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Backgr ound of © P% ‘%nventron Leukotri enes and prostaglan;'ﬁgé%g%g
inflammatory medi ators inportant in asthma) arthritis, and other

i nfl ammatory di seases. 5 Leukotrienes cause airway obstruction in
asthmatics through bronchoconstriction, increased nucus secretion, and
chenpat tracti on“4i nfl ammatory cells (O Byrne, 1997); prostagl andi ns cause
pain and edema associated with arthritis. Pharmacol ogi cal intervention

bl ocki ng either t ors is
effective in treéﬁsﬁzxﬂéﬁgﬁcngé§§é¥L?gﬁgg%@Rﬁ?ﬁﬁfﬁgk&\gﬁghgﬁportance
(Sinon et al.s 1998; O ByemesIT AT ANDYGONMEHTELUSphosakm | pase A, (cPLA2)
initiates the production of |eukotrienes and prostagl andins by rel easing
arachidonic acid fromcellular 15 nenbranes. Arachidonic acid in turn is
net abol i zed to prostagl andi ns by the cyclooxygenase pathway and to

| eukotri enes by the e th the rel ease of
ar achi doni ¢ aci d, I§§%L%ﬁ%?¥% ? |va P%%X ft Hﬁ8?¥§%ﬂk is forned,

whi ch can then be acetylated to generate PAF a nol ecul e also inplicated in
the pat hophyg ol ogy of asthma 2o a@QdéEbQ{&¥i5 (Venable et al., 1993).
Hence, the reaction catalyzed by cPLA. initiates the production of three

cl asses of inflammatory nediators: MiLR@Res enes, prostagl andins, and PAF.
cPLA= is a nenber of a diverse supenﬁ@nsﬁm of phospholipase A2 zs enzynes
with the common ability to cleave th -2 ester of glycerophospholi pids.
The first nmenbers of the famly to BgnﬁﬁﬁFécterrzed were the | ow nol ecul ar
wei ght enzynmes that are secreted either extracellularly or |nto granul es
(and are here. coll trvel referred sPLA 0 , [r, Vv,
VI, and | X) % Der‘rpglr S rrfffé’%flemﬁ'ﬁomﬁ aﬁ? lcathélgﬁﬂtgg%egpgﬁe ef?:l wr th the
cIonrng and characterrzatron of calcrun}dependent arachrdonyl sel ective
CPLA2 (Cark et al., 1991, Kramergghaddrown 1), the

Reg. No. 32,724
Genetics Institute, Inc.
20 87 CambridgePark Drive
Cambridge, MA 02140
(617) 665-8224

T

*G00002*

A

*166166*




cal ciumindependent PLA, (Tang et al., 1997; Bal boa et al., 1997) and the
pl asma and intracellul ar PAF-acetyl hydrol ases (Hattori et al , 199429;ﬂﬁqmm
Each of these new enzynes shares no sequence honology with the

nmol ecul ar wei ght enzynes or with each other. In addition, unllke sPLA,s, 5
whi ch use activated water to cl eave the phospholi pid, these enzymes appear
to use a nucleophilic serine. In this respect, they have nore in comon
with other | W9H8686%f the (err)/(err) hydrolase fanmily PREWSYMP¥4T t he sPLA2
s. Two additional enzymes with 30%identity to the catal ytic domain of
cPLA2 have recently been cloned; they have been termed cPLA=p (C. Song 1o
et al., manuscript mpreparation) and cPLA 'y (Underwood et al., 1998). The

cl oni ng of cPLAZBackgralginftedaventimd in U. S. Patent Nos. 5, 323 776d
354, 677, 27698 PLA2
i55 gl SO desgriSbed ing{ﬁtﬂgéli?%%t%fécggr%ﬁoggm@ %g%lgggg&atgwggé&f%}:fn gpgggegtmcl S

and 5, 840, 511. Newertausn pilevesttoftisevil ddecieliranetogufiperessed the central role
of CPLA, in 'sp'ﬂrnaqgﬁega);uap%l g%ﬂﬁx%h&m%?k%nés%rh\t%. only enzyme which is
0s I pr o

hi ghly selectiv S containing arac nic acid in the sn-2
20 position (d ahfknCéPcomm?hO!}BQgeasﬂhlﬁlaﬁtus&Ecwpb and ggmoattypetionadt i on of cPLA:

or its increasedn@xRhass Qi (b%}{r b@?ﬂgﬂrbﬂ%@ﬂxdﬂsfc&sb %%ﬁ&@dinlaeu‘(o”' ene and
prost agl andi n synt hesi s é‘LI ne . Fol | ow nq1 activation, cPLA,

transl ocat es to ¥MHsda *hﬁMIha’ﬁé‘COIW interyentign plgching-eifesthel wit h t he

cycl ooxygenase asi}ﬂthleﬁm)éytgﬁlw&@setl@&t méditak el dffé&w@-ﬁrﬁt@é’hltxﬂgﬂﬂrh& to 25
pr ost agl andi ns 3£d | eukotrienes chlevell et al., 1995).

Al t hough thed® dHi&*aV8 €8 ft ‘é‘m?‘ﬁgn?ﬁ{ 085?71 %9E«fg¥%f\?ﬁdence for the

central role of ®PHA= in eicosanoid and PAF production canme from m ce nade
deficient in cPLA= through honol ogous reconbi nati on (Uozum et al., 1997,
Bonventre et al., 1997). Peritoneal macrophages derived from 30 these

ani mal s failed to nmakgodosupisisplenpsy AplcBAagitatediteipsodwtiosF. The cPL. A,

deficient mce hays.al s, BeeRl HL&{B el r&eﬂﬂo{u@% & BbmGEhfhr M 3

di sease, since these mce are e5|s nt to bronchia yperreact|V|ty in an
anaphyl axi s rbdeneriyanestAyagidanic aad trhiven i Dssanizedto rIest2glIYIMP bYCPLA2 consi st s

of at least two tf\éJE}Qtob%@;Hsé’pﬂlwszt}i Hato HEIAiRS: byahNs1ib&lygkhad Ca~' - dependent
(D) o7 o er %1 B R A e tent B bt rere tygg Hakks 0r the <2
famly and its Satcn\umhglfaetohaﬁaommsm}nvé,dv}(ldﬁe:am tiec bedcelated t8998; Xu et al .)
1998); it medi at alytic domain
wth i ts mombr afe e indtra noER Ab fndka ol BEghSHARE) BB Y, U, 20T
addi tion) is2@&l sodehulis{lVerbleyt @hw@hﬁey@a@f—’ erActish catalyzed by cPLA,

initiates the production of three classes of inflammatory mediators:

leukotrienes, prostaglandins, and PAF.

cPLA, is a member of a diverse superfamily of phospholipase A,

25  enzymes with the common ability to cleave the sn-2 ester of
glycerophospholipids. The first members of the family to be characterized
were the low molecular weight enzymes that are secreted either
extracellularly or into granules (and are herc collectively referred to as
sPLA,s; groups 1, I1, III, V, V1], and IX) ( Dennis, 1997). The PLA, family

30  has expanded with the cloning and characterization of calcium-dependent

arachidonyl-selective cPLA, (Clark et al., 1991, Kramer et al., 1991), the

9



the catalytic domain (Lmet al., 1991; Leslie, 1997) Ser505 and Ser727 are
conserved across all species and are phosphorylated in nultiple cel?9tWpaes
(de Carval ho et al.) 1998) Phosphoryl ati on of Ser505 by nmenbers of the
MAP- ki nase famly is a comon response to extracellular stimuli that t s
rel ease arachidonic acid. Mutation of Ser505 to Al a decreases activation
(Lin et al., 1993) whereas the anal ogous nutation on Ser727 has _no effect
(Leslie, 1998YO%&U&  al |ines of evidence suggest that tREVHHPAT Y ¢

mechani sm of 20 cPLA= proceeds through a serene-acyl internediate (Trinble

et al., 1993; Hanel & Celb, 1995). Mitati qf. Ser?2 ol j shes cPLAx
activity agai nsfaq%‘irﬁ’“%%B%ntdF%tt {58 H'n]%%ﬁal%%%%ﬁwg?%gi‘“% @‘s‘ophosphol i pi ds,
and fatty acyl apeencoudnstrdcalylfi RN arceky by dmlases (HOBGT et HUASRY, BX95)al ., 1996) .

Ser228 is presegt ..l t ti , - - ichis simlar
to the 25 cl ass?%:Ch'thlhg%%g&ﬁgg)ﬁ%s S%ergfsr%%g(& %ﬁ%§€ﬁ°l§°gwgh %eglpg’r) 1997) found
i n nost | i pasesmplerHpnweaigte ehayvomd er witterich ptherf. Ieaddjtinns undide|sBlebt.he
(err)/((err) shydnphasesivalles RS AR I SARSRBApiR, HATERALRET € whi ch consists
of a well-conserved mxed p sh%e_t whose st?%%dg are i n erspersed by a

hel i ces. |n all apgeay toysak mickspiilic serpe. dathis spereet, Wey havye moge r esent in a tight
turn between a (&L Skl Sek 179562 BenaRp3 AR faprki§ HER G itle sPRUC! 0phi i ¢

el bow' (see review %)ny Spﬁtglag?p&s Cyql er,B1§]97_) Ny 'Iaﬁ‘lz tqrﬁ dﬁersecté the short
serene side chaPnlvawsfifonghenevieesayith 30% igengtetp thesafelyBofemaip étiuci ng t he
steric hi ndrancepahamle LRy G3h HfedBdy RAQBLL ththeki RALA BIE S5, and -2

si dechains be small" to avoi'd stenric c¥ash; t hus the preval ehce of the

G X- S- X- G noWi f e(abapawesiths T e Bighale, (P19 {Undervgpodigt dd#i%)-on to seri ne,

al p hydrol ases use a histidine and an acid (aspartate/glutamate) as the
other nenbers of a catalytic triad sinliar to that present in serine

pr ot eases (Schrag &%é?’é?g, ‘ifégli"?z. ‘SFEQ\E?Pé‘E%Edé’I‘ Pﬁo‘hﬁé‘ﬁ“&ﬁ&% £A50ASp549 was
shown to be essepidjaar, sHoreonatd 54998978 Mbadotihg bfltelcihBh-ihdepehdtinne resi dues were
(Pickard et al. 9b).. differ esi.du : i nplicated as
playing a role P %Hse’}lsepndge\flcrrrlgf %1@[%Q'tgé{eegﬁosag%ﬁ%gsgﬁ%%ﬁsggr?és\gﬁgﬁi smfor its

i nvol venent wenmde#0b6Hknown. These observations suggested that cPLA;, acts
t hrough a novel catalytic nechanismfar acyl hydrol ases. 15 Li ke both the
sPLA s and the |ipases of the a/(3 hydrolase famly) cPLA preferentially
cl eaves substrates PREsEnse@iscssef andenat kave agwortsdthefeaskpl reteodl | 1994) . This

phenonenon, KknowLAs lipid fediaet Bibsyatetiy ab1 Qs thdady 880Mme Alidhiiput ed to either
conformational c¢ch nggs in the eﬂé?{?rge or npre fa\éor,a | & presentation of the
substrate (Scot ['8BY >gfctive fogghgspheppids spntginhig grachifonioasidis e 151 g di £ f er ence
in cPLA: actiovi pysittonv@iatk mmo%_fsnﬁéraahd Gasibczﬂ%)ammbsm bfacﬂ’_EA_rc&rmi ns unknown.

Despite the key inrc elas%dgjcprgslgilbéﬁaéertegp%rl&gg%ltf'\q)r{cyeagld%eeu%&?i’ené gn%l three

di mensi onal structure renal ned Uunso , | eaving nunerous questions 25
unanswer ed. Her erogiaglardio ginthele (in ety 16933t Fpllowing getivatien, fLdauman cPLA, at

2.5 A resol uti ofansJdifesib Gl REMHLACHhiBR IR0k M With&hor | gi N Of
arachi donate selectivity and interfacial activation, clarifies the roles of

Ser 228, Asp549) “¥indxygepeand lineyygeaye s merbolizapripdongtedet ween CalB and t he
catal ytic dogai a&smglmgﬁaummﬁem (Schleu@laWf &, GBvefet &, ugusgue topol ogy, 30

di stinct fromt ?th?gﬁ'\ t}twers]ee daat'é] Ere rc]grg}ge llinag?t efmac')g? JeYinitSive evidence for the
central role of ¢PLA, in eicosanoid and PAF production came from mice
made deficient in cPLA, through homologous recombination (Uozumi et
al., 1997, Bonventre et al.,, 1997). Peritoneal macrophages derived from

30 these animals failed to make leukotrienes, prostaglandins, or PAF. The

cPLA, deficient mice have also been informative of the role of cPLA, n
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Summary of the Invention All references to amno acids in cPLA2 herze'hn grﬁg
made using residue nunbers which refer to the cPLA2 sequence found Jy l;

| of U S Patent No. 5,527,698, with the first methionine being designated
5 residue 1 (Meth. The present invention provides for crystalline cPLA2.
Preferably) the cPLA2 is either human cPLA2 or cPLA2 from a non-nmanmal i an
species. In certain enbodi nents, the cPLA2 is reconbi nant cP and/ or
conprises th&4MTife sequence of naturally-occurring cPtABSUS RS

enbodi ments provide for a crystalline corrp05| tion conprising cPLA2 is
association wth_ a seconq‘Fchem cal Sp emg gwcjarablgl the second chem cal
species is sel ectERFPEM A G BEFSESH foln%a ATt ERt i nhi bitor of
CPLA2 activity ansphalapetrentliuadd tomiiminasthmafiozmPli Al meed)r ane b| ndi ng. 15 Yet
ot her enbodi nents provide for a nodel of the structure of cPLA2 conprising
a data set enbodying the structure of cPLA2. Preferably, such data set was
det erm ned by cryst aPlL&gragit of ableedt vei fongiongPldRinctidomhindiady possi bly by NWR
analysis. In gcet%g.!um@gm&)%ug%mﬁl gggmggé?_ﬁ%mggggmﬁas a portion of the

structure of cPL I nclu mtation the active site of
cPLA2 or the Cal_uBieamﬁamrvafeh’yhedﬂwan (Digdgfskaotar-| 19P4) e Thed¥-tromtingbalfe used to
construct such npgdel if £ b er Gk Yo kil QQB%PQ!&Ms‘BEenNWe@ata di scl osed
herein or obtained fromindependent ana ysis of crystalline cPL A2. Such a
nodel can be conBtrisigetadlPs; ea%)aﬂ?‘)ébltéwaﬁgﬁﬁlql\traregaaflanb\bﬁ%ts usi ng known
software z5 packagesngSHEtAR 1c|d|6hba1n|\kashMmtm§,sum (NSIEHARR) 2]PHASES, HEAVY)
XPLOR, TNT) N \5 NI\/RPI PE, IANA) FELI VAMVR,, MADI GRAS,
QUANTA, BUSTER, '8 Aéf‘c ll‘fﬁC'ﬁC?d lb" Eﬁﬂla Y RhosHRYHRHI  const ruct ed

fromthese data m@datalylﬁeﬂorbﬂnvmﬁutew;weﬁ Lusm ng97av9r50ahhcmesmta&rrs i ncl udi ng,

for exanple) Silicon van t A0 Hew et t
Packard, Apple NEEFH g’a%Obs ec’FsB‘m & 3-'0 r?{ﬁq 41 gée%egn Fnvention al so

provi des for a @de Carvallpoarplutl848) slilwsmMMtloohfw@pbysemberhefth@del of the

invention and hay i d/ or

vi sual i zati on of tlﬁ%%eqaﬁﬁgl %ﬂche [ nvel%t %ééﬁgxtrap&fafa?ﬁﬂr‘ odi nents provide
a conput er sy%téﬁ‘f%@#ﬁ?ﬁ‘@‘ﬁg"ﬂéo%mtﬁﬁO%F%@aé?ﬂﬂeaﬁ%@%ﬁ@m of the present
invention. Methqds efdl £1988)SheRbhOMe d84bo0s midest bd $iNGha ropeedtes which is an
agoni st or ant ﬁgﬁeél 29 f CcPLA2 activity or binding conprising: (a)

provi ding the e, 5¥%k he present invention, (b) studying the interaction
t o of candidate species wth such m)del and (c) selecting a species which
is predicted to act i dentified in
accordance with such5%§r% %Oqg‘%géné Su s?%?ﬁ?%tﬁ% "%tgﬁ&n%g nments provide:
(7) a proces$o ochL@L@m@OPéd}lﬂngual BEbse ambletetﬂminatw ﬁhmbletesalewm activity or

bi ndi ng conpri simgeidetan b NGulabien 6f55e1'2§'§§>6§s%§ @'ﬂAbﬁW@}ﬁa{kaﬁaspand' date
substance and a nodel of the structure of (2) process of

i dentifying a sdﬂéfbéﬁﬁtéﬁ ‘f‘ﬂ‘é@m%ﬁ’l?ﬁsE%OhElﬂEAE"B}&SPW‘W“@F“lSﬁthl ng, conpri si ng

determ ni ng t he acyhied @t (ke al. amamungam sabstadmas and a nodel of
the structure of cPLA2. Substances ide ﬁé}%ﬁ }IHg’\ acc rda ce wi th such

processes are alpsf?)serb‘t”b?/i’ FERPUG STHE St ‘fﬂf“é?”(?tl on of the
candi dat e speti eksa ‘thpase hetff0EHES-X-riSdhen gPe € ygierndd7) fisinddgn mesti | abl e sof t war e

pl atforns, incl Lidl ng m@i\}é% mscaNl t% IGHT DOCK,
MCSS/ HOOK,  CHARM¥ I‘:‘Eéﬁ%ﬂi BEPSaIEY CRS7), MODELLER,
CATALYST, and | 9h$se enzymes possess a common core which consists of a well-conserved
mixed fi sheet whose strands are interspersed by o helices. In all of
hydrolases, the catalytic serine is present in a tight turn between a B-strand
30  and an o-helix, termed the “nucleophilic elbow” (see review by Schrag &

Cygler, 1997). This turn directs the short serine side chain away from the
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25 Ot her enbodi ments provide a nethod of identifying inhibitors of cgé_Aﬁ
activity by rational drug design conprising: (a) designing a potenti JUL 2003
i nhibitor that will form non-coval ent bonds with one or nore anmno acids in
the cPLA2 active site based upon the crystal structure coordi nates of

cPLA2; (b) synthesizing the inhibitor; and (c) determ ning 30 whether the
potential inhibitor inhibits the activity of cPLA2. Preferablo\g7 the crystal
structure co¥®P¥7fat es of cPLA2 used m such nethods ar & CTVS%P%ht ai ned from
a cPLA2 crystal of space group P2,2,2 with a = 153.59 angstrons, b = 95.49

angstrons, and Cprﬁtemcﬂb’ép@;g&ﬁﬁﬂh?%;stel‘i@hﬁﬁﬂﬁlfe Dol R Feoduepodi ments, the
inhibitor is designed to interact with one or nore atons of said one or

more ammo aci ds JAUFRABRPPAY? apd ¢ ydechpingbg snal tq ayoststerf daslyitshe group

consi sting of: GBegndaltdee ai BOG-)05-XIe MG Defelre adidt: Oortwah@Bysof Asp549 and
Asp575; CB, CG CD, NE, CZ) NH and NH2 atons of Arg200) Arg413 and Arg579;
i 0 Backbone carbonyl oxygen of Trp393; N32 and bl atons of Asn555; Atons
CDl, CEl, CG 5CZ, CER, adaitidntddrind, offgdlase3edB8ktidiRbaatd saiad Phel99; CG

CDI, NEl, CE2, 2, C-i2, CzZ3) CE3 and f Trp232 15 and Trp393; CB and
OY atons of Ser %ﬁartﬂ?éﬂ??mﬁﬁﬁ)&ﬁa‘* %eré?e“%i?gif”ﬁ?t a%?_Tﬁ?fﬁﬂ OE2 of
GLUSE9, AL O Cal Go-eln e ksl (e, D) Bt of T 1190;
an atons o u : 0 an ;
Aoms B 06, Ol RH B b e AGe S PR AP BB, oco. of O
of 11e424; 25 BatkbOneidiid rasidies aretedRigkardxtyalclfo@at oriffapént AbaS7Z.8; and At ons

CB, CG ND1, CE FW - f 56 0 agoni st's
i dentified byl su}é né{”ﬁ% hggéd %Ipé_al(?& or g\gllleﬁgﬂ E%ﬁ‘é?ﬂ%gg&%r e al so provided
for identifying ARSI herscharusmpprAl myshsmaraehipel Hynpy r Biefonal dr ug

desi gn conpri si Ngsserdyfond Rl IMdNEatRPBA, 09 HRAIha ndvakkRiyher that will form
non-coval ent bonds with oneé or nore anmino aclds mthe cPLA2 el ectrostatic

pat ch regi on bas®eaHHR farAey Bydrensss: s

15 Like both the sPLA.s and the lipases of the a/f§ hydrolase family,
cPLA, preferentially cleaves substrates presented in an interface (Nalefski
etal, 1994). This phenomenon, known as interfacial activation, has been
attributed to either conformational changes in the enzyme or more
favorable presentation of the substrate (Scott et al., 1990). The onigin of the

20 1500-fold difference in cPLA, activity toward monomeric and micellar

substrate remains unknown.

Despite the key role of cPLA, in inflammatory disease, its three-
dimensional structure remained unsolved, leaving numerous questions
25 unanswered. Here we report the x-ray crystal structure of human cPLA, at
2.5 A resolution. The structure provides insight into the origin of
arachidonate selectivity and interfacial activation, clarifies the roles of
Ser228, Asp549, and Arg200, and reveals the interplay between CaLB and
the catalytic domains. Importantly, the structure 1s of a unique topology,

30 distinct from that of the o/f hydrolase family



structure co-ordinates of cPLA2; (b) synthesizing the inhibitor; and (c)
determ ni ng whether the potential inhibitor inhibits the menbrane biridiKg?003
of cPLA2. Preferably, the crystal structure co-ordinates of cPLA2 used in
such nethods are obtained froma cPLA2 crystal of space group P2,2,2 with 5
a = 153.59 angstronms, b = 95.49 angstrons, and ¢ = 139.13 angstrons. In

ot her preferred enbodi nents, the inhibitor is designed to interact with one
or nore ani nd' BHE sel ected fromthe group consi sting SFT/ﬂ\f“&ﬁ%"f) Ar g485,
Lys488, Lys544 and Lys543. Agonists and antagonists identified by such

met hods are al sogphYld8the InventioB' | €f Description of the Drawi ngs Fig. 1.
Experi nent al nap’g?ﬁé?%t‘e‘a_w‘t‘}'ﬁ\MD phases obtained fromscattering of a
single Th at om per 749 refexehetstosamiho ealsAp-cPLE@Ihgeetrt arg made waiigng ( 60% sol vent

content) and 2-f Qlogh DRRAEYhiR) le@moa@ghm% hleYodhiGh 310G 1N DM were

enpl oyed for map_generati bbon di agram of the cPLA:

on. Fig. 2 (A). Rb ] !
nononer. The CaLB" Bﬁﬁitﬁ\“’i%52&%‘311’“?‘H‘eg"r‘%érﬁ,th‘?ﬁ“t‘wefwef‘wtﬁ%l' at ons
depicted mred. JdRuecapetn)structure of cPLA~ is colored purple. Mbile
| oops with poor electron to density are shown as ts. _The flexible |inker
bet ween CalLB and the%%?réfei?f‘inﬁerﬁﬁ foﬁldie%%éﬁi?’%f?lgﬁe&géi F567%%si ti ons of the
4 serine residueshewhlghs aifter PROSPIPRAY badred? fdmCHloA:manRalahso shown. Figure
prepared with Ml scnpt aul i.s,,. 1991 RASTER3D cQn Ander son,
058 *(B) CRASPRECFT B S HPAGIAHIE Cobt LA R e 2B B ent ed N/ NH
i5 shifts upon i ndngprized thomatrd daqubmckad yihtphdigpbaetrg dPha2.m cel l es in NVR
experinments by Xu et&ﬁﬁ'reré%c?d?r%?m Sarr%v%(e)lfogra%rdstgHirnglcgm 0Tlt}lencPLA: active cleft
is highlighted in red. TR T RS VRSVE *5a8R P e RBvea P Br clarity. (O
Surf ace pot enti akompjsirgsBiaZis hespcigion eithAzecond thenbisspecieesi dues i n bl ue
shades and aci di @re‘fe@;%]ﬁ%%edoﬂd Erthicall PReibsliOselL3l ﬂUﬁﬁh@%ﬁGp been removed for
20 clarity. A highly basic patch is clearly visible on the menbrane-bi ndi ng
regi on of the noF¥ERIRE of mpgiaRinl phdiar £ @b 15 GRASP aERIEHYI |'s, 1997). Al
views are in theisamer QcPeAl Béheane dthding. 3 (A) Richardson representation of
t he canoni cal al (i hydrol ase fdold. 8 25 tranc%ls q?re reFreSﬁnted as arrows,
while a helicls are rERgrRAImEN: ?‘?H’gﬁ?f’r&"? et e STEEBIREAt nunbering i s
accordi ng to thecreszicemphyingSclutagt Enodging the(str@&vde.of EREIA2X C) whi ch
i medi ately foll ’ I i.Lic elbaw' . 1s colored, pink. (B)
R char dson’ di agr Lt st e RARRS pebrdipt M coskBof R BINBL K. 8 jevi sed
so that the hel i fPhAdnodidingpyssibly by OWITR gnadiesis2 BBceitain jepbpdim@nts.gke m t he

canoni cal a/p hydsRlagandddsd -potddd of @B LH&kE Bf @1 hS, 1c M LMt | ow for a nore
| U facile conmparison with the canonical a/p hydrolase fold in (A).

h Y
El enents conpUsi HEatE theagpve sife af Th\o PR pefrfhiwan fsh4egi ons in red are
hi ghly nobile and do not Awesenbletrakrakhebehes s emsthed shdymod! Fi g. 4.
Primary structur

| i f. cPL : , .. I dentical id
boxed. " whi | ot he 2BBRAATY s PPUE T A OB e bbb ei ot oeRe o ray - o
crystal struct ur &onf indépleAdna asalpsis sfdirgsadlibd dpehow Suble aseefebnoebe Secondary
structural el emenl s, Qi ShS LlubRorERRed Sk YLAL B3P Loighl o whi | e
own 1n e ac

those in the cap region are s purp nes represent areas of
turns or |oop¥. RekighsewrhpotlKLIMOPFIEMelDWAR4HHG, PHAEES, iEAY&condary

structural el emegbeodonaphadkapl@iss NGRARE OGS NIAROARIRIFEY Fi 8. 5 ().

Sur face di agram show ng the catal &t;l c donain o cover ed by the lid

resi dues. Ser 228 ViR GRSt READG A BHS TR, BREVE ((h FRODOT RASMOL,

and CHAIN. The model constructed from these data can then be
visualized using available systems, including, for example, Silicon
30 Graphics, Evans and Sutherland, SUN, Hewlett Packard, Apple Macintosh,
DEC, IBM, and Compaq. The present invention also provides for a
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is continuation of the sequence which is not visible mexperinmental maps is
represented by red dots and is proposed to be involved in the fornmaf 8tLd003
a lid hinge. Residues for which only the backbone atons are visible in

el ectron density maps are represented as al ani nes. Exposed surfaces of all
hydr ophobi ¢ resi dues have been col ored blue, and that of Arg200 has been 20
col ored red. i,gure was prepared with GRASP (hiicho ). (B)

Cl ose-up of ‘{“ﬁ@ﬁ‘g&% ve site of cPLA2 in a 7 A radius ar%)(%}zﬂ 0 @? 28 The two
residues involved directly in catalysis are colored green. Arg200 and the

| oop harbori ng Ghyputesisghtees Wich amdpd®8 the ensdedwri the yievdnian #hdsi ngl e wat er

nol ecul e visibleg._j rJ . bor W 25 Asp549 and
car bonyl atons ?‘F%j% rgﬁgﬁgﬁ%ﬁéggoﬁgﬁaﬁgggég;%ﬁg’r]s?{?her}gﬁ% toht}f\%l script and
RASTER3D. Fig. 6nodextf fieynveptigrechani sm proposed for cPLA,, involving the
attack of Ser228 on the sri-2 position of the glycerophospholipidic
substrate AA: 30 arachidonic acid; HG head group; C18: octadecyl grup. Ay
197 and 198 3 ar dugthegadrdisheats Phviideg EPttepfystehecompyising on hol e, whil e

Arg200 stabili zgsmbhte: RATRORILMIRLEL B! B pld&: heathcdr oup. 5 Detail ed
Description of the Invention_ and Preferred Enbodi nents The structure of

CPLA; was sol ved by M#prdsgrepsosneyidrddos/dentidrinstmetieswicpern 749 residues to
Ful | length huna@orﬁd?bﬁémy@ﬁiseaf@P@sﬁa@dviwbr@hl@i%%hﬁﬂﬁﬁ@(apuri fied by

nodi fication of the nethodalo described in ark et al., 1990 (Stahl et
al ., manuscript FFY$re Fﬁ‘gFlc?%gi‘.e PESSSIY fnyertiqRefbestydiing Hed1edti®8C usi ng PEG
100D as a preci pkt-adidarnpecRiphth yidign@leR Rk beeap@h spiclek umicams t echni ques.
Single crystals grde%éjvj t%i n a few tdayst to ¢ iggsn.si.gnst. of .up to 0.6 nm X 0.5
is mm X 0.1 rm BEEHGRE S *Hiry TS ~eope B sP Rt peget 8§ isdHye. Rounds of
crystal soaki ng akatdancrwidgpruot sethaddarsadéaprbaded. Wi t h i ncreasi ng anmounts of
PEG 400 and DMBO, f . . €001 | - nchrotron
radi ati on, were cri '3? tlé%}l&fgﬁ %ﬁ%%?ﬁ%ﬁo%’ @H r%%%&éné? %%%raﬁsluhlgan%%(n Br agg

spaci ng of 2. 51 thatinpita - gragtiGly o5 prd Bs gpropiisimpdeserpining the 153, 59 A, 20

b=95.49 fir, | £=13&adBnDetwedh 4 Fankiidbte BRRNES 51d (1AM @S duasle and 60% sol vent
per asymmetric unit. Attenpts to prepare heavy at om soaked crystal s of

). P m
cPLAz reveal ed hHt? 8n2 atest $Tidnriss asebsnshihegnmicssF bR de i somor phous
derivatives. 25 akivither binaing banpribég deewemnmel, the ieplatatbetveéhagl e Ca'" atomin

CalB, thus provigid, a.lnal e eauy, afaMacal! el ,par,fif.anino acid
resi dues. | nhouse phasing Intormation Tromthese crystals was not of high
enough qual ity ftidengfigdoeeoaianienith sath proesstes ang ale pividgdmap. Thi s

observati on, zoa‘dded tﬂemﬁﬁ%ﬁ% mttg}gttnop 'optme E%&?%Feyrgg?cgﬁsgﬁ%vt){e 9\%8&5 gener at ed

non-i sonor phi sm 30 between native and soa _ , led to an effort to
sol ve the st ructcat ke rerfoqped usingmpaiblgyofidre platioaisengudna MHE Bus di persi on

(M~l~) dphasi ng RLalﬂmc}rl( @KS@HAN9E)28D@r mymsp@géx,c Rké%sgg{?@{,a' S were
prepared, cryotreated (see I\/$ ods anlﬂ cooled in a nitrogen
stream Data at Q?Tﬁ‘%Mdi fIfEé‘i'gﬁ ‘t:’wa %ﬁ s aFoine tﬁé"VFI’JS’TLWIédge wer e
col l ected from aMGDEYIRR, CAYALEST, i 1613, due to radiation sensitivity, was
translated along its.rotatiqQn axis between ta coll ections., Experinental
phases to 3.2A were %téfrceﬁrl 3?%“ "%/(svipf%l%ﬁﬁﬁgh?ﬁzl% “&%ﬂgt’ llf‘g)riio‘Bri cogne, 1997) ;
subsequently, cPLA2 activity by rational drug design comprising: (a) designing a

potential inhibitor that will form non-covalent bonds with one or more

amino acids in the cPLA2 active site based upon the crystal structure co-

ordinates of cPLA2; (b) synthesizing the inhibitor; and (c) determining

30  whether the potential inhubitor inhibits the activity of cPLA2. Preferably,

the crystal structure co-ordinates of cPLA2 used in such methods are
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several cycles of solvent flattening and' two-fold averaging in DM (Cow an
et al.,1996) allowed us to extend phases to 2.5A. This procedure gegegri@gﬂm
a high quality electron density map (Fig. |) in which both domains af

cPLAz nononer could be clearly identified. Initially, CaLB (Perisic et al.,
1998; 1RLW was rotated into density and a polyal anine trace was built for
is the visible regions of the catal ytic domain using the program QUANTA
(Mol ecul ar SYRIP%4Y1%ns Inc.) generating a nodel with apﬁ’FE’k’F {8y 550

resi dues for each nononer. Phase restrained refinenent of this initial

structure with aqfthinad fr&h@%ﬂ&.@?ﬁ!tﬁ@@#Q@?&%ﬁ%%&Eﬁ%g 19spshudov et al .,
g

1997) foll owed by nanual nodel buil di nqg %J enerated a nodel 20 which
was subsequent | y2REFPHREH 5 RAXPIEIOTBAT] higsi®- ldengsiroms. 1199815y . The present

nmodel contains 12&Frfe$nBodimerdthheVRIAB 1G] desiFRADBRItEhct AN B omat er ol ecul es
. Ml ecular structure 25 Thg cPLA2nmononer hs tg&ﬁ?or{ai n ellipsoidal
structure with ' MFEAERME] friud gre o maspmiRe addsin dhes 1EVgSe3Y) . The
N-term nal CakB sksebroqt the prdupsonkbhrka®) is a distinctly fol ded ~3
sandwi ch, connected by reczg'adgg 3%0%98- }geg%z o the catalytic domain, wth which
it forms very few 30 proteinsprétei cofitacts. The central core of the
catal ytic domain is conpé¥gehd®sZetdlls «ftAspiHd aoentpSas; (err) sheet with
hydr of ase. fol d. The cPLAGY SEHEVE L e s 3T AR ABAR T ot ot
perfectly superi nppsab#éréiﬁ% to flexibility of the interdomin |oop Indeed,
when the CalLBydomains ar %a%@%éa%%%ﬁﬁhgﬁfﬁséﬁ a 4-5 difference between
the two catalytic domains. 5 The | oop ich interconnects the domai ns has a
di stinct confornmation i nNeZ@Rd PEhaREs obh®% s resi dues display high
:ﬁrrper ﬁitjure faﬁt orfs. cP:_ Aﬁémg@D?cg,ltq@@zi,@Ezygxmgxbztﬂofw‘%%h,_ﬁh@m,s: ocalt es Ito

e nenbrane when fr ve are raised to subm cronol ar |evels
(Cark et al.) 10 19%%‘?68§9'§1|11§‘.e *fhe domai n arrangenment of cPLA, suggests how
the active site is orient3ChiNEL €BpEEe, Ate, CAg CERBbALCR? ofBpiBzane. Fig. 2b
CaLB by 70u dhd co KPS 1998) - Resi dues whi ch dispi ayed N & NH Shifts
upon incubation with dod@wlnplﬁly@pfiwmlﬁ&trﬁﬁe mcelles in these experinents
are 15 ~ highlighted in m{érRls%Bah&sJéfcé&%@,f that the highlighted residues
T CaLE onpl oys these. r ediieTUSEL BAATZSEEABE W th & phospho i pi d mEMbr ane
[ enpl oys ese re "W a phosphol i pi d nenbrane,
fthet ﬁat al %/fti c d_O{TB.i nTihs gpa&g@%y,lq@sbu%pﬂeﬂqt @ %'eflkl?ism;loat phosp[lﬁl [ 'Pi d Zubsft rate
in the active site. e X1 bi | e linker between the two donmai ns
as 20 well ag’the Iack oféyﬁrﬁfo&ofg&gﬁfg@i n-protein interactions between them
suggests that a small rotGHliandhOB2ttamenf Clotidiand Godd2;be acconpl i shed for
o agram in F g 2o ther O SpeeuBaR OB, " Lot on whi ch oxt ends.
fromthe active site thr d\ens @B S1G: CP1 atd EB3pfilievd0ypnd hendgled resi dues on the

p3 strand of CalLB. This hashecehanactebt bl gl d be expected of a region
in the protein making nmultiple electrostatic contacts with the

negati vel y- cifir ged phospH8fPee Weand grinapogeert sl icdhand ayer (see
bel ow) . Residues 434 10 4GR6ms OBWRY 8D, CE1, NE2, and CD2 of His639
Agonists and antagonists identified by such methods are also provided.
Methods are also provided for identifying inhibitors of cPLA2
membrane binding by rational drug design comprising: (a) designing a
30  potential inhibitor that wall form non-covalent bonds with one or more

amino acids in the cPLA2 electrostatic patch region based upon the crystal
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30 are disordered) making it inpossible to accurately define the true size

of the bask patch. Nevertheless, it is noteworthy that simlar basi&
pat ches were seen in Pl 4 kinase and in different species of s G%JQL?W3
(Rao et al., 1998). It is tenpting to suspect that the high affinity
bi ndi ng of cPLA, to nenbranes made of phosphatidyl nethanol |iposones

(H xon & Gelb, 1998) is nediated through this patch and the nearby basic
stretch of (BWORV&fE3and 3 tn the CaLB domain. The N-ter nP@EYSOPEI48 donmi n The
structure of the CaLB domain mfull-length cPLA_ is very to simlar to
those sol ved by JNVR and . X: D (VY =) -1 998; Perisic et
al., 1998), w th mtn%?gaﬁaﬁag%gﬁ{%?&@rs?g?%%y%t gﬁéﬁ"?tﬂ’s‘ag ei ght
antiparal l el [i dstrraindg Whather bepeletiabiahipifoinkibitohp siembrndbingingnt o a

[ sandwi ch whi cR¢fatas ht}?eralllbtl}){ BR clystal {RRAODVorfiRheCEr HORRLRG i Nal ef ski et
al ., 1994b). Two Ca=' atons ‘are Bound_at one end of CalLB through a is
constel | ati on ofudkdpethad armoktained dropyrlh4a? cystal gl ppace gropp Ekboméhcar bony|

atons) on three 2di 18859zt RPS = 0S8 Hightronkl HH NY130A9RSsir&MB.9h; the sane

atom c arrangenent has been opserved mthe CalLB domain solyed by Perisic
and co-wor kers ("g‘ﬁ@%‘f;”ﬁ*‘ﬁﬁm ‘me’ﬁi'gﬁémﬁ}?‘éor ERIHEET9 Y R OBPart . The

envi ronment of thfofsadiin@icyBelbdied frdn the grgbhloeRbiAg of Arge@yergaszioes not 20

di splay any of the t noj .ecul. e r esent t he LB structure sol ved by
Chebe authore: EPLTE IR GE: BabhaS Enaher FET PRk iaa i n por: i ¢
et al., 1998) i s nethndb @eulsepafvide®ES ( 2- [ N- nor phohno] et hanesul foni ¢ aci d)
fromthe buffer enployed in crystallization and cryoprotection. In both
cPLA, nononers) the distance between Ca'' 1 and the cl osest MES sul fonate
25 oxygen atomis approximately 2.2 A ln addition, the norpholino group is
also in contact with the side chains of Hs 62 and Tyr96, thus formng a
smal | hydrophobi c niche. Although a crystallization artifact, the
coordination of Cap' 1 of cPLA= to the sulfate of MES could be enul ating

t he bi ndi ng node of the phosphate group of a phospholipid nolecule, thus 3n
suggesting that, in cPLA:, Ca'' acts as a bridge between the protein and

t he phosphoryl ated nenbrane rather than solely as an allosteric activator.
is The novel topology of the cPLA2 fold distinguishes it from al ai
hydrol ases 5 The catal ytic domain of cPLA, is conposed of 14 ~i strands and
13 a helices; its central core consists of a 10-stranded central m xed (3
sheet surrounded by 9 a helices with strands p5 through (il1l1 formng the
nost obvi ous portion of the sheet (refer to the Ri chardson diagramin Fig.
3b). The ~i sheet has a superhelical twist. For sinplicity, the secondary
el ements 10 of cPLA~ have been identified based on the alai hydrol ase fold
nonmencl ature presented by Schrag & Cylger (1997), in which the catalytic
serine is always preceded by p5 and followed by Helix C. The first p strand
in the cPLA, core is (31, which follows the flexible is connection after
CaLB A |l ong | oop containing one |long helix makes the connection to p4, in
the central part of the fold This (31 /a-helix construction is analogous to
t he one observed in Hum col a | anugi nosa |ipase, where the helical region is
al so not considered part of the fold but connects its pl0 to the first p
strand in the core (entry 1TIB in the PDB). The 20 follow ng parallel p
strand) (35, precedes the catalytic senne (228). The topol ogi es of pb5,
Helix C (colored pink in Figs. 3a and 3b), and of the | oop which connects
themare simlar mal (i hydrolases. This interconnecting loop is terned the
"nucl eophilic elbow. Three nore a-helices, interwoven by |oops, provide the
connection between this region and the further 4 p 25 strands of this part
of the fold. O the four ~i strands that follow ((36 (39)) (36 is the

| ongest, making few hydrogen bonds with p7. Strands p7 to pl, therefore,

al t hough not contiguous in sequence, can be considered a
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small ~i sheet within, a larger structure. (G After p9 there is

di vergence fromformation of the central a/(3 core. The cPLA, sequelzcgeJlH.tZUUZ
this point fornms the region shown in purple in Figs. 2a and 3b. This
780-residue patch fornms a catal ytic domain "cap”. Asp549, the catalytic
partner of Ser228, lies in the region 5 between the end of the cap and
(310, which is part of the central core. Following the ¢ structure, the

| ast three (‘I¥°§F‘f7éﬂds are positioned as to conplete thePceplﬁfor‘é'fs i sheet
and are interspersed by helices Gto J. The a/p hydrolase fold is commopn to
many esterases aﬂqiefgg;ggﬁt](jnqum@qugw%%gc enzynes (Schrag & Cygler, 1997). Its
Ri chardson di agram (FI g consists of a central p sheet Wnose order of
(i strands fol | obig % Feesmenieliew genpralaf With M P Rhasheobiiregdftombn of (i3, which

is often placed &@&é&\ﬁgef%g@a@b R peag f'elsﬂaﬁés(ﬂkﬂ%eSolvtreﬂ?ﬂattQQﬂFOgy of cPLAz
appears to be a circu errrutatlon of the aJ(i hydrol ase fold. However, a

careful conpari s@%/°éqlv%cqnfeg‘§) ang 2-fodd Ben-gy EallopIAPRis SERETE HAE28B8| v t he regi on

enconpassi ng §heinmg Weephipidyed & bRy gberdiohact directly conparable (~i 5 to
Hel i x C;, residues 222- 238) Maj or d| stinctions include the antiparall el

nature of strands p6 to (39, the nultiplicity of helices between (35 and
(36, and the abngmﬂADfRﬂswnelﬁagmmi\afgh&@lLiAcﬁSndm&IrmMa&Brdmdﬁmf the latter

part of the cpla aI 3 core.. 20 A he .c i ryleture in cPLA=
(resi dues 370-54 .é“ rntw1t¥\%} He© cata 5 &' od?rg”rendt ]llﬂ £ ¥8 not included in

the aJ(i core. Ssnuencd cBlowpamlsansurpt. Mhbledmpamlpoomaums of human cPLA;
s a, and . I e M thin the aJ-~i
el T ou 5 ol B0 13k BBLOYALS sequGerlint ot

core (yell ow el enent’s hus, the central part
of the cap is di @ttql)r’fthOIaninmfgcomdA'ediB@fpgwh@SOAthééﬁg'mEFMEbet ween t he

ribbon di agram of;, kA h&gﬁé lateaqa cImAV\Q"eQQo Eﬂa%ncﬁ%ul:e%géﬁ%dlvﬁthdl spl ayed in

purple, and the surface tenti al &ramln reveal s that the

hi ghly basic regi‘"@ﬁ“lﬁ%ﬁ‘l‘iésﬁ%@dné%@ R3O (Bagra ﬁg““léile’é@t r8tatic contacts
vvnthdrrerrbr ane ph®QRQBP Rirflge diggrim of @i, MSlﬁQéelmﬂcHﬂeﬂeﬁE@ﬂlsnﬁH; bK caﬁ
residues. 17 cont of the three
most mobi | e r'égi SHE “(?f’nf’ﬁeéacgﬁ? iwlltlé%g??cﬂllgé'tz??]éocg&@&mdffg%s 2 56 and 500- 536
(the third regi oexpesméritebyCit eth{1628 arecdeied paple/ TBe 7RI, actﬂ?helsfe}sam no ac! d
stretches do notypaysiiAaabliG.hEChhePedlSHRN AREf1 ¢ NOt 1 ncl uded I n
the nodel 5 (dott . )

Ines in Fig Interestingly, it is these highly
fl exi bl e regions Cdﬁurtquep@gmmmibt?henﬁ?épb@frcP{--hf, with besiqigdyesiybluger ene resi dues

that become phospR@éskh@b&dlc HBRANesAH QAR Fhe IR leliithedhh ¥ bebrfhrdhovédidy 505). The
role of Ser437 and_ Ser454 is unclear, since they are not conserved anong

di fferent spefi eS ¥ nAEBhiyPALE Patde §6"‘31Y|"és‘bé"o%t§? FenbiaRe-BippiRg from
evol utionarily region of the molecule. Figure prepared with GRASP (Nicholls, 1992). All

views are in the same orientation.

Fig. 3 (A) Richardson representation of the canonical &/f§ hydrolase fold. f
25  strands are represented as arrows, while o helices are rectangles.
Secondary structural element numbering 1s according to the review by
Schrag & Cygler (1997). Helix C, which immediately follows the
“nucleophilic elbow”, is colored pink.
(B) Richardson diagram of the cPLA, fold. The numbering scheme was
30 devised so that the helix immediately following Ser288 is Helix C, as in the

canonical &/ hydrolase fold. The central core is colored yellow for a more
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to distinct species (chicken, human, zebrafish, nurine, rat), and its
phosphoryl ation by i VIAP kinase is required for maxi mal activation of cPLA2
ininsect cells (Lin, et al., 1993; Qu et al., 1998). Ser505, whi chIidld3
crystals is likely to be heterogeneously phosphorylated and is located in a
highly flexible, solvent exposed |oop, nmekes no contacts either with the I5
body of the protein or other neighboring cPLA~ monomers in the |attice.
Ser505 is di $04MYH both the active site and the nenbrafh€VBi%8™g regi on
(see Fig. 2a); nevertheless, its proximty to the hinge between CalLB and
the catalytic do i I th site of
cPLA2 phosphoryl Falgt&:letr)l:n hﬁ)glgr&§1 tﬁg%ggé&ﬁa}ag?}é%% %li}j)smo%pgﬁg‘gg% ructure.

Al t hough 20 thi sc@i‘ROém%hecGﬁ%é‘FW@rmgleé@@c"ﬁ&'@l)b inregl Frghygblyonal rel evance
i's not yet knownmlier@GoingEpreichfrdcbibiliecion BaEkj al |y covered by a

sol vent-accessible |lid 25 The nost remarkabl e feature of the cPLA
structure is the active site funnel, which penetrates one third of the way

into the catalsyt §g. Qmarpygtglcﬁgyg%mggrozaﬂ_ﬁaacb %Q§4ﬂlep¢@ped at the bottom
of a deep, narrow cleft. Al though wide at the to the funnel narrows down

to an approxi mat Eesidpeppse axedypvhile fesecopdrsy stistials e“teﬁﬁ OBy site cl eft

visible in Fig. %x-ra_}h@ys?tg sftruanRlof £18. Ak loN@binWcdtbd BIsl aRReRIcRces esi dues (bl ue
in Fig. 5a) and foira?n%i cradle into which fatty acyl noieties of

menbr ane phosphoP§e r}éﬂﬁgt%%g‘ewﬁyutﬂ?ﬁaf therfia TesspeTe o8 site is
partially cover egelly, &hild theie i€ OaRgSREoNhreShdvesinGuede Hldrkdinds The |id fol ds
into a | oop regl on short turn
(see Figure 54). Eeé’?ngﬁreeég\%(d%m%i%oo%#%Sﬁcnlle%’é C}eﬁf%edt‘ﬁﬁ‘ li’lf‘g(q\’%sm on) displ ay
very | arge tenpepaimdafyacthions| elanehty dogiotldiesiayl3dceditelebrondensppssess
traceabl e el ectron density. These observations suggest that these regions
are highly nobile and could be |0 envisioned as a "lid hinge". The visible
regi on of the |i High\)dnriasestiagrm pioevingthe eataletic.domam %OW%NQV@eeﬁposed face is
formed primarilyppiheBak@idube HeBES skoldhll thelshtén oFthd BinnEd 38 N423), while
the inner side is lined with hydrophobic am no acids (MA17, L421, 1424). |t
i s concei vabl 8 t FRRtiNYaTion oﬁﬁ‘ﬁbqqée‘éc?&’é‘ﬁh isTRBYisiRle gt ©BEriRFR Mags omes i nt o pl ay
]lc,lpon mentﬁrgne t&qpk@fimm)i xﬁﬂdotbhﬂf&jbpﬂ)ipoﬁm&ﬁl& 1ﬁf1‘tﬁ*vefdaﬁ&1eh&5nahbxeof?apabl lity of
orm ng hydr ogen i ng, C! cts e.t ther is apt for

hydr ophobi ¢ i nt erg% "8is es‘g AR ‘H‘lpﬁeg%‘:kg éqf’ésare“fﬁguprrenbr ane.
Attenpts to m)delelecaromdan@niypmpsphméprqs;exdedmlammlee HExpodel eudises ofellicl eft 20 of

ePLA with the | hikbbhddlaasademRAsteabBlabilAl ok fa dE X eofPlbediond cannot be

positioned in the V|C|n|1% active site serine t he generation
of clashes wi ®h sUeediRdd T hefisuws varrsparConigdegliedht (Nigholly. 19%).concei vabl e t hat

the gene; ation OfB)@{M%é-Qpbfﬁéect&@éi%ffmfA FUHDBA ERGE abdundisegd ﬂ%lel:_ rAgszl5l d
nmovenent a proposa I.Nn a e observation t

i 5pl ays or ent or BCIEFUE SN o AR GLERYB 81 T HPaA FAL Rt han
nononeri ¢ subst r gedsop(aygrieg G& rEadreaty7b88 798, areshphzemoyﬂuawnﬁl@ntg\m as

nterfacial acti yall o NP5l PRS %l SRLAY, AL SLEAMAL, AGAT vation as a
result of a 30 cONformationar rearr nge of " TP oﬁaf covers the active
site in the "®l o@epﬂ*l%mim@hyltamnsefrmyﬁw%'ﬁhémﬂm nidgers genseajedupon bi ndi ng of
19 mcel |l es, ;4 Jl&R %W the "open” form in which catalytic
resi dues are expose strate X-ray crystallography has yiel ded
mul ti pl e exanpl es of th| s actl vati on mechani smthrough the determ nati on of

structures of |i pRSeTahAlR nlefhanGhOR65be B ARGV oI tABatdchisr | atter for the
Ser228 on the sn-2 position of the glycerophospholipidic substrate AA:

30 arachidonic acid; HG: head group; C18: octadecyl grup. Gly 197 and 198



s nost part crystallized in the presence of inhibitors (Cygler & Schrag et
al., 1997). It is probable that the interfacial activation nechani strznqo
cPLA, is conparable to that of other lid-containing |lipases, in tha 1”8- 2003
novenent is a key step in increasing the accessible surface area of the
active site funnel as well as providing unhindered access to the catalytic
residues. |10 The cPLA, active site contains a catalytic @/@(ﬂe

hydr ol ysi s b§7 53?"5’ (ﬁydrol ases is perforned by a (Ser- Aspy |6s§§ catal ytic
triad rem niscent of the one present in serine proteases. The i5
substrate's acy|ard§§1tg§éstdﬂ@ﬂﬁeﬂ1§pﬂtdfal@kﬂ¢arhxyhHoﬂhﬁwhﬂ&l\@@ﬂiﬂ‘ﬂtdbﬁ]ﬁe§eri ne,
generating a cov}ae }%/ Oa%glne Shzyne internediate that is

subsequent |y rel"® se ﬁ'f‘%wbly até;p Phat invol ves the attack of a water
nol ecul e. Al though all Ili pid- rret abol izing enzynmes with the a/(i hydrol ase
fold proceed via the use of a catalytic triad, the identification of all 20
menbers of such a tri ad in cPLA proved to be a chall enging task.

Si t edi rect ed Jrutlatpelae Oes ednyentoncandyiine fRex dadentsconfi rmed the role
of Ser228 and Asp549 in cat al yS| s; the failure of any of the 19 histidine
residues to affect activity, however) pointed to a novel catalytic

mechani sm ( Pi ckdihg setctare of chlgigpps softrddy copiine e AT Y many to propose

t hat cPLA~ 25 CQEHtﬁ}dil?e@4ﬁﬁéﬁiue§at alytic center which does not require the
participation of histidine, while the rel evance of Arg200 for activity
remai ned unknown (Leslie, 1997, Pickard et al.,1996). The x-ray crystal
structure of icPLA, chsldérdgyh fevealPBAamsagiressed SiAHD tefls 30l phifieth Ser 228 sits
e o Oy e VRS SRk el PERpC o SRS ¢ 2
however) that theé ramlxs«xrwt31nrq:mftlooPEA{,stalsawksobaadmdsxt i8¢ neng BEG due. I n
addition, there ld fulfill the
function of act |1\6/6e0easslr;l ?7 & %t am%’Iﬂgfd%ﬁgktg%%ﬁ%ﬁpgfﬁﬁﬁgﬁgé'{a%&a@rggnge of 3.5 A
away from eltheﬁl%éﬁﬁfbﬁ?ésﬁﬁ‘e%aea By dpedR Bigrresignsex pR todké B 805 one wat er

nol ecul e 5 pesi tn'uﬁ'?@ﬁl xam%uvwe@\awlvfsmepttmo@&ay &g OkoNaPSA9. Al t hough
Asn555 |ines the ac gmsMe funnel, its N82 atomis %ggrom mately 6 ~ away

from either resFH’ﬁ@ 'ffﬁ ROLP Y AR SHBE WA R OHPR IR ul 11 this
function. In acyEGHdaal BBIS@ fquMHdbatﬂbﬁodoolmahbex@euratqooy tion of a ~o

gl ycer ophosphol i pi trate ht$ ransiti state requires
stabilization byg qun TART O ‘ﬁérf giealgn gﬁammlg%r}fm hoﬁ%oa ré‘%mﬁond donors
(usual |y ani de &trtgwpacargﬂf@ﬁ ﬁbalqy&talﬁfespfdgecs gvaqu?212ﬁéa=F W@@V‘on of
stabilizing the  dsye ORLNG.8893hintGo cRABAGS Oliod Boald ARGk 0N state. In
several |ipases, at |'east one of the residue contribute to the
oxyani on hol e i §°1ﬁa‘F*tPeb‘f5Y@”EE5“r’1’B%h ng |oop, and the proper conformation is
only attained when the lipase is in open form this rearrangenent,

however, is not an sol ute requi,renent | 98 arc part
of a glycine-rich f|€§2‘f‘wfét°|l’6%? T fisE s E)%’ nﬁy%? ‘?t% rf"‘ﬁ%gpom tioning
al | ows the am dehdiacklreddsioh oGipiavcoahidhrGligd 9@nérphds dgativesandi dat es f or
menmbers of a,pr n. addition, the
backbone am c21'e SE?%%B[‘%H 'ﬁ g%&@%&%ﬁasngtﬁeef%ékogn%%% %“ﬁe turn between
~i 5 and |-iehx @ro‘aﬁlsxeapmghﬁ\savwmtmatchrmecﬂ%nmmb atlﬁeesgyyigﬁ | oop and
therefore may al regi on, nuch

| i ke the oxyani O}ﬁ’gﬁ%ﬁ\ ﬁ%&fﬁ&ﬁ%@\%ﬁlhﬁse c?gggg&ggwdfﬁghwﬁ%}ldem gned to
stabilize the teiuph*bré@imﬂu@@nuuml@uehemhalees”ger?er &hiegbspyy atite agred] eophi l i c

attack of the espefe f&tmaksmkgsmyst%v; b Q@ﬁatéﬁ%ﬂ-xs%%gﬁﬁstned for Arg200.
It has been inplicated in providing assi stance CaLB in binding the

enzynme to théo| |HﬁF‘ﬁFei‘ﬁ‘P%‘f@faaéé‘?akF%%‘ésr‘ﬁ%ﬂeidr‘i‘ganfoﬁ t? FRAVESROEPIBIE i d nenbr ane;
participating 30 as a catalylic residue; stabilizing an acyl -enzyne
internedi ate: or associating with the phosphoryl group of the substrate
phosphol i pi d ?t 12




(Pickard et al.) 1996). The positioning of Arg200 i nbedded wthin the

funnel (its surface area is colored red in Fig. 5a) precludes it fradnjul 2003
providing any |ipid binding assistance to CaLB. In addition, its side chain
I's approximately 9 A away fromthe active site serine, which prevents it 5

fromplaying ar in cat.alysis, Arg200, weyver everal key
contacts with r&ﬂ“g‘ﬂég Hé@bh” ﬁeieﬁst}h% rgglog?%épﬁrﬁﬁﬂéﬁ@fﬁﬁﬁgﬁgﬁl% chai n makes
a salt bridge WBnhdRFERA, avd)contact s backbone atoms of Phe678, both of
which lie in the [ oop between" helices Hand |I. The |ocation of Arg200 on

t he oxyani on hol e | oop suggests that the |ack of these twohydrogen bonds 10
in the Arg200 Lys mutant repog(tgd Eé Pi ck?rd & co-workers (1996) coul d be
responsi bl e for  subt Ferbirmetoaked (BLOnCIYSER T WisTeRIoRAT N COIOGRE %S Ni on hol e

| oop wi th dramai; S . 6@‘»&4 A Vi ceeds
via a rrechan?s mMcFﬁ}s}??%C?H#l?%bﬁng?Hg?lo o]%/]#g\fée&g? ét%bl ﬂ??/%?%ﬁhggéééﬁ?ﬁfﬁééﬁabsence
of a histidine peRybRueHY ardldd G 'Eh IDQgRt i al base vidie tbRedd frem &1 te of
cPLA~ suggests that the enzyme pronotes acyl hydrolysis via a novel

cat al yti ¢ mechasingla criystabwthiche dpe ¢0 vadieBon gensit by, wagdrasisiated alongdts

hi stidi ne residue accept roton fromthe dr.ox oup .of e reactive
serine, thus faf:‘?tﬂl?’éla?ﬁg’ef@‘ﬁg‘ﬁ’a%‘i‘%ﬁogfcmlcﬁ@' %‘gﬁglatl §§‘F%¥?éar3£1/’* were

intermediate. | &1&1%@@&&@&@3%%3@@%&&@wnﬁcéﬁfﬁe,eimﬁl s%@eq@nhy;ﬂr ol yzed
by a water nolecule to rel ease the product, restoring the ser-hydfoxyl to

t he enzyme. 10 asveralTFmivles op slaentfiritaningvand éwodol aneragipgtin iy (Gbwian

i nvol ves the 25 j.on of We sjt :fqllowed by the hydrolysi
of the ester bofthistoanaereciyPandert PEAEE IR 56 e EikeTbn gierted ne” * °
carboxyl ate grogpigH ﬁ@éi?%é@ﬁbctz%htd&%ir?:rﬁa%%%.llg)@\ RiHeh BdthalomAA90) eh Vi a a

wat er nol ecul e (Lanotte-Brasseur et al. More recent studies
(Danbl on et al .¢PlA9GPnhmes coulgdestleat]yt identifind. hutigllyiGaldh@erisietehelbn t he

car boxyl at e oxy S 0 Glul66.and Ser 70 precl ydes direct praqtao
Cranstar - but R tBLYNGveAateies S sty Bt rlutan oo i B 1 or
proton rel ay |helVigibfeiedlotsidf the catalyBe Gloaidif s Pig tA8 Pr&dalnk QLaLMIrase
(Duggl eby et al., 1995), "which contains a single residue catal ytic center

conposed of t he(Mplegular Simulasions Eic.)generatifigig Mesebwitheafiproainatily 858si ¢
character of t ' . : at om of
Serl has its mr]%l‘c' ?bu%%}f Ilo%al({l'%1 ;’/H gﬁﬁ?éﬁ@rﬁsfzég%?aé'ﬁ%;ﬁegg‘gg%&?tb ﬁémgﬁ‘%ﬁlt er m nal
group, and for natudiirelvithhkefiwd phasnzombinatioarstpdREFMAGs Magshidowcdtlah, t he
only residue capab of playing the role of ge al _base is Asp549 since
there are no otf?é’?i g?lh'é’" Wﬁ?ﬁuﬁ{]’&‘oﬂéh}i’%‘i‘g%( %WTésgﬁﬁ@ratsﬁw%bm of
Ser228. Fi ghy 6 Gt BYSsibsBh (¥RAh Xrlomk Eun@bAlod, GodBeghenk sm of
cPLAz. Once ot he 2%?‘ym§fssgguﬁgﬁf% t he menbran(taﬁ aggi nglléqphoZp olipid

mol ecul e bi nds tes¢ritemadel coataing E285Hesidples fptrween hothahpnometd)endafd gr oup
(HGin Fig. 6) is stahilized by the Arg200 side chain. An oxyanion hol e
formed by the bAelebFAResHese groups of 61y197 and 15 61y198 is al so shown
pol arizing the sn-2 ester and stabilizing the tetrahedral internediate
formed in panel B. Followi ng fornmati on of the enzyne-substrate conpl ex,
Asp549 acts as Motemdanstyudtardbase and abstracts a proton fromthe hydroxyl
group of the5 reactive Ser228, which attacks the sn-2 ester and forns the
acyl enzyma2 via the stabilized tetrahedral 20 internmediate. The acyl enzyme
i s subsequently hydrphy&Eds Bororhed 81a thR] E&hth e(m?&ﬁaa@rd&uaélﬁitﬁ free

| yso- phosphol i pid and, after coll apse of the doubl e bond of the arachi donyl
i nternedi ate, fdisersicumfdol0A XObd XAR A(Figi 28). Thepbieinsingl GaldBE) . cPLAz

th di Late, f n.th g Jinterf bi_.nd th
SR EEX RS T AT SN I
di stinct exanpl g of,.a7289Yh 856Ut H tigg&ééa?n Aok GRRH & k&rﬁ?&&%\‘tﬁ thout a

conpl ete catal ytic tri ad. SCUSSI O sgite the large asy ric unit

(1498 am nogoaci gipteiinsrdiéit cbnigtsl iThe cehtraPldke of thsdaddigtic MBR &SI Ng was
successful in producing a
composed of a 10-strand central B sheet with interspersed helices which is
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23 2 9 JU 20C WO 00147763 PCT/ US00103745 high quality electron density
map from data obtained froma single crystal. Central to this success were
the large Bijvoet and dispersive differences typical of the L~, edde of 2083
| ant hani de atom coupled to the high flux and wavel ength stability of the
Advanced Light Source (Berkeley, CA). Wth 5 the advent of third generation
synchrotrons, MAD should be routinely enployed for the solution of |arge
macr onol ecul O 08#¥¢ct ures. cPLA, is essential for the bFeEYHWIMHESi s of lipid
medi ators of inflammation, as denonstrated by the use of cPLA= deficient

mce ~o (Bonvent et k- thé-c%%gmcalﬂ&%lﬁmiroﬁge @ik :"1'11&9@’1}& mehBe&s | eukotri enes,
prost agl andi ns and PAF p significant roles in the pathophysiol ogy of

di seases of mmaj o?rei?ﬂb‘f‘ltl?? aish‘ﬁﬁ‘EF)c upit agegof HFH&?’HFP%”‘%H?SWFH@Fé? and how their
bi osynt hesi s is flegulipbide infdiortdin loop L%&eeﬁfw]&dﬁh}% CHBMONGas afgew i nsi ght's

phosphor yi at | on. “PRPHRR O 20 Aasieit PR eBUE M BN 3B Rhd. mechani sm
for |ipases. TheT}&tlde;leuclen&i'cooﬁHcAtha®mnisylastihﬁstmemnf(brmﬂmnum which a C2
domin 1 30N 1Bt e SONLEKl Al he LR gl dn g (L oont |
shows that the enzyne consists of two distinct, |ndependently f ol ded

CaLE and catal ytic domarsa® °‘°‘&ﬁ?>"¥%”?ﬁﬁ€f?ﬁ%2°ﬁ§ G h el L e e
i ndependent | y. Hdb@\feeﬁ1evﬂh9fcmeWF?)MSSanngm@rﬂehéséqdmkﬁaly of contacts

and potenti alyof | 3 Bddii, t%e@%;n\a&,eaprak&%eqﬁummsugt%ébtmvb%gaw@ donmins are
comonl y observed in signaling nol ecul es e onl% the crystal

structure of PLC%tflsrPésemteéb"d‘ihtf%sd’e‘é“tf?eEFSHﬁf Rerppraks fis- £ ‘Staﬁlérf‘?fént ext of the
catal yti c domai ndlééiSﬁ@\‘hl@\thJ@‘lllﬂhts1‘-&9165)& HISQCT,sﬁlld&b pa&ﬁme@zsﬁ erss e hydr ophobi c

contacts exist bgtween al t|r e face of the C2
domai n and the c T%{}Wl“éorg%ﬁglgég] B%Sn‘ﬁ?g‘s‘{sjp Dtyﬁdeﬁ ﬁr‘?f“étls%cﬁ ons between
t he catal yti c angdaCatidh dm«»mylprﬁospkﬁlgb&zmamemﬁrfuheseenpdrynehtsmd ed that the
confor mati 0”%5‘”‘%&1 h@ﬁ'ﬁ’ ; 8 LdPkhNge § Eﬁug%fedr s%du%s yp%}}e 2903 wo ooi a~~63
rcTi usnoi o~~as t ferent NDNONE Fe tric unit are
distinct. This ottbsearmﬂd@@@ﬁthesn%qcuhe@ﬁamtm pite- ﬁﬁmmeaﬂbemiﬁﬁt hat the opti nmal

orientation of tgIGAlRandiasalBhibihe AANRLRSphSHpRGhertbaRlinebUt [ nst ead may
be regul ated in sone fashl on IS |nterest|n Fo note that although the
region of the 5 ‘ﬁf%’f“é?l AmpiRds ’iﬁ’&ﬁﬂépgétf‘m%‘?b“\ﬁlﬁpg‘ﬁsﬂk@l‘%‘géék?’?f’i“élmfor opt i mal
activity in cellseadtse sltesGhdﬂémhtybhuh&mmw&a&hd\m&démases site |l ocated
near the hi nge re aos M T eofcrin%t ai | d co { ponsfb ttwrgaee glructure of cPLA~
and the classic a7 p hydrol ase/f BIG EPeart ¥ eairguas st "ePLA= contains a
novel topol ogy. MgﬁG\AMGlsmalésom@méekwemdqn@ms cvhle agcargilisigidriorc ont ai ni ng t he
active site seregbqlrﬂa§m§etfgcldglt1§u,1@{Jhxmgglg}aggous to "nucl eophilic el bow' of the
a/p hydrol ase fol'd. A Blast search of the cPLA, catalytic donmain shows an
ext ended regi on of honmol ogy anong PLBs and cPLA, a, (i and ywhich includes
resi dues190232. Thi s AbesnQ8 Yhelstrik phleRGl Liggrah iSFighicf theaRsas M that it
contains Arg 200, t he bacglt?:grgfeqa;dggl ons caonpri sing .the oxyanl on hole as

wel | as the ridvelsx PEPAY MRS R4 e e e " & ne repl aces

the classic gl ycp@mvelwmgwlaﬁe.ﬁﬁsroameqwsu@{ﬁoh@amﬂ qgi bheit the short region
ere these res es are

is al so explaine Cc structure, mg
encoded by - si nOFELELSR Y BB CpRES I B PRI RITeSnE 887
| nst ead of cont akledtidgratic c@Atadts With GhelregAittelpichadged, phblphoh#id pedd u as s een
groups of the membrane layer (see below). Residues 434 to 456, however,
30  are disordered, making it :impossible to accurately define the true size of

the basic patch. Nevertheless, it is noteworthy that similar basic patches
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for the al (i hydrol ases, cPLA, cleaves the sn-2 ester using a dyad conposed
of Ser-228 and Asp-549. The carboxylate of Asp-549 is the only residue in
sufficiently close proxinmty to activate the serine for nucleophilji® JUL 7003
attack. A 2, simlar catalytic dyad has been proposed for the am de

hydrol ysis reaction catalyzed by the Cass A p-lactanmases (Matagne et al.,
1998). In this case, however, the glutanmate side chain activates the serine
resi due vi a WA41%rveni ng water nol ecul e. Al though it FEWEP¥BEult to
assess the conparable efficiency of a dyad vs. a triad, it is noteworthy
that it is the 3owattdcMat PIORInGRENG I difdblitbpdict 6f SPEAG R4 alt, N8R tion state

which is inportant.in catalysis, Therefore, the stabilization due to an

ef fective oxyani %lsﬁ%r?petmfsm y“@“@“‘ﬁt tﬁf 'i“gfzt‘.fgé‘“v%“i‘jbﬁ S}bf%é’ BCTI US00/ 03745 can
of fset a | ess nucheoiphndsintads ef phoephalidy! irethend dipsdoales §likerck @eld, t he backbone
am de group of glygines 197. and 8 siti.oned, a, ner esi dues from
the critical Ar g-é%,’s 1 éa%dptglfodl I%i%‘zis[peall?cy aﬁégﬁetnf%rﬁﬁaasfc(f%ﬁ%%\%% t he oxyani on
hol e. The backbongrah of théX3l-BARnagoul d possi bly also aid mstabilizing s

t he oxyani on developing in the transition state and present in the
tetrahedral internediates. The effectiveness of the oxyanion hole is

consi stent w th NVR Nteyines Colifedamaix achi donyl tri fl uor omet hyl ket one
appeared to bind to the enzynme as the ionized hem ketal. io The catal ytic
serine of cPLA= is present in a deep funnel near the center of the catal;
yic dommin. Attenpts T}b“—SFFIHEFBI@O?H‘@C}?E%%Wi“p‘F’(h"ei“E‘thGP%e‘S‘é‘%ﬁ’i ve site
dermonstrat ed tihatsihild 1&ihoseBlve& BNNMRIBE k08 @fstdilbEraply X&:t 8l 1®sf unnel was
not | arge enough._Therefor e that the sonewha e@r{gbi le lid) whose

. e, We propo. t he . ,
C-terminus is Ii nlff’é‘a’cFtoal'al98@#?3*“%‘?‘@'10982’996968eqrﬁﬂy'éttﬁoé‘i‘?fﬁoI f 23 amu-~o
acids, may nove UR@PaaRdTh AR BraehiBdctddmySixpsapy,ifeiding o la @t ber accessi bl e
vol une near the tog of tp}e f.unne) t?,,acc?mmd%tlze t he %strat?. The crystal
structures of par@PeEFT WH AR drell A8 By (N 'ﬁ“oPlﬁ‘é’SBy gEn& and absence
of substrat e/ det er9gebint Two C&latass ap¢ Iowindiet qpr eckbd&hlB flooughts s nodel (van
Ti1beurgh et al., ohd8Rhon bbb EACAIE ndLANEL | GadBofoRNLRE I onal change
occurs in the presence of “ri cell es or i nhibitors entaili ng i d novenent
of as nmuch as 29 atemy en Exgrobginttieops (pioue-inding logpriCRL b Bpsobi ¢ pat ch.
Such large structygdi affRthellefatl BRS ohtaNed harNCNM LehafrNonRlBer. al p hydrol ase
proteins. This confor ggf{:l onal change upon nenbrane surface .bi nding has been

pon c
used to explain tFESHAREESEOTESS Y 'n%rcfaaét&fnsé@ta?%’é’f"i“@ﬁgy?ﬁanit'ch t he
catal ytic acti vi tThe@hvitoniriepBst ehel G @t firsfulMengBORLA ) Hewgiegabeinot owar d a
substrate presented.in a pmicel]e rather than as pnoner. . In the case of
cPLA ) i ts |y oGP e s mp RS net o B P SR By owar o
t he sanme subst r at beprethent ipgeagdi toaalinagg tacalmosier] (defired ipBartsicef a mi cel | e.
Such_measur enent s, hawg ;£ eMERLEC AR - BB pBRHd) YirhYesPonic Ridd rdmU | 700, 1 VO
00l 47763 PCT/ US00] 03745 i?ncr easoes --(llg\gg@%polg e]ls t.heeS c%nﬁccehd?rrartni on of
1- pal mi t oyl - 21 ysophbfshanpiayscin erystakizatine preberrefpctignd If bpth ¥6#d; t hus, cPLA=
i's much mo[]e aCtiM&%&&\P@E}Qd%bb{ﬂ@él{le&b@ﬁCQ’G?&@Q&@%o@&ME%MB@a@@-fQJrh sgr ucture
suggests that a conformational change. .dictate novenent of  the

i e s R e oot

flexible lid, %ccOy8nAdn SRR EREN N paditipns ?HRPE consi stent
W th the previ ousidls inbsficy @th tHatsiele tiatisal HRER hrwedyir thuk forasigid i on to the

novenent of |ids coveri,ng,the .acti sjites, several.structures have shown
that the oxyani onsnlll%ll gdfﬂ%g?b“s’fl%i ﬁ%goe@k? RSP ﬁléﬁ?f‘taftg?ftt’ttoe state is only
fully formed in tderduatisenic@’ dfof i tb tsaxnifbte af MES rouldibd dmdlaing( Cygl er &
Schrag, 1997). Cutinase is .an .exception to thi eral rul.e in that the
oxyanion hole is %ﬁplln?/mﬁg}or?ﬁ ftlg%p}f S%hageaﬁr%)u e°f§tp r ?f'g’g Q}Pégnﬁok’ﬁ‘g?'{}é“ﬁt ly,

cuti nase does Mot sughoiing thaeirfREAalCa aadtd asabridge HeMegeh ithegroein aali the 1992) . ~5
The selectivity o ' - ini ipids is a

di stingui shing feﬁoﬁ?@lﬁ%%@&%ﬁ%f%@ﬂ?ﬂg Eo\%é gslha{g agl%lf%g% tg‘nlg%'t di stingui sh
anong different fatty acids, whereas cPLA2 shows high selectivity for
arachi donyl and other fatty acids with cis-double bonds at the 5 and 8
positions in numerous assay formats (Clark et al., 1995, Gelb zo aasn-1 and
sn-2, Celb hydrazin). Prior to the determnation of the structure) the
origin of ePLA: selectivity was unknown. It was conceivable that the
catal ytic machinery was | ocated near the surface of the enzynme where it
could act on the sn-2 ester without extracting the lipid fromthe



bil ayer. This would be anal ogous to the flatttened ki nase domain of P14 25
kmase where the enzyne is thought to work on the |ipid headgroup w thout
extracting the phospholipid itself (Rao et al., 1998). In the casg90fyLcBIiA
, Wwe would anticipate the selectivity to be due to greater exposure of the
sn-2 ester due to | ooser packing of the polyunsaturated fatty acid.

However, as we see mthe structure, the phospholipid nust bind ~ 8-10 A 30
into the deer®¥#17¢e site. Thus the selectivity nust be PEUESWOE ¥t er acti ons
bewt een the arachi donyl noiety and enzyne. It will be informative to 27 2
9 J UL 2003 WO 001477fi 3 PCT/ USO0/ 03745 nutate the residues which are

di stinct between and ve site and the

conpl etel y non- co?lrs}br’\?e'bl t?p° greglu'be cg[r/t?b%ye‘?%tfnﬁluﬁﬁesdl??I&Weﬁnces in
selectivity. 5 Préfydralegds Met hods of Admi nistration and Dosi ng of Substances
Identified in Accordance with the Invention As used herein, "phospholipase
enzyne activity" neans positive actwity in an assay for netabolism of
phosphol i pi ds (pref er aBteycanlydic d¢maihef fé’ééa’»}sordmcc}@fbéﬁsiirm@mmi(e 2 bel ow or
9escr| bed m any thehce? Js%g %xrafa)?g?onm t?oi! nﬁ)gsﬁﬁﬁc[ed%&. Eflral Q%%Pnp\ee A corrpound has
phosphol i pase enzynhe frb £V | the acti vi ty of
a phosphol i pase (muebemdxldlby%cl?lgl@ce}imth stamw5ﬁ§vatr¢1@blﬁel fassay tepnet er abl y an
assay descri bed be i I, preferred
enbodi nents, a co%ggﬁ$ﬁﬁmlﬁ J‘Qgt(%%;toet é}e({}!g gﬁ%ég?g%%mnﬁb t 25 u.lvl in
t he LysoPC assay Tr2 P sheet hGaguperhelsalgvist. o5 sihplityathe sdoonderybfertenitd i n t he
vesicle assay andigh, £ RhvAlled ol UeALn LESH 1130, 20041 1 N Min the PMN

assay. Corrpoun present 1 nvention an Ic acid are useful for

i nhi biting phosphmqrr;sa@l@ueerngﬁﬁ@te@br%qhéagaﬁbCylg@fF@L%?)madﬁqh\m sptalid, t herefore,

are useful in "tres@hmgamaysﬁeqedéa siaag,folmma@pmm&or anel i orating) 20
i nflammatory or inflammation-related conditions (e.g., rheumatoid

arthritis, psoriasis, asthma) inflamuatory bowel di sease and ot her

di seases nediated by PrIRst-2 @l sael MShe dPEUKQLY ik BNGRiR oINS haRAibRE her
condi tions, such as ost eopor 05| s, colitis, nyelogenous |eukem a) diabetes,

wasting and at Her GRpestignsiiier Cald ' A dong loppjcontainipa s long epr sekesctie Us00/ 03745

The present Inventdo&&c@m@@pas&@&emuﬁarp&anmmeunhhsqaava-ﬁgm)om tions and
t herapeutic net hods of treat oun s of the

0 0
bresent 1 nvent | on. SESHSHINALRCE e SRS SR TP Y80 m a 5
phar maceuti cal conq@hmethlet)ehcwheglom:mﬁbo nagongideredgpaphhathedé btticomleety accept abl e

car ver Such a SOMPRSEIAN. MY, 8136 .0R0LAL okl Prddeht bep, kg, 2, compound or

conpounds of the présent Tnvention and a uents, fillers, salts,
buf fers, stabil2p zdpﬁowgapubﬁdlﬁzmrsi, Papatcagiehtae cmﬁftecrsrrmesﬂmﬂheknom in the

art. The term" ph%gg? &;t/d:f?ﬁlﬁe lxeq‘f%?og%:ﬂigvene ag;s‘ngaﬂo%\do ¥leSo 0 mat enal

t hat does not inter of t ogi c
which connects them are similar in &/f hydrolases. This mterconnectmg

loop is termed the “nucleophilic elbow. Three more a-helices, interwoven
by loops, provide the connection between this region and the further 4 p
25  strands of this part of the fold. Of the four B strands that follow (B6-
| f39), 6 1s the longest, making few hydrogen bonds with f7. Strands 7
to B1, therefore, although not contiguous in sequence, can be considered a

small B sheet within a larger structure.



activity of the active ingredient(s). The characteristics of the carrier

w Il depend on the route of adm nistration. The pharmaceutical co ?ﬁl%hﬁ”
of the invention may al so contai n cytokines, |ynphokines, or othe
hemat opoi etic factors such as MCSF, GWCSF, IL-1, IL-2, IL-3, IL-4, IL-5,
IL~s 6, IL-7, IL-8 1L-9, IL-10, IL-11, IL-12) GCSF, Meg-CSF, stem cel
factor, and erythropoietin. The pharmaceutical conposition may further
contai n ot het® %Vngnflannatory agents. Such addi t i onal "FAEP¥YE and/ or
agents may be included in the pharnaceutical conposition to produce a

synergistic effect w iheCpMPERdSEEr iAGPLESERForkBY &N, OF to m nim ze
side effects caused 20 by the conpound o? the present invention.

Conversel y, conpoffitd %} corhdhp e AtaupRfEahihis@RmhymbEe FeRaudeyni n

fornul ations of tReupsk iniFsatl Alang 9 ORHiNB0-résyHUR PO Rems PEAAYtihemat opoi eti ¢
factor, thronbolygic,o; apti-%%r%nbotic factorS r anti-inflammatory agent
to miilunize side®@FFRCPR - IIPPHEIE AHKTTRETMIFP! Serde8gliey in the Tegipss \np 001 47763
PCT/ f JS00/ 03745 | yapbokhd@)t 00the edp Harpab,apadhed pht ffactekitral téeonbol ytic or

anti-thronbotic fgqt or, or anti-i nfLa]rﬁi tor%a%ﬁnt. The phar maceuti cal
conposi tion of thEX1HTEAET BR SHesH e Retihree b gramfotre RosiH9R8€aHe i n whi ch
conpounds of the ggs@aihe cdhvalp shodt afd GreGRBiapIRd by Reikead@i L i On to ot her
pharmaceutically acceptable carriers, with anphi pathic agents such as

| i pids which exist in aggregated formas mcelles, insoluble nonol ayers,
liquid crystals) or | anedpaydrbRyeEbld if donndiUe tasy &Rdrabkd Hd.otii t abl e | i pi ds
for |iposomal for tion include, wthout limtation nonoglycerides,

di gl ycerides, QSul F}:f{rqatécs'fm]f’??c#‘:gagt#% “h 8;§pﬁ1?)‘g“§ﬂﬁ”85§f‘ dé“&b"é'g{]: " bile acids,
and tn the |ike. B)e@aikafonti] fsted whbipasdsra! p ftanddonsworis is within the
| evel of skill mthe ar s, dj,s¢l osed, f e I i.n S. Patent No.
4,235,871; U.S. PETAYe #{%?rﬁﬁvg%‘%tﬁer%?f’q‘ﬁf‘ég BapSiaRP o P‘ﬂ?‘fgﬁ?ﬁ“ﬁ%; and U. S,
Patent | ~TQO 4, 73p4 3@3B?5). ait Tirolande] thi tapplgy ticBE.porpataediolve reirculdyy r ef er ence.
ps used herein) LSRLELA oA RELBREULLEALLY el oG Ha aTRUIL L JRANS Lh: -~ 15
total amount of eBER active conponent of the peh’ar facelt| ca conposi tion or
met hod t hat i sissuFigs. 8@ &i3b clemylygheeals ghatrerlpithegégidn gpadmpmssinhewmef it, i.e.,

treatnent, heal i oo BLAKENbdOR Pha ikl QLALLAN: B Al LATHRL 0T v T esponse

or condition, or an Crease Inrate o eali'ng, prevention or
anel i oration of s&2R3®oNdjor fistirrtionfindudedhy dn¢idaralle] aatuieredbtvandelBd toact i ve 20

i ngredient, adm ”béﬁlﬁrn%ﬁg@icﬁﬁ&’heﬁ%?%&%éﬂﬂ's%iu?Bé b Pirk Er%ignée redi ent al one.

When applied to a conbination, t ermrefers to conbi ned amounts of the
active ingredi ent fterrainghelicgs betwepnishiandsiobiha fratat nagt obtiieespla2 cffrereher
adm nistered if conbi nation, serially or sinultaneously. 30 2 9 JU 2003
WO 001 47763 . . .
Although the cap structure in ¢cPLA, (residues 370-548) is part of the
catalytic domain, it is not included in the a/f} core. Sequence comparisons
of the catalytic domains of human cPLAs o, B, and v (Fig. 4) show that
homology is concentrated within the cvf core (yellow elements) and f
25 strands 9a and 9d. Thus, the central part of the cap is distinct among ¢PLA,
isoforms. A comparison between the ribbon diagram of cPLA, 1n Fig. 2a,
in which the cap region is displayed in purple, and the surface potential
diagram in Fig. 2c, reveals that the highly basic region hypothesized above
as making electrostatic contacts with membrane phospholipids is in fact

30 formed in large part by cap residues.



PCT/ US00/ 03745 In practicing the nethod of treatnent or use of the present
invention, a therapeutically effective anount of a conpound of the fggﬁﬁ:%“
invention is admnistered to a mammal having a condition to be trea
Compounds of the present invention nmay be admi nistered in accordance with
the nethod of 5 the invention either alone or in conbination with other

t herapi es such as treatnents enploying other anti-i nflamratora/ agent s

cyt oki nes, | YR8N&R%es or ot her henatopoietic factors. WREHURE™&ni ni st er ed
with one or nore other anti-inflammtory agents, cytokines, |ynphokines or
ot her hemat opoi etic fataéafp&egxcxomﬁmzck%oaﬁntslhemwcéﬂenhreé meentdbda may be

adm ni stered either. Snlso ta teoqsl vmrétshugsh el sAnk 6 flammtory

agent (s)) cyt oki nEEES Y ORBIERHELS erraato 0 & % or (s) |

t hronbol ytic or arAgnontmmeﬁbextnmusf ae:ttlmss§28 W) s’réxqagemlmcedclq/stretchesaidm ni stered
sequentially, the gtthagpgalacggaléjehyc%‘loﬁd% tyvlachl argg&llrgcﬁ:dgg in thgm%&gr opriate
sequence of administerin i resent Irnvention in ~5

conbi nati on wi tsh ¢loted luaﬁatm Flg 1?R). alntesgstimgly. a"g%ﬁh?ﬁ(eé\)shl}t@ﬂ.x@welé@)of

| ynphoki ne(s), ot her ap@mﬂﬂﬂebﬁme@omgtoqy {the reglbﬁgmlbxéo&rfe or
antithronbotic factors Adm ni stration o ounds of the present invention
used ~n the phar nﬁb@amrwted@@ﬁm%wsr%lﬁﬂwwt@) Eyﬁé‘b@@t‘&emewelwét hod of the

present 20 invent k@837GAR sBESCRLAIRE sOd mbﬁar@né/t%xhs@iiv)éd ahosOmyeRid onal ways,
such as oral ingestion, inhalation, or cutaneous, subcutaneous, or

i ntravenous inj ecfPESHS 1 FORtREnSeEOMP ferontsaFe it E Ly rer £adrERa Bnount  of
conpounds of the ﬂrseﬁcesﬁecien(wmaltdngmmaa z’:l:dfﬁlﬁﬂi shueh€datphad dtyy, conmpounds of the
present invention g/l I h bF .31@' éP% J ’7003f 1\O . 01/4t77§3 PCT/ US00/ 03745
~n the formof a PABPRYYHIHYME! H@\S/ﬁi%}:eqmé%jl BTSRRI P Wwhen

adm ni stered in t abilAtinfreeditells ign, phar me,emn etod 1988) P85t whinh ofout he
invention may addi, I A | latin or an
adi tvant. The t aoFREr by 8B Ahofln Bt ECRbEy RieUE R 1888 08 O oos
conpound of the 5highySleniblej solent expesed loap makef mrabiagts eitherwithbthet 25 to 90"/

conpound of the p%@é}%ﬂhe‘ﬁ?&@@o‘r@@xerA%Bomm%é{o%réxﬂ thel 1&tHEd form a
liquid carrier such 'as water, petroleum oils of aninal_or plant origin

such as peanut oi Isers‘?ﬁ‘?l@ﬁta]toﬁP‘lhth%S}ﬁe%Fﬁa’éﬁ the mgmbeape-bindingiregiohy synt heti c
oil s may be added (sedhig. 2aj; ﬁwedh&@srsms@froxhh@ qahmﬂmgb%iw&ﬁbammom tion may
further contain physiol ogical ~ o saljne.solut trose ot her
sacchari de sol uti 5%?5”%?8"3?%‘61“%‘%%%% G UFRY 'Ioe)lncmé foﬁdéls’teo rggy ene gl ycol

or polyethyl ene glpyiesphorylalien Sed?i masflheﬁiedrmmmswdpalsmuq%mm\ltlttmh

phar maceut i cal ,£OBROS.td QR RRALANS steliNN: &AM 0N 1 8edaRcA0NBHN: Wei ght of
conmpound of cha pr eseﬁtgcgﬁsveentl or? Eaged prte fer aB y ?rocr:ﬁ abo%t 1 to 50%
conpound of the pkB®®ht invention 15 Wien a therapeutl cally effective
anount of conpounds of the present invention is adm nistered by

i ntravenous, cutaneous, or subcutaneous injecti on, cog gqsl of the present
i nvention will be [PA2¢HE sitofupngis reriaiysgesed esolysaianessPln i accept abl e
aqueous solution. The preparation of such parenteral |y acceptable protein
sol utions, having due tegard to 0 | st.abi |t and t he
like) is withi %yt he slerh ?“Osnf'rﬁark e f et re Ow}ﬂecgfr“g rXﬂlélrerlrsz‘lt?‘eu llvg%f conposi tion
for intravenous, dmrahwbuls)Jer@tratsubrceuhmefoh@myrm@dlnﬂ atelghdgindingont ai n, in
addi tion to compoynds dafni ha %9@%&41 wgmoktgg)ofgaeeps%fw Gesi/ehi cl e such as

Sodi um Chl ori de Injection, ectlon Z 9 JU 2003 WO
00/ 47763 lthough wide at the top, the funnel narrows down to an approximate

diameter of 7 A at the mouth of the active site cleft visible in Fig. 5a. The

30 funnel 1s lined with hydrophobic residues (blue in Fig. 5a) and forms a



rcT/uson/ n37as Dextrose |Infection, Dextrose and Sodium Chloride Inle gk&n,
Lactated Ringer's Inlectron, or other vehicle as known in the art. T L2003
pharmaceutical conposition of the present invention rmay al so contain
stabilizers, preservatives, buffers, antioxidants, or other additives known
to those of 5 skill in the art. The anount of conpounds) of the present
invention in the pharmaceutical conposition of the present invention wll
depend upon YA&YH#Bure and severity of the condition befT§PYR8%fed, and on
the nature of prior treatnents which the patient has undergone. Utimtely,
the attendi ng lo phykiitb aRicidty adf Gldik@ied sfencam@aneiphodphelipipeubashtef t he

present invention mﬁ%hdmhich to treat each individual patient. Initially,

t he attending phygpgigh‘mﬁll adm ni ster | ow doses of conmpound of the

present invention and observe the patient's response. Larger doses of

conpounds of the pres j; NV i . : 1 . St.ere 1| the optimnal
therapeutic effect i sel%flg'lghg%ufn %9& 1{?%&5@ ng{;%d}ﬁfa, %gngongégs%dh(gt poi nt the
dosage is not isncresalvech!B-47% Abe lid foldsiinto ¢ nvpaegidrafodidwedibyt a sohedl var i ous

phar maceuti cal CoNDRS strb@shd4S i hin MeABikhESa 1 REsi Rk Badnslyil ie present
invention should contain about 0.1 ~g to~-about 100 ng (pr ef er abl y about 100
ug to about 50 nyleaintethpheresicabdisplaisut lanagdenrprateredistnt 284 ng) of conpound
of the present inyQplbORIRKY el DA WeletHM elecd®n BB tfURALd On of intravenous
t herapy usuig the l|g)har maceuti cal conposition of the present invention wll
vary, dependi ng ofPeR@tYEeFgestyhadfheperasasEaRishly dloRte deariddeand t he

condi tion and pot emididdedadli QRYHIGIAL TRe V1651 @35 PDthedid®hs 4Ndi Vi dual patient.
It is contenplated tgat the duration of 33 Z-9,: JUL, 2003, 00147763

PCT/ US00/ 03745 ealRPRBHFIC AT Brol fit eRsfpbarfdsonredmenBie®%ent i nventi on
W I! _be in _the rarpglgrmﬁiddez (1406,3418,154119,_9‘3406, I\mmmw}!nle@ha‘_nhmsrdais_ein@djs

admi ni strati on. U%éhfiﬁggr%p(ob'iél?m% 1 £RNBG B@fﬁhﬁhalp's%nlcleivga%:tlhgﬁhO.n t he
appropriate duration “I'ntravenous "t'herapy 'usi fig the phar maceut i cal

conposi tion of thédpbiesided” Saragieepftholid comeamt gaylufanareitnansr oduct i on,
crystallization apgdodadigichdifg kinfbne e E&élthééaﬁmgt?oh’d%ﬂ CPLAz (residues 1
- 749) was cloned_ into vector pMr2- EMC-cPLA2 and t ansfec%ed into CHO
celI's. The resul t Phgfosahonding egntacts vehlethegiher imenimars for hydrapbelium (G bco)
contai ning 10 % ( wisthctdhabireedith eadlibsedlelor fRMeMbednd. 10 pM net hotrexate as
described in Lin et al. (1992) ~5 The cell pellet was typically lysed in pH
9.0 buffer and cPLA_ in the supernatant was subsequently precipitated with
(NH4) _SCa. Ml ti pl e stAaspsipisneadel agiaafiphasphiolipaintoleduitan exaktiricef

chronat ogr aphy,yi ¢} 48d kB l4e J i I

crystallizati on exper ghe{tl}%){shghlAu? .%galﬁo%giwg%g t%g‘%@i%%g O[R)%%aﬁé?t woul d be
15-25 ngy of ptue EPRitionsin@redeinifysof gre agipieainweriae What Hedebsyatipapor

di ffusion at 18C YpiifigesPhR shH0EhdRSy RsiMic8CC st ARbtWRiNAndR pHAHE protein.
Typically, plate-like crystgl s appeared overnight and contjnued to Gow to

a maxium si..e of %ENHFHOR COBPTRRHANE B2k ORTHRIPRiPAIB R WER Y Nat i ve and
heavy at om soaked movémé&it aShrédosal edpeetielOpPitiothe 6bsetlatiyh thiamsAerring into

i ncreasi ng anount % O{ﬁ PEG 400, and tBI\/SC). He \(%[ :ﬁtf)m A di,fi ed crystals were
bropar ed by Sofiki NP RE FRAS AFYRY A €° BUEPHS it THEERIEEHRDt i on Wi th Cadl -
repl aced by 250 ubdo@ofkric sobstrite&tCygler §Gpirag, @247 d phenosteadskrwemeasf | ash cool ed

angolsi quid nitrogen.streamat 100 K prior to data collection. 34 ?29J U

Most lipases display interfacial activation as a result of a
30 conformational rearrangement of a lid that covers the active site in the

“closed” form of the enzyme. The lid moves away upon binding of
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Diffraction data of the native, Gd- and Tb-soaked cPLA, crystals were
collected at beamine 5.0.2 at Advanced Li ght Source using a @antun?gmm
detector (Area Detector Systens). Due to crystal sensitivity, the f t

i mge of each data set was analyzed with STRATEGY (R Ravelli) in an effort
to cal cul ate the m ni num anount of data collection required for a conplete
data set. After the determ nation of the optinal starti‘[;é“gs%(%wg%4 data was
col | ected th‘?’%&%ﬁ % 90 sweep, after which the crystals f Ated to a
position 180 fromthe starting point and a second 90 sweep was coll ected
with a view t owaraselraxharetyi gegerBifavbetopps| fernaccwhuh edtalpir re@iyest al s start ed
di spl ayi ng radi atAIQEkrp%@Ja%me\suﬁbyra@f bty DRNRKLIRY Rl Rliuglat 3

col l ection, makin necessar trans ate t hem al’ong e rotation axis
bet ween wavel engt%a@hbﬁgfébls aCF’rYP%OT’rfe'théjdm ngrﬂwée@rmmab@n efuccessful in
that data sets Coétxlu%}éé@fMa@@b&)h{lﬁecl%eéfﬁ{deﬂﬁenl%r%\/tﬁé ghatbsndi spl ayed
simlar statistics. data were coll ected at 0K and_processed with
DENZQ' SCALEPACK (@WWM@’R‘F”’&@QB)}‘G H%awoaﬂblmf%ff ﬁ%ler FP8Phalsi t es were
identified by visua)). ithsesdbicQRat @e la@gsafdlaulsat%atrﬁ@ﬁm SEPBAUSI NQ
diffraction data colleﬁfed at tg_k ?ﬁék 20 veI en %f the Th Lm edge, ~
confirm ng resul t QXPRBRIESe B qther ‘?m"‘r"é%% RIFFSORTHR ARG U EUER set s

col l ected on an Ikbyh&p&ﬁmﬁ&é@hr%thé/acd@h&l@&ﬂfac(w &ahd a&fwe?i\ﬂ'elﬂtﬂtnulra@ Corp.).
Heavy at om par anet refi, orrpl i shed wi th SHARP
(de la Fortelle & %fasé%ovﬁ g %ﬂd%reﬂea%%esimg%ﬁ\é\%fyg F%sn was performed in
SOLOVON 25 (CGP4) as |rrpl enented in SHARP. The hi gh qual ity experi nental
3.2 Aelectron d r...he itioning of the entire CaLB
domai n as wel | agﬂf Ctéazf\g??ve“e?)rgﬁtg?‘%gcaéﬁ md&q%ence assi gnment of the

catal ytic domain (QUANTA); this procedure facilitated the cal culation of a
mask enconpassi ng theAWlﬂ}&’of}stﬁ?h/@%dm&&@ rrﬁéﬁqﬁd@ H,rt her 30

cal cul ations. These i ncl uded ogram mat chi n and | n, 1990),
two-fol d non-cryski qat?@?‘éﬁ?ﬁdde@y‘fﬁ%ﬁﬁ’ﬁ/‘ %?/‘@rpéﬁF’ﬁgnseé‘ﬁEIPi?FP&?é &4 ensi on 35

2 9 J UL 2003sf r aesteuels etcpl edtePbdrd uuﬁ’taElelbiﬂﬁne&@tlbd{:ﬁllﬁls&iﬂeaﬁ| on data in LIV
(Cowt an et al., 19?}ﬂ) &% %S féf g{?gse] conbi natlog refi nement were
performed with REFRRED ERIB\PORES & enzygg ey ﬁéer ¥ihg a map in which
nost of the rmdelsub@qhdwtlbeelead%lldmeglastemmhudvaivgasderattaadofraemaﬂues of the
flexible lid. Refj din S|t|onal and
t hermal paraneter &e‘ﬁn?&%‘ﬁ ﬁﬁﬂﬁ*"‘?‘g‘z‘“ nzé’r eizﬂfﬁ o\‘//\@%écgused to i nprove
t he nmodel, which Wet@rgqsbdmtaltl'e?dlswfaslahiylhatr@d,tbmlldeaiflcut@r\méﬂil nenent (12 2.5 A)
after the Rf I &g hﬁ@nﬁér?&gggi ab(%L&)}Ncggﬁ( VYEI( @e‘d't@&earchgltlengln ’tasﬂgg?ea) SUbsequent
nodel - bui | di ng stages were pertorned he ai d émt maps gener at ed

t hr ough maxi num | f'keste Fodrgensesiby ehash enhe-vorste e ernfirmeBLSTERY( Bri cogne,
1993) . Refinenentseai28and RQﬂSU@ﬁdat&lyHE}ltﬁé}ExmrbwaKy Sﬂl'\é’ﬁn’tlstm{er ection

(Bsol =23. 8 A~; ksaol /AB%yg t he .ap g\lrlcatl g,f. .

non- cryst al | ogr apﬁf”gu‘?g tﬁCEV’ eI PPUNeRq 'H’Vf]fcf‘tﬁ £ BEHAFR with F >
2.0 ~ 5 were used(Pichardegdlo o6 Miese efsbmatinanled @xce pi pripgse ehal 0%A; andomnl y

sel ected test set L e on_of .Rfree. maps were
used to | ocat ez§waiowﬂln%q naGal Fﬂ%?ﬁvé]gteﬁ&%ch &l(!egftétr canre thespa{tlcspa't: I gfﬁ di spl ayed
densities > 3.0 ahlatrchlneewhllebﬂhe@EV?E&@@A%@@OWMH mmgipkd enitnolpdr ogen bondi ng
di stances wit hout Lghgrllgg,; §f2mrhlepatl 1906 final nodel contains 1285 20

resi dues (nol ecul e A 3, 456-500," 537-727) and 40 water nolecul es, and
exhi bits good ster eochem stry, wi th an average bond | ength and bondangl e

deviation fromideal grRONBLYsAIstRcRICoAP1ANdedny3Bveal:GRRESEIMERY - The
30 which Ser228 sits at the bottom of a funnel-shaped cavity; the 052 of
Asp549 lies at a distance of 2.9 A from 1its Oy atom (Fig. 5b). It is clear,

20



overall free Rwvalue is 29.7% and the R value is 24.3% using diffraction
data between 12 and 2.5 A . 36 2 9 JUL 2003 wo nn/477~s |1 NSERT ?ﬁgﬁﬂ]
Y

PCT/ USO0/ 03745 37 2 9 JUG ~~..~ :~ C 00l 4263 PAGE | NTENTI ONALL

BLANK CT/1.JS00; 03" 45 38 29 J Ul 2003 wo ao/ a~~63 PCT/ US00/ U3745 Rsym =
E, I,, - <I,,>~/El, where <I,,>1is the average intensity over symetry
equi valents. Friedel pairs separate. Phasin power = E ~FH~ /E ~ ~ F,, He,
~ - ~ F~, "~ WOWMATI3 R= F ~ ~F ~ - ~ F~ ~ [E ~ Fa ~ , W{e/&/ptée is

calculated for a randomy chosen 10% of reflections and Rfactor is

cal cul ated for t hﬁov&e@@famalf e gch/Q QIe ol? a‘leAepatcksc%\r}ﬁstl(iEPgesQi)ue uﬁ\%@d{h@{l structure
refinement. to Coordi nates W I a?mte at the Brookhaven Protein

Dat abank Exanpl e therpgremocther £ fgsldAsssayé raygwbw@lld hugfiljidig fpction of

1-pal mtoyl-2-[" leaéaﬁlamonnl onamgmqamyﬁsm 4 &8 5(H8vaYGkdimol ) (fi nal
concentration 6 and 1, 2- d| ol eyal gl ycerol (finpal concentration 3 uM

were m xed and dr‘?”i%‘ﬁr ﬁﬂﬂ‘éﬁ'ar%méﬁ?@%}i??“erﬁ’??ﬁd’é y 2 ipge PRIE FPSFE8 was added zo

50 mM Hepes pHs7. &»ﬁ%xeésmlaw%omﬁwc@tua% & ashipl dAfhodAdshibe suspension
was sonicated for 3 mn. at 4C. To the suspension was ,added 50 nmM Hepes pH

7.5, 300 mM NaCl , lir®s terepsive sitofupagl, ¢t N52 atgpds sprreimtels 6 a1&Y<8@Pum al buni n

(BSA) (Si gMa A751dthef rhsi@de dniivakiGREEERE [kl onide boifRETSs fufketionpi cal assay
consisted of the lipid mxture (85 Irl) to which was added 25
consecutively, the inhibitor (5 Itl in DMSO and cPLA;, 10 ng for an

aut omat ed system or 1Imgylfhgfrokséspupsalattakayhe swi2 phlfidrlofaf t he BSA buffer.

Ttus 10 glycerophospholipidic substrate, the transition state requires stabilization
by an “oxyanion hole”, or a set of hydrogen bond donors (usually amide
atorns) and/or basic residues with the function of stabilizing the
developing negative charge of the transition state. In several lipases, at
least one of the residues which contribute to the oxyanion hole 15 part of a

15 moving locp, and the proper conformation is only attained when the lipase
is in “open” form,; this rearrangement, however, is not an absolute
requirement. In cPLA,, Gly197 and 198 arc part of a glycine-rich flexible
loop between B4 and Helix B; this positioning allows the amide backbones
of Gly197 and Gly198 to be good candidates for members of a pre-formed

20 oxyanion hole (see Fig. 5b). In addition, the backbone amide group of
Gly229, which is at the apex of the turn between B5 and Helix C, also
points in the direction of the Gly197 loop and thercfore may also be part of
the hole. Consequently, this region, much like the oxyanion hole in
chymotrypsin, appears to be well-designed to stabilize the tetrahedral

25 intermediate generated by the nucleophilic attack of the ester

A multiplicity of roles has been suggested for Arg200. It has been
implicated in providing assistance to CalB in binding the enzyme to the
lipid interface; interacting with the phospholipid membrane; participating

30 as a catalytic residue; stabilizing an acyl-enzyme intermediate: or
associating with the phosphoryl group of the substrate phospholipid

21



assay was conducted by either the nmanual assay or autonmated assay prot ocol
described below. 39 Z 9 JUL 2003 WO 00/ 47763 PCT/ U500/ U3745 (b) Solup il 2003
Substrate Assav (LysoPC) 1-["(]-palinitoyl-2-hydroxyphosphoti dyl -chol’i né
(57 mCi/mol) (final concentration 4.4 1.tM was dried under a stream of
nitrogen. The lipid was resuspended by vortexing 80 nmM Hepes pH 7.5, 1 nmM
EDTA (1.2 x final_5 concentration). A typical assay consisted of lipid
suspensi on (Q@ fﬁf to W uch was added consecutively t hECTHIBY %1 (51a 1
in DMSO) and cPLA=, 200 rig in SU mM Hepes pH 7.5, 2 MM DIT and 1 M EDTA.
Thi s assay was coneidetee ahyl9ed)t Tierpotieningpsruak2@ssbadded wahin@rat ed assay
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hept ane: met hanol : -ngﬁ‘ac(ts%rt}‘?’regldgres\ér(!u%}lthe-glat?vesﬁé/ﬁ}nngf Tfl sge ALAGHdoruc acid

was anal yzed by an-in-tine Radionmatic Fl o-One/Beta counter (Packard). 20

(d) Manual Assav vﬁétbrlqﬂeavlthlWSBF%@nQFfab@hbwét%sﬂBh@%?té °f ncubat ed at

37C for 30 mn. Theidharet th@ﬁbo\e@&uq&emrb%diMIthﬁe@@m bmg@do on
hept ane: i sopropanol. 0. 5M sul furic ac 105:20:1 v/v, 20Up . Half of the
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di spoabl e silica gethe@@koomy .‘(maﬁtmtt& by PitkdHt ke dofwaRkera@demoreni f ol d
positioned over a_scintl lbLaft' on |1al h&{ "C] arachi.doni c acid was el uted
by the addition of®EFRYIPE AEFe? tr’?{a)*‘“‘&f’ﬁ‘é GBI HE SR ty was
measured by |i qui dhokdeaptwitd dbinativ comaqicttes ob adtwjty PMN Assav PMNs wer e

i sol ated using Ficoll-Hypaque according to the manufacturers directions.
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the PWN pel | et was-aigdesksdrty <Bhaproegeds vips medhasipartdsigetfrada irsofintiidrer ed sal i ne
at a concentratd oncAhydrofasdOb celld/nl. The cells were preincubated wth
inhibitors for 15 mn at 37C and then stinulated with 2 uM A23187. Wen
nonitoring LTB, production as a nmeasure of cPLAy inhibition, the reaction
was quenched with an enidabseld@b!ﬂmnﬁfmé@ﬁd&drdnp&ﬁ&ﬁh%ﬁalbbﬂéflfﬁETeed sal i ne.

Cells were renoved c rifugat.i TBa nt in the cell
supernatant vis. missteee GE g et b eB e bt ra B 8P Y assay

provi ded by Anmer shawvecaaydd mephtrosnh. Hesmlpfﬁeﬁtseﬁraedstld: @icelpsens. | n the
assays report 690 ' %shtaﬁeTe@ms§ccﬂ&9yﬁmmm§al M@ﬁyﬂﬁ%ﬁ glroeg of MO&AARNI toring

arachi doni ¢ acid production e reaction was w t h net hanol
contai ni ng D820 ar&aR: Gehieligtngformatian of the @ﬂ"’ﬁ]épt teterhefrahipermerigde.| j pi ds were

extracted by the ngh E@dnd)sftepBlHeg 1-ehzydle intérink@af)1s KARolyzkd bBa@@em Physi ol . )

37, JLLo17), and b Rl BN, Rn, SOMYRL LS s, REM L) or obenay

Class A TEM-1 B lactamase, whose catalytic pathway also involves the
25 acylation of an active site serine followed by the hydrolysis of the ester
bond, transfers a proton from the active site Ser70 to the carboxylate group
of Glul66, either directly (Gibson et al., 1990) or via a water molecule
(Lamotte-Brasseur et al., 1991). More recent studies {(Damblon et al., 1996)
have suggested that the long distance between the carboxylate oxygens of
30 Glulé6 and Ser70 precludes direct proton transfer, but propose the

participation of a bridging water molecule for proton relay. In the catalytic
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Discussion
30 Despite the large asymmetric unit (1498 amino acids) and the

fragility of cPLA, crystals, MAD phasing was successful in producing a
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for the o/ hydrolases, cPLA, cleaves the sn-2 ester using a dyad composed
of Ser-228 and Asp-549. The carboxylate of Asp-549 is the only residue in
sufficiently close proximity to activate the serine for nucleophilic attack. A

25  similar catalytic dyad has been proposed for the amide hydrolysis reaction
catalyzed by the Class A B-lactamases (Matagne et al., 1998). In this case,
however, the glutamate side chain activates the serine residue via an
intervening water molecule. Although it is difficult to assess the
comparable efficiency of a dyad vs. a triad, it is noteworthy that it is the

30 activation energy required to reach the transition state which is important

in catalysis. Therefore, the stabilization due to an effective oxyanion hole
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a Imonomer.

In the case of cPLA,, its lysophospholipase has been used compare
30 its activity toward the same substrate presented either as a monomer or as

part of a micelle. Such measurements have revealed that cPPLA, activity
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we woul%l a\rllpciggg' ’f}\Z Ze]:](iec%lvity to be due to greater exposure of
the sn-2 ester due to looser packing of the polyunsaturated fatty acid.
However, as we see In the structure, the phospholipid must bind ~ 8-10 A
30 into the deep active site. Thus the selectivity must be due to interactions

bewteen the arachidonyl moiety and enzyme. 1t will be informative to

27



PCT/ USO0I 03745 Xu, G Y., MDonagh, T., Yu, H-A, Nalefski, E., Cark, J.
D., & Gurming, D. A (1998). Solution structure and nenbrane int era@th{g@
of the C2 donmin of cytosohc phospholipase A:. J. MIl. Biol. 280, 434 3
All references cited herein are incorporated herein by reference as if
fully setforth 52 2 9J UL ?2003 WO 00147763 PCTNS00/ 03745 \Wat is
clainmed is: stal line cPLA2. 2. The crystalline cPLA2 of claim1l
wher ei n sai dWEF'fL“ %i's human cPLA2. 3. The crystalline cPIA"8" % aim 1
wherein said cPLA2 is cPLA2 froma non-nmanmal i an species. 4. The
crystalline cPLAZ of Gk AlfBuds WK £ st thebREAZckS FLEOTRLERH CPLAZ. ©.
The crystalline cPLA2 of claim1l wherein said conprisés the mature
sequence of nat uthglargregdendrthagpmpitelpnorgoongeriadyigiregion, fedaempssi ti on

conpri sing CPLAZd[fﬁrea&@g-pgeQEﬁ\@@ with a second chem cal sgecies. 7. The
conposition of claim®6 wherein said second chem cal species is selected
fromthe group consisting of a potential inhibitor of cPLA2 activity and a
pot enti al i nhisbi Pesferefd MEhAR olﬂiAadi'nﬂgrau%n aRd DR ofFubkfarcest ruct ure of cPLA2
conprising a data,set. enbodyi.n tructure of cPLA2. 9. The nodel of
claim8 wherein Z%{’l“g;’ﬁ‘gi"a[‘%éfia’%ﬁ %‘éﬁ lrrn HHe8 by crystal | ographic anal ysis
of cPLA2. s3 2 9 JAY hse@0@BMNCPRBPHOAFHE REMAISODItP 3 Hdns1fositiPhe nmodel of
claim8 wherein said data set was determ ned by NVR anal ysis of cPLA2. 11.
The nodel of cl akenv8y wherasay feametalghéisra osgosghvbipids ggeftralely @ne bf dest ruct ure of
cPLA2. 12. The nodel of claim8 wherein said data set enbodies a portion of
the structure of ags®sARscrib@l inTxemple @dlelowforclestnhedl 2 aphef dierrefsrenets portion i s
the active site of cPLA2. 14. The nodel of claim 12 wherein said portion is
the CalLB domain &fcopmagd herem). A @mmdeb%syls%@rﬁheﬁﬁﬁmmmbéﬁw@ut er
hardware and the nodel of claim8 of identifying a species

which is an agonP€yityr }%Eﬁftéﬁblﬂ‘isél'tea&’f‘”%@f_%@oéfg‘f’]‘msf ?r%?mkﬂl’ di"d" conpri si ng:
di th t h t f
e I
predicted to act gm%aaltcﬁw%gqglp%%fer?ed Tg_%gg{gng% cork ouné\ h%??ﬁ&ﬁsl cidentified in
e

accordance with f . ess o0 ntifyi ng a
M

substance that 19QLbbhg, Gk o'istqggaggzﬁm@w?ﬁwg et er m ni ng

eYs
the interaction between can géa't e Sﬁlb Elance e structure

of cPLAZ2. 15  than about 50 uM in the vesicle assay; and/or (3) an IC,, value of less than

about 1 uM in the PMN assay.

Compounds of the present invention and ursolic acid are useful for
inhibiting phospholipase enzyme (preferably cPLA,) activity and, therefore,
are useful in ‘“treating” (i.e., treating, preventing or ameliorating)

20 inflammatory or inflammation-related conditions (e.g., rheumatoid arthritis,
psonasis, asthma, inflammatory bowel disease, and other diseases mediated
by prostaglandins, leukotrienes or PAF) and other conditions, such as
osteoporosis, colitis, myelogenous leukemia, diabetes, wasting and

atherosclerosis.



54 29 J UL Q03 WO 00147763 PCT/US00/ 03745 19. A process of identifying
a substance that mmcs cPLA2 activity or binding conprising determning
the interaction between a candi date substance and a nodel of the styQgturee3
of cPLA2. 20. A nmethod of identifying inhibitors of ePLA2 activity by
rational drug design conprising: (a) designing a potential inhibitor that

wi || form non-coval ent bonds with one or nore amno acids in the cPLA2
active site Wa%%d’%pon the crystal structure co-ordi nat™&3W6G¥%eBE A2;: (b)
synthesi zing the inhibitor; and (c) determ ning whether the potenti al

i nhi bl tor i nhi bl ts t hﬁ\eacérjeyem y 1rRIent?fPLAgncom%?sse-eggﬁ%<\gﬁar o OrﬁJCC&lCQlI m 20

wherein the crystal structure co-ordi nates talned froma

CPLA2 crystal of c%ﬂg&ﬁlogg P RApéut i rM\Qt]t\chs%f Teatmeht 9 BOURIh Whioyd = 95.49
angstrons, and c angstroms 22. The nethod of claim 26’ wherein

sai d inhibitor |Qogp§hgp§dhgl§}e§em1§\reaggnwth one or nore atons of said one
or nore amne acids in the cPLA2 active site, and wherein said one or nore

atons is selected frapnt ngerﬂptl—(éO?ﬁéssﬁtl Refion CﬁE’ayarug Q¢ect @y Of Ser 228;
bl and Gb2 atons of Asp549 and Asp575; CB, CG CD, NE) CZ, NH and NH2

atonms of Arg200, pAtgrddedtiaildeoApg&itld vias kéaibmet awhiony Ipheysganicaly Tr p393; Nb2
and OF~1 atons of Asn555; Atons CDl, CEH , CG CZ CE2, and CD2 of Phe397,
Phe681, Phe683 arkeptaild 8811er5Fuch 2 cOmpdsitioR kY WO Ofkaidh 1631 dREGH/ 1300/ 03745 CG,
CDl, NEl1l, CE2, CzZ2, CH2, CzZ3, CE3 and CD2 of Trp232 and Trp393; CB and Oy
atons of Ser577; chinpomng oEBorapain8y olthe QysSB8 Inverico ned GEchrrianidd DBRs,0f Glu589;
fillers, salts, buffers, stabilizers, solubilizers, and other materials well known
in the art. The term "pharmaceutically acceptable” means a non-toxic
10 matenal that does not interfere with the effectiveness of the biological
activity of the active ingredient(s). The characteristics of the carrier will
depend on the route of administration. The pharmaceutical composition of
the invention may also contain cytokines, lymphokines, or other
hematoposetic factors such as M-CSF, GM-CSF, IL-1, IL-2, IL-3, IL-4, IL-5, IL-
15 6,IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, G-CSF, Meg-CSF, stem cell factor, and
erythropoietin. The pharmaceutical composition may further contain other
anti-inflammatory agents. Such additional factors and/or agents may be
included in the pharmaceutical composition to produce a synergistic effect
with compounds of the present invention, or to minimize side effects caused
20 by the compound of the present invention. Conversely, compounds of the
present invention may be included in formulations of the particular cytokine,

lymphokine, other hematopoietic factor, thrombolytic or anti-thrombotic

factor, or anti-inflammatory agent to minuruze side effects of the cytokine,



Atoms CB) CG CD, CE and NZ of Lys588; Oyl atom of Thr680; OEl and OE2
atoms of Glu418 and Glu422; Atons CB, CG SD and CE of Met417; At drisJtB2003
CG CD and CD2 of Leu400 and Leu42l1l; Atonms CB, CGl, CX, or CD of 11e424;
Backbone NH and carbonyl oxygen atons of Ala578; and Atons CB, CG ND1,
CE1l, NE2, and CD2 of Hi s639. 23. A nethod of identifying inhibitors of

cPLA2 nenbr g i.odi ng by rational drug design conprising. esigning a
potential in §B‘?‘{7gﬁg that will form non-coval ent bonds V\llﬁ—?"lﬁll S(%‘?l()e”“gr nor e

amno acids in the cPLA2 electrostatic patch region based upon the crystal

structure co-ordi RRiBSKAE, GideAmaloBdieSY BLE ShidnEiylib @ RRuRbLest. and (c¢)
determ ni ng whet hér 'the potential inhibitor inhibi'ts the nmenbrane binding

of cPLA2. 24. ThefmglmgﬁtgﬁﬂmﬂtmyaseMerein the crystal structure
co-ordinates of cPLAZ are obtained froma cPLA2 crystal of space group

P2,2,2 with a = 153. 59hapgsiteiBical @dnpodhcrdd tANGsdnkioNFay BOG the formh39. 13
angstroms. 56 Z 9 JUL 2003 WO D0147763 PCT/ US00/ 03745 25. The met hod of
cl aim 23 wherei n sfd libosdree if iwhith kénpaindOofakd gsseat itveiBdreté ethtimed it he group
consi sting of Arg467) Arg485) Lys488) Lys544 and Lys543. 26. An agonist or
ant agoni st i dent i hddigorbto othe prethaeutahllyc haepal2O cardefs, with agphipshicor

antagoni st identified by the nethod of claim23. 28. A substance identified
by the method of egealsrsudiBas 1PHs whigubst émeggragdied tforfn asdnibajley, rsolublehod  of
claim19. 57 .Afh .Al .A . A

A, L AALAT{ . AA?. Apasoliyers, BquidaRstalp, oAlgRUATINKersan A Rouy splutiny RSU@Yle Ay . Ay 2. Af 9.
AyU. A@S?. Ay . AN, . ASN, . AS& Af N. A(, . Ayy. Ag CACACAR{T DAL ANI. AFL Au9, . AS(,
CAS; . A@ . ANy. A . Afiriddgr lipgserpal fggonuajinq inglyde, pithoutdigitatiogymonggiy cerjsies;

.Afns,: 1Zttt , i , . . o i

| {vqgl gb] X] ca] ca] c4ieyaTridst calfaddsse Xplerjoin RISFRS] IRy caprrinahiteArids)28Ya] c Ta] ca] ca

|
I ca] ca] ca] ca] C?'n] C?I'lech L.Cc?"le%g' gc?hl‘%fcs%lhcl?pc}sgmal formulations is within the level of

skill in the art, as disclosed, for example, in U.S. Patent No. 4,235,871; U.S.
Patent No. 4,501,728; U.S. Patent No. 4,837,028; and U.S. Patent No. 4,737,323,

all of which are incorporated herein by reference.
As used herein, the term "therapeutically effective amount” means the
15 total amount of each active component of the pharmaceutical composition or
method that is sufficient to show a meaningful patient benefit, i.e., treatment,
healing, prevention or amelioration of an inflammatory response or
condition, or an increase in rate of treatment, healing, prevention or
amelioration of such conditions. When applied to an individual active
20 mngredient, administered alone, the term refers to that ingredient alone.
When applied to a combination, the term refers to combined amounts of the
active ingredients that result in the therapeunic effect, whether administered

in combination, serially or simultancously.
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administered in tablet form, the pharmaceutical composition of the invention
may addifionally contain a solid carrier such as a gelatin or an adjuvant. The
tablet, capsule, and powder contain from about 5 to 95% compound of the
present invention, and preferably from about 25 to 90% compound of the
present invention. When administered in liquid form, a liquid carrier such
as water, petroleum, oils of animal or plant origin such as peanut oil, mineral
oil, soybean oil, or sesame oil, or synthetic oils may be added. The liquid
form of the pharmaceutical composition may further contain physiological
saline solution, dextrose or other saccharide solution, or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol.  When
administered in liquid form, the pharmaceutical composition contains from
about 0.5 to 90% by weight of compound of the present invention, and
preferably from about 1 to 50% compound of the present invention

When a therapeutically effective amount of compounds of the present
invention is administered by intravenous, cutaneous or subcutaneous
injection, compounds of the present invention will be in the form of a
pyrogen-free, parenterally acceptable aqueous solution. The preparation of
such parenterally acceptable protein solutions, having due regard to pH,
1sotonicity, stability, and the like, is withun the skill in the art. A preferred
pharmaceutical composition for intravenous, cutaneous, or subcutaneous
injection should contain, in addition to compounds of the present invention,

an isotonic vehicle such as Sodium Chloride Injection, Ringer's Injection,

10t 10t

A<KC 10! & 10%-(~(& ()- (
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composition of the present invention may also contain stabilizers,
preservatives, buffers, antioxidants, or other additives known to those of
5  skill in the art.

The amount of compound(s) of the present invention in the
pharmaceutical composition of the present invention will depend upon the
nature and severity of the condition being treated, and on the nature of prior
treatments which the patient has undergone. Ultimately, the attending

10 physician will decide the amount of compound of the present invention with
which to treat each individual patient. Irutially, the attending physician will
administer low doses of compound of the present invention and observe the
patient's response. Larger doses of compounds of the present invention may
be administered until the optimal therapeutic effect is obtained for the

15 patient, and at that point the dosage 1s not increased further. It 1s
contemplated that the various pharmaceutical compositions used to practice
the method of the present invention should contain about 0.1 pg to about 100
mg (preferably about 100 ng to about 50 mg, more preferably about 100 ug
to about 5 mg) of compound of the present invention per kg body weight.

20 The duration of intravenous therapy using the pharmacecutical
composition of the present invention will vary, depending on the severity of
the disease being treated and the condition and potential idiosyncratic

response of each individual patient. It is contemplated that the duration of
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of mtravenous therapy using the pharmaceutical composition of the present

invention.

Example 1

Protein production, crystallization and data collection.

Full-length human cPLA, (residues 1 - 749) was cloned into vector
pMT2-EMC-cPLA2 and transfected into CHO cells. The resulting cell Iine,
E5-CHO, was grown in o medium (Gibco) containing 10% (v/v) dialyzed
fetal calf serum and 10 uM methotrexate as described in Lin et al. (1992)
The cell pellet was typically lysed in pH 9.0 buffer and cPLA, in the
supernatant was subsequently precipitated with (NH4),50,. Multiple steps
including affinity and size exclusion chromatography vielded protein
samples which were suitable for crystallization experiments. A typical

yield from a 100g pellet would be 15-25 mg of pure cPLA,.

Crystals of cPLA, were obtained by vapor diffusion at 18°C using
PEG 1000 as a precipitant using 12 mg/ml protein. Typically, plate-like
crystals appeared overnight and continued to grow to a maxium size of 0.6
mm X 0.5 mm X 0.1 mm within one week. Native and heavy atom-soaked
crystals were cryoprotected by transferring into increasing amounts of
PEG 400 and DMSO. Heavy atom-modified crystals were prepared by
soaking native crystals overnight in cryosolution with CaCl, replaced by
250 pM GdCl, or TbCl,. Cryoprotected crystals were flash cooled in a

liquid nitrogen stream at 100 K prior to data collection.
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%0% & ()-$10% & () TuEeXdHanREIth6f tHe nati@Y66&ard Th-¥oigtOIBLI drystils- 10%

h& ()- L' 10%h& ()- 10t 10t 10t610% & () - SSPPP| QQHRRABbC 13 10% h& ()-

| #S 10%ChCh&' ()were3otosthdat begmlines A& at rdvanced hight Pouxge using a

Quantum 4 CCD detector (Area Detector Systems). Due to crystal
5 sensitivity, the first image of each data set was analyzed with STRATEGY

(R. Ravelli) in an effort to calculate the minimum amount of data collection
required for a complete data set. After the determination of the optimal
starting point, data was collected through a 90° sweep, after which the
crystals were rotated to a position 180° from the starting point and a second

10 90° sweep was collected with a view towards maximizing Bijvoet pair
accumulation. Crystals started displaying radiation sensitivity after

i approximately 100° of data collection, making it necessary to translate them

along the rotation axis between wavelength changes. This methodology
proved to be successful in that data sets collected from three different

15 wavelengths displayed similar statistics. All data were collected at 100K
and processed with DENZO/SCALEPACK (Otwinowski, 1993).

Heavy atom sites - Both Tb sites were identified by visual inspection of
anomalous Patterson maps using diffraction data collected at the peak

20  wavelength of the Tb L edge, ‘ confirming results from
previous lower resolutionTb and Gd data sets collected on an in-house
Raxis IV detector (Molecular Structure Corp.). Heavy atom parameter

! refinement and phasing were accomplished with SHARP (de la Fortelle &

Bricogne, 1997). Density modification was performed in SOLOMON

25 (CCP4) as implemented in SHARP. The high quality experimental 3.2 A
electron density map allowed for the positioning of the entire CaLB
domain as well as the initial tracing and sequence assignment of the
catalytic domain (QUANTA); this procedure facilitated the calculation of a
mask encompassing the protein region, which was included in further

30  calculations. These included histogram matching (Zhang and Main, 1990),

two-fold non-crystallographic symmetry averaging, and phase extension
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| t109%<<& ()- Ilﬁﬁﬁ)olﬂ@r@&f phas@ forhhipatios:ay refinelment were pertormed Vig, () -

REFMAC (Murshudov et al., 1997), generating a map in which most of the

model could be identified, including central residues of the flexible lid.

Refinement - Cycles of rebuilding as well as positional and thermal
parameter refinement in XPLOR (Briinger, 1992b) were used to improve
the model, which was submitted to simulated annealing refinement (12 -
2.5 A) after the Rfree had dropped below 32% (Briinger et al., 1992a).

10  Subsequent model-building stages were performed with the aid of omit
maps generated through maximum-likelihood refinement as implemented
in BUSTER (Bricogne, 1993). Refinement also included a uniform bulk
solvent correction (Bsol=23.8 A% ksol=0.305 €'/ A®) and the application of
non-crystallographic symmetric restraints. All diffraction data with F > 2.0

‘ 15 were used throughout the refinement except for a 10% randomly selected
test set which was used for calculation of Rfree. Fo-Fc maps were used to
locate water molecules, which were placed at sites which displayed
densities > 3.0 ¢ and exhibited reasonable protein-solvent hydrogen-
bonding distances without steric conflict. The final model contains 1285

20 residues (molecule A: 9-433, 456-500, 537-727) and 40 water molecules, and
exhibits good stereochemistry, with an average bond length and bond-
angle deviation from ideal geometry of 0.010 A and 1.38°, respectively. The

' overall free R-value is 29.7% and the R value is 24.3% using diffraction data

between 12 and 2.5 A,
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JYnKC F| |F.| 72|, |, where Rfree 15 calculated for a randomly chosen 10% of

reflections and Rfactor is calculated for the remaming 90% of reflections (F>2.0) used for

structure refinement.

10 Coordinates will be deposited at the Brookhaven Protein Databank

Example 2

15 Activity Assays

(a) Vesicle Assay
1-palmitoyl-2-[“C] arachidonyl phosphotidylcholine (58 mCi/mmol)

(final concentration 6 uM) and 1,2-dioleyolglycerol (final concentration 3 uM)
were mixed and dried under a stream of nitrogen. To the lipids was added
20 50 mM Hepes pH 7.5 (2x final concentration of lipids) and the suspension
was sonicated for 3 min. at 4°C. To the suspension was added 50 mM Hepes
pH 7.5, 300 mM NaCl, 2 mM DTT, 2 mM CaCl, and 2 mg/ml bovine serum
albumin (BSA) (Sigma A7511) (1.2x final concentration of lipids). A typical
assay consisted of the lipid mixture (85 ul) to which was added
25 consccutively, the inhibitor (5 pul in DMSO) and c¢PLA, 10 ng for an
automated system or 1 ng for a manual assay, in 10pl of the BSA buffer. Thus
assay was conducted by either the manual assay or automated assay

protocol described below.
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1-[“C]-palmitoyl-2-hydroxyphosphotidyl-choline (57 mCi/mmol)

(final concentration 4.4 pM) was dried under a stream of nitrogen. The lipid
was resuspended by vortexing 80 mM Hepes pH 7.5, 1 mM EDTA (1.2 x final

5 concentration). A typical assay consisted of lipid suspension (85 ul) to which
was added consecutively the inhibitor (5ul in DMSO) and c¢PLA,, 200 ng in 80
mM Hepes pH 7.5, 2 mM DTT and 1 M EDTA. This assay was conducted by

either the manual assay or automated assay protocol described below.

10 {c) Automated Assay
The lipid suspension and inhibitor were pre-incubated for 7 min. at
37°C. Enzyme was added and the incubation was continued for a further 30
mins. The reaction was then quenched by the addition of decane:
isopropanol: trifluoroacetic acid (192:8:1 w/v, 150 pl) A portion of the
15 quench layer (50 ul) was passed through a Rainin Spheric-5 silica column (5,
30 x 2.1 mm) eluting with heptane:methanol:TFA (97:3:0.1 v/v). The level of
[*C]-arachidoruc acid was analyzed by an in-line Radiomatic Flo-One/Beta

counter (Packard).

20 (d) Manual Assay
The lipid, inhibitor and enzyme mixture were incubated at 37°C for 30
min, The reaction was quenched by the addition of

heptane:isopropanol.0.5M sulfuric acid (105:20:1 v/v, 200 ul). Half of the
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15

20

quench layer was applied to a dispoable silica gel column (Whatman SIL, 1
ml) in a vacuum manifold positioned over a scntillation vial. Free [C)-
arachidonic acid was eluted by the addition of ethyl ether (1 ml). The level of

radioactivity was measured by liquid scintillation counter.

(e) PMN Assay

PMNs were isolated using Ficoll-Hypaque according to the
manufacturers directions. Red blood cells contaminating the PMNs were
removed by hypotonic lysis, and the PMN pellet was washed once, and
resuspended i Hanks buffered saline at a concentration of 2 x 10° cells/ml.
The cells were preincubated with inhibitors for 15 min at 37¢C and then
stimulated with 2 uM A23187. When monitoring LTB, production as a
measure of cPLA, inhibition, the reachon was quenched with an equal
volume of ice cold phosphate. buffered saline. Cells were removed by
centrifugation, and the LTB, present in the cell supernatant was measured
using the LTB, scintillation proximity assay provided by Amersham
according to the manufacturers directions. In the assays reported in the
Tables above, LTB, was measured. When monitoring arachidonic acid
production, the reaction was quenched with methanol containing D8-
arachidonic acid as an internal reference. The lipids were extracted by the
method of Bligh et al. ((1959) Can. J. Biochem. Physiol., 37, 911-917), and the

fatty acid was converted to the pentafluorobenzyl ester and analyzed by GC-
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MS in a manner simijar to that reported by Ramesha and Taylor ((1991) Anal.

Biochem. 192, 173-180).
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What is claimed is:

L Crystalline cPLA2.

2. The crystalline cPLA2 of claim 1 wherein said cPLA2 is human
cPLA2.

3. The crystalline ¢PLA2 of claim 1 wherein said ¢PLA2 is cPLA2 from

a non-mammalian species.

4. The crystalline cPLA2 of claim 1 wherein said cPLA2 is recombinant
cPLA2.

5. The crystalline cPLA2 of claim 1 wherein said cPLA2 comprises the

mature sequence of naturally-occurring cPLA2.

6. A crystalline composition comprising cPLA2 1s association with a

second chemical species.

7. The composition of claim 6 wherein said second chemical species is
selected from the group consisting of a potential inhibitor of cPLA2 activity
and a potential inhibitor of cPLA2 binding.

8. A model of the structure of cPLA2 comprising a data set embodying
the structure of cPLA2.
9. The model of claim 8 wherein said data set was determined by

crystallographic analysis of cPLA2.
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10.  The model of claim 8 wherein said data set was determined by NMR

analysis of cPLA2.

11. The model of claim 8 wherein said data set embod:es the entire

structure of cPLA2.

12.  The model of claim 8 wherein said data set embodies a portion of

the structure of cPLA2.

13.  The model of claim 12 wherein said portion is the active site of

cPLA2.

14.  The model of claim 12 wherein said portion is the CaL.LB domain of

cPLA2.

15. A computer system comprising computer hardware and the model

of claim 8.

16. A method of identifying a species which 1s an agonist or antagonist

of cPLA2 activity or binding comprising: (a) providing the madel of claim

8, (b) studying the interaction of candidate species with such model, and (c)

selecting a species which is predicted to act as said agonist or antagonist.

17. A species identified in accordance with the method of claim 16.

18. A process of identifying a substance that inhibits cPLA2 activity or

binding comprising determining the interaction between a candidate

substance and a model of the structure of cPLA2.
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19. A process of identifying a substance that mimics cPLA2 activity or
binding comprising determining the interaction between a candidate

substance and a model of the structure of cPLA2.

20. A method of identifying inhibitors of cPLA2 activity by rational
drug design comprising:

(a) designing a potential inhibitor that will form non-covalent bonds
with one or more amino acids in the cPLA2 active site based upon the
crystal structure co-ordinates of cPLA2;

(b) synthesizing the inhibitor; and

(c) determining whether the potential inhibitor inhibits the activity
of
cPLA2.

21.  The method of claim 20 wherein the crystal structure co-ordinates of
cPLA2 are obtained from a cPLA2 crystal of space group P2,22 with a =
153.59 angstroms, b = 95.49 angstroms, and ¢ = 139.13 angstroms.

22.  The method of claim 20 wherein said inhibitor is designed to
interact with one or more atoms of said one or more amino acids in the
cPLAZ2 active site, and wherein said one or more atoms is selected from the
group consisting of:
CB and Oy atoms of Ser228;
O&land O&2 atoms of Asp549 and Asp575;
CB, CG, CD, NE, CZ, NH1 and NH2 atoms of Arg200, Arg413
and Arg579;
Backbone carbonyl oxygen of Trp393;
N&2 and O51 atoms of Asn553;
Atoms CD1, CE1, CG, CZ, CE2, and CD2 of Phe397, Phe681,
Phe683 and Phel99;
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Atom s CB and Sy of Cys331;

Atoms OE1 and OE2 of Glu589;

Atoms CB, CG, CD, CE and NZ of Lys588;

Ov1 atom of Thr680;

OE1 and OE2 atoms of Glu418 and Glu422;

Atoms CB, CG, SD and CE of Met417;

Atoms CB, CG, CD1 and CD2 of Leud4(0 and Leu42];
Atoms CB, CG1, CG2, or CD1 of lle424;

Backbone NH and carbonyl oxygen atoms of Ala578; and
Atoms CB, CG, ND1, CE1, NE2, and CD2 of His639.

23. A method of identifying inhibitors of cPLA2 membrane binding by
rational drug design comprising:

(a) designing a potential inhibitor that will form non-covalent bonds
with one or more amino acids in the cPLA?2 electrostatic patch region based
upon the crystal structure co-ordinates of cPLA2;

(b) synthesizing the inhibitor; and

(c) determining whether the potential inhibitor inhibits the
membrane binding of cPLA2.

24.  The method of claim 23 wherein the crystal structure co-ordinates of
cPLA2 are obtained from a cPLA2 crystal of space group P2,22 with a =
153.59 angstroms, b = 95.49 angstroms, and ¢ = 139.13 angstroms.
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25.  The method of ciaim 23 wherein said one or more amino acids are
selected from the group consisting of Arg467, Arg485, Lys488, Lys544 and
Lys543.

26.  Anagorust or antagonist identified by the method of claim 20.

27.  An agonist or antagonist identified by the method of claim 23.

28. A substance identified by the method of claim 18.

29. A substance identified by the method of claim 19.
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