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PREFACE

1 PREFACE

Cancer research targeting Ras

The oncogenic protein Ras is a key -3cOa% coefr pr
all human cancers displayrmsudtiogsiinnuinice nR.
growthhetbéoBeasi prhas been a central target

the | ast decades. Unf ortunahtaesleyssulneme i of eftf

medi caitieont | y .t argeting Ras

Only recently 1t was real i zfedRahsow st haeo ncnaenccte
|l ocalization of R®®&h aas tehmercgedd .a sl hteh @ r od reti m
f RraPDlr egul m¢ ecled d aull cafr adRraRka1® e p e sd gmtal tr ansdu

PDikEhas therefore nmeed pgracomeded oas ssipgpnrael sisnign g

Due to their f avaopuroapbetretaijpehsao mgawonil ogmeal ecul es
for the treat mente ocfabDedecadésesamseamas | | mol e
i nhi bi toavseodof | Rasitihersboelesappr oachaeag ef orf t &
particul dm helHiasegteh ¢ #PEAdEs Nt er actdxoml omidd ase a
means of suppressi ndlhoen croagtei noinca | Rmadsé Vseilnurygad e nutl
i nhi bitors bloakdnghehrt si mpawithadoc dieBas | shiegdn a In
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2 | NTGRDUCT I ON
2.1 RasGTPases

GTPases are proteins that bind and hydrolyz
sarcoma)r &JWklasttse | mportant cell ul ar processe
apoptlPassi sproteins bindy GDiPglandf [GiT®i wy t And ed i
GTPase activity and?Byctgotidg betwamgleamamat B
activeowdd® stat e, Ras proteiimdiraea). aBhenon eclu
banding state of Ras proteins is controlled &

and GTPase activating proteins (GAPs).

® GAP T 6Gr0wth factor

GTP hydrolysis membrane we'y Farnesyl
LT =
GEFN\ GTP binding / &0B

EDP &P Phosphotyrosine

®
Cytoplasm
Nucleus ELK = Transcription
FigdrBd ol ogi cal switch ?ARmact iacnt sofasRam | leicuy ey B sswe e rt ht

GDPand GTP bound state, whi ch i s r ebgoud nadt eRla sb yi sGA&Pcst iav
guanine nucl eotsi(GEFkRKc hva n g eGultRaxccG@aPh/GEP tbadgeg t he Ra
protein confirmatbomdwhigch or ebfifinedcisnagrssd viRiBaD st) h e iTrh eRaasc t |
of Ras iby wvietgdyloavtiéndsti c GTPase aac¢delstyradbrydilityhteecaat ben
wi t I6T Baascettiivmwag pr ot ei n ( GAP)Rasbh-IRale k h auwhii écana v fs tfhree qu e
dysregul ated i n TRas adlape mde ptr od etirme@cERRpB20 rb itnydrso stione ki
and to the GEF son of sevent espslha¢sSrtha)memB O8 aictt i wlaaree f c
Ras. Ras bisntdismuRiAsFtlekda m @wshei cahc trievsiutlyt s i n downstream si ¢

activation of tran’s%ription factors |ike ELK.
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The binding of &Te&onforRmastwhnmtalc eadhlaocnvgse Ras p
interact with effector proteins triggering d
regul ate cellular growth for eFxiagnuprieb) vi Bnt hit
signal transduction pathway binding of a gr
tyrosine kinase (RTK) act i vliahtee sa dtalpe oca y tpa polt ae:
binds toplhosphEhkrghdt e@ETr ( iSHOS )ttthee pl as ma me
Upon activaRadasonbibrydsSOBAF1ls akidnasde mad tditheeist vy ,t
acti vapthioosnp hoft §$ @ada dblsit it maatneslcy ,i patrieo na cftaicvtaotresd

results for exampllwel am grtawitud.ati on of <ce

Due to this crucial role in the rRagwnlcatdiionng o
genes ayeassooingtled wi tMWMutceatoiammrd deket hppmBRas.
a GB®und acmaiviel wthay eer éy d@ DR yga tsadAPIFesd ab y

result, the cycling of Ras between the actiyv

pat hways are permanently active, which may r

Owing to the ami mpamtt eiolse iof cBncer devel opl
transduction has beamcear mahemrapgyrfgert t me alnas

despite intense efforts not a Sgihn gl ef atihair &
gener aitRansg darnutgs can be at | east partially
druggabl e cavity, that allows efficient bind
approaches have generated | ow affigitugebuhde

affinity compounRwsr tinesethieec eli ovreg ieanuapa ri Rrdast U loanr
mut 4 6L 20«d)t h coval Bas Bhhrbetomovel interest
signaling by direct s malPl&@sial ecul e modul ator

2.1.1 Ras GTPases localization and spatiotemporal signaling

Al | Ra s (K-Rsaosf4oR,ansKl BR,a shRabBl) f eature a-deimghlihy ¢
and a ICtegirdnathead hyper vd&guda&a)T.lkeorlleoggiiocnal( HWR,ct
Ras proteins is stheamctly subokbetia@arr rtelcad aR adz
|l ocali zation is mediated by posttransl ati ona
al |l four RaRaisisod @omoesi.t @dldugh pr cees eisn@fr ea

i ncl wdisn @fianren e s(yfl antnesxny |l t r g n spfreort@eRoE Eyl9)fE-Ba B8 € )
3



I NTRODUCTI ON

termcaaboxyme(tlhGNFg t 2@ yil.h e s e modi fications, h
sufhtcdmgustable binding tbBRds paRasdbwrmder gloc
additi arealSpal mi oyl ati oncyae¢e eiom eF gaur@es)t wo A
re/ depal mit oyRaast iaBnads ctgct eweékes b ndi ng to endo
and regul ates the dynamic Y'elR:Ralsaronl acheael ioz ate
i's expressed -Bas 4 AvoRast4oBK owhmsc hK are results o
K-Ras4A featur es eaK-RpaaslénBi ttohyd adt menr shand di spl
stretch in the HVR which facilitates membr a
polylysine s€geemcaeaalnd aRahsedsB/ | lad ¢ @lni, zeKs pri i
negatively mémab glgwrlpd as ma

K-Ras4B is arguably the -master mywtsstaan toi stohfeo rl
Ras gene occur frequently in |lung, col orect e
deadly paoaer e antoir9e %adfd manl | pat iRarst smuft ed ti wrnes . K
K-Ras4B is more wi dRealsyd4 Ae x ptrhei sss esdp Itihcaen vkar i ant
be the key onc-Baendci péSteimoiumns K
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a

extracellular matnx

cytosol """

: Hypervariable - @ §
G-domain Y region — e
PDEU N-Ras
[ I ] : 1 REE K-Ras-4A
FTase RCE1 ICMT1
—$(___cAx)
GDP) “APTI2

b H-Ras . . @ N-Ras @ K-Ras-4A @ K-Ras-4B @

$-RKLNPPDESGPGCMSCKCIEHD §{KKLNSSDDGTQGCMGLPC‘ §{KKISKEEKTPGCVKIKKC’ $-{KMSKDGKKKKKKSKTKC)@D

Cys\S
OMVW\/\/\ Cys\s Z Z Z
palmitoyl (P) farnesyl (F)
Fgur2ePotstans| atcieesdlngprof!’HRRas ;R 3 M;Ra4 msBl | poasbeghly

homol oglousa i GC-taenrdmian a | lr yepga roma r( iHaViRI)oen s Whdweah itGhw & | nv ol
in nucl eotnidde fdiercrdiomg iant er asc ta osnesr,ti retssmeolfld VpRosut i dl e mg o & f
enabl abd b rbainned i Algal) Ras rper oftaeri nness yal a taerdn e(sFy, | torraannsgfee)r absye
at GQGtheer mi ynattRa®menverti nBCEhrpymedéaCeaermhieat hAAX resi du
CAAX boxcy(sG eiAa¢ i phatic amFwmariaazhlde aammi nXo cacsitdke)i nand
carboxyl met hyl t rtamanfsd r€a ssesImt (hlaCMTcla)r boxyl at @ it heocasme!
of-RlkdsBe |l ect rastaatctaomasl vy wli yt driemgea teihvaepgyeals ma neennabbrlaen e
stable binding to the taamget a dneénnotdriafmadd yibhye portohteeri ni saoc
(PATs) wiwh palkemobtroyl tdr€d epaay Pitse i loe @) adtl € os tt ehlel @ abrigred
membrRalemi t oyl ati omciy$ prevei si bhé oasderases (APT1/ 2)
t arngeentbr amee .pr enyl P Ditadd dnigt ipamaleliyn control s associatio
bil aylePp sty ansl ati onsdlotrhmeo dfidurcadi ofhher ent Ras i sofor ms
produ$pal miftoyl aSi annésefadi amd(right).
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2.1.2 Impairment of Ras spatiotemporal signaling with small molecules

The postransl ational modi fications of Ras pr
thereby control Ras!3déiprhddenti ntdiegrd ®lriemg.e wi
and signaling seemed t o be readily possib
f arnesyl Faramessfyelrtarsaen ssfueprp@teasrsne by bat co#®@nadf GT|
treat ment ofcyteddmsid iireehsnuefnit$ cotRiadaoamlu mber of f ar
transf er ahsaev @ nbhea exil titosrisst¢ &1d t mi al s adutecattomad
Rasi gnmoé $ higyaldtueer nat i ve pr#Heynlcati of parmesyd t
inhibited, Ras flmecogmeesanay | gebh atnrydt d ransferas
retained membreanaenktafcfeilnist ywi tTh a combinati on
inhi bitors to avoid alrt gnmeatyil ae | peadmiphb dpe da o
and | aec keeas itrhed effi c&Ayddibnichahigal itrial s
significanti npoaintimconc eaf etffect of farnesyl tr
inhi bition of Ras signaling ogedafmgtoerptota
RCP18hd the met hylt®ryanssniaelrlasmeo lleCccMiTl es has al
the oveoalfeamti vendifbetoref walsesdess pronoun

transferase inhibitors

| n adtdoge®inng pr oc dxaginceyssytdmizmeeheaxx, s beehodesig
competeh the iinteract-biomdponigt &ialsnsf an t u pa teenlyy
mol ecul es were | ar gel2P®Pihreenfoft gptiicv es cirreveenli inmi
reveal ed compounds which i bherftargewst f Radh
compounds retmai datdent heaef ore rational compo
poss?i’bfhe summary, no clinically fefofneccotgievnei ca pF
signaling by meanzatifosudfc e Ra s l.h alsnr bpeaerntai bceuvl ¢
approach that targets-RasdBmbats bOreogermripori £
for the treatment of cancer patients.

2.2 PDEU a prenyl-binding molecular chaperone

Thedefene enclhdaspePli&i RDE®DBPF whi ch was ori
identi fi edusawbitthleofsph adilRREB6TFrasph6ét receptor

it det aches PDEG fromy t Oes emesnibtriamess atnide tphf

6
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cascd®h. subsequendwasstfuaired tPDEfunction as a
mol ecul ar chaperone for theé'PDERBaSs parrt off
UNC119W RDb®B GDI proteiardéaami tgmmwhi thpstd bindi
t he proteinsbafraetlurfeosl da ththeatta cont ains a | ar ¢
accommodate | i pidangd oRiInnsGDIWhh dteh PpDrEef er ent i a
groups, UNC119a laen dnyuUN Glt1o9ybl asthedd%pr ot ei ns i n

Il n vialtluadidnyrad &si ng G . é&lee gor imé ooofd gisdeEr e i dent i f i
29.dequence identitiesbeff weear mdMU%eweDE o mneer
by sequsenti Fahit Vheesamiured® Di#éswdws at | east 7009
identity within %68t elerquteensceardeat &tiTghde a mon g
conserved primary sequencl@ ns utghgee sttrsa fafni cekminnge
protliekeRaKsdBsi de t he cell

2.2.1The prenyl-dependent interaction between Ra&TPases and PDH

Bi ochemical and c¢celvleall 2 ncerewdic@s omavéet ween
GTPasensost K-Ras @aBldyiPBPDEbi nRRdass f anmins gpmdtseeque:
them from membranes thereby regulating spec
K-Ras“48 enriched at the plasma membrane, howe
Ras4B is transported tostleapldapmatime absdme
at the endopl asmit©indt n gRilplwaise lshheo wnr eémoy Ime d i
transk-Bastu@8ft he pl asFmagBmhéembr ane (
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ﬂ'?'f"?mﬂ”ﬁ«""” ”%RJ"”KR”"”U.' Pl asma men

NI

ka 2\ ) ”3&8‘3.'&0‘3\3065 06 uunuub“l Mo

++++++Q
P

=i A
%‘? & 3 KRa4s  las
+;%++f;’y 194 }o{ ,
OO PDEH 23k
-&F,\ﬁ‘; ﬂ endomembr a

Fi g8BPRE( cyfamnpti ons as a ohunitllye(prhodwed imRafs®@ R RragsK ot ei ns
are posttranslationally procesDdftedanspohtes eRmosoiBE aaompt

the plasma membrane where it can exert its biological

The efPfDdtoh B&s signal transductionkidawnb®dn
t hkRdegdnd b®i gniddaacraenaseh o sip hEavRyT%aits ofmi. ndi ng
attributed to an unspecific relocaPbDEation o

The interaction bPDiweaesn oadlassy pirevs eid thiag antadda c u |
l evel . A biophystihcealbiinnditesg vogfraaHiDolEnai me oy |l at e
semi syRavepimretveeiansed t hat tHear oa<Chydeaymehtany |Ka
Ras-dBdecapeptbDdisvi bhihhdgher affinity ctyhsaneianesi
met hyfAeseé mirs yRadBert o toeeibo t di sepalfadyi nhiit@gghhfamr PD
t hGt er mi-RaB-d Kdecapeptide, thivecoygangeaetd maitnh ¢
termi nugiadfat e *8Smrbsteegiumenariyys t atl  $ heu Rtawsr & aonf
proiRéiedin compPBEs hwiwtend t hat itheett avot pexdleu sisv
Sfarne€ylkamedus andl@ haemif ok haByii g4gr éaf) . The cr
structure revealed aPDmhgeh hgdoocphpbied bgvi
(Fig#sréd). The bindiPlDgd bemwdeat Rdebyaadf ew, ke
ArgdgGPRPDls hows @i oaterantion with a farnesyl do

hydrogen bond with a badcklkome nami.de group of
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= Glu78

Rﬁrgel

Figdret ersat ar oa &PIlbaotuendd (r Bhdeibn compliexy wP D RMRB over al l
structure, showing no protein backbone interations;
t fearnesylchgrley hydr &genmbood bacRbehe amide with Tyr

2.2.2 Arl2/3-GTP and PDELU regulate a transport system for prenylatedcargo which

controls the localization of Ras family proteins

The binding of f BbDhiiesyrl eag wBiddPpadbey Asl 30 whi c
t haer ADRri bosy !l atli loen) ffaamiolty*3Pol0Ei 6 TRas ed f ect or
which interacts exclusively with P& AITIP2 bou
compl ex rewnealiand etrlaaxtt iace r i B & mald lipalto édiesrhtimeert
cont Ricg®ti¢
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PDEL Arl2: closed PDEU-RheB: open
prenyl binding cavity prenyl binding cavity

FigbBeructur al anRhDly niterafct Coear Ast &1 -GptpMilHgtr ereen ) o fwi Arhl
PDE(cyan)lKSP®@B®ound Arl can be bi ochemihcyalrloyy ymianil cek eGdl
anaGppNBppNHp shown as bhalSlurdma es trieqltTehsee nftaartnieosny | o fb i B
pockedsdd ici the -GpreNEgmhaefet ,off Ard syl is modeled into

presence of farh#fyl ated proteins (rig

The binding ®Dties otf hddir® f2ik Betonf rom t he bindin
prot eiRhsebl,i kaeend suggests a mechanism of all o
Wittinghofer and cowor ker d atrmats yAralt eglr @tr eit res
PDE**A sHadarvted, ternary complex bet wedsantar nes
Arl 2 thus mediates the release of farnesyl at
system i s reminReBoehtaaoatpohéeé RboGBhI sm becau
binds the GDP bound form of Rho and acts as
the | i p’idd*hmaiheet yc. aPsDeEa oAlr IRh,e bhowever, the nucl
interabseownedsbetPvzieam dAmlodt hed RWee niRd emtnido g u e
PDEPDEhas therefore beleink ed essoclru boieldt®aisn gn fGixlt o

10
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Rheb

FigéTernary str uctiuArel 2mioRdlaesl hoof moR IbEydi ef f Rhetbhe geDhBrant
and 3T560G. For Rheb (red) the fGprpmMdbipwinditou@Arése shown
ball and sticks.

Recentl vy, cellul ar expRad meaoctal ideantoinsrt ran e d
contdr ody ebdarmd PtDiEe r el eFai sged)tfeanctteor reedtirobteticl (y ,
interactions aloneannot account foenrichmenif K-Ras at the plasma membrane (compare

F i g 8),dee to the verlarge relativesurface area of endomembrameshe celll nst ead K

Ras is sequestered continuauwmgl ydefln vrerendadmer
membr anes where it i's unl oaded byRaAr It2. tHlee
negay iovledrged surface of the recycling endos

for the obser vRas eatr itchthememlta sorha Kme mbr ane.

11
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plasma membrane

— 2

endocytosis
equilibration

W
P

&
Oﬁilibgon d é @
¢ ¢ ¢ €5

endomembranes (L@

o ’gg’:r'ec!yer.@

\}

\ — 4
Buiofos; 1ejngisap

I

grsiecyglin
; @ =endosomes,”
= negativecharge | = ) ST==Z=°=° ?__
(S PDES @‘ 9
™ Arl2-GTP
O famesylated KRas
nucleus

me mby @alnes byf s @ltturlmilplgpiczvagtsiiocc ul ar

tranjs3p(<Rrats. is sequestered conti PD&Eastdy détr omeread otme mipr
it is unloaded BRpsAtb2t hEl eegrbstvatic
Vesicolf Ridast rahepplres.ma ache m

FiguKd&kas | ocaki pd :asima

membr anes wher e

of the recycling endosome.

2.2.3Interactions betweenP D Eand other prenylated proteins

I n addition to there®nygl &TPdasE&IPastsowetderd
PDE n yewmosthybrid screens dmidg8drreddeemit osi ¢spé
| evPeDlspl ey st har celessiemdj smlai nt ai ni nc
prenyl at3RDE rnd tewiafpd einy | phe tl
ribppdoasdngé&r aayg kg he&rey | at

expression
organi zation of
PDEG6 s ufbaurnnietssy,l at ed

celFlisg8(r e fght)

12
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Target (GTPase) prenyl Target prenyl

K-Ras f PDE« f

N-Ras f PDEB g9

H-Ras f GRK1 f

Rap1a gg GRK7 g9

Rap1b ag cTy f

Rap2a f Ty f

Rap2b ag DmPDES5/6 g9

RhoA ag Prostacyclin-R f

RhoB g9 RPGR-RCC1 -

Rho6 (Rnd1) f INPPSE f

Rheb f

Rab8a g9 \ 2 \ S’R

Rab13 f farnesyl (f)

Rab28 f

GTP-Ari2 - AR~ s’R

GTP-Arl3 -

geranylgeranyl (gg)

Fig8rmet eracti oiwi maap po(fefndrDriaetseydl , f oandemamgp rgenmgingd ¢ ¢
Smal | GTPases are shown in the |l eft col umn, ot her pro

PD&Ebi nds to the GTPasesi gAmeln2t/o3s aa ndT PtRIBE RR eetgiul
RCC1 domain) via proteimreagHbdree dnfifteart asd taisd
note that a numbdarnoerabei( REGRdaArHdBPDENPPS5E
Rab28a PBERK1) are involved in diseases whi

primary cilium, a small organell e that protr

2.2.4 PDEU, cilia and signaling

Cilia are specialized organellegich protrudgrom the cell surface of almost all mammalian
cells*® Proteins that localize to ciliare often prenylated Prenylated, ciliary proteins include
thephosphoi nos s @§NPRSE, Plspbofi¢sterase U and b subunits and the
rhodopsin kinase GRK1. Mationsin the corresponding genes chkad to photoreceptor
degenerationMORM and Joubert syndronie humans®®® Due to the involvement of the

primary cilium in these diseses, they are often called ciliopathiesD&Ec ont r ol s t he
13
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targefi mgenyl ated protei nsINPP3ER® A homazygoum osi t o

mutation ofPD&i n Jouberit mpainrdy omar geti ng of farne

cil3%mteesti ngly, the homozygous mutation bl oc¢
Arl 2®@BkEand thusitsadtuincdti @er as a dkobtkeupro
mouse phenotypically only displays obeganal

dysfuntion is observed in humansiu3vSttrhi kJionugbl eyr.
t he highest eRDE&E es shiuama nivemeblreylossér ved i n t he
kidney tubul es Bhd eepspiFa igiQatey cet et of

FigOPREe xpression i AThempnoembonyssyubkbkpguesseBDWwi thin h

i s most iambuthkdeanéntire <centr al neoj youresalper phMé pr oaa
rhombencep(hag lbdm (rRRMh)a)n dt i ulegsd t hel i d1d) cReBl Ellsso cosfl 0 tzhee br
the | imb bu@demetteachgmeal l ayer of t hEefBoptibecoonehucf ut

cer elmel H,L helaernts;; nR, pngmealkt i atyemapfpRegtina; R, Rath

tongue; TuJS®renal tubul es

These organs ar e odioathiesshWithin ciidted estisP ® &l doal i zes
primarily tg obhet bas afThelmanspyrt oprénylated proteins like
INPP5Eto primarycilia is largely not understood, however the involvemen® @ &in this
interaction network suggests the possibility to use small molecule bindelPsDalEt o

undedstha@ under | ¥ing mechani sms

14
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2.2.5Hedgehog signaling pathway

The Hedgehog signaling pathway is critically
but also plays a vital role in adult ®tells
Briefly, Sonic Hedgehog ( SHH) iI's a secrete
receptor (PTC), which | ocal®pmpsn imni SehHin gaor cofu n
PT€&€he smoothened receptor (SMO)naeldiogtil o efsa
(GLar)e aohiilcenbdd t o afr atnlsga t BOE g ¥0ine

‘ &
‘D \ SMO ( @
ciliwu i KIF7 ciliwu
PTCHI = Bg
bynein
SMO motor
w PT?H] l \

r"/Vesude\‘. o H1H Basal body @ + Basal body

=

\ W/
SMO
() () (¥

<

Figdkeedgehog signaling pathway’/a)noVinr & thimtcatbesst d ri gulamd

PTCH1 | ocalizes to the cili &moahtdnm@dtt dotuligd nc islbiabre;o c k
upon bikad gephrad e)i nt HHRMTEMO r etloo ctahlei zceisl amd yameimbabes (|
transcri ptiikewlsf adtt dresadsi vation of th% target genes ir

Since Hedgehog sirgengautihreegsp i n nrafeenyRiDdEp F ay sisa vi t

role in Iciike opadtlherts syndr omBilkh aist ac agnle ebeer arl e a
Hedgehog signal i RDEI nmaddr o0 h okpRadrdtapse rli dheen s h o wn
activate Hedgehog sign®3°ng in pancreatic tu

15



I NTRODUCTI ON

2.3 Small molecule binders ofPDELU
So far, no rational desi gn Islt rmdlegou lheass tbheaetr
prenyl bi ndPD& Prcoatveioamidc s phage di spl ay exper

accideewvahl gd smal loPDd&l ecul es binder

l mn effort to identify wunknown binding part
Bisoci ences found thatCoAheedlubcbhasal i ghulbierdadd MA
t PDE(Fi gadi®®The penbsaatituted pyrrole mowas str
identified as tmhREtbp marn magg o ppmadr ea florbr ary bas
was syntHlhbheweivzeed. none of the synthesized mol
binding affinities than At cerpwastteadt ipny.r rion ea dcd
thiophenes, furans and | mPd&zion @desdsvehe paean
o f st°Bgkean el egant cearmbriereathymr i df syagasetni n
chromatography, Johnssgynshod tbwbr Reosvasuad
PD&antdhat among the statin drugPREASsS only At

I n a dif freonemtmi ctsudkw ppri mestesv dyl eéredacrikdhradlda o e
PDES5 inh4b40@m4 Bk stawgeof PD&Witnlg dm appr ox:
af fini-toPM@ET guail®%*®*Subsequentl y, P54 0dbedrdievat i \
synthesized and sttwo ngfer tPiDdtintd a RQBN eésjudged by
quantitative proteomics experiments with immobilized compo&héwever, no absolute

affinities for these compounds were reported.

Atorvastatin (1) PF4540124 (2)

F i g & 6Stuctures of previously reported bindersRoD &

16



Al MS

3 Al MS

Due to its eminent role in cancer, the Ras p
reseWhiclhe numerous attempts have peettehmats e t
impaireancogignalind,asnetmea geidndIr @eangl & nnigcs eR aed
signaltiingghtily | inked to the subcellul ar |l oc
organi zation of Ras f amiKiRw s r ontae inrt aa,r eamyd biyn
binding pu. o R®iAn mPBDEat ed k n &°d & @lgbewnne tosfe siurh e

mi sl ocal i-Raanidona odfeckk ease in the phasplscseyl a
Knockdoder6Bdnfpai rs oRaxogeingralKing, -Ra®dEvVvalid:
interactisesniag aargetefer t hceandceevre Itohpemeanpte ua fi

SinceifRREures a | amd etrinpyadtedonpthicad deybl e prenyl
cavitiyx seems feasi sl ¢ htad fiinrn R aBdxlieln wad lhed thled
and thus i mpRBas ohngemge@angt Ke main aim of thi
of t hi&k-RRBE i nt eractidomgasliacbaeggt af med at c
i n-REand the development of sm&l It hmslneadleeacw

For t he i ddrhteisfieh ic lamibii aem s codf | assay tthoathiigsh at
throughput screening has to be designed and
ot her biophysical met abdsi mekeyi 6bTEGeranad th
Hit compounds shoulPDkaedcbbengstati omed!| wiimp
guided design. Selected compounds -RalBDIE! be t
interiacttiloem | i ving cell and for theK-Ras mpac!H
mut ati ons ar @% opghdsnecrreegadsciebme >mPost pr omi si ng mo
eval uat ed KR andiecpee nbdeeanrti,nghuman pancreatic cat

Al t hoRdA medi at edPkDEy¢ ledl dwnl cl ear evidence t
dependrD@f ohealdvebi ol ogical role of the pren)
is, for exampl ePD&dnlly sumuwtltelae s twtheen hetry ket KRa
cell, or whether It can al Fbherrdns pbbihoddliean
studies using differently prenyl ated peptide
is a prenylD&Especi fity of

17



Al MS

Previously, It was shown that the Arl 2/ 3 GTP
prot ePiDlitB yt bcnttieorna wi t h a binding site distinct
cavAtlky2/ 3 GTPases can actively release cargoc
PD&Si nce prospective s ma-RbRBD&ilnetceurlaec tiinghni bairteo
toinbd i nto this, hydr ophobi ci nctawietsyt whet her

mol ecul es can be rdé3dversed by binding of Arl 2

Arl 2/ 3 do not only regulPdtitehéyndai thrgo lofc o gan yi
froame créeloaeéd myristoyl bi nding prot®ikns UNC
UNC119a/ b feature | arge Jriaptiido nkailn dd ensgi gma va ft
inhi bitohs st &rgei inigg si ted esceteends cfoengpsoiubnldes /apnedp t
evaluated in biochemical assays for their ab

18



RESULTS AND DI SCUSSI

4 RESULTS AND DI SCUSSI ON

At womaged swasatemyl oyed for the | K&RmiBDEi cat i c
i nhi bRitgoirpsEh(e maj was foboudevel op a high throu
identify novel scafifiholadsp atrtadtl ebi mpproaPbEIi t
synthesize Sildenafi/l and Atorvastatin deriywv
t heRa®B D&i ther act i on.

High-throughput screen Synthesis of Sildenafil
Atorvastatin derivative

Determination of Ky val
/‘ using different assays W
l Synthesis of analogs ' | Cocrystallization '
I Molecular modelling'

Figdrepproach for PDEI nihdiemitAi gninsgpe di @amp pe mtaethi mgprt he cyc

strugtiuded design (bltéd)yowghpt@ibl scoovepann imkejdg himys talce sy

Sildenaf il and Atorvastatin derivatives.

4.1 Development of a highthroughput screening assay of the KRas4B-PDELU
interaction

Due to the size ohotséve BMEDHOENDNOt fcuonmdp oiumd s ) ,
throughmpiung szxgyeady was needed to test these ¢
K-Ra4B-PD&EI nt er Acphant echnol ogy has enteudyeidngs
bi ol ogi cal interactions and for secnnpel eonyi inngg |
priomi ty atesaltynoltdgy genbaatdoonodpen ngleitt atx
wi vhsi bl e | i ghttraanids foetrsa sdidrs ®rg utewhteamn bacctche pht eoa
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RESULTS AND DI SCUSSI

arwi thi mm20d0 sEiagudmrReA ¢a reshiét singl et oxygen
chemol uminescent ring openRoaorg sceraecdaniomg omu rtph

technol ogy has two advantages: a) There 1is
emitted | ight anhdhbhy Bhehemietedvalebgbngth t
Ther gfthier d nt rinsic, short |ived fluorescence
does not interfere with the assay.
|. Excitation
680 nm 'O Emission
? 520-600

R
N,
;‘ :.' N R0,
o (i
07 Pn
Acceptor bead |

o
’\/\/‘LN»PEG {Lys)g-Ser- Lys»m-Lys-?ys.oMe

s
z z z

o) Excitation
680 nm

'0z

Iz
£
N
o
o
=
3
3
<)
x
2
9
[e)
x

Donor bead Acceptor bead |

o

>é V\)LNN-PEG-(Lys),,-SeI-Lys-Im-Lys-(iys-OMe
H\-$ s
(AAAAA

Figafd pha screerei getaessdywat off e tshmaHh il-Rano® B& motf e rt et iKo n .
a) The proximitgn baselemislstamirreaat{ een triggered by si
recogni zes tkKhRaskhieBoti dgl|l ameld adi adseptbary oled adppsoont ei n .
excitationgwithswvngli et eokygen is produced at the don
oxygen can only r eackKtRatshgeB patci céeépitiaontdetn)aaiin i ft he hpr esenc
inhibitor no e#i0dmni bse bbsweread520
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RESULTS AND DI SCUSSI

Th&Ras PBOEI nt eraction tihe HeStter mit edl t ami no a
K-Ra4sB t herefore it iIs not necess®RapdBopwotlei
(KCt er mi-maad 4 B peptipderdl @2 FR@OMKp rKot e*iinno BcO 2 a 8 M)
to the full | engt-Ra ppBpteiiches famrsmesga ditley &v
amounts by solid phase pebpatsiedde assysnatyh esseitsu.p wo
partkRasdBd GPDBEave to bédtaswfimus yenwaiggaged t
bi oti rCytleatmé-Bhaadg®8pti de and | netpaagrBaBlEll Elode x pr e s

4.1.1 Synthesis of aC-terminal, biotinylated K -Ras4B peptide

The Wal dmann group has-pbaasscsabsiyappec&alk éBegakl
peptides which employs tthe thyftfQHbdign kbelre.ds genb e
a bioti-Rgtda4Bepepgti de an orthogonally -protec
deprotected and coupl ttdlmit o t direo sw.l | Th e uiprpmao b
bl oclctwasni nally deprsharcdemyl SshaljhaP@l( PRe fre
acid was couplceydsteatnegk resyYPyBeo@df e NMMhus Tha :
edngated usingepyoltexstofonEmand coupling to s
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RESULTS AND DI SCUSSI

NH 1. TFA/DCM O\ NH

Boc<
NH
2.4.0 eq DIPEA 0.05 eq Pd(PPh3),
—_—
15.0 eq PhSiH;
20 eq O Fmoc OH
Fmocs SN N Fmoc O DCM, 18 h N
H (e}
O H ol 5
loading: 0.5 mmol/g ;; eq EHéCés(Far)OMe
3 O * trityl resin 4 4-6 eq N)|</II\5I)
.6 eq
L DMF, 18 h
1. DMF/Piperidin/DBU
78 : 20 : 2 QNH
o) 2. 4.0 eq Fmoc-AA
R TR Tr 4.0 eq HCTU
HoN L ood ) 8.0 eq DIPEA
; HN-(Lys)G-Ser-Lys—Thr-Lys-Ci/s-OMe -veq
Far microwave, 60°C, H 0O
R = Mtt or Alloc 7 30 min per cycle Fmoc\N N o
H (0]
Biotin-NHS S
DMF, rt, 18h NS NS S
6
1.0.4 eq Pd(PPhs),
T 'i'rt R 'i'rt Piperidine/DMF 4:1
Biotin-EACA-(Lys)B-Ser-Lys-Jrhr-Lys- ys-OMe for R=Alloc Biotin-EACA-(Lys)g-Ser-Lys-Thr-Lys-Cys-OMe
I >
8 Far 2. 1-2% TFA in DCM, 1h 9 ar

20% for R=Mtt
7% for R= Alloc

0 gl .
Mtt EACA 2*HJ7LF1'

SchelBeg nt hesi s of a biot-RaydRBRtepeptainde flayneslyil adtplla Ke s

Af t earodiunctt i onc aorfb cam leiigkhar , t ht € r mien asni was g
with -BH&tsiter. Subsequent deprotection and cl
TFA in dichloromethane yiel ded dthienyli antad d pee
two different | ysine protecting group regi me
chapirnot ected with the All dcrfPrygramnpatatsepptevi @ us
synthaedi sncrease thetegcting ¢dheupl Was pepl ac
sensi-matviey l4t r i t ySc h(eMtet )Thgrsoupha(lnge i n the pr«
not only reduced the number of synthebtmc ste
7 % to 20 %.
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4.1.2 Expression ofHise-PDEU in E.Coli

Hise-® DEwas e x p rEecse EReocs eit mfao lcleolwisng a sl ightly mec
protocol from the group of ProfandwVigitz e gehxodlel
chr omatphy-® DEwas obt &iigécklidn od 20 mg protein
cul tFurged % (e

a 1600 A b

1400 4
12004
1000 4
800 4 -
600 - - |

400

uv-signal in arbitrary units

200

-200 T T T T T
0 50 100 150 200

mL Buffer

Fi gd¥Eexpressi on anHiefphiiai) f iUVattirameofof peclpamatograply f
SDPAGE of pool edH9brmctélomtsi §ilbbuffaei ponf chomognalt ogr aphy

4.1.3Implementation of an Alpha screen withHise-PDEU and biotinylated K-Ras4B

peptide
The interacHi¢foDhEamelt weheen bK-RoatsidnBy | pmeé ptdi de was
evaluated using a serial dilution of the two
screened for their ability to sutplpeg essgmualsp

backgr ound yreathieat.eb gead sd ( TIwoele)n, 2h0o, weTwre rt odhe c r
signal, presumably by binding into the farne
compl etely PDlriRgatt8di nheraction even when us
as 0.1%. This observation can be attributed

binding patches on the surface of BSA.t The a
Chaps on the other hand was tolerated. Af t e
performed with a signal to background ratio

statistical quality &89sessamepatephe&materator
to be 600 nM, which is consistent with previ
(Fi gl¥p*é
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800000 +

600000

400000 +

200000

cps in arbitrary units

1E-3 0,01 0,1 1 10
concentration / pM

FigaBRepr eseenrtiaatlo aadi lsuti: 1 HE® DEWVietx®t oefr mi rbd lo tK-Rhaysl 4aB e d
peptmecdas ured by ad pthescbmpl ogyng

For the displacement titrations with smal/| n
control s. Bot h ctoomplhorueRaDkEK-Rviesr4eB aibnfFee g @B ei on
Atorvastatin proved to be tpohasbyesltorwo n3ged®M,biwmde

Sildenafil dikoplogy.€8M. an affinity
1000000 — ! ‘ )
800000
2]
c
S 600000 4
>
g
E
& 400000 o
£
[%2]
o
© 200000 4
0 T T T T T T
1E-4 1E-3 0,01 0,1 1 10 100

concentration small molecule / pM

Figumle splacement W iRasadB omesmpolfexPDEi t h di fferent conc
Atorvastatin (Fit: (eodhcge bt didtein@dMRaRNOIBFi3t : OM) uebser v
chemil umi nesc ®nrat wd rpeh af iatsstay. an empi ri cal dose respol

independent sets of experiments.

With a working assay system i mnnln asncer)elegn eldi birna

s emi aut omRDEEGOfMy, sRiKiso4nB (9 0 06 % NC h a(p.sO Q. Cluster
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this screening campaign were analysed in te
ef fi cli@aenndc ya) ,Bleubsesi bfited benzimidazol es emer ¢
hi ghest per atom bimplowmmgdsefwerce enbgreffhes ef
crystall ography and orthogonal bi ophysical t

4.2. Thermodynamic and structural analysis of small moleculé®’DEU interaction
I n order to get I nsight into the Dbinding mc
f gee st compmoaisndcocr ysRQtblyi HPedhwbt hsmail and i

that two benzimidazol e mdi ebtiineds ndmDdelicdkea te eodf
1Y The <cocrystal straoniuvRieEr ®fvebéedi mi dva zraluea |
overlap of the two benzi mCtdeaer ol auRhnePbb&E t twe t h
crystal FsgblhedurteMgrepdyi ti on of Trp90 i s slic
structlOvmiePiadfwh en compar e-BDEsot rtuhdei wRiFeebp ) . The
movement of Tr p9Q ocdarmebd aatgteri Butzee and t he r
units compared to the farnesyl moiety.
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) o
NS NS NS
-0 o~
N HN\n,Rheb
10 11 o

FigdamCea yst al str uctRihreggbe ptfi dear (nfeasryrl easi ywld @o nrpealn  wii tt - dPrDy
strucbeurzei mifd@goleven)h U PDEt he chemical structure key h
highlighted inhhe etdws ticit luorviesr;p ay)f oTr peétle ttoheacmmorme bul ky
c Key rhoygden bonding interRhePbDiarsht  yemi oRpablee weenst al
structure was solved by Dr. Shehab | smail.

Hydrogen bonds to Tyr149 coul d bBRDHBcaoeupt iefxi ed
Ty42 interackboae hdriylSer 8860, whereadsPDbta t he
struatlkey hydrth deemz ibroindla 2 @l eF iugili it eldnsp ofrotrammetd vy
t he@PDEst ructure feahyde & @ametavwkedkina hAdrngabllle ot h
benmi daz dcliggugreict) . (

I n orderhtobvaldi dgt eftt woo btehnez ipmiedhayd o llig nudn intg:
cocrystallization with other benzi miyilatzall e

structure of bemzoinniidranzeodl tfhraatg menndteed t wo ber
to ®PBEgLBeAn .overl ay with the cocnrdysetvaelalsetdr u
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hydr ogetno btomed ss adhe aalntihnoou gahc it he posi diaeamwm| @f t
units 1 s sHiigihgtdby) )al t ered (

Fi gur88ocryst al shzumi W2 maleeen ws PiD&Elag) Key hydaoegen boi
highlightbd Owmeyebkhlyoswirtuw fteudszer misldae wd e sticks), key hy
to Arg6l1l and TyusTh49 carnyesthilghsltirghkctteid e was solved by Dr

With the structurailitdatiaonncaklhodi mesoy her m@)

t hat at physiologically relevant , flroavg me rctrson
are boRuid ItTChe change i n heat upon interaci
measur ed. In a singplmeteypetihme netqKdiahnédb stt hnenc k
ther moidymmaof i |l e of the id¥%2raction can be de
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5.6

4 m 4 4
~~ 0,00 T =
0 5.4 o ] = et E

] ~ ] :
N X ] slope: K, ]
© | ~ 1
o 5.oi —~ 400 ]
O s =) / ]
~ ] E’ -6.00 7 / ]
~ 4.6 Ph) g: ] ]
e ol K - 8,00 . stoichiometry 1

| ) ~ 1 ]

4.2 - ©:N © 10,00 / ]
| & I B ]
4.0 10 -12,00 1 - ]
0.00 3.‘33 6.‘67 10‘.00 13.‘33 16.‘67 20.‘00 23.‘33 26.‘67 30.0¢ -0,2 ‘ O‘,O ‘ 0‘,2 ‘ 014 ‘ 0,‘6 ‘ 018 ‘ 110 ‘ 1,‘2 ‘ 14
ti me/ min mo | arP [EW#Lt0I o
enthalpy

Fi guRaw injection tracenjléetfiton aphdi ¢glote)pt @ ereiratt @ dpi efre o
experiment 1dP=gowmenound= vol ume, g=heat.

From the raw injection t rRicgl9odl etfhte) ,priott eiisn &
binding of 1blesr zh img dlayz od ot her mi c. The bindin
under t e ga@revesgh(Koviaila2elodl 22 nM and a stoic
1:P2DE benzi mi darobéeoi chi ometry -riasy tdcatsagc onrsd esi
t hat even at |l ow micromol ar concentrations
pocKéae. affinkpply Tloasitmaineér act itome cdivneereaelbli mamn s
energbAqgGA onsi sts ofTg@wAanentamo wind &la A ,c wiotnh r a
strongly neqGdtdrvree vmd ruckipaonfd t i gh | @fwf iIKni ty.

The mol ecul ar dr i vibnegt wieGerm® Eiosd tthe dtnrtceemralcyt if
change i mHAmtoma lipytrlelr(asct kcal / mol e), twhitchhe i ¢
formation of twotWwydeogemi dandbethamzibmi. ddbhel
12di spl ays eaxogihminlema mogy nbi ndigHd1pr 6f kigal ( mo |
however the ent-TqgSpAi cdal ndecengBikricbesi temooh | ess pr
which results in aMIbwestabdbhghytenohallgpYOodr
benzi mi dazollGenii2na § ;e rbtofmanst adéeé i ng points for
hi géafifyi ci ent and PDdt% €t i ve binders of
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Il n parallel thePDki ewi dAtucdowa s tdetnitn fwaesl docked
binding site. Accordipgsen, tthlee beamitdescofri Atgo
as a hydrogen bond acceptor arFd gi2fiteer act s wi

Figa@mBest sckripnogge dfoor tiPODEANDervacat)atOiver &1 At et vastater
(col or elddDig id,e klksyydr o gen blorngdé do fh i eggrhilSdueg itbce @ ; rlepr esent at i
PDikcavity (wWDBh4d¥éked Atorvastatin, hi ghki bhhdhggt he
pocket according to best scoring docking pose;c) Over
representation of protein around Atorvastatin, showin

with the nepatoitwdlny sahdragced

Closer inspection of the docking pose reveal
the bindFng2peltketTlie fl exible acid side cha
does not show any key intderacttoves TWwererefso

which the acid side chain was repl a%ehderngy a
2. NotablytaTygel &@a sbtya tAiormb.r Co n s ecqounevnetritye dt hien t
strong hydrogen bond acceptor by formation ¢

negative charge of Atorvastatin might | ead t
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negatively chargé&dgg@pPetdei.n Cownrsfegqaue nt ( vy, a t

incorporated inder noatilvds or vastatin
a

Q OO 6-amino-1-hexanol, acetic acid, OH

NN NN
O - O
toluene: THF:heptanes 6:5:1
XAy ®
= 58% O F
13 14

b

OH OH O
OH OH O

o R /\)\/k)j\ .
/N N
— H

R-NH, PyBop QNH

p— (2

DMF, (DIPEA) O

-

1 41-61%
OH OH O OH OH O
R: }{\/'\/K)LN,PEG-Biotin ;.,{\M)LN,\/\N/
15 H 17 H |
OH OH O
},{\/k)\)LN,PEG-FIuorescein
16 H

Sche2Bggy nt bésAs or vast.atbhdy)a &neorsiywnd thieses or b) by amide b

The highest yields were obtained when a | arg
suppressed the competing intramol ecwvlaat at iar
derivatives in hand, the potency of this con
(Tabl) e
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Tabl®her modynamic profiles derivedofradmféememe n da | F

compounds marked with an asterisk the error is based

12
,\/k)\)LN/\/\N/
17 H |
Entry Cpd (rac) Kp/nM AH°/ (kcal/mole)
1 10 217 £ 15 115
5 12 1420 + 480 -11.0
3 17 11822 -8.0
4 15 6716 -10.0
5 14 170 % 56 2.5

Similar to the belndzn @in2(TdaabA,0el en tf riagganebt and 2)
At orvastat iSmnilé rsi watriomegd y Terbll reaelnptyr idersi v3e na n(d
binding affinidtey i olpdi v enr Vvapr i dfazbbeledver

features only one st (ampash)yardedegseinh thiomgl ias crey
ent hal pylfatt evemt.r(ySuwr ptrhiesilindggeé i pi d chain of
der i 4 &toievse notn roebssudmv ailmpeac penatc¢t yoopwnt hnth
These dagtgacasmliygls ur esofil d anl trhebiplriottye isP DE®unNnd ¢

is a very flexible protein
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4.3. Development of a fluorescence polarization assay to evaluamall molecule

PDEU interactions

| TC i s a higHlryeer dleichiné et etomivmd tuieecn dlfo wK v
protein consumption is high, throughput is |
double digit micridimel gaflotceernncaetnitwreatd sosnasy.s f or
of compound rmdddedti EsSumwreesecence polarizatio
determine the affini PDE'S "®Dfuel it pi dateed opve patfif
peptides | arge protein concentrations woul d
smal | mol ecul es, since only at high nanomol &
peptide wou-bdumlike.glhprptetein concentrations
di fficulties in the determination of the aff

I n biophysical assays, l ow affinity, | abel e
affinity small esmoktemmuV @&S$tidnticilkere bBltlhort ar get t h
cavi tPDEofAt orvastatin derivati veBD&drmov@d t o
experimémt sparticul ar the bidtts mgwad edhét di g
binding affinity of all compounds tested in

Fluor-Asoevdd&uoautlidn bi nd wi tdwhai cshi nwolualrd ya llloow |
16 n displacement titrations at | ow nanomol at
At orvddrtaast imsed as a startinfjl poiaescémcetpel

assays.

The rationale behind this fluor-Asoewast poi ar
rotate freely in bul k s olbuotuinodn,6 s twahteer eiass rreostta
pol ari zed ol iegxhcti ties-ARUlgueodraesstcaetiim, t he pol ari za
i s dependent on the rotational movement of t
the molecule rotates quickly within ehe f1
depol &Arsi zae dr. eusniblotu ntdh ecAtu@mveasteatni n exhi bits &
pol ari zations;sbowlmer dcd-Atopreseiiat i n shows a hi
unl abel ed small mol ecul es-Aboev arsdgeat tthoe fdpirsepnl
binding cayvitlye ofintbPDEAUDO IFV arntr @tsicre i wi | | t hen

fluorescencki p2otfla)r.i zati on (
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H

t Fluorescence Polarization

I\/\,[/\/Ot/\/'\"n/\(\(\/’\l

O OH OH

displacement of atorvastatin
probe by small molecule

o}

l Fluorescence Polarization

Fi guwrl®i scpnhean 6 s ay empl oyi-AgorRviausotraeis d eium | aledds ¢ d. gg.mal |
Atorvalst abDi sp(Rlceoresstomifa st dtet mcted via the change in

Fl uorAsoevastatin can rot ateasf rodlay i-lomulal k theeod pufos @n @

I f |'inear polarized |-Agbtviastased,tohexpiotlarkFlzaoi esce
on the rotational movement of t hel ff ltuhoer orpchloe ceu Iwei trhd tna
within the fluorescence i feti me, thbebeumdt &dudri ghda
Atorvastatin exhibits a | ow fHawrdksElenare podiamr i Atadri wa
hi ghripodtai on. I f unl abeled smalescelidevamlseatanefused:t
binding calvi ttyheofunBDbDHE-AU o F\V aotr@tsicrei wi | | then also exX

pol ari zati on

As expectedAtbBlrvelsteaaednti ghtly i nPBE(J rect
7.4 .0OMFigagee a) . ,Thoamaenfoarod ar concentrations
protein could be used for the competition a
mol ecul es withFvegedel)) gh affinity (
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1,0 L]
u 0,84
L]
- L} 0,6 4
= 2
g g
S %7 Q 04+
5 c
2 / S
|5} ] =]
I o .
T F/ © g2 © Atorvastatin
/ LL m  Benzimidazole 10 -
!
/ 0,04
004 =
T T T T T T T T 1
0 100 200 300 0,01 0.1 1 10 100
cPDEd nM concentration small molecule / pM

FigeatFd uorescence polarizatdeihmasaapPBRES mDEawgicntg tHItuaart
FluorAsoeveadhbmtMwi t hiGPDoHnea xi s t he fracAtonvast &t iumreh
bounRIDE i s s;h)obwni spl @maé memts wisi ngmoue aamblése p(rmandilt i ons:
Fl uoeriens cAt or vast@tO nn M4 n M, PDE

Di spl acement titrations with unl abedvead usemnsal |
of their | PDEFfActrivamtvail? mDalbBMe ent ry 1) prove
stgen binder thans5SOMienatielre{BEre the Atoryv

coll ection was further enlarged (in collabor
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RESULTS AND DI SCUSSI

T a b2 Affinities of Atorvastatin derivativemeasured by means of fluorescemolarization (usingj6 as probe).

Compounds marked with an asterisk were synthesized by LDC/Taros.

Q .52

Y
OH O

HMR

Entry Compound R Kp/ nM
ot 1250 + 234
1 1 o) +
I *
2 18 FuSNS 35+9
H
> . 16 +5
3 19 N -
@
4 20 ;S.‘N/\/\O/\/O\/\O/ « 36+15
H
N 26 + 10
5 15 X SPEG-BIOTIN -

Conversi ombooxfyltihce acca d oofanAtaon da&s ti antoifre a ved
resul roilregs pcyormp At edvastatin itself by more tl
reasoned that this striking tihheor maseonnoff &i
strong hydrogen bond to thecawmidepofTtamwealAt g
hydr ogen bonds 149 Airmg$tle aadwdoiftTyo nilsy tomebe ex

Atorvastatin itself.

I n parall el t he highly l i gand efficient

Benzi milddzespkeayed an NaBf infMi tiyn eatfdrdetl 6FBlvuacsrt at i
di spl acenmamd) ea svshaey e(@s t hilee i plseer®yyl irned oaltee ds hlo
measurable binding. A numbdrmaroef fsoiutmpdl ei nb etnh

Dortmund compounds |tiheragfyoraenddeicti ded to tes
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RESULTS AND DI SCUSSI

benzimidazole | ibrary <cont diOhed mobeampyt ehnt
Nsubstituted benzimidazoles was tested at a
pol ari zati onF&ssmaepitme mp Raydatthre best compound:
in arédespense binding assay. From these exper
an azepane moi ety emer getaldBse e¢mter ynoadjt f iph &yh
can be explained by the very high hydropho
apparently fills theiwhtydr bpbbThied fi ma v otdy.o fi o
tertiary amine and thus presumabCygnsai posmnt i wi
the fluorescence polarization glagda,1XtenM,0mp
appendi x)p hian stchree e aCstseaymi-éhemgd!| gKeph g dea .

Tab3Aer er afgfeidniat i es of simple benzimidazoles determined

Fl esrc-At orvastatin

Entry Cpd R’ R? Kp / nM

1 10 f@ —§© 165

}7@ i~ .
4 23 {F\Q - Q 149
Q_@ -§Q 250
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RESULTS AND DI SCUSSI

4.4 Design, synthesis and biophysical evaluation oftas-benzimidazole library

Comparisomvafuedhed&Ktermined in different i
fragmened benkzGiintdd® D&EWet h a higher binding

farnessyRlastdeBd pLE B e ivis *BIRr wMY)i.gh affinity com
required to obtain high target occupancy and
it was dedhiededvot belhizmkmitdazol e fragmeunacafsui &er
10n order to i mprove potency. Mol ecul ar mode
i n sdarfdalcysis of di fferent l'inker moi eti es.

compared to the &@FirgylsBteaal, bs)t.r uPchteunfyel g & B enag)s A
of the two diff er ernltQvebreen zwenlild azlbikgennefdr afgamre naa s
in the cocrystal structure and thus these 1t
ot her hand was fouyndt d ot tbee beangyYlocke peoxi imo d
fragihentCons equsehnotrity  dnker wasnesting the tw
indicate@ipgpag8iepcons

Benzimidazole 2

Figure 23 Design of linked benzimidazadea) Surface representationRIDE U ¢ a v i tI\46). ThdPdBtRancel
between linked atoms highlighted;b) Best scoring docking pose obtained by dockingllyl substituted R?)
bis-benzimidazole into crystal structure of benzimidazole fragmMi®ntPDB 4JV6) c) Design of linkedbis-
berzimidazole ethex25.
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Retrosynt hbe-bsenal mydatbkees were2@insgc alaZtimhtod &
(Sc h e3ne

N
Ph~>
. D . R
O O &
-0 = Lo
N HO R?
25 26 27
Sche3da sconnéehsa mai msf did or tadged dunntal 7
The ssyinst hef benzi mi 21G@xztodret edr awimemt £ ommer ci

phenyl enwldi @ami was raelacytleodx ywibtehn z4al dehyde i n t
metabisulfite to yi el3d0Nbehnezydeadiiomed ol e ntzhiemi lr
foll owed by allyl deprotecti on3®Bf6 nt hgeo opdh eyn cell
(8 B 4 Y.

(@)
|
»—@—op\nw 1.R"-Br, CH5CN F1
H N828205 , DMF H CSCO3, rt N
28 —_— @E />—©—OAIIyI 83-91% 32-36 a) @E />_©_
70°C, 3 h N — ) K
26

OH
2.Pd(PPhs),, MeOH

@NHS o 30 KoCO;3, rt
-84% 32-36 b
NH, 80-84% )

F
N
R1 = @ /Q \@ ? Q\j
R S
32 33 34 35 36

SchedBeg nt hesis of benz6b midazole fragments

Benzamolde f2mwgmemeéginzed either by aorabigyhat
strategy basedommona nWgir emhoibdeioni milchazolad 4 yco
small, flexible substitu?avetre Isiykd hamw ioaldldycll ag
with the spuroftaecien oafn dt fntre@a gwmainit ddtien kit mgt | eads

Such benzimidazelre fsryammgrherntized by al kyl ati ol
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RESULTS AND DI SCUSSI

2phenyl benzi mi dazol e Swihememéhbyi nbBé@medc at a
either directlyd@ediucedhéon ahkybhbhteoetdowith al

with sodium borohydride.

0O

- /“\/Br

N
o N

N, 38 @[ \)—Q NaBH, MeOH, @: \>_©
Cs,CO3, CHaCN N 15 h, rt N

N —_— \e
H O \\\
91% / 84%

37 ’ OH
39 40
NaH, allyl bromide
DMF, rt

59%

N N
\ NaBH, THF, \>_©
N EtOH, 15 h, rt N
—>
o)

SchebBgentshes of benzi mMM@addbyealfkpgbamenos/ . reducti on seque

Benzi mi daz o2lteo rftraaigmmemg smor e bul ky substituent
t hat i s bafseao nopno na n tf §Groememetricd m.l | y-p aotheedc ab | e
ophenyl enedi amine, benzoic acid, benzyl 1isoc
for 36 h in MeOH t-pr cmducti,n whieedhe pwad att b ey i E
cyclized using HCI/dioxane to48mndd espdet ii\neale
in one pot andd9%Bobdemgi Atdisvdtri2on of t he amid
tebut yl di carbonat e, foll owed by reductive
al coShzoh®™®3 n ooed al | yiel ds.
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Boc

SV,

Boc,O
O¥\R2
pha N1 e ht
.0
"N
H
48 49

SchebBeg nt heesn =i

Benmi dazol e2éimZiiyeneet subsequently
t et r®&Wheetnh yflr easzha

proceeded

reacthmtnr iviutt yl phosphine
TMAD wer e

PBaand
(Sc h eme

DMAP, NEt

T Q8
—0)
NH o
@[ HCI / dioxane N 0O
36 h,rt 2 i
”é@ o
RZJ\f Ph
HNj
Ph
HoNe
e — ’ N
H
48 49

89% 72%

-0 0
o @Rh

NaBH,
THF, EtOH
NBoc 150, OH
Ph~~
00 =00
TN N
Boc Boc
50 51 52 53
86% 81% 83% 80%

mnifd &z 02 ® yUgpbgonmamdgsterndt egy .

and

used the reaction
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RESULTS AND DI SCUSSI

N PBus, TMAD Ph ©§< D
/>—©—OH toluene, 65°C, 24h
N
32 59-72% @ /)_@’
* N
20
O~

N
//(Rz R2: s AN Q

HO X
]
54 55 56
SchemRg agment | i nki nga oMi tbseunnzoibmi dracRaBeliteisdvikDe mp | oy i ng

Boprotected piperdines werSe hl8nmdk e d uinobanr aaa
of al5c3wihtoh banclBH/d eltcheed | nt er-pnredti eadtee Bogi per
( 6710 %) . Deprotectiaonnd opfurtihfe cmitp erndibrnyesr ever s
afforded t he6 % #poal i nhi bitors (

©/L Neoo Q/LQ_C o
32-36 PBus, TMAD
> HCI/dloxane

+ toluene 65°C, 24 h

N 61 -70% 69 74%
(d R1 R1
N \ \
N \ N \
HO j N i N
N
Boc
53 57-61 62-66
F
R1= | N
~N
i3 rie i3
62 63 64 65 66

Sche8Beg nt hesi s of pb pbsernizdimied aczoonlteasi nviinag Mi t sunobu reac
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| n order t o obtain a suitabl e probe for
bibsenzi mbévazmsolequi pped with a bi ot isiubmsotiiedy.
bibsenzi mbéasoloxi datively cleaved and 6cgupl ed
Sc he&me

N
\r : \ ;
N@
H,N-PEG-Bioti
RuCI3 NalOy4 d- 2 iotin Q 6

F’yBOP, DIPEA,
rt, CH2C|2 DMF, rt

o
» NN §
2% 71% F ~\_\

55 67

SchedBeg nt hesi6bd nadf sadisdielgi atoi nbided tdi on

4.4.1 Evaluation of bis-benzimidazole affinities for PDEI by means of fluorescence

polarization assays and h shift measurements

Due to the | arge hydrophobic surface bairsea an
benzi mi dazol es were generbal ory esxpamplngi ylycswd u:
bel o@M 1( Sol r ank, LDC Dortmund). This | ow sol
experi mental artifacts, which | ead to an und
Ther gifnoraeddfilt u@mmesmwence pol @agionatl i adnrasdsaips n
was

t he

should be perfor metdr yb yo fu spirnogt ea ns ttooi cshmaolme mo
1:1

needed which is not sehsiftiaesays coeasdumn

protei nmurped nt ibnign doiongntofT a s mal | mol ecul e

, which avoids precipitation of the smal/|l
mol ecul e by soaking it into the hydrophobic

the graalseali n ntceamperature during the experim
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RESULTS AND DI SCUSSI

Di fferent met hodol ogi es have been used for
point wupon bindirfrd uofropmalklesmawhechl &s nd to
protein may betusaedoformpriohé? é&Bsmpeelcttirnogs cpgiyn th
relatively |l ow throughput but P4 Thaengdihree
orthogonality with the filspecesosrTtoeyp wlaasr iearg

to det eremitniengt hpabiitmheeb e EnPBEand pr es ekicgeu rod s
2% .

L P

i ptic

El

D/ /D

Temper a

Fi g@rd®chemat e@att i etphTawshi ft Tlessall i pticity is proportic
absorption ccfirlceaftarampdl argkated | ight. Upon heating th
protein (red) start tothefabsdolalelsiup/taiionigt yo.h lan d ehcer epars
mol ecules (grey) theimebhihgedutoawaoflst hegpheot eemper ¢
hi gheer T

CDspectroscopy measuréesntbé Heft opmdcdaceizphdt d b ¢

The measatéeddsel |l ipticity is prormpoaftiloenfatl atnoc
cculparl ari zed | i gthhte. clhpiorna | h esaeeciomgdeameyn tsst r aufc t t
(Figapestart to unfold, Irepulitciing . 1 malk bBecrp
mol ecul egne(lgrienyg) ctuhreve of the protein is shif

to a hkhigher T

Under the assumption that the thermodynamic
constant, it hasmnshhéedrn <howrel tatodts tthlee Bfotmpe® ua
PDikdi spl ays - apegpi cmbh & €Debh peobhein, consistin
Measurements in DMSO containing buffer solut
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to be carried out atecals¢i okl yhéosgr wagebabas
wavel engt hs @cen soemgae3ntt Vrgth.engt h of 232 nm was
val ue of ellipticity at that wavelength decrt
temperRitgrbees Stri kingly, al/ benzi mi dazol es

hi gher temperatures.

24 = PDEd only . Ph

= Benzimidazole 10 . o \7
al Benzimidazole 55 f N
Benzimidazole 56 ! @: />—Ph
N
10

i
7
8 ¥ ]
Ph—
S @D’@’wjg

-12

-14
R N E j
N
55 56

Ellipticity / mdeg

-16 T T T T T T T T 1
20 30 40 50 60 70 80 90 100

Temperature / °C

Figabeterminati onTpf wineslptcCD @ spcoipryt i(n t he absence or i

compounds.

Bi-lsenzi mbéazmnl sehi fts the melting point of th
the instrument, since for technical rveeaes ons

90CA Thus, linkage of the benzimidazole fragr

The very large increase in the melting paim for all compounds can be explained by a
decrease of the protein flexibility upon ligand bind#§’ Unliganded PDE does not
crystllize suggesting a high intsic flexibility of the protein Addition of a ligand causes the
protein to rigidify. Thisinterpretation is substantiated by recelitasound velocimetry data
which show that the complex of a simple farnesyl derivative R is muchless dynamic

than freePDHE].8’

Subsequentliy ado omy ot abddeme | vndbldisdealtlie®dD E bi t or s W
attermpt eBlhehab | smai | .5 5&Dictoi nfipyyi @awxeel -dw & Iftirhaec t 1 n o
crystals with a nrieTshoelr iadyi osrirredMmavau retedo aln. 7&bl mo st
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RESULTS AND DI SCUSSI

overnlfamirbsenzi mi dazol e with the @naiwngr egqao d
over |l dyhewhenst scor(Fng2aecknogepIBP®ENt ructur e
reveal egdrophobna tchaei alylwhli cdpr ccopul d al so be

substituents.

Fi gRr6€o cr ywdtrallc tbulisen zoif miScbwiztoh g PRE t ) Ovelbrilbseywzoi d&zo0l e
(coloured sticks) withmeanrtes g(ufiaii mtg \gereefyavigrsSumeakzgogdl ;e rfir calc

thebis-benzimidazole

Binding of | i nbkieals belngzdo mamalzyded by means of
Consistends hwiftthp cthBeBESVE @ h5 af o4l d hi @gmprar @adf it i
fragmén® | ibrary with var y{ab4) e watsi tdweesri tgsn ea

evaluateéskwidrmd tthree Tf l uorescence polarizatio
substilwuehtt Re isoeprofpyl and a cyclohexyl gr
and the prot diam4 melhnhtirngsp@i+@8t) ,( whereas intro
and omission of edhé¢ osmbhs@atpPredartmBynt 4) . Coupl
bibsenzi midazol¢iotee BodabPBGIi nyl ati dablresul
4, entry 5). Due to a presumed sterioecl ash
protected piperidine showéTda bdl releyn.tQweyarkg )i tna etr ha
proximity of the allyl group to theé5vwwadankbon
PDkan additimnbadnd ywlas gen vpismereiddi meénxe rved roea ey s
t he ablbAymongst the testdeido@pi peed di aede phpenm
(entry 10) .t hénexXge onti 6qdv acsf sdii ppehampdya il dockvetad | y |
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and cycl oheb iyse nszu bnsi.tdidoutleesde r , | nteroidduicnte ognr oouf
substantially ioctreheesgmahke owmel sawi lu¢g $§ pinrs , a @aun
of installing a piperidine functionality as
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Tabdlei br adripsewzi mi dazol es

asterisk

wer e

synt hesi zed

wi t h

by LDC/ Taros.

N
Entry Cpd (rac) R? Kp/ nM T, shift/ °C
1 55 ¥ 39+11 19.7
2 69 ‘§'< 20+5 nd
3 56 '§_<:> 1642 25.8
4 67 CH,COOH 870+ 290 10.0
5 68 PEG-Biotin 328+ 38 11.6
6 57 -%-CNBOC >2000 7.2
NH *
7 70 = ) >400 nd
Diastereomer 1
NH
8 71 -§-<:) 207 + 42 nd
Diastereomer 2
9 72 %—CNH 162 + 50 nd
10 62 4 MH 87 + 35 20.5
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RESULTS AND DI SCUSSI

Further structwural wvariations were conducted
on the variation of the benzyl moiety. The di
5nd Trp32 is below 4 Angsstrackisrug hi ritheartadtti
el ectron r i cFh gi2rydesdTlek impog eitrnyt gr acti ons are us
on the electronic nature 8®&ffheheeflbencternoant i ng g

and electron withdrawing d¢oa®lsewere introdu

Figaimestacking interacti®®dBnbdedP®D&en benzimidazol e

Unexpectedly neither -ppbe ayomhed it 2 ¢ plb ¢ merhaence
pyri dab%e ent3r)i ersor2-reélcdnc ttroodnuenfea b8l @ re nvtér)ii evse s4
resul ted i@®omomowendgso.t e@dwi ng to these disappoi

was retained in further studi es.

48



RESULTS AND DI SCUSSI

Tab3Veari ati on of *whhiec hs wbnsdseirbgmokeinsn GRWi t h Tr p

Entry Cpd (rac) R Kp/nM Ty, shift/ °C

87 £ 35 20.5

231+ 28 17.4

191+ 45 nd

474 £121 nd

W
3 64 @—F 251+ 36 nd

4.4.2 Synthesis ad biophysical evaluation of ester linkedbis-benzimidazoles

The reBabdsaaggest that the rigid ether I inker
Cys56 unavailable for intGomsediwme twisgrhgtthh eo f
l' inker moiety was increased andlnhanaltdey trae

di sconnection of the kitbdeanrzi ocno d@mazwn ks, wegtee rd i
benzi mi dazol4eni{Sa g elePet s :

R1 O R3 R'] O N
U U
oo Ni; Lo
N @] N OH 3
GrO N = O
N R2 N HO R2
73 74 27

SchelnlBi sconnect bibse nzfi niedsakzeod se s
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Benzi mi dazol7ewefrreagamemttises i z-eld!l srta@ar b e mzpi. hir danz
Nucl eophil bst at aembabwnk wpdcpaerrbiodkiyleat € or ded c o myg
77in 81 % yield. The free benzi mi dazol e W ¢
caesiumcarbonate and ben&yWl obr oum ddeersweinn @ac e
reacti omyrdwk ¥ me 3h vyl thiophene (61%) udid .ng tr
Cl eavage of the ester under Dbasic or strong
carboxy8488 acids

H
N
/>_C| H ,R1
N
DIPEA, NMP, 90°C N O Rq-Br, CH5CN, CsCO;, N 0
o e o 2o
o 81% N OEt 91-92% N et
HNQ_« 77 78-79

e}
6 \ KOH, MeOH, H,0 | or HCI / dioxane/ H,0
PBug, TMAD, toluene . for R" = benzyl R" = 2-chloro
. 61%
3-Thienylmethanol -6-fluorobenzyl
85-92%
S
\ / /R1
NaOH, MeOH, H,0 N o
L~ = SO
89% N OH
7N
N OEt
80 R' = benzyl 81
2-chloro-6-
fluorobenzyl 82

thiophen-3-ylmethyl 83

Fi g@Setnh eosfi shenzi mi dazdl e fragments

BenzimidazoV4efrradghmemt s eac2d@ddeirt Mi f sagmbuot s
condi t i-PB ks DtPEBAD) and deprotected, i f nec
bibsenzi mi diagdd & s (
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N (@]

X

N OH 0 =N
PS-PPh3,DIBAD R! N

+ 81-83 —_— \ 9)
toluene, rt, 16 h NN
©\(N WN/
- 56-65 %
N

HO
: S-S
Cl F
3

R1
N/ o) N
QO T 10
N OH

81-83 Q
PS-PPh;,DIBAD o} HCI/dloxane rt
—>
NBoc NH
N

N
Ph—~ toluene, rt, 16 h 50- 71%
N .

- 0, N
o 61-67% N,\(
N
N
NBoc @

53 87-89
R % /@\ %S
g7
Cl F
Py

Fi g@fey nt hestlsi ndkficbskersziemi daz ol e 8 Bf&r mitht o irtaagidmeimohge ¥ ¢ |
groautp) a piperidine moiety.

b

The esmpound collection was evaluated subsedq
and thdgabtesthavwat repl acement of the phenyl e
compound class | eadss@rateir fay il9yyd wpn chelsptheaR DE& f f
an affinity of 10 nM.9@bmpanedetheetthaffehatyg
series might be expl ai nedbadnd tih@es Giyosr nwaatsi oenn voi*

by docking experiments.
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|l ndeed, a cocOQistt mUcPdIEfri wcmteuwdr & hoef presence of
bet ween the backbone carbonyRi g8fp eCys56 and t

Fig@fMcocrystal 96nirthdtPdrEéi oms t hi r d b ybdernozgi ermmi dbaoznod eo fwi tt
backbone car (PDBUYUF)°0f Cys56

Compared to the guidi dcypril péreixd/il n e nado n tsaipmion
estelysdpRayed | Davslre ebtfie2n@odsB3tent with the
in Table 1 additiondilt ueelnetcst roonn twhi et hbdernazmiln gr is
affinity and pvil dapdeedtdr ihd s MdeegprKdh ce)ment of t |
moi etywiathmdt h3y| t hi ophecdc ei rhosviemielfa b6leestufiitrei €6
6 and 7). I n general, the cyclohexylthisudst.i
Hbond tond€ywb6hbiower affitmiatni ¢ hTeaableaplee | @5 ote
1,4,6 vs 2,5,7).
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TabéAaef finities bobseesi mirddZ mlkeesd measured by means of (

FI uor eAstcoerivhast at i n.

Entry Cpd (rac) R’

R2
1 90 §@ §< :NH 10+3

L S

Since the <cocOywittah U Ps@Eeuwad teuwdr ea otfhi rd hydr oge
envisaged to further explore how strongly 1
Repl acemémitperfi dnwlebmomieBer iady IRT shilbesd n tt ruieens
3), a pyrroli}di ardetehngtirei nees pdicyaeardiudbit reed (i enn tcroym
with slightly retdwycedmpar &dNutdaabel sytad fanlkle de s t
benzimidazoles bind with higher affinities t
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TabTAffinities bobseeasit mirddia cmlkeesdd measured by means of (
Fl uor eAstcoerivnast atin. CoO@Gepoendynohlesi zedaby Taros/ LDC.

O
N
G N
) ]
> e
N
Entry Cpd (rac) R R? Kp / nM

e O O e
NH
2 94 ;@ -%-Q 18+5

Diastereomer 1

NH
o 1 H ) 1143

Diastereomer 2

4 96 §© -§'<2|\1H 13+3

Diastereomer 1

5 97 5@ ‘§OH 14+6

Diastereomer 2

6 98 5@ §§:N)H 14+5

4.4.3 Synthesis and biophysical evaluation of amide and carbamate linkdals-

benzimidazoles

Thkei ghetency of tbh-bse ediamiol ¢ $ nwad attri buted
flexibility and | embDgteh tof at hpeo slsii bk eer smaicetp:
compounds towards <c¢cleavage by hydrolases in
moi ety wasmore |l aicsdéhdyesfiomiel arl yl il beagaimi a&er
carbamates wdéme dienlyidbsethieg anti edd. 2ok gant Wesi zed fr
53SchelnieThe alwaoshotlr ansf or mbh d dp/h tnteaalnismiof a Mi |
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reachDeipomo.t ection with Hydcrddldimnmmnicabtdphde dwi hh
free@8aasiPygBop/ DI EA.t eBadced hoOvias mda@marzotl ect ed
i n di oxane t o afford t he fre

Phtalimide, PS-PPh3

BocN DIBAD, toluene, rt, 32 h BocN—\_ o N,H,, EtOH, rt BocN
OH > N —_— NH,
82% 0 87%
- “ N
/)—Ph
N @[N?—Ph ©:N’>_ a

53 99 100
S
\
sN O
+ N PyBOP, DIPEA, DMF, rt ©/\,{?/
N N > N
/@ O
N N

. R=Boc
10 HCI / dioxane 101
59%
R=H

R=Boc 102

R

Schelnfeynt hesi s odibseamizdens dezé®i nd 3f.rom al cohol

Ami d@8®as evaluated in fluorescence polarizat
ami H@Ri nds Uwd tReMer affinity tThadet Tehi selcatne
attributed to the pl andrei tdy/ffiegieditt Wwyafr otglee
and/ or a differlemtacomnfier mat iroeng!| ace wahse ae sttt
similarly flexible carbamad,d .cobh@uwast hree-asyt retdh .
nitrophenyl 10B.I oTld oirmadremdgdn asett iovaa tbeoch awiet hw
and then reactda@dowi ali f Ba-mbreotthercitneed 1 0c5a rBwacmat e

deprotection furnish@d to desired carbamate
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oY
o}
Boc O,N
N 2 103
Pyr, THF,16h N
then HOBY, CH,Cl, NSy
N OH - N\/'

—_ N
N \)—-N
) |:>R=Boc
66% 105
46%
53 R=H

106

Schelneynt hesi s of bdlse hbaimaitdéaz onke d

Car balnbestheowed much strongthe bi indil gy entio angta r veads
as good as the bBbab3 eester compounds (

Tab8Aef f i niesttiears,bachat e an & i-bsem zdiemil d anzkcelde s

Entry Cpd (rac) R! X Y R? Kp / nM T, shift

1 90 §© o] C ¢ NH 103 26.0

3 102 §<\f‘s NH - C %CNH 720£240  nd
4 106 §© o N %'CNH 35+ 13 21.4

4.4.4 Separdion of racemic bis-benzimidazoles and biophysical evaluation

With the aim of investigatbhisgnizi mihazdi fef €oea
bound wi t h strongltyhedienfamnmrteinda memrsd ti @fi-ttséd db & ,
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benzi mixdan8bves e s épyarparteepdar at i vep rcchti ecatli oHhP LW
HCI / diamxdamsaibsequent bircpheyadbiediaold detxdpi ef rfiemeenntcse
for each pair adffienaliltis WS BIM or cormmRounds
andpvkal ueZ7N3ofnand@9N18 hWer commeAlutndough the ab
configuration of these compounds <could in p
PDE a very high res®ilimeeé onruwlhhulhidg bleg rnetiefdéetrda c
avail abl e, it was decided to assign the abs:

enantioselective syntheses.

4.4.5 Enantioselective synthesis dbis-benzimidazoles

The racemic ester and ether | i akpeklluemszi mitd a
however at this stage unclear which enanti om
t he chiral benZitmdd alzeo | ree tf rr aggymretnhtest i cal |y tr
(S c h elnpe.

Boc
o & 5
N
0 = ‘;2@ — g
OH H NO, OH ?
27 107 108
Scheln®i sconnection of chiral benzimidazole into amino
Since the chiral synthesis of amino acids a

assign t he absol utiengstteor ocheenim atuye apcecdd
enantioselective synthesis should provide g
synt he@&ainfil2oTweeswmedd!| i shed routes for the enai
amino alwemesit i gat ead y mmehpyadrreolgleenla;t i on and Ev
met hodol agymmBgptdhogenati on and azidation hayv
the synthesis of chiral ami no aBR+pd peaniddiar yl
gl yéi Beth approaches were used to synthesiz
enanti omer s ofl OKBcyh einflet eddnerdmiatit kr ogenati on ap
start &b owp idpher i done whi cMC lampahso srpehaocntoeggd ywii tnke |
estleldn a -Woodhswommohns rEa&aet ir@ms uplrtoitnegc tGbdz e n ar

was then subjected to aBRWBEtEr i BGODh WAMHAagenat i
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acatal yst (5% bmo!l )hydr o een eprtessuweaes dbz de,
hydrogenol ysipenemd/ €yiamgl H he ester functi or
borohydride. Nucl eophld ¢ uvamriotnt@d b ecn zseurbes tp rt aumt i
al cd®,dlwhi ch was usendertioc ep/uarliutayt es iemcaentiito i s

in both enantioselective approaches.

SYNTHESIS OF (R)-ENANTIOMER

"’I
. (f

Boc
Boc
N
Os~__OMe Tetramethyl guanidine 112
0 ~p<
OMe 0] R
JL o} B - | J_
0~ N ~ R O3~ ~N"No Hy, MeOH
H o ;g | EtOAc o H
0,
109 o 9% 111 % l
a)
110
H
N
NO,
SYNTHESIS OF (S)-ENANTIOMER
b)
Boc NEts,PivCl, LiCl
N BocN O
N_ THF.-20°C O\)L Jz KHMDS, Trisyl-N5 Toll THF BOCW O
_—
(S)-phenyl '\L/O -60°C then HOAC, "L/o
oxazolidinone o KOAc, -60°C to rt N3
° @)
HO 62% over
two steps
114 115 116

SchedEnant i osyenltehcetsiivse of 1 @MByarssylmmantyaddo wmagle n atRRoMe wi t h |
BPE -R@DJTHbr by Evans azidat.aiiMNaBRe MetOHhp2PdMHEdIi-EL OHs 3.
Fl u@2miot robenzene, DI PXE1AY% oNWEPr, BNIDMEACP ¢ t6épN & B HMe QH

31FIl ugmiot robenzene, DI PEA5 % NddRe rst ®PAC, 6h

The alternative synthesis based on Evins azi

Boprotectéd whciicdh was actiivhatced pwietdh t i Wd@Ilpr @

(9-4phenypwlxazol i dODnogeam scatl leesains adft elolBase! is ¢ in

preferred: To avoid the wuse of butyl it hiu
58



RESULTS AND DI SCUSSI

N-Boprotectlddi eSdiplie n2yolx azol 2Iheonesul ting oxa,;
ll1was obtained in &taghlipaatitgn adnerwascthlus
azidation with trisyl az6@A&C.i nAsa priexceud een toefd
guenching the intermediate sulfonyl triazene
transf ewi deensd tpté@nagiodd@*Rgdettdson with sodium
met hanol, foll owed by hydrogenation with pal
Ssubstitution providled7 the intermediate alcoh

Anal gbhe chiral nHtPeLrCm# Orvaeotesea lacsfdnett hatc hydr ogen
gave oafn oerel y &&%daEvams ondthe ohberomphdtkky
i nter medil®dt7eThérloboEeans met hodol ogy was wuse
of enaobmppunds. KelyOwalsi malacale@ki@awdalnhg pMhesaho
condi ti ons Srlol (Bici heelmie elthleeri nt er medi at e was cy«
conditiodepanteBf¢rl2Ttho sy ice@lmgp o u nDie | w aadruadsd irnms d
ability toPhit endleritaiceci@®@mbsal bel ow) .

BocN HN Ph
BocN ):N
NO uN
OH N oH wmNH 2 1. Ph-CHO H
HN '\1 O N328204’ MeOH, Hzo O
J@ 32 DMSO, 6 h, 80°C
>
O,N

>
DtBAD, PS-PPh3, 2. HCl/Dioxane, DCM
toluene/THF N N=
(S)-107 - \ N
70% @ 2 53% E
(S)-117 (S)-62 Deltarasin

SchelnbEnanti osel ect ibesesyinmbebszakrati hhe

Bo-pr ottebde | t awasss ierval uated in terms of chiral p
references the racemic compound mixture and

used.
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100

50

UV (254 nm) / au

T T T T T T 1
0 20 40 60 80 100 120

Time/min

Fi g @ rChiral HPLC trace for racemic benzinaizbles57 (Boc-Deltarasin and for the §-enantiomers (red)

obtained by both preparative chiral HPLC and enantioselective synthesis.

Analysis of the chiral HPLC traces all owed f
enanti omer stewitth uthegf a®mamawmnd omerng | hhan|(
approach for the assignment of ®9®heBabspi ot ec
al corlodwa(s react@&@BswnghMacisdnubu condi9ti ons |
11,8 which was <cycl i BSe th elmpe.t hC obiennjzeacl tdieohny deef (t h
separated enanti omeS-esn g mptrieqome rHPaICl) o vaendd ft chre t(
enant iFongeirgser (Footh2aedhe&th&e anti omers proved
potent R hamanhe ofMmer s.

~N
S% ’%oc EOC
BocN N (0]
N Ph
OH ©:r\f>_ /\:>_«OH OO~ Ph-CHO O O A, A
HN NH NayS,04 MeOH/H,0 "IN
83 NO, DMSO, 6 h, 80°C
> >
O2N DtBAD, PS-PPh3, N N
toluene/THF )\ )\
(S)-107 N7 N N“ N
61% R 71% 1\
S S
(S)-118 (S)89

SchelnEnant iiovsee Iseyentt h §slilB Wi ft sasntobru (r eattiyet i @ aroibtfrooved b

aniline intermediate
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2000 +

1000

UV (254 nm) / au

0 20 40 60 80
Time/min

Fi g @ &hiral HPLC traces for racemic benzimidaz8®(black) and for the §-enantiomers (red) obtained
by both preparative chiral HPLC and enantioselectivehggis. Stesochemistry was assigned according to

literature precedents.

Despite the good r esuledanantioseledive appreatt e i t hhe hah
synthetic sequence wasshoraetherenbhothgos €ellheeateify
bikbenzi midazoles were investigated953¥ita was r
sequence -afd emaqitovel ective iridium catalyse

and reducti on.

Boc

N BocN BocN
2o _ SL o
N N
- - / + HN
sl = (r =,
(0]

=0

(S)-53 (S)-119 120 37
Figdfd ternaynveaetetrasady3d3is of alcohol (

Hartwi g and coworm ecase ddlegsgamidbieoeagm oisreil cicw i v e

bezmi dazol es i P%wearsyt rhit @t | wideslt dasd.c y cd Dihteixon (
Rlandhanwyl g¥(dwp atot R Bathlelnfdbogveet thderrc at al yst of
react i oyt wasgazewe boxi,nsduaebitlo tiyt. s Only one e
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where the iridium,sieatlgthhyos hei whéoébemedacti on i
the pbobrove

K3PO4
1
R’ Iridium complex R
{ + HN 126 , THF, 50°C @ /©

=N
O»—o R2 - «\RIZFN

s
bs
’\»,,1
NIZ

121 122 123 124 125
ForR'=PhandR2=H 99 1 0
ee 98%

/

,& A O\ (R-BINOL

H/N\/

Ar ;r

126
SchelnEnanti oselective asymmetric allyl?Ation of benzim

Neverthel ess itiheedteiagsdatimonn awasal t ernati ve to
enanti omers.undden ahoramdle mPa wid re n& o tcovantdii an omfs
cat aliydstnbpo 1 leaddeishnradc @p dalkictée nyp ted dBrPeha,ct i or
R=PIBchelnfeesul ted in a complex reaction mixt.
products with the expected mass along with
(Coronona CM8)jecDoer to thesabtikesc wiprtagninegti o
attempted.

4.4.6 Biophysical evaluation ofenatiomerically pure ester and ether linked compounds

Whil e higblgcpbésniwe met hbalbsenntzi if miedda zaarioensg, | i g a
solubility and dr g Isitkdfled ifmp fintwenmas mplo @ n e |
envi saged to reduce the number of aromatic

trying to maintain potency. Wbtibbe ntzhiemi ednaaznotl iea
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hand, emptsafoatsted-pdrenrydplsaidhisng ttuheent2 i n t he
by al kylScrheb@€dh b £

H
N N

1. R'-CHO
N328204! MeOH, Hzo R1
0RO, DMSO, 6 h, 80°C Os O A
(4
INH HCl/dioxane, DCM NTN

o g &
24-64%

N

Be i ©
(S)

+/ -z.<]

S)-127-130

SchelnfEenant ii ovsee Isggmtt h ©sli2sl 3 yed tigrag i(on of a common nitr

|l ndeed, replacement of the phSEhyiltlgrampi sopit

an ethyl or a cyclobaobyl pgt eTnapbhd, eoan2deidass i (r
However, the introduction of a methyl group
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T a b9: Affinities of esterlinked benzimidazoles as measured by fluorescence polarization

O

N\)—N 5
@C? ?‘“CNH
8 ©:N’>_R

Entry Cpd R Kp/nM
1 (S)-92 ; O 7+3
2 (S)-127 ‘sﬁ/ 812
3 (S)-128 ‘% 12+4
4 (S)-129 ww 9+3
5 (S)>130 Fute 35+ 16

4.4.7 Structural simplification of bis-benzimidazoles

I n a further effort to decrease the size of

the ester and the ether series. Suhpchsbngldy
with i mproved(Tlaibdemds-8fifi Thewgyeat at hat a t hi
bond Cys56 might not necessarygyoimpounidse dav gk
t he-RalBDEI nt er &addi ononally t he dat aset sugge
substituents |like cyclohexyl and Asapyspygl ot
the existingandydbaki sBgrmxtpaprecweindes rdindy n si mp
forfimids ng.

A possible explanation might be rBaweadlyesd clay
e X per ismemtesa t in the farhiesytormfoumma tsitoan ael | Pyl

compared to the freeopiateenahi ghgpedsbi atibon
6 4
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farnesyY?l ncawi®DEdoas not crystallizli dgeandtshe
highlighting the high | nTthreirreifsoerceyhkeepebt eidt
af finibibseaniz idtahzeoTlaebd Gmii y ht be due to the | ess

of proteins dynamics, resulting in a Bbwer e

T a b1 OAffinities of smalkr benzimiézolesmeasured byneans ofluorescence polarizatio@ompounds were

Cry-

synthesized by LDC/Taros.

Entry Cpd R Kp/nM
Ph
0 ‘7$N
1 131 O)LO/\/N\/) 7 %2
N <: 2
‘%’ (0]
5 132 o/\/N\’(N 6 + 2
:,‘:N Me

3 133 7 Z 14+ 2
SRat
N Ph
(0]
4 134 NN 7+ 3
- /\\N

O
5 135 @ j: ;\ 17+ 2
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4.4.8 Synthesis ofTAMRA -labeledbis-benzimidazoles and evaluation of specificity

Asshowawbowbeébsenzi mi iaedbr es DI n obi ophysi cal di
titrati onkFsl ueompdlscoyeivhagst at omder to validate th
bibsenzi mi 8§-8 Dell ¢ sarna@s (PeTF2ved @abel edrhowdt hiatsked

dyAMRGCchelnpe and t hei r PDiwaesr afcutritohne.rwiitnhvest i g

@ /\; N
1
S \ NJ(N PN N
A \ ~ N 1. H,, Raney-Ni s N
NHy/EtOH @\/N\(
O 2. TAMRA-PEG,-COOH

R'-CHO
N3282(34Y MeOH, Hzo N
DMSO, 6 h, 80°C
Q o @ d DIPEA, PYBOP
d
HNMIM

N 3. HCl/dioxane o
H 29% N /
NBoc N H""
NBoc
(S)-118 NC (S)-136 o NH
NH
: )8
N/
{ I
/
. ¥ S
o) \
=N
\ TAMRA-(S)-92

Schelntleynt h@8aMKRAabed-AT AMRBe |l t awraass isry niyaeay.  gd

Bot helleadb compounds di spl aywivte)lw gd heghi af f hei §i
nanomol aFi gr@adiregel n( direct titrations employin
can be regarded as upfpiemnitliens tecanmotnclee pme a
experiment al conditi OoABRAdCdwrsifdruaolropbobas k ¢
(fluorescence intensity) are commonly obseryv
which intrsodt oe saortthieirgwsi. For the di fferenti e
coprounds t wo s odnupedtointsi veex itsitt:r aat)i acns wai ng urn
affinity orménpt Kiwkitcle @klpewitfhBgf rtahiee drea teir ani
assbicamadi ssoci aoineh sees dFolrow)ompet i ti ve titr
TAMRKAabel ed compounds wer e swibn etche dprtesetnicte
excedgsl aBéebedgastatin.
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1,0 1
1,04

0,8 0,8

0,6 0,6

0,4
0,4

fraction bound
fraction bound
HlH

02 y
02

0,04 -

T T T T T T T
100 200 300 400 500 0 200 400

cPDEd/ﬁM cPDEd ni
0 O q NH
e D CLr <

N N C
TAMRA-(S)-92 TAMRA-Deltarasin N
(S)137
R

FigGwa tedi t rTAIMREgEI 2100 n M, TAMRBRe)l tagrbarssi m M, whr O Hydh. t
Fit to a onesite binding model derived from the law of mass action yields the the corresponslivglues
(TAMR®)-9 Xp5 .88 1. anHAMRBe |l t a7r.Bbs B . The tTAMBBeélomar d2irn

were also repeated at | ower cowaémnmtsati ons (35 nM) re

The data can beaaippgloxi smatel mwodelt, blyowever n
is available f arupti giagF’cRwererimenhal psesence o0
binding i BAMNR@®O®Bs ifldr di spl ay a stepwise shap
than the fit suggestTAMRAmdel etdh &€ swea vaear m dl istai nd ri
di fferentiated irdftea&anms ecsf twheiant heEAdBRASV & 0@ (
99Dinds more TaMRBe gL ar aban
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1,04

TAMRA-(S)-92
B TAMRA-Deltarasin

0,54

fraction bound

0,0-

T T
0 2000 4000

cPDEd/nM

FiggadatratTAMRE)-DF 60 annM)AMRBe |l t arlads0i m MPD&Ewn tthheepioésen
100Munl abel ed Atorvastatin.

Alt hougAMBlalmel ed compounds PD&dt winadcdt elair g h oav
specific the PD&aemdct baesnezb enti Wl ghfsonridss ng t o
t he r el aztigendf asootl aurbs TUNC1 1990 HWRaG4 iamvde sUtNiCglalt e d
a high degree ofPBE¥Ricctthurcaontsaimi laarbiettya thoar r e
accommodate a | i pPOEMNCEL9a/ bnlhlcantdd dngpsd phttiod e s
|l ow nanomol ar affinity. Additionally specifi
l' i pid binding PpY8%€ins Galectinsi1/ 3.

To test theTAdRKabhelced ycbmpdhunds were titrat
bindingFpgapei ®PDEIye t o an increase in fluore
addition of protei TAMR®-%2ae A NMRBRRd letda r pafslu dne s
TAMRKAab @l-tsednzi mi danol &3 ndli d o any other | ipid

therefore seerpltovengrbbesi hoer abikton of sma

68



RESULTS AND DI SCUSSI

0,20 4
- . » [ ] [ ] [ ] L] L]
[ ] 0,20 4
é u a n
g n g =  PDEd
S 0,15 - = PDEd S e UNC119A/HRG4
2 . = UNC119A/HRG4 ‘= 015 . A UNC119B
g : - UNICl}9Ei g v Galectin-1
g Galectin- o + Galectin-3
S Galectin-3 o "
2 0,10 4 8 0,10
e " [ ] - - - [ ] 9—) "
(e} l-i—— - L] = = [=] 1 u
3 = .
o LL
. 0,05+ “‘ ‘ ; ‘ !
' 6 160 260 360 460 5(‘)0 660 (‘) 260 460 6(‘)0 860 1(;00 12‘00 14‘00
concentration protein / nM concentration protein / nM

Fi gBreei tr afTAMR®Of2( 100 nM, alnhndR-Be |l t a(rla7ss nnghwi tlh PDE
UNC119A/ HRG4, QCadléedadBEnGaliacPB® buffer (coBodthehyngddi O
oPDk & tcohaan § € uiom es c e nefe TathMRIA@tbred myd pr obes

4.5 Displacement titrations of TAMRA -Deltarasin with benzimidazoles

TAMR®-92andAMRBel t awarse nal so investigated f o
di spl acement titrations. I nit i TARIMRBealatdt art adii v
unl i kecekrmtuomeasTAMRE-9d@&Nidspl ays adrebatiatel gnf
from tiare (phaltfhel iMiensuten scal e, see also kinet

of using probedi wsbhisaeéiisattihvaaet g rfeacsitpi t ati on
because equilibration times withhaua |paabretliecdul :
interest for spari ngbibsesnozliunbil da zsarad shs (o ee)cduil s
Ther pdfiosrpel ac e me ntA MRiBterl & tawictrsls nofe benziln®i dazol
and bt-tsen zi miDeed 2 aversa cna i nv elBitg @pde eBot(h compou
showed a dose dependent decrease of fl-uoresc
bound fl upvalplheos:e BE&n zmemlit@®l a2 DD ealIblt, #Amaygygi.n T h e

affinities for the wunl abeled compounds are r

with At &rl waog teassteiim .
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e 10 Ph

m  Deltarasin N
0.6 ©:/>—Ph
N
] 10
H
S\ O
N o 3
N
oS

N

0,4 1

fraction bound

0,2 1

(S)-62 Deltarasin
0,0

1E-3 0,01 0,1 1 10
concentration of small molecule / uyM

Fi g@3rmeeprteasteingpl dcemenfTAMRBeht awba$i B nzi mi dlaQzfoilte ifm ag
bl ueDebabdrfasi nn r eTdAMR-BGd nt daBr3aisoi khg4 ® DEM. Data were fit

competition model based on the | aw of mass action.

4.6 Displacement Alpha screen with biotinylated Atorvastatin

Al t hough fluorescaesbef pobhasayatiwemeamsdictTess

compound oltihleraraissesay f ormats were investigate
used with aR®sopeptyl d¢ eadds Kdescri bed above. H
K-Ra s 4 B p e pD Hihdgh protein@ancemrations were needed and thus the affihity

highly potent inhibitors remained elusiv@iotin-Atorvastatinl5 on the other hand showed a

very high affinity in the T, shift assay (22.8°C), and ITC (/). Thereforein analogy to the

direct titration of biotinylated Ra s 4 B wi (Fh g B BrREilg U b Atorvastatin was

titrated with PDH and an apparentdppof around 7 nM was obtainel ( g & 3
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= Biotin-Atorvastatin (15) 1:1 PDEd

350000 —
300000 —
250000 —
200000 —
150000 — ]

100000

normalized cps in a.u.

50000 — E

04 = "

50000 TP —
1E-5 1E-4 1E-3 0,01 0,1 1 10

concentration / uM

F

O |-|HN~.?o
HO HO L Ny

/\)\)\)LN/\/\O/\’O\/\O/\/\N %

O ok
HN

F i g & ®ilution seriesof Biotin-Atorvastatinl5withPDEI usi ng Al pha screen readout

Notably, the binding curve fdBiotin-Atorvastatinl5 displays a bellike shape whicltan be
explained by theo-calledhooking effecf® The Biotin-Atorvastatinl5/ PD EY donor bead /
acceptor bead system can be regarded as a four body binding equiliBoimen ternary and
higherorderequilibria exhibit a belshaped doseesponse curve in which increasing the total
concentration of the centrapecies can actually cause reductiorternaryor higherorder
complex concentration, and thus lead to a decreased $ignal three body illustratiosee
Fi ga3®e
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300,000+
o ‘ Streptavidin-coated
g Alpha Donor Bead
o -
o 200,000 Q Biotinylated Analyte
©
S) - Anti-Analyte-conjugated
o Alpha Acceptor Bead
“ 100,000
(]
=
o
<

0%

42 41 10 9 -8 -7 6 -5 -4 -3
Log [Analyte] (g/mL)

-3F SF 339

LOW ANALYTE OPTIMAL ANALYTE EXCESS ANALYTE
CONCENTRATION CONCENTRATION CONCENTRATION
Some binding sites occupied Optimal # binding sites occupied All binding sites occupied
Signal production above background Maximam signal production Maximam signal production
Limited Optimal Bead association
bead association bead association inhibited

Figend |l uesnrtmdfohi ng effect, a gebenaelqrugrlapearitay, afp ptlh ree
techndl ogy.

In the case of a three body systersing Alpha technology with just one analyte (e.g. a
biotinylated His-taggedprotein,F i g 3 § iemeans that excess analyte concentrations lead to
decreased ternary complex formation because all binding sites on the donor and the acceptor
beads are already occupied. In this situation excess analyte will not bring the two beads
together, rather aituation results where the bridging species, which causes the signal, will

compete with excess analyte that binds only to one bead and not to the other.

In the case of a four body systex® observed with BiotiAtorvastatinl5/ PD Ei/ donor bead

|/ acceptor bead, the system can be reduced to a three body problefn iaggid €atehigh
concentrations of compound and protein. If compound and protein are used at a 1:1
stoichiometry, at concentrations above kaevirtually all of the compound will be bound to
protein. Under these conditions neither free compound nor free protein exist, therefore the
system can be reduced to a three body binding equilibrium containiBgptime Atorvastatin
Proteinrcomplex, thedonor bead and the acceptor bead. ThergfioedllustrationinFi g8 9 e

can also be applied to the discussed four body equilibrium.
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Displacement titrations employing Atorvastatin derivafivendbis-benzimidazolé5lead b
apparent affinities of 4% 20 and 55 10 nM F i g 4 P "Bhe affinity forbis-benzimidazole
55is therefore in the same range as measured by fluorescence polarizatibt) (39

ﬁf
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-10'-9'-8 7 -6'-5'-4
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Fi gdRe pr e s eisplacemdntditeatiods of BiotiAtorvastatinl5 with Atorvastatin derivativd7 (blue)
andbis-benzimidazol&5 (black). Data were fit to an empirical dose response modelpd¢aluesof 45+ 20

(17) and 55+ 10 nM(55) can be derived from two independent sets of experiments employing different orders
of compound addition (Atorvastatin @M, PDHI 24 nM).

Thedisplacement assayith Biotin-Atorvastatin is thus viable alternative to the other

assays (ITC, fluorescence pakation, T shift).

4.7 Kinetic analysis ofsmall moleculePDEli nt ersact i on
For medicinal c¢hemiisst royf tphaer triactuel acro nisritaenrt e skt
more predictive of cellul arp!d%dadiuvsi tnye tthhoadns thh

been described to measurnegantdhékoki metpircotratné
i nt er!8tviesry. fast associatiomr ardamhpkseoaira&t i
obt aibnyabslteopped f |l ow meas up kfeieunotrse secnepnicoey ianng s
readtluddvi ssocisatdfoerd ataddd | mol ecul es can be d
ti me resolved fl uor escienn cset aannd asrod r %6 yvaerislt amld

assay setwpTWERAaEPDIEs mal | mol ecul es wiand pr ei
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then a | arge excess of unl abeled competitor

compound in real ti me.

excess

Figdbde spl acement a@ksgdy |fadrelneeda scwrmipmunds using an exc:¢
The addition of an excess of small molecelesures that no rebinding of the labeled compound to the proteins

OocCcurs.

WhemAMR®-92and@AMRBel t awearse nused| nitthieabhieglt enc
ani sotropy decreased ovebDeli afeiagdfftee rStardidkiitnigc
the rate TrOMRBeanttaks@leinitl §sl) anTHAMPRE®-9 IO N
55x10share seawearsaloformagni tude | ower otalfalB tshe
for a farnesyl at ed-fmentliydRe gbat milenkeinnidyf ftelse 1Ra s

74



RESULTS AND DI

Ph
0154 * n—
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fluorescence anisotropy
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Fi g dReerpee nt ampgetitian experiment 0FAMRA -Deltarasinwith an excess afnlabeledDeltarasin

observed by a fluorescence anisotropy time course.

Table 11 Rate constarkor for labeled small molecules and peptidek values derived from direct titration

measured by fluorescence polarization. Adopted from referéhtes

Entry Compound ko/s"'  Kp/ nM
& &
1 Dansyl-GKSSC(Far)-OMe from RheB 3 102
2 TAMRA-Deltarasin 6.1x10% 7.6
3 TAMRA-(S)-92 9.0x10° 53
Whil e fluorescence polarization exper.i

SCUSSI

ment s

| abel ed imdeAdRBlee $ ak a hies e e x per il mebretl smanyehd ecshs i

influence the i,hadeéct iecoxnperTimernegfadr et echni gu
Surface plasmon resonance (SPR) all ows for
parfaaemes in a si’%4d'ht SPRp erxipreeritment s wisgs h unl |
the protein is immobilized via its affinity
the adsorption of the smal/l mo lea c utliemeo natnod ti
concentration dependent manner. In coll abor a
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system empl oyi ngPDiemme bielsit Ziddd t &8 & dPeDtdva s GS T
reversibly immobilized on an anti GST captur
benzi milisahzooweed a f ast association and tda fast
(Fi gade) eft

RU
RU
10 —
9
8 ik ‘ﬂv"{
] il
f m‘
6 | | | Ml
[ g vationbilus © ” "" A \lh AN L 'A
P a T e hﬂll“\‘
c o
I} o
Q 1%
2 4 & ‘lJu il I
£ IR LA
7 I i
X n‘H’ i W N W ’W | w mmmm‘
2 \WW M“‘\ 0w Wi
( ‘ i II\,M AU R
| t | ‘ mwlwulvuw {HLI i i
. i T
o ] ! N n y
A
14 f f f f f f f f f { f f f f f f f f f f
-50 -30 -10 10 30 50 70 90 110 130 15C -50 50 150 250 350 450 550 650 750 850 95C

Time < Time

Figure 43. Representative SPBxperiments carried out at 35%h a Bacore T100. For benzimidazolk
compound concentrations were varied from 63 to 8000 nM (left)), fobigbenzimidazoleDeltarasina

concentration range of@4 nM was used (rightExperiments were carried out by Biaffin GmbH, Kassel.

Thiei-bsenzi mi -8 amibe $ t @driasspilnayed a similarly fas
the dissociation IMatbk2ewarst rsitao nyg|land eHdyc eTdh &
derived from SPR experiments agree well with
equi |l i bri updecaonsetdanftrsonK ki netiforex pmer ibmerrzti ani
fragmenwhereas they albigbsemwed miDidcdw epalrra®-80n t he
According to the SR i seppayismertry ¢stgdart Gi ndi
77 [gMbl2e ePyt.ry
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Table 12 Surface psmon resonance data for the interaction of benzimidazole®Di . p védduesmarked

with an asterisk arderived fromthe ratio of rate constantgalue in parenthesis is derived fromastg state
analysis.

Ph Ph N Phﬁ o Ph
Y b Ph— N, S -
e O orO® 8%

10 Deltarasin NH (S)-90

Entry  Compound Kon / M1s™ koit/ ' Kp/ nM
1 10 3.9 x 10° 0.9 2900* (2400)
2 (S)-62 Deltarasin 6.3 x 10° 6.9x10% 1.1*
3 (S)-90 8.6x10°  65x10° 0.077*
4.8 Effect of GppNHp-loaded Arl2/3 on thesmall moleculePDELU interaction

It was previously shown thatathes Al bo2éed nGa Pa
fromu®@PmDE t hat RhaeabnkeRadli stkg-dhayl ues f or tbnndheg t
hi gher nan®&me&bar3nIMKR@ko=( 3 0 2*TrhM)r.d fto eweaps! or e d

whet her Arl 2/ 3 can al s o Kgviaslpdeascfeo rc BAMBA avn d e
| ab®kédarnas i(@202. e r
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014 1 BEDE& 3eq Ar |
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u
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time / min

Figurdecti ve di sPAMRE®HDEANS0 amfiM)h an excess of Arl 3 obse

ani sotropy.

I nteresTANBReb edl{iSeSs2vas readi | GppiNHplaaeed Aby 3
(Fi gdnmte Theirtef wasg tedAtrd R/eWeatsdefeflrthinglBiyn | aganc
concentration dependedtTAMRBeE kTt ao raPsrie€8)-da& rme d f
compl ex were treated ei tthANMRBAWItthacrdanspbiPne 8 r wA B |
di srupted bArShb®tdedn| By anhlde rdaepp edn daenndt croenlceeans
i nhibitor fbriomditnhgeF pmrédbheg fAtr) 3 r el eased the |
mol ecalte efficiently frsoint et htehUadniarmAuiemylli fh ierdc
competitimowmalmoedsel ofK 24 nM for Arh2dafidofin n Mi
dat aset . Surprisingly, Arl 2 was TAMRE®OL2 e t o
from the far nFesgyuls ebbii gchitng si te (
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Il Fluorescein-Atorvastatin+PDEd
0,20 I Fluorescein-Atorvastatin+PDEd+ArI3
Il Fluorescein-Atorvastatin+PDEd Arl2

o o
2 I
o o

Fluorescence anisotropy
o
&

o
o
=]

FigdBrual i etasiev ee xmpefr i iecuidns e $ v a s tGptpiNFH pvaidteld AAc b tnp B e x
of FludAtesovaisPBEwans atnrdeat ed with equ@®hl amAuh3 scam Aff |
rel ease -Atlourowassctea tni n .

Hi gh to medi umTaAMRBeIl t gyarneda ifgaor nleiskyel at ed pept |
hand aree stusceéipsphbacementllBbya bdotrhe cAPIDE ta nad i/
TAMRBel t asrhaoswisn a psomphaedKt AtbBlIrvasdadMd&iAn and
o925 nM)but even at the | owest technically
compounds cannot be adfiffifneirteyntiinateeddis e cdieatmsb
r ast eof the three compounds however are cl esc
Fl uor-AsoevastTaAtMRi®-9%a2bdt h i ndeed bind with hi
TAMRBel t arasin

Notabllyyt AmodB8 Arl 2 displaces the farisyl at e
in cel Fi g ¥sstuegsge(sti ng a higher -RaDE@ciomptay eado m|
t o -RRBE

Consistent preliminary @i eenliAMRAtarbaetl ieadn sl NEPePrt
peptide show mpghed ad6f RastpeptcdeSE, pwiptth de |
di splayingd4d@&@mM.affinity of
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+— 4

3 S
g ARETN _ARLZQL S 5 _ARL3TN _ARL3QL
- oo oo o0 o = oo oo [N
LEppoomez = SEREC W 2
o n o un o wn
gux—umgﬂ‘—cmaq—q RUHU\P—{HHU\\—{\—{
-

ANTI-MYC v o o oo s oo oo onm sm g ANTI-[VIyC S S

Figdme fferential release of farnesyl ated pheotialat ase
LARPBD&Ea nd -ImMyBEB n RPE cienlclusb aveerde wi th enthens{dBpg CGamNunNt
(QMi mi cking -MBL2nbABBE¥Tas indicated. | dwiuthlo-@RRBCiI pi ta
antibodies anidmnduentoepcrteicoinpiofatMyat | MmeHhBbhy apvial spec
QLdose dependent interacd%on between | NPP5E and PDE

These findings have i mportant consequences f
PD& Since Ardatred ameésd&mE i n cel lisonisn (cloomp .
mi crom®t he) catrgasing ability of Arl 2/ 3 woul
concentrations to observe a cellular effect

The displacement titratibavdatafteggestbt hdt
PD& wi th Arhg bhe mor e pot enyt SiPrRt egxame roir me nF
fluemesc pol ari zati on !%anted nslu mmohrd tan ttdsh fiakdtesrme 1t ti
roles for Arl 2 and Arl 3 in the cwher.e Atrhe2y 3me
unl oa-df fliomwi t vy, plriekhgf RéedE TOh ar gbhoerier r ol es me
interchangeabl e in that partstafoentghheyeseéd . i Ar
where it may rel ease HHirgPhDid fnftiemietsyt i cnagrl gyq If iok
high affinity myristoylated peptide8Meram, al s
the ArtleI mi nbas hkeéenmaseacpobkdtheopelnmteerr acti on
PD&Emust be ystdriucftewrrdailtdi i md endti mgssohet bé OUNKEAE
of thecommparPdDdE' 56 nce Arl1 3 regul ates targeti:
myristoylated car §% itté ctahne bper irneaarsyo nceedl etahsagt |

factor for transport of |ipidated cargo to t

The high affinity car goPDiEhe et iafl il e do f¥°&erit U NMC Yy
suggesting t wad odhlé¢i fpe rde nbtiimeli Ame lgpersortteliy t hi s

bidn ng proteins controls the | ocalization of
and Ras GHDP®& sne st hfeo mwled 1 e do dlyi,gh affinity car
primary cilium and released by Arl 3.
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4.9 Effect of GppNHp-Arl2 on the displacement kinetics of cargo fromP D E (

I n addition to equil i bGppuNiptli2t roant itome , kit et i
rehse was i nvArslta glaorems &ihow affinity tern:
RhebnRDEWhi ch riaspiodtliheetdasd,di ti onisbdbuRAd| 2ntoe®€
di ssociat i bounGoresaeqweatil mpact doifs sPorcli2zatoino nt hr
TAMRIAabel ed smal | mol ecul es was investigated
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excess

PDE Ko, ’ PDE&E Ar ‘

KD 4 kOff, Arl2 KD 2

PDE / PDE A | 2
TAMRGpd —— | TAMRBpd

Figd®eaiheipopf kineticndgdAMiRiAiamentes icrowméloiud dain\WhCpr E
Arl 2 is addedTAMRAabed mrpll esxmad 88 UmoEMAc ulom of a ternary
complex is observed. The amoudnetnto font etrhnea rrye |caotmpvlee xc of n
comparkRRiEatna t he epuiskKdgbirhieunmexchange IMAMRAabre| bdt waen
unl abel ed smal/l mol ecule is then initiated by adding
clacul at i ondiosfs cacpipeadrnesniamsda sTdke max i muope vl eiep®Ad &k t o Kk
t TAAMRAab el endo Isercadlle f r o mP DWTeA MReBrprda rcyo miprl | e2x

When a pr etfTAMRBeE | R Dcfoanpil e x ( was h o3 & e2ncid) lad

excess of wunlaabselloewd dciosnspoocuinadt i on wada&lhs er nad f
(Figdpe I f the competitor was addedataifotnesr opfr
GppNHApltzhe dissociation r,atwitwastwaeadgblblyyvalne
showing a signific&utrtdafefr Getp O{@H $f2alf d eil edareea s
of the | abeled smal/l mo |lheadl ufifeehr esmcohd bande

detection | imit).
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Singiehdks t o correl ate wi{AMRGpPR EAc U 2t cofmptl Fee
it has to | elvVAeMRBpRBDEwWhm| exhei s fully satura

observidijdpataect ual ly indicatTAMR%Maltlhemoflreaccutl
PD&Et o Arl 2 and the dmagatcabhébébel dwtbédmassonmnm
equilibriwm Aossmahat Kon of t he exipnertihree nltoaw
mi cromol ar range reveals good aFRirgbepmne nAt btehtew
exepri mentally used nanomol ar <c¢oncpegwmaulad iroenssuy,|
in a | ow frBANR®ME ik wndrdf2. At | ow Arl 2 conc
t hesaaKIl i nearkeirnmeibri haddreofconcentration of Arl 2
experimental data is in agreememnimuwitt tbet hins t

miemol ar range.

0,8

P D& Ko PD& Ar
0,6 4
x§0,4_
5 k
%’ Kp 4 off, Arl2 Ko,
e 0,24
g
KDS
0,04
PDE / — | PDE&EAFI 2
0 5000 10000 TAMREBpdf ——— TAMREp d
CArl2 / nM
Fi gbr2i mul at ed omlnwesmafl oz eld) in dependence of Arl 2 ¢

relationship. A r egwiotnh oifndri emaesaatd ioAmwslr 2 aceosn)osihéiMMobser v e
(RDETAMR®-9 B3 M) .

These data have also important | mpl iPcDat i ons
binding shtelSincegtee@mDic oAnpll2Z2xes di spl ay r
a finity and rapi ddryc dantsrsatciian s, maw fgho cha l Ry «l
CpBDEcompl eahasoeven |l ow affinity, l ocal ly ¢

di spl amal t hmol ecul e.
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Small molecule screen for finding Arl2/3 like allosteric inhibitors of the RasPDEU

interaction

Arl 2/ 3 and small mol ecul e PDE bt € olarstcamt hag |
to smal l,wholcdhcubliensd to the hygdArbobpgh8biicmccaas

di ssocia@aft i bomumatear go by f Kirmatnigc tex marriymerotm

the differentiation of smal | mol eculiersd whi c
all obtedecs. In order to identify smal./l mo | e
experi meAMRB®-D2wi t h smhatlul en®d were carried ouf
mol ecul e | ibrary conasfifsitneidt yofb i 30d0Oe rsse Iwehd tcehd w

RaBDHEAl pha dhreeémbrary was tested at a concen
as a controdl ysidnicsepl iatces apicdbrigrodi hgomDRiEvh éy po

Unfortunately no allosteric inhibitor could
flexible interaction surface area this find
compounds however might reveal starting poin
PDk

4.10 Synthesis of benzimidazolgyrrole hybrid inhibitors

The resul ts bo-bste Az n mdadnhdp otl kel eAt or vast atin der
thahe f-Brndsplh sliitsememmfabPPE to structure gui

compound affinity. Since both compound <cl as
combine structur al el ements from boteh goa@ampou
of achieving high |Iigand efficiency.
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highlighted. Lower panel: Overlay bfs-benzimidazole (cyan) and Atorvastatin (pink) frbest scoringlocking
pose. In a hybrid approach it was envisaged to keep the isopropyl substitutdel pypiety of Atorvastatin which
according to docking extends into a hydrophobic pocket that was rgeitdd by thebis-benzimidazole

compounds.

The reduced -Hh uantbems odowmlodh | ead to a decrease

efficiency and possibly improved solubility.
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furnish the benzimidazol e. Thi s rdoultoew shtoeme
effi cCGoenmsceyyquenwbdy, deci ded to start with c¢comme
carboxaldehyde and i nstafl |t hdFesgytrell @mdvies afp aa e
The aldehyde was therefore subjected to aldo
a,-bnsatur afedou)ketd8mnet {er reaction with-aliphs:
Knorr synthesis furnished the benanmasapoé¢wei
descrd btedl-stufeest i zumedabehes.
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FigbBse nt hdbeing i onipga hglbe i d i nhi bitors

Unforyunahelrebahtzi mpyhxrxwimpdund sehows odigd n
bi ndi ngi(Tabl BDEConsi stent with other benzi mdi
al kyl ated benzimidazol e didTanbdl3e @éfhs.plyay not a
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compounds measured by f

Tabl3Af f i nbezniensi dgafyz rothaylbe i d

andsfihift assays.
R1
|
N
o< o
N \/\/N\/(N
Entry Cpd(rac) R’ R? Kp / nM T, shift/ °C
! 154 o< )ﬁ/ 251 + 33 18.3
3 19.6
2 155 %—O H‘ir 347 + 47
3 156 “‘F-@ ‘w"]/ 689 + 223 nd
/
4 153 H P‘il/ >1000 nd
4.11 Evaluation of bis-sulfonamidesaP DEU i nhi bi t or s

By meatnhse obfi ophysi cal Al pha-Racsrdd8e heepdaidy PP By
(described aboveS, cbodumuerd) pbyaCO®MANati ve <ch
by ghihr oughput s ctrheeesrei, n gc. o nmeorbcgssaf & iy a mivche 4 aw ¢
identi 6t edtibPDBer s. Hi gh i n bAil pihtao rsyc r pecetne nacsys

independently confirmed by the coimpbBii tive F
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Tablédi t uster derived fToommescrt akhbissug f einlRbdbhnddd sR e

car bloecsycand heterocycl es

Cluster average Kp / nM Nr of compounds in cluster Top hit Kp / nM

W\ /,O
R@/S\ 10 4 <5

W\ /,O
R! S\
/©/ N—f 681 6 <5
R’ \\S\”O_Q
( /©/HN 477 6 <5

RN D 838 8 47
o
O,
R2 S 157 4 6
RLN' /©/ /N
.S
(@]
F S~'_<:> 321 4 8
R ‘N\ HI
R2 S” 381 5 108
R1'Nl HN—O
\
R2 S” 456 5 8
RI-N /©/HN
.S o)
O
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Frofmabla4at i's apparent t hat al |l clusters <col
understanding of structumaehiiraset i ontami debaweoe
into the cocrysga®dlowistthriERB G e o). eASd eleixgect e
sul fonami des are able to interact with both

ablebtain a cocrystall6ttrhict beepondt eiompwhind

representati Fegd®dek) ngl poaddi(tion to the exryg
Tyr 149 and Abqgredt vai tcHee@lIr gil BB t)oabns enr v e d .

Figbmlset ructur al mo dbei-bsa | f o n a kb EeeFoncgkoi nfg ape®pre DRt at i ve
sul fonami de, hydrogdmr 9b am s Hiiynhahpi sgithdteafndomMyec @ 6byst al
wi PPDE(S ol v®dShehab. |l smail)

I n contrast to the Atho-bseagd ad ldelsi-sketr h @ @& nv @ 8 ¢
contain a short l inker (phenyl ring), wher e
moi eties to bridge the disthissue floamtawme elesTyrelk
phar macophore is themedhremalolnerndcaftfeal @ nan
hydrogen bond. With the structural data in |
activity relationships were derived. Gener al
to befveruy tdi fwhi ch can be attributed to the

will be I imited to the hibtisscel ueshami dent ahai a
of a saturated carbocyle and phpeonunldastdlda i vat i

entri 9 .1 Exmcdhanging the cycl obpenhtyy!l sgbstuptd
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the affinity by dradleredetrr iods mhgnwstpdeaRepl
chlboernozyl Tgbbmmpentry @&@ntfhhoubhoasubstituent i
stronhgblype entry 4), while verylahlibekgntsmeo®rdar

al so unfavorable suggesting clashes with the

Tabl®Stuctttuiei ay r el as daotnisviel preheib.e r Ssveeprraeeged affinities

measuremetns are shown.

\\S/,O
\
R N
\ H
D
Entry Cpd R Kp/nM
1 164 Q\/@m
<5

R’N

2 165 5

Cl
3 166 Q %8
0
(0]

R’
F
4 167 @ 1941
D
RTINS0
5 168 ):; 280
o\
1K

Based on tshe uct @e#ietsh @GIPtDEI s ap plairssur tf otnhaanti dteh ids
not extend ichtoc@tiStb®@h@oekete | mpr ov e nbe-nst I n
benzi mi dazol es seemg hree acdwiuyTitaptl ebiolelae edl ndhae

most potent hit cluster features twé&igecenda
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56 a, ), which presumably extend imgaor athiantg pe
piperidine béarmret arugeateinntd yCysi ng -Gayghaa.hesi zed

412 Cellular ExperimentswithPDEU i nhi bi tor s
412.1 APull downo experiments in cell lysatesvith biotinylated probes

With a | ibrabipbsenfzivmgrdya zmdtesnti n hand, it was
compounds al sid nbicred ITthdey B Evse®m.z i mi(Y-HBZwd €

hydrogenated «Nmplamydi nheRareesyw!| ti nggnami ne oaLw
Bi oDeInt ad7aps.i nBi(®t icmmmonl y useadn fofr danmmodunds
Strepicowabeéidads which all ows ftoirndg her e@theii td mey

i sol ati on.

PN Phes
1. H,, Raney-Ni
NH3/EtOH
2. BIOTIN-PEG,-COOH
DIPEA, PyBOP
S y . Q g
3. HCl/dioxane N
N Ny 2
N\_N"= 45% H
H NBoc N
NC’( Z; NH
)L NH X
o Y

Biotin-Deltarasin (170)

Figeirynt h&8s ioDemf ar @& i n

An excess-Deolft a@id®Hd me BAtootrivnas pweraea {(reated
Strepicaaimdigme tbse,adwashed and t hen esxupbejre cnteend: s
with MDCK cell | yFatgdsg e( For principle see
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M cﬁate W%@ strmﬁent M s;l)etcmc
1)
MD - M hegtring

matrix linker ligand RXE
2 | ]
’ \’57J

W ‘8 stringent specific
washin elution

‘/\/\/\’D [_J < or

heating

E

Fi gwr8Rr i nci ple of direct binding assa,yl)owi tdo mpmenoibtiiloi

experiment, X2ofweirmmamielli zed compound wietfheid%8rnecee compou

The fractinohhef cBeEDE | ysate that bwausn dantaol ytsheet
bywestern bl ot tAHDEEganus bdgiyaal Bna&k®eg it i s app.
t hat compambed ht @« mmmomtid olzed PcDoEmpotihdssobhndeph

t hbbsn&D&on cel.l |l ysat es
a b
S
3 s & & & 5 5
S N o <y X X2 o o
S IS 5 Q S @ > > >
¢S & $F ; S Q Q N X
$ o S ~ A S 2 ()
<N 3 SN S > S Q Q
Ry > L § Y % < S
¥ @ @ ¥ Q0 Q & S N N
N ® v S 5 e o
k)
* * :) »c'\/

FigbRepresemllawnvexperi ment sBiwdieing arnBieodi mr xadt at i n
MDCK cel.l Weysstagrens Bl ot o tRMelfaent S thpidgeich | wittah i v e dApul | do
employing biotinylated compounds; -De) taocmpdtni tainadn feaxpee

Additionall vy, i ndependent competition exper
cmpoulRidg®f®ebvali dated the interad®eil oawiabhi bot |
PD&Ei n MDCK c €ellhle Ibysnadtiensg. data generated with
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benzimidazole in cedtludegs@quiede ¢ Hapep rtddeavdehl tottpame
ofmall mol ecuPbDkwiashisbhictess f ol

4.12.2 In cell measurements of the effect dDeltarasin on the interaction of Ras with
PDEU and resultiKBasdel ocali zation of

To address WwWeksibkzed thempoymds al so break the

wi tPbDb&Ei n t he d&dlllIM exkKRET I ments were conducted
Chandra wund Nachi ket Vartak fr oRastdB I|gocoaulpi z
pr edomi nhaentpllya sthroa tme mbr ane, it is difficult

PDEIi n the IThei Rkl elt lervaecs itomer ef ore used as
because RhabBD&ar eve e hirni cthreed F¢ yt6d®e0ITh(e fract.i
interactinguRbebelwat had&tDfahichlmnge in fluore

i nhi lwithom smahh mel eagli €y monitored.
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a b B
- 1 5 min
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e
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Time (min)
Fig6efe el | i magi ngP himindgtmaRheb ay nBPi pl e mCcheRPHay: | f
and mCRReah nienteract, the two fluorophores coRteelr,l ose
energytmawydtioeCrhe®® PET he Irteisnug-RESostbEmefEgyns fETTd e(chFRases
the | ifetime of the exciFklewdor rsdlsdfesrtadmgCingr i( Fe& |l RMhelcanTih
guanti fy aohfe ifnrtaecrtaicdPriDigly) RERIBITIM Mk seri es toamre aNRAK cel |
Del tar dsiewait e ht areassuilt ed in an increagase decrféaoe eisc e
bouamadf Rhédlhe nogumatiftedahowm in'the | ower panel

Treat ment of DM&ICKdkadibisosws tdf | nmE@haRDBE on be
and mCGRheh,neresulting in an tiamrcd edaeser @ aas € | iur
of nt erRahcedi)(rigg6 Pheupper panel ). The | osanadf i ni
PDiEwas vwisti thilre s2 nriihnwst @ebserivmtdiathao shewimng aa
di spl acement of f #DikeAs yd-oast eeplo nRshee bs tfurdoym o f t
Del t aorna stitmmé® DEheber acti on revealed that the ¢

efficiementysaadtil@oon as doubFieg@)l @iint tnher olmoV iamg
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QD
(e

500 nM
|
o 0.24]
EQ S 522 In cell K, = 41+ 12 nM
Qx A } 2 0.207 R? =0.93
€ 35 v 0181 |
N 0.161
T 0.14]
& ‘A 25 g 0.12
c 0.101
A 0.08
¥ ’%5 b [ |- ‘ ﬁ " Y 0.061
gl I 0.041
0.0
0(00 <o°(,/ Qg? ) %g @o (OQ

Deltarasin (nM)

Fi gwrlief f ect o f n ada rf tf realedridtnasx racsfti m eP D& mterhction. a) Gncentration
dependent FREFLIM measurements usirthe mCitrine-R h enbC h e-P D Einteraction; b) Quantification of
FRET-FLIM data using a simple dosesponse model and the ChePigisoff equatior?

| t was al so of i nterest to confi rPiD& hat hée he
| i vi nTgh ecregtfédrles wer d AMRBatl € dvhaiscihh r esul t ed i n

of the donoil FPPD&E.dtiTsmes xpfer i ment confirmed t
mol ecBD& n ot he IFigbpg cell (
a . b

i I Pre
-  TAMRA-deltarasin B 5 \M TAMRA—deltarasin

2.6 -

mTFP-PDES

Tav

mTFP-PDES

o DMSO 200 nM 5000 nM

PANC-TU-I
5
e
~

Figeaegf f e AMRBel t aornassihme donor -RDHE et iIMDeEC Ko fc ehmhTEP transf
mT FP D& b Quantification of the observed impact on donor lifetimgRe | o0 ¢ a | i Rzaastni &P N&f

cieddmrs treat ment of (@iefl ft @amrearsti nconcentrations of
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