahéfltheRképtlat a5l afd W@gté%ﬁé%%ﬁfégo@-ﬁmgﬂ?}f Wadtsgiétiso that a
final NP40 copcentratibib06:0cd4fktavals et i evied Didgest itAS Cacfl thecfinah bl dintd O fvea s 0ddkd
fogf;)egtrfaflted M%%ﬁﬂglh%ﬁﬁgg&%@i@ﬁ%ﬁ%ﬁdm Wstables.ed prategsadrhibitariisgglied in 0.5 ml of
X uffer containing,Q. : re t il fr

Diagnostics,Cc%tg?_c{)%n eir)%uﬂr)n%%?fﬁp&%%{ﬁfﬁg I@ég?eﬁv%ﬁ%ﬁﬁﬁg}{ﬂﬁﬁé%ﬁ ggéﬁ%éﬁ)&%} Pgt?{?f?(fr containing

0.4% NP40 s8R SIS RER8IA O B8 Hg/m1 was achieved. Incubation of lysate with

test compound and affinity matrix A volume of 100 gl of diluted lysate was dispensed into each well of
a 96 well filtervplsiigvgBiaffidity plaafitest compound diluted in DMSO was added. For control reactions

1.5 pi DMSO WIQQHM@%QQH;‘BQHQQM%@EH%Q%@@QW@QS%PE@H} i MaVinAPXas WKL Pper well were
on

o, e (e PEIRFCIPT.ZIPBLR il BRK KA PR L L IRERAES
" in 5.0 ml of 1x DP buffer containing 0.2% NP40 (5% beads slurry).

Preparation of fest compounds

For in the lysate competition experiment stock solutions of test compounds were prepared
in DMSO corresponding to a 50fold higher concentration compared to the final
concentration in the assay (for example a 500 pM stock solution was prepared for a final
test concentration of 10 pM). This dilution scheme resulted in a final DMSO
concentration of 2% in the assay. For control experiments (no test compound) a buffer
containing 2% DMSO was used so that all test samples contained 2% DMSO.

Incubation of cell lysate with test compound and affinity matrix

A volume of 50 pl of diluted lysate (10 mg/mi protein) was dispensed into each well of a
96 well filter plate. Then 3.0 pl of test compound diluted in DMSO was added. For
control reactions 3.0 ul DMSO without test compound were used. Then 100 pl of affinity
matrix (5% slurry) per well were added. The plate was incubated for two hours at 4°C on
a shaker (750 rpm on a Thermomixer, Eppendorf). The plate was washed using a vacuum
manifold instrument (Millipore, MAVM 096 OR). Each well was washed two times with
220 i of 1x DP buffer containing 0.4% NP-40. For the elution of proteins the filter plate
was placed on a collection plate and 20 pl of 2x sample buffer (100 mM TrisHCY, pH7.4;
4% SDS; 20% glycerol; 0.0002% Bromphenol blue) with DTT (50 mM final
concentration) was added to each well. The plates were incubated for 30 minutes at room
temperature on a shaker (750 rpm on a Thermomixer, Eppendorf). Subsequently the
plates were centrifuged for four minutes at 1100 rpm (Heraeus centrifuge) and the eluate



The plate was washed using a vacuum manifold instrument (Millipore, MAVM 096 OR). Each well was
washed 4 times with 400 gl of Ix DP buffer containing 0.4% NP-40 and 2 times with 400 pi with Ix DP
buffer containing 0.2% NP-40. For elution the filter plate was placed on a collection plate and 40 pl of
2x sample bl}ﬁggrz?%E‘)‘?Fﬂ?\h TrisHC1, pH6.8; 4% SDS: 20% glycerol; 0.0294 BISHHMERYBtue) with DTT
(50 mM final concentration) was added to each well. The plates were incubated for 30 minutes at room
temperature on a shaker (750 rpm on a Thermombggr, Eppendorf). Subsequently the plates were
centrifuged for 2 minutes at 1100 rpm (Heraeus centrifuge) and the eluate was collected in the wells of
the collection plate. Detection and quantification of kinases by mass spectrometry The kinases in the
eluate were detsctetebipdriasbspetiyarhéteycatiattsuribad. iftexdetsleon andl queatificative afialysis using
the ITRAQ methdanaspestpfnaeias seserbednprayviously (WO 2006/134056; Bantscheff et al., 2007.
Nature Biotechnology 25, 1035- 1044) and IC50 values were calculated for the interaction of individual
compounds and kinases (Figure 9). WO 2009/098021PCT/EP2009/000692 - 53 - Example 7:
Selectivity profiling of PI3K interacting compounds using multiplex immunodetection This examples
demonstratesFxewimp&ritfrtepiiviin grefiingiafiith interastngoempenndnasied giraetilp i a cell
lysate. Test camgoyacksdaeuarious concentrations) and the affinity matrix (1:1 mixture of beads with
immobilzed phenylthiazole ligand 1 and beads with immobilized phenylmorpholin-chromen ligand)

were added (g gell sate alighals and alwed i R DS IO ENBEANAING e ysate sample.
After the incutation time the beads with captured proteinswere separated from, tHe lysate. Bound

proteins wered$fisH SHREY AW ASPH¥atite rkirrmewdss Fetatity SARFERERINRSY 1188
multiplexed insffiaiip deiestion foikiene Ddsedespbnrwmebiiied fhemdivienedl kirnaddsanébsagenerated and
IC50 values cadeilaiiachiHigndrgachdimaehbAdin\blashing Idaalfjniyrenaldied The-afiie miagax{1:1 mixture

of beads with ipmabilzgdPhravihiazpls.dgandnt.ard heads i Wmabiliggd the incutation
phenylmorph(%!:121(-30!}11E}og(]’ztgei?S "»9%%% was Warshelg tworélrsréesra ét t:]L5 nlbgf IX Pguffeg c%né%mmg 0.4%
NP40 and then resupendéd In' 5. pmf'odf X BEBUHer Coh aining U ,\]}592 (20% _éjadts sfurry).
Preparation Op@gttegpnﬂaﬁﬁﬁd the presence of kinases was measured using quantitative mass :
spectrometry based on the ITRAQ method. The 1Cs; values for the interaction of three

compounds with several kinase were determined (Figure 9).

Washing of affinity matrix

The affinity matrix (1:1 mixture of beads with immobiized phenylthiazole ligand 1 and
beads with immobilized phenylmorpholin-chromen ligand) was washed two times with
15 mi of ix DP buffer containing 0.4% NP40 and then resupended in 5.5 ml of 1x DP
buffer containing 0.4% NP40 (20% beads slurry). '

Preparation of test compounds

Stock solutions of test compounds were prepared in DMSO corresponding to a 100fold
higher concentration compared to the final desired test concentraion (e.g. a 4 mM stock
solution was prepared for a final test concentration of 4 uM). This dilution scheme
resulted in a final DMSO concentration of 1%, For control experiments (no test
compound) a buffer containing 1% DMSO was used so that all test samples contained 1%
DMSO.

Compound CZC00018052: dual PI3K/mTOR Kkinase inhibitor PI-103 (Calbiochem
catalogue number 528100; Knight et al., 2006, Cell 125, 733-747).

Compound CZC00015097: PI3K gamma inhibitor [ (Calbiochem 528106; AS-605240;
Camps et al., 2005, Nature Medicine 11, 936-943).



Stock solutions of test compounds were prepared in DMSO corresponding to a 100fold higher
concentration compared to the final desired test concentraion (e.g. a 4 mM stock solution was
prepared for a final test concentration of 4 nM). This dilution scheme resulted in a final DMSO
concentration of 19 Forcontrol experiments (no test compound) a buffer%%ﬂ@fim%ﬂﬁ%ngSO was
used so that all test samples contained 1% DMSO. Compound CZC00018052: dual PISK/mTOR
kinase inhibitor PI1-103 (Calbiochem catalogue numgger 528100; Knight et al., 2006, Cell 125, 733-747).
Dilution of cell lysate Cell lysates were prepared as described in example 2. For this experiment a 1:1
mixture of Jurkat (ATCC catalogue number TIB-152 Jurkat, cloe E6-l) and Molt-4 (ATCC catalogue
number CRL-RH8Mcefldgishisewas used. For a typical experiment one lysate aliquot containing 50 mg
of protein was ¥pwetkinerd frepuaie ridalk andsbem KRPTD dmbbp dre.lysass anksibipenof 1XDP

vollme of & S0 a T Eor o B e O T ibitor
54 tiasohvodTREE ot P, BT BTG 8 e N K FA A o B e ibitor
cocktail from RE&ieBRaddssicdatatinsgdEHurpesnresar v Pridayestechiaetiither dittfeby adding Ix
DP buffer contairfing 9coduad\P408fhataémneadipdateitrcendehtratiomdbd wag/adtiedad sadhiteved.
ISncllJ_batior; _<|3f bﬁ?ﬁﬁe%hrliﬁsh&pme%a NSl aRindy I ek e 3G ik fdtey: Nlieteo (Mpltigcreen L3

olvinert Filteg Plate, M MSRI NOZ ed; 00l a er well, 3 pi
of compound 2(% l%%n!vg%(% %Eg i?(@&l% Ill\élgi(aéil%%). %ﬁi‘?@v%r@is%%?e{g a&%&ﬁ‘?ﬂ‘?&%ﬁ%ﬁg 7ﬁou rsina
cold room on a*PHEHHoXEF vﬂwfmrhﬁizfﬁ‘g%(»éedmgnj.XA%MF&SWH@W&%%@ Whéh e Wcd with 220 pi
washing buffefinalscirindenvrateatiaveiunadniteoariestdample buffer. The eluate was frozen gickly
at -80C and stored at -20C. Detection and quantification of eluted kinases The kinases in the eluates
were detecteq,anghayaBifiag oyt P ting-BIReeUr AN Nifgggllulose membranes using a first

antibody direcfed agains kinase. of interest and a fluorescently label ecqndar tibody
(anti-mouse o/}avr?%%ﬁlt Vé{%‘\}!e%sl\}?’éﬁﬁ o%glaé% ‘f‘?’éﬁ‘n%?88@?5%3%%&%‘5%5"33/3|gﬁé"r’é% ﬁrﬁ%{ging system
from LI-COR Bgciisees Y Hnolfst neBPeyrRe, dijgad {1dNperitsrddebromgainstFattiss provided
by the manufdciure(88RutritButchswentpnenéiaie 2081, Deaadttativd, ifivitolortire§26¥h blot

detection withsinfray aet horeseeneRdPudighee WAayn264e b Yol R GEtrs Biasciencesavanyrdigor.com).
After spotting gf the ?%%&Et g”&@,pﬁ_e membrane (BioTrace NT, Millipore #66485) was first

blocked by incubation with Odyssey blockin buffer.f%) ICOR, 927- .4 .Oogér W room
e She e Mo e S T e ROl AR B BRI

which was dilfifs8l Hebugs ey shiking vt LB niahiioly et repiivn e Afendifids fd tembrane
was washed fomesiwigs4Ql 7t mithLite HRthiRBSwalferacbataiNmgl0.1% Tween 20. Then the membrane

was incubateqdpeREJmine sAh ROMAEPIRe ML Wilkeila prieaion@pfibpgy dRPyekiklabelled
antibody fromFRpasienaditics 8. Odvespdbiasabullerconianinglad dilgangband 0.02%
SDS. Afterwar § the gnerinbrane was [ﬁvas e%g%r times for] 7i%nutes each Wlt&bl X F%S Eufferlo.l%
Tween 20 and . HR&TrEPE SORTHELUAM 13 BHE DI rRE InbRTHVAIR WaS L& BB Bliffer at 4C
and then scanPieHISsith tFROTOE8BERGHStIhferbakidredcane oBignAhs eraiyet draerrdtié-analysed
according to tRebiagtrenchioths pihtkewaanafadfuped. for 2 minutes at 1100 rpm (Heraeus centrifuge)

and the eluate was collected in the wells of the collection plate.

Detection and quantification of kinases by mass spectrometry

The kinases in the eluate were detected by mass spectrometry as described in example 2
and guantitative analysis using the ITRAQ method was performed as described
previously (WO 2006/134056; Bantscheff et al., 2007. Nature Biotechnology 25, 1035-
1044) and 1Csq values were calculated for the interaction of individual compounds and
kinases (Figure 9).



- 55 - Sources of antibodies: Anti-PI3K gamma mouse (Jena Bioscience ABD-026); anti-P13K delta
(Santa Cruz #sc7176) ; anti-P13K alpha (Cell signaling #4255); anti-DNA PK (Calbiochem #NA57);
Licor IRDye 800 mouse é926 32210); Licor IRDye 680 rabbit (926-32221); Licor IRDye 800 rabbit
(926-32211): Y 3 1680 mouse (926-32220). Example 8: Preparation ot the" %?r%ﬂ‘?ﬁ?’matrix with
the phenylmorpholin-chromen ligand This example describes the synthesis of the
phenylmorpholin-chromen ligand (8-(4- aminomethyt-pheny1)-2-morpholin-4-yl-chromen-4-one)
(Figure 16). This capture ligand was immobilized on a solid support through covalent linkage using an
amino functional group and used for the capturing of proteins from cell lysates (see for example Figure
17). Synthesi&xi8pid-ambekaetisthy| prafihipd- 258310 dlite taglint romemub dn g Big priuitiplex
2,3-DihydroxyidesnzedeaeibiA] (259, 0.16mol) (Sigma-Aldrich, Cat no. 126209) was stirred in methanol
(125m1) with concentrated sulphuric acid (1m1) and the‘reaction heated to gentle reflux over night. It

was then conﬁtrated nd the residue partltloned een et }yl ac%ta e and saturatgd agueous

sodium bicarbolafEXRe opﬁg}% raieesr VAdTRELNE ed W "f%ﬁsr?a Airated 3qﬁ%n6 S"86uitin
bicarbonate, @fdef Witkshadrteuralstipriatd chltersepavuit drckHipPife RSBGPS B Aty oxy-benzoic

acid methyl esfén{3 m¥tiddd L5 .D;taré%L hd RIsCv{iWl dtivoch Bled MHen)lthGZp R TigarRi 3maid, ERHINMR:
(CDCI3) 8 109in(Smtddi1 7280 flhy ibriphol3 (Sl 1 R (MerbHilided/ & (So1 L el Affor8H). Step 2
2,3- D'hydroxi.‘f’c?”ﬁ&k%&‘%db’ﬂﬁtﬂy h%ségtlz%] (%(?n%m?%”}m@\féé&té"& )@e%ﬁe? @Q‘?&Q ?%a”e (100m1)

with pyridine (3.6m1, 44.6mmo 2mm and the reaction

cooled in an iBBIHEPEH MTCRRY t?félf?é‘%ﬁl?f?f(?rﬁﬁpgf% Hae (Tg i’ﬁﬁe 9%02%7?6? $"eq) was
added, the resetorihgashtesivan téhe anvseecroomkismpe raasrdgréedtirndd wwet isghtsinBeareaction
mixture was dilutgplanit chahlasoenetiantrwashedewviipdivt yevechipiiciaiiu{{LGamds) vaied with

sodium sulphatg.fii&erarland, ¥rROMIGHa theradbwas recrystallised from ethyl

Washing of affinity matrix

The affinity matrix (1:1 mixture of beads with immobilzed phenylthiazole ligand 1 and
beads with immobilized phenyimorpholin-chromen ligand) was washed two times with
15 ml of 1x DP buffer containing 0.4% WNP40 and then resupended in 5.5 ml of 1x DP
buffer containing 0.4% NP40 (20% beads slurry).

Preparation of test compounds

Stock solutions of test compounds were prepared in DMSO corresponding to a 100fold
higher concentration compared to the final desired test concentraion (e.g. a 4 mM stock
solution was prepared for a final test concentration of 4 uM). This dilution scheme
resulted in a final DMSO concentration of [%. For control experiments (no test
compound) a buffer containing 1% DMSO was used so that all test samples contained 1%
DMSO. Compound CZC00018052: dual PI3K/mTOR kinase inhibitor PI-103
(Calbiochem catalogue number 528100; Knight et al., 2006, Cell 125, 733-747). '

Dilution of cell lysate

Cell lysates were prepared as described in example 2. For this experiment a 1:1 mixture
of Jurkat (ATCC catalogue number TIB-152 Jurkat, cloe E6-1) and Molt-4 (ATCC
catalogue number CRL-1582) cell lysates was used. For a typical experiment one lysate
aliquot containing 50 mg of protein was thawed in a 37°C water bath and then kept at
4°C. To the lysate one volume of IxDP buffer was added so that a final NP40
concentration of 0.4% was achieved. Then, 1/50 of the final volume of a 50fold
concentrated protease inhibitor solution was added (1 tablet of protease inhibitor



- 56 - acetate to afford 2-hydroxy-3-trifluoromethanesulfonyloxy-benzoic acid methyl ester [C]. Yield
crop 1, 6.5g, 24%. Further recrysadlisation afforded a second crop, 6.8g, 26%. 11-1 NMR (CDCI3): 8
11.11 (s, 1W; 7.80 (dd, 1H); 7.36 (dd, 1H); 6.86 (t, 1H); 3.93 (s, 3H). Step 3 A solution of
N-acetylmorr}ﬂglﬁ% @98}3% 13.3mmol, 2eq) in 30m1 dry tetrahydrofuran L%%E’Pﬁ%ﬁ%"é"éﬂﬁ\%as cooled in
an acetone/dry ice bath (-78C) and treated with LDA (10m1, 2M solution in THF, 3eq). The reaction
mixture was stirred for 60 minutes then 2- hydroxy-8trifluoromethanesulfonyloxy-benzoic acid methyl
ester [C] (29, 6.6mmol, leq as a solution in | Oml dry THF) was added. The reaction mixture was
allowed to warm from -78C to room temperature and stirred over night. The reaction was diluted with
water (4m1) fditevhed by 2% hi/dfdehloribebid (damil)gieteriPattdd e bratnwddentiptease
dichloromethangpliBe edkasisvar e sevnegowrshesdathonaberietswith TRagpesiumesulphate,

itered and eygnguatsh B Sk HOIAS RANIFHIY 035D RPITBRAPIAABRNID oty

acetate to afford trifluoro-methanesulfonic acid 2-

hydroxy-3-(3-?ﬂﬁ?fﬂf)€m?-'hg}f-§'-%? WS BROYFSloheny! ester [D]. Yield 1.06g, 40% IH NMR (CDCI3):
67.96 (dd, 1H); 7.49 (dd, 1H); 7.00 (t, 1H); 4.14 (s, 2H); 3.65-3.73 (m, 6H), 3.56 (t, 2H). Step 4
Trifluoro-methangauoniCl wetd RithydsoxyriddBatog bfiliitd watdcoxo-propionyl)-phenyl ester [D]
(1.06g, 2.7mmg} inedichlopameihaneaRmkVas isried withir L emsshangsuipheniggnhydride
and stirred over Q?J‘Jeg-t 588@ %‘iﬁ‘rﬁtera%%&- Aospagrionmixiure was hep.sppeaniia %ﬂgﬁge'disso"’ed
in methanol and stirred for & further -2 hours: %%e,s%ﬁutlon’w s diluted with water and basified to pH8. It
was then extr3cs thite iR 8 A HAS D A eH TR AR LROWS & B Fh &3P W8N d with brine,
dried with maghersionsrswiphsitekingd( S\iaporatédicovgings the patleasrydshsdasywdhroibrall W rituration
with ether gaveathiffigasoretanesdionie asid Zuradrphpl 7o4dyd-daxe-gifthromeshity master [E] as a

brown solid. ¥jgld -Qgﬁa@@%clgg’d_gb@éedmggo@: RT = 2.8min. 1H NMR (CDCI3): 88.16 (dd, 1H);
7.49 (dd, 1H); 7.40"2?[tI 1H); 5.62 (s, 1H); 3.85 (dd, 4H), 3.60 (dd, 4H). Step 5

. Detection and quantification of eluted kinases

The kinases in the eluates were detected and quantified by a spotting procedure on
Nitrocellulose membranes using 2 first antibody directed against the kinase of interest
and a fluorescently labeled secondary antibody {(anti-mouse or anti-rabbit lRDyeTM
antibodies from Rockland). The Odyssey Infrared Imaging system from LI-COR
Biosciences (Lincoln, Nebraska, IJSA} was operated according to instructions provided
by the manufacturer (Schutz-Geschwendener et al., 2004. Quantitative, two-color
Western blot detection with infrared fluorescence. Published May 2004 by LI-COR

Biosciences, www.licor.com).

After spotting of the eluates the nitrocellulose membrane (BioTrace NT, Millipore
#66483) was first blocked by incubation with Odyssey blocking buffer (LICOR, 927-
40000) for one hour at room temperature. Blocked membranes were then incubated for
16 hours at 25°C with the first antibody which was diluted in Odyssey blocking buffer
containing 0.2% Tween-20. Afterwards the membrane was washed four times for 7
minutes with PBS buffer containing 0.1% Tween 20. Then the membrane was incubated
for 60 minutes at room temperature with the detection antibody (IRDye™ labelled
antibody from Rockland) diluted in Odyssey blocking buffer containing 0.2% Tween-20
and 0.02% SDS. Afterwards the membrane was washed four times for 7 minutes each
with 1 x PBS buffer/0.1% Tween 20 and once for 5 minutes with 1 x PBS buffer. The
membrane was kept in PBS buffer at 4°C and then scanned with the Odyssey instrument.
Fluorescence signals were recorded and analysed according to the instructions of the

manufacturer.



Trifluoro-methanesulfonic acid 2-morpholin-4-y1-4-oxo-4H-chromen-8-y1 ester [E] (380mg, 1.0mmol),
4-(N-Boc-aminomethyl)phenylboronic acid (280mg, 1.1mmol, - 57 - 1.1eq), potassium carbonate

(275mg, 2.0mmo|¢ Ze% and tetrakis triphenylphosphine palladium (0) (60mg 0.05mmol 0.05eq) were
stirred in dioXaRé (04%91 "Zhd heated to 80C for 4 hours. The coded reactio ng%ﬁgmﬁ@?ed and the
filtrate concentrated in vacua The residue was purified by flash chromatography eluting with 0-3%

methanol in dichloromethane to afford [4-(2-morphe3l in-4-y1-4-o0x0-4H-chromen-8-y1)-benzyl]
carbamic acid tert-butyl ester [F]. Yield 238mg, 54%. HPLC (Method A): (MH+) 437, (MNa+) 459; RT
3.0 min. 111-INMR (CDC13) 38.17 (dd, 1H); 7.55 (dd, 1H); 7.49 (d, 2H); 7.37-7.42 (m, 3H); 5.51 (s,
1H), 5.00 (brsSdusbsshBa(itodiel; 3.74 (dd, 4H); 3.35 (dd, 4H); 1.48 (s, 9H). Step 6
[4'(2'MOrphQ'Kh_é’r—'V&ié-gm{H'hﬁhE@m%&m&&imzyﬂﬂmwﬁmiQMQT&H@L@@&&_GFL{E}#(&?Omg,
0-53[T'm0')1 '”ﬁ%}'o%?uw-%ﬁ@ﬁi&ﬁg‘&é/ﬁaﬁg%ﬂﬁd#’HE@S%%HY%&Q?RCME@&H%{H'ﬁ?fﬁ%&%?f?;)- Tr:e t
reaction was stirre ro emperatyre. for 3 hour rn ich.ti pitate S. The solven
was removed?'rh':?/ra . 5§§QI%OPE i@ég't’%%ar(}ate[ac fmgtlag %g.g\ﬁ{ﬁaégggs{g Fr%%gl% \‘/‘v'ggrc!?){gﬁed by
filtration and di8dakbGRAB G Ainlrierh EUREREYHUS RI8AIHIRT4-yI-chromen-4-one [G]. Yield |
89mg, quantitative. HPLC (Method 18): (MH+) 337, (MNa+) 359; RT 1.32 min (broad). IF1 NMR

(DMSOU6): 8 Byath 8. PEDpASf0h hENT TGS 3 RiidHhe e {BmaFPh B kkbokidi 5.79 (s, 1H);
4.09 (q, 2H); %.638 (gt, 4H); 3.41 (t, 4H) Table 5: Abbreviations DCM Dichloromethane DMAP
4-(Dimethylamﬁ1(5')pyridine Lithium diisopropylamide

This example describes the synthesis of the phenylmorpholin-chromen ligand (8-(4-
aminomethyl-phenyl)-2-morpholin-4-yl-chromen-4-onej (Figure 16). This capture ligand
was immobilized on a solid support through covalent linkage using an amino functional
group and used for the capturing of proteins from cell lysates (see for example Figure
17).

Synthesis of 8-(4-aminomethyl-phenyl)-2-morpheolin-4-yl-chromen-4-one

Step |

2,3-Dihydroxy-benzoic acid [A] (25g, 0.16mol) (Sigma-Aldrich, Cat no. 126209) was
stirred in methanol (125ml) with concentrated sulphuric acid (1ml) and the reaction
heated 1o gentle reflux over night. It was then concentrated and the residue partitioned
between ethyl acetate and saturated aqueous sodium bicarbonate. The organic layer was
washed with further saturated aqueous sodium bicarbonate, dried with magnesium
sulphate, filtered and concentrated to afford 2,3-dihydroxy-benzoic acid methyl ester [B].
Yield 15.2g, 57%.

HPLC (Method B): (M-H") 167; RT = 2.3min. ‘H NMR: (CDCl) 8 1092 (s, 1H); 7.39
(dd, TH); 7.13 (dd, 1H); 6.82 (dt, TH); 5.70 (s, 1H); 3.98 (s, 3H).

Step 2

2,3-Dihydroxy-benzoic acid methyl ester [B] (15.g, 89mmol) was dissolved in
dichloromethane (100ml) with pyridine (3.6ml, 44.6mmol, 0.5eq) and DMAP (272mg,
2.2mmol, 0.025eq) and the reaction cooled in an ice/water bath.
Trifluoromethanesulphonic anhydride (16.2m/l, 98.2mmol, 1.leq) was added, the reaction
was allowed to warm to room temperature and stirred over night. The reaction mixture
was diluted with dichloromethane, washed with 1M hydrochloric acid (150ml), dried
with sodium sulphate, filtered and evaporated. The product was recrystallised from ethyl



LDA MeOH Methanol THF Tetrahydrofuran NMR spectra were obtained on a Bruker dpx400. LCMS
was carried out on an Agilent 1100 using a ZORBAX(r) SB-C18, 4.6 x 75 mm, 3.5 micron column.
Column flow was Iml/min and solvents used were water and acetonitrile (0.1% formic acid) with an
injection volu¥fé BFY & wWavelengths were 254 and 210nm. Methods art &t iBEt Hidfow. - 58 -
Table 6: Analytical methods Method

.56 -

acetate to afford 2-hydroxy-3-trifluoromethanesulfonyloxy-benzoic acid methyl ester [C].
Yield crop 1, 6.5g, 24%. Further recrysatiiisation afforded a second crop, 6.8g, 26%.

'H NMR (CDCl): 8 11.11 (s, 1H); 7.80 (dd, 1H); 7.36 (dd, 1H); 6.86 (t, 1H); 3.93 (s,
3H).

Step 3

A solution of N-acetylmorpholine (1.72g, [3.3mmol, 2eq) in 30ml dry tetrahydrofuran
under nitrogen was cooled in an acetone/dry ice bath (-78°C) and treated with LDA
(10ml, 2M solution in THF, 3eq). The reaction mixture was stirred for 60 minutes then 2-
hydroxy-3-trifluoromethanesulfonyloxy-benzoic acid methyl ester [C] (2g, 6.6mmol, leq
as a solution in 10mi dry THF) was added. The reaction mixture was allowed to warm
from -78°C to room temperature and stirred over night. The reaction was diluted with
water (4ml) followed by 2M hydrochloric acid (40ml), then extracted three times with
dichloromethane. The extracts were combined, washed with brine, dried with
magnesium sulphate, filtered and evaporated. The crude product was purified by flash
chromatography eluting with ethyl acetate 1o afford trifluoro-methanesulfonic acid 2-
hydroxy-3-(3-morpholin-4-yl-3-oxo-propionyl)-phenyl ester [D]. Yield 1.06g, 40%

"W NMR (CDCl3): 8 7.96 (dd, 1H); 7.49 (dd, 1H); 7.00 (1, 1H); 4.14 (s, 2H); 3.65-3.73
{m, 6H}, 3.56 (1, ZH).

Step 4

Trifluoro-methanesulfonic acid 2-hydroxy-3-(3-morpholin-4-yl-3-oxo-propionyl)-phenyi
ester [D] (1.06g, 2.7mmol} in dichloromethane (30ml) was treated with
trifluoromethanesulphonic anhydride and stirred over night at room temperature. The
reaction mixture was then concentrated, re-dissolved in methanol and stirred for a further
2 hours. The solution was diluted with water and basified to pH8. It was then extracted
three times with dichloromethane. The extracts were combined, washed with brine, dried
with magnesium sulphate and evaporated to give the crude product as a brown oil.
Trituration with ether gave trifluoro-methanesulfonic acid 2-rhorpholin~4~yl«4~ox0~4H~
chromen-8-y! ester {E] as a brown solid. Yield 210mg, 20%.

HPLC (Method B): RT = 2.8min. 'H NMR (CDCls): 8 8.16 (dd, 1H); 7.49 (dd, 1H); 7.40
{t, 1H); 5.62 (s, 1H); 3.85 (dd, 4H), 3.60 (dd, 4H).

Step 5
Trifluoro-methanesulfonic  acid 2-morpholin-4-yl-4-oxo-4H-chromen-8-y! ester [E]
(380mg, 1.0mmol), 4-(N-Boc-aminomethyl)phenylboronic acid (280mg, I.Immol,



Easy Access Method Name ChemStation Method Name Flow Rate Solvent Run Time A Short column
ANL Positive Medium SANL_PGM.M

WO 2009/098021 PCTE/EP2009/000692
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1.leq), potassium carbonate {275mg, 2.0mmol, 2eq) and tetrakis triphenylphosphine
palladium (0) (60mg, 0.05mmol 0.05eq) were stirred in dioxane (4ml) and heated 1o 80°C
for 4 hours. The cooled reaction was then filtered and the filtrate concentrated in vacuo.
The residue was purified by flash chromatography eluting with 0-3% methanol in
dichloromethane to afford [4-(2-morpholin-4-yi-4-ox0-4H-chromen-8-yl)-benzyl]-
carbamic acid tert-butyl ester [F]. Yield 238mg, 54%.

HPLC (Method A): (MH™) 437, (MNa") 459; RT 3.0 min. "H NMR (CDCI;) & 8.17 (dd,
1H); 7.55 (dd, 1H); 7.49 (d, 2H); 7.37-7.42 (m, 3H); 5.51 (s, 1H), 5.00 (brs, 1H), 439 (d,
2H); 3.74 (dd, 4H); 3.35 (dd, 4H); 1.48 (s, 9H).

Step 6

[4-(2-Morpholin-4-yl-4-ox0-4H-chromen-8-yl)-benzyl]-carbamic acid rerz-butyl ester [F]
(230mg, 0.53mmol), in dichloromethane (5ml) was treated with 4M hydrogen chloride in
dioxane (2ml). The reaction was stirred at room temperature for 3 hours during which
time a precipitate forms. The solvent was removed in vacuo and the residue triturated
with ether. The resulting solid was collected by filtration and dried to give 8-(4-
aminomethyl-phenyl)-2-morpholin-4-yl-chromen-4-one [G]. Yield 189mg, quantitative.
HPLC (Method 18): (MH™") 337, (MNa") 359; RT 1.32 min (broad). 'H NMR (DMSO-
de): 6 8.54 (brs, 2H); 7.99 (dd, 1H); 7.68-7.73 {m, 3H); 7.62 {d, 2H); 7.51 (t, 1H); 5.79 (s,
TH); 4.09 (q, 2H); 3.68 (t, 4H): 3.41 (t, 4H)

Tabie 5: Abbreviations

DCM Dichloromethane

DMAP 4-(Dimethylamino)pyridine
LDA Lithium diisopropylamide
MeOH Methanol

THF Tetrahydrofuran

'NMR spectra were obtained on a Bruker dpx400. LCMS was carried out on an Agilent
1100 using a ZORBAX® SB-C18, 4.6 x 75 mm, 3.5 micron column. Column flow was
Iml/min and solvents used were water and acetonitrile (0.1% formic acid) with an
injection volume of 10ul. Wavelengths were 254 and 210nm. Methods are described
below.



ImUmin 0-1.5min 30-95% MeCN 1.5-4.5 min 95% MeCN 5 min Short column ANL Negative Medium
SANL NGM.M - I ml/min 0-1.5min 30-95% MeCN 1.5-4.5 min 95% MeCN 5 min
WO 2009/098021 PCT/EP2009/000692
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Table 6: Analytical methods

Method Easy Access ChemStation Flow Solvent Run
Method Name Method Name Rate Time
A Short column ANL | SANL_PGM.M | Iml/min | 0-1.5min 5 min
Positive Medium 30-95%
MeCN
1.5-4.5 min
95% MeCN
B Short column ANL | SANL_NGM.M { iml/min | 0-1.5min 5 min
Negative Medium 30-95%
MeCN
1.5-4.5 min
95% MeCN

Immobilization of the phenylmorpholin-chromen ligand on beads (affinity matrix)

NHS-activated Sepharose 4 Fast Flow (Amersham Biosciences, 17-0906-01) was
equilibrated with anhydrous DMSO (Dimethyisulfoxid, Fluka, 41648, H20 <= 0.005%).
I ml of settled beads was placed in a 15 ml Falcon tube, compound stock solution
(usually 100 mM in DMF or DMSO) was added (final concentration 0.2-2 pmol/ml
beads) as well as 15 pl of triethylamine (Sigma, T-0886, 99% pure). Beads were
incubated at room temperature in darkness on an end-over-end shaker (Roto Shake
Genie, Scientific Industries Inc.) for [6 - 20 hours. Coupling efficiency is determined by
HPLC. Non-reacted NHS-groups were blocked by incubation with aminoethanol at room
temperature on the end-over-end shaker over night. Beads were washed with 10 ml] of
DMSO and were stored in isopropanol at -20°C. These beads were used as the affinity
matrix in exampie 2, 3 and 4. Control beads (no ligand immobilized) were generated by
blocking the NHS-groups by incubation with aminoethanoi as described above.



Immobilization of the phenylmorpholin-chromen ligand on beads (affinity matrix) NHS-activated
Sepharose 4 Fast Flow (Amersham Biosciences, 17-0906-01) was equilibrated with anhydrous DMSO
(Dimethylsulfoxid, Fluka, 41648, H20 <= 0.005%). 1 ml of settled beads was placed in a 15 ml Falcon
tube, compound stock solution (usually 200 mM in DMF or DMSO) was added (final concentration
0.2-2 pmol/ml beads) as well as 15 RI of triethylamine (Sigma, 1-0886, 99% pure). Beads were
incubated at room temperature in darkness on an #hd-over-end shaker (Roto Shake Genie, Scientific
~ Industries Igg. for 16- 20 hours. Coupling efficiency is determined by HPLC. Non-reacted NHS-groups
were blocked by incubation with aminoethanol at room temperature on the end-over-end shaker over
night. Beads were washed with 10 ml of DMSO and were stored in isopropanol at -20C. These beads
were used asAhe=aidinity Meabdxtifceia@opler?; i3ianthding obtiahbeadsmiReiligardipyaobilized) were
generated by blocking the NHS-groups by incubation with aminoethanol as described above. - 59 -
Claims 1. A method for.the identification of a P13K interacting compound, comprising the steps of a)
providing a proteirt)orepiiaga presAtaIAmE PrRrerEyEsatdéing the protein preparation with
3-(2-{242-(2-amin@)&ﬂi@%}r@ﬂi@ﬁﬁﬂﬁﬁﬂ”@&ﬁ&aﬁﬂﬂm N@{@f@@&ﬁ&im ethoxy)-ethoxy]-ethoxy}-

3-methanesulfonyl; hen)ﬁlﬁﬁ -thiazal igna @9@ or.salf thereof jmmabilized on a solid
- -7 - th I L
support under con tloﬁsa \Svlngt ormeatlon o# PRSI i propionafi

a3-(2-{2-[2-(2- amuﬁbsaitﬁhﬁzwfm@]@mw}i@tﬁé&%qﬂﬁd@%ﬁm@nsaﬂomg the formation of
methanesulfonyl-gheny1)-4- megh&l thigzgl-2ylkprapienpenies, - Ehai compiex gl incuating the
3-(2-{242-(2-aming-ethox fret t 4-chloro3- esulf nyI phenyl)-
4-methyl-thiazol- meeéxproé%n ey }Qe&g x(lj}lvéslj( ol 18%%J£eg%frll%co %e‘termlnlng whether

the compound is aﬁél@f@@éﬁ%i&%@W@S@%{%ﬁr%ﬁ@ﬁmﬁeﬁhﬁ@%’}@hﬁmﬁmwﬁﬁdé‘rﬁo@@?m'
ethoxy]-ethoxy}-ethexan-he{Sdvichatay-3rmethanssuiionyinhenydomide methyl-dhigeelwith a
2y1]-propionam|degﬁ é}zrﬂ%ompound,
d) determining whether the compound is able to separate PI3K from the immobilized 3-
(2-{2-[2-(2-aminoethoxy)- ethoxy]l-ethoxy}-ethoxy)-N-[5-(4- chloro- 3-methanesulfonyl-
phenyl)- 4- methyl- thiazol- 2y1]-propionamide, and
¢) determining whether the compound is able to separate also ATM, ATR, DNAPK
and/or mTOR from the immobilized 3-(2-{2-[2-(2-aminc-ethoxy)-ethoxy]-ethoxy}-

ethoxy)-N-[5-(4-chioro-3-methanesulfonyl-phenyl)-4- methyl-thiazol-2y11-propionamide.

2. The method of claim 1, wherein step d) includes the detection of separated PINK or the
determination of the amount of separated PI3K and/or wherein step e) includes the detection of
separated ATM, ATR, DNAPK and/or mTOR or the determination of the amount of separated
ATM, ATR, DNAPK and/or mTOR, preferably, wherein separated PI3K, ATM, ATR, DNAPK
and/or mTOR is detected or the amount of separated PI3K, ATM, ATR, DNAPK and/or mTOR is
determined by mass spectrometry or immunodestection methods, preferably with an antibody
directed against PI3K, ATM, ATR, DNAPK and/or mTOR.

3. A method for the identification of a PI3K interacting compound, comprising the steps of

a) providing a protein preparation containing PI3K,
b) contacting the protein preparation with 3-(2-{2-[2-(2-amino-ethoxy)-ethoxyl-ethoxy} -
ethoxy}-N-[5-(4-chioro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2yi]-propionamide

or salt thereof immobilized on a solid support and with a given compound under



e) determining whether the compound is able to separate also ATM, ATR, DNAPK and/or mTOR from
the immobilized

3-(2-1242-(2-amino-ethoxy)-ethoxykethoxylethoxy)-N-[5-(4-chloro-3-methanesulfonyl-pheny1)-4-
methyl-thiazol-2y1]-propionamide. 2. The method of claim 1, wherein step d) includes the detection of
separated PINK or the determination of the amount of separated PI3K and/or wherein step e) includes
the detection of separated ATM, ATR, DNAPK anflor mTOR or the determination of the amount of

separated ATM, ALRyBNARK, AR EQRmPsetermblywherainiseRasaied-RI - AldyATR, DNAF'K
and/or mTOR is detected_or the amount of separate PI3§{F{ATI\&,¥?{{¥R, IIE)NAI\;CHK arg(rjlé%r.%f[OR is
determined by ma¥BO& eIt S r TS SR B AR e SRR A BrEFRby W A A AR ody directed
against PI3K, ATNNKTdemn¥APK and/or mTOR 3. A method for the identification of a P13K interacting

compound, Comp@?i@&eﬁaﬁﬁ%&%@ of @) previding aupreselRnBre RARLON SRRLaInIng PU3KioR) £ontacting
the protein preparation with 3- 2-%2- 2-(2-amino-e_tho%ethoxy]-eth

Xyl - .
ethoxy)-N45-(4-cHRSBETHEARARBEt S iy IS HE VLAY %W‘fm%ﬁ%%%ﬁ%ﬂ%iﬁ%{ié%n%?dsat thereof
immobilized on a seldsepport and with a given compound under - 60 - conditions allowing the

formation Qf a 3'(21:1) @%L%t‘&%‘@vﬂ!:‘éﬂ%emgw L’oﬁ&%&%&%ﬁ}&}@— {2-[2-(2-amino-ethoxy)-ethoxy]-
ethoxy)-N45-(4-chloro-3-methanesulfonylphenyl1)-4-methyl-thjazol-23/11-Propionamjde - PI3K
complex, c) dete&?F’Rj‘ifh‘éﬂ?’-’(@-‘%ﬁ[%ﬁfz‘i}é}ﬁ{ﬁiéiﬁmw}(wg?ﬁgﬁﬁgﬁ&%ﬁﬁl[%%&-chIoro-3-
methanesulfonyl-pheriytpmddenathiyFig)azct; Iy propid namidiR BiB Kecofoptex fosmet)in step b), and d)
detecting whether also a complex between the 3-(2-{242-(2-amino-ethoxy)-ethoxy]-
ethoxyI-ethoxﬁ-N45-(4-chIorq-3-methanesuIfonyl-phenyI)-4-.methyI-thiazoI-2y11- propionamide and
ATM, ATR, DNPReSAf o FiroR KA Bodh Tl SEprBye4s PHEMMSHEY SFERIRmS, Wherein in
step ¢) saitkgaiestingis perorned-oy-deteaminingtitw aetiouyt-ohskhe, 34xy)-N-[5-(4-chloro-3-

{212-(2'ami”%etQ%%%%}%g&r%@%t}f&}é&rﬁ%ﬂ%ﬁ%ﬁaﬁ@lﬁ@3P13K complex and/or wherein in

methanesuﬁgnyal?p yl-thiazol-2y11-propionamide - PI3K complex and/or wherein in step
d) the amouiPofh BB rAPRR LRI PRt 2E0VEsR e HRA MG EHG B B R Rt RSt HERY)-N-[5- (4-
chloro- 3- mgtbanasytionydhiphepyhedarmetiylylthinzolh 24 1hahopidiemiideldnbAdMridT RADNAPK
and or mTO‘ﬁhﬁ q\e[tﬁr%njgﬁ( a%aEP%f@%é@%{%%{}%?f claims 3 or 4, wherein steps a) to c) are

performed with Several protein preparations in order to test different compounds.

5. The method of any of claims 3 or 4, wherein steps a) to ¢) are performed with several protein

preparations in order to test different compounds.
6. A method for the identification of a PI3X interacting compound, comprising the steps of:

a) providing two aliquots of a protein preparation containing PISK,

b) contacting one aliquot with the 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-
N-[5-(4-chloro-3-methanesulfonyi-phenyl)-4-methyl-thiazol-2yl]-propionamide or salt
thereof immobilized on a solid support under conditions allowing the formation of a 3-(2-
{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-N-[5-(4-chloro-3-methanesulfonyl-
phenyl)-4-methyl-thiazol-2yl}-propionamide - PI3K compiex,

¢) contacting the other aliquot with the 3-(2-{2-[2-(2-amino-ethoxy)-ethoxyj-ethoxy}-
ethoxy)-N-[ 5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyi-thiazol-2yl]-propionamide
or salt thereof immobilized on a solid support and with a given compound under
conditions ellowing the formation of a 3-(2-{2-[2-(2-amino-ethoxy)-ethoxyl-ethoxy} -
ethoxy)-N-[5-(4-chloro-3-methanesulfonylphenyl)-4-methyl-thiazol-2yi]-propionamide -
PI3K complex,



6. A method for the identification of a PI3K interacting compound, comprising the steps of: a) providing
two aliquots of a protein preparation containing PI3K, b) contacting one aliquot with the 342-
{242-(2-amino-ethoxy)-ethoxykethoxy}-ethoxy)-
N45-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2y1]-propionamide or salt thereof
immobilized on a solid support under conditions allowing the formation of a 342-
{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy} - ethoxy)-1\§-][5 (4-chloro-3

-methanesulfonyl @élé@%ﬂﬁﬂé%ﬂ%ydzﬁh@%@k%\éﬂ -RLopionAnids s 31K fomrleX%k:sonkasting the other

aliquot with the 3- minQ-etho thox ketho
ethoxy)-N45-(4- cm ?H%’i?f e i‘f%?ﬁﬁﬁ%)li(zﬁhﬁ‘ A %4' SRS 2y PR YRS RARiEE Sr salt thereof
immobilized on a @uhpi@tfppm andewith engimeméompound under conditions allowing the formation of

a 3-(2-{242-(2- anur%&éﬁ%ya W&emﬁ} zomplex between the 3- (2 {2 [2- (2—ammo-ethoxy -
ethoxy)-N45-(4-chloro-3 methanesulfonyl %Y[g -4- met I-thj zoI nggﬁ lonami I3K complex,
-61 - d) determinfiRyTHEs n?%‘?’iﬂe% e?e‘f L §3§%ﬂ HXY)- ,

N-[5-(4-chloro-3- rﬂlﬁﬂhaowsndfmdylaphéﬁyi)mmma@dlezyﬂ@meh@m@a@ﬂt{mb}ex fowled in
steps b) and c), apg; &) determining whether also a complex between the 3-(242-[2-(2-amino-ethoxy)-
ethoxykethoxyl-ethoxy)-N45-(4-chloro-3-methanesulfonyl-pheny1)-4-methyl-thiazol2y1]-propionamide
and ATM, AIR, DNAPK and or mTOR has been formed in steps b) and c). 7. A method for the

~ identificatioh AfnzetRé3 Koinbe idetiifipaampbuPBKdomprisiggdmpstahswofpraingrbvidepg divo aliquots
comprising each at least one cell containing PI3K, b) incubating one aliquot with a given compound, c)

harvesting the cells of each aliquot,
a) providing two aliquots comprising each at least one cell containing PI3K,

b) incubating one aliquot with a given compound,

¢) harvesting the cells of each aliquot,

d) lysing the cells in order to obtain protein preparations,

e) contacting the protein preparations with the 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-
ethoxy}-ethoxy}-N-[5-(4-chioro-3-methanesulfonyl-phenyl)-4-methyl-thiazoi-2yl1-
propionamide or salt thereof immobilized on a solid support under conditions allowing
the formation of a 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethaxy}-ethoxy)-N-[5-(4-
chloro-3-methanesulfonyl-phenyl)}-4-methyl-thiazol-2yl}-propionamide - PI3K complex,
and

f) defermim'ng the amount of the 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy} -ethoxy)-
N[5-(4~chloro-3-methanesuifonyl- phenyl}—4—methyl-thiazoi—2yi]—propionémide - PI3K
complex formed in each aliquot in step e), and

g} determining whether also a complex between the 3-(2-{2-]2-(2-amino-ethoxy)-
ethoxy]-ethoxy}-ethoxy)-N-[ 5-(4-chioro-3-methanesulfonyl-phenyl}-4-methyi-thiazol-
2yl]-propionamid and ATM, ATR, DNAPK and or mTOR has been formed in step e).

8. The method of any of claims 6 or 7, wherein a reduced amount of the 3-(2-{2-[2-(2-amino-
ethoxy}-ethoxyl-ethoxy}-ethoxy)-N-{5-(4-chloro-3-methanesulfonylphenyl}-4-methyi-thiazol-

2yl]-propionamide - PI3K complex formed in the aliquot incubated with the compound in
comparison to the aliquot not incubated with the compound indicates that PI3K is a target of the

compound.



d) lysing the cells in order to obtain protein preparations, e) contacting the protein preparations with
the '
3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]ethoxy}-ethoxy)-N45-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl
-thiazol-2y11- propionamide or salt thereof immobilized on a solid support under conditions allowing
the formation of a 3-(2-1242-(2-amino-ethoxy)-ethgxylethoxyl-ethoxy)-N45-(4-
chloro-3-methanesulfonyl-pheny1)-4-methyl-thiazof-2y11-propionamide - PI3K complex, and f)
determining, the- ameauabehipe Sc@nk2 [2-62-aming ethaxyethoxy3ath oyl (@ihomykthoxy)- |
N-[5-(4-chlogo-3-methanesulfonyl- phenyl)-4-methyl-thiazol-2y1]-propionamide ~ PI13K complex founed
in each alitfélé}tx M%%‘eoﬁi y: ), aa‘r%y% &ge){é?rgr%%%a Wvﬁ%%ﬂ%srugﬁsnoy lg%%oﬁge?e@ém%dt 2@
3-(2-12-[2-(popigripidah d¥FH- complex is determined by separating PI3K from the immobilized 3-(2-{2-
ethoxy]-ethexylethRxeidN¢befoehlenar3-mathanespienyhRhe Rvldd-nathylythiraaigwl]-propionamid
and ATM, ATR, DNAP, d ormTOR has been formed in.step.e). 8. T thod af any of claims 6 or
7, wherein iR Oé’% mrerthe ifﬁ%ﬁ‘g’i -%r%n%ge fr}:(l){))r(ly ot %(rfa/ﬁ?%t Ii(Ij%gy}or subsEqent
-ethoxy)-N48stbichtioro8tmetrrmesiatoryiphBilkl )-4-methyl-thiazol2y11-propionamide - PI3K complex
formed in the aliquot incubated with the compound in comparison to the aliquot not incubated with the
compound jndjcates that PI3K is }ar et of the compound., - 62.- 9. Th ethf)d of an 1of claims 4 to
8, wherein {he B8t (%tf? &% -i?ﬂ%—%ﬁ%mir‘?’o?@ of’(e)l/1 L determination whether also a complex
ethoxy]-etH@xybathoxy)-N-15-(AchiGri2 $2rathemstofoephdaior -aleanpthiaZ oicplprg:3-
propionam ﬂ&ﬁaﬁé%&@ﬂ&l&&lﬁﬂﬁ@iﬂﬁﬁ%wﬁ?ﬂ%@&%%@&EMW%@WDNM 23dr (2-
[2-(2-amino-ethoxy)-eth?)g;ﬁgé 0X rIf-ethcg%g-N- 5-(4-chl ro-sg-m tha&es{ulfonﬁggg%}é ;}u ‘
methyl-thiaZd Sy T PS o AARSTE BRa BB Se SRS r B eSS s B R At PR SF silpséadent
determinati@ranithetamotrb ofdeparatedhPi SKN-IEo(4Thtometingthafeawijonfahpmd) 4 toathxivherein said
dethermi;atk[ﬂwh prrr ﬁ&&?@@h B!?éli]gf?& &@m%tézﬁﬁﬁﬁé%-f%@%ﬁm,OﬁykemmHgﬁwd
-ethoxy)-N-[5-(4-chloro-3- methanesulfonyl-phenyl)-4-methyl-thiazgl-2y1]-propj ide and ATM,
ATR, DNABK %o‘)‘b?%@j‘ﬁ‘“ﬁggteﬁg]éfﬁ%?rﬂfgg?saéé%%?r%é&%%%%ﬁéﬁhé@éiﬁé?rg%aﬁ%r‘ﬁ the
immobilizechBC(R; {RefRrably wherein said protein is detected or the amount of said protein is determined by
(2-amino-ethoxyasethaxvl-ethoxyiethaxnd:r Rdsehiorerdmethanasulfenylpasaydd-d-methylthiazol-2
yl]-propionamide and subsequent detection of separated ATM, ATR, DNAPK and or mTOR or
subsequenf%?é??"ﬁfhation of the amount of separated ATM, ATR, DNAPK and or mTOR, preferably
wherein said protein is detected or the amount of said protein is determined by mass spectrometry or

immunodetectign methads Rieleably with an antieady diresies a0ainstSaiduRipteitreddnd he method

of any of claims 1 to 10, perfoimed as a medium or high throughput screening, and/or wherein said
compound @@@é@i&rﬂlﬁéﬁ?ﬁ%ﬂﬁ?ﬁ%l%ﬂ%‘fﬁﬁyﬁo& rﬁf?é’ﬁcc%rgr‘ﬁ%?ﬂﬂ?%?t rGRRIE Srtrétic drugs,
more preferapyisnaitinieleduls.onganiordiugdy amdihansiatsmatkmslebuls, compeonds snk. The
method of ch&glggmgom.ll, wherein the PI3K interacting compound is a PI3K inhibitor, and/or
wherein the solid support is selected from the group consisting of agarose, modified agarose,
sepharose beads (e.g. NHS-activated sepharose), latex, cellulose, and ferro- or ferrimagnetic
particles, angl/dhwheredd tfeaBd2f claims 1 to 11, wherein the PI3K interacting compound is a PI3K

{242‘(2'ami%b%P%bs}hQﬁ%{%ﬁﬁW&l%‘9&&3@6&"@&4&9@3&9%&'@ﬂ@tg%ﬂﬁ%dlf%}ﬂ‘gpgﬁQg’&)fs%jmethw-thia

zol-2y11-propionamideis .
modified agarose, sepharose beads (e.g. NHS-activated sepharose), latex, ceilulose, and ferro- or

ferrimagnetic particles, and/or wherein the 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy}-ethoxy}-
ethoxy)-N-[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2yl}-propionamide is
covalently coupled to the solid support.

13. The method of any of claims 1 to 12, wherein the PI3X is PI3K gamma and/or PI3K delta.

14. The method of any of claims 1 to 13, wherein the provision of a protein preparation includes

the steps of harvesting at least one cell containing PI3K and lysing the cell.



covalently coupled to the solid support. 13. The method of any of claims 1 to 12, wherein the PI3K is
PI3K gamma and/or PI3K delta. 14. The method of any of claims 1 to 13, wherein the provision of a
protein preparation includes the steps of harvesting at least one cell containing PI3K and lysing the
cell. - 63 - 15. The method of any of claims 1 to 14, wherein the steps of the formation of the
3-(2-{2-[2-(2-
amino-ethoxy)-ethoxy]-ethoxyl-ethoxy)-N-15-(4-chféro-3-methanesulfonyl-pheny1)-4-methylthiazol-2y1
1-propionamide - PI3K complex are performed under essentially physiological conditions.

15. The method of any of claims I to 14, wherein the steps of the formation of the 3-(2-{2-[2-(2-
aminomethoxy)-ethoxy]-ethoxy}-éthoxy)—N~[5-(4~ch10r0—3—methanesuifonyI—phenyl}-ﬁ%—methy}—
thiazol-2vi}-propionamide - PI3K complex are performed under essentially physiological

conditions.



