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ERYTHROPO ETI N BACKGROUND OF THE | NVENTI ON 1. Field
of the Invention This invention relates to conputer-assisted nethods
for identifying and designing small 5 nmol ecul e m netics of

eryt hropoi etin. 2. Description of Related Art

Erythropoietin (EPO is the primary regulator of the proliferation and
differentiation of i mmature erythroid cells. EPOis produced in the
fetal liver and in the adult kidney in response to hypoxia (low
oxygen levels in blood or tissue). It circulates in the blood 10 stream

where it targets the EPQ.r p . ' e s in
t he bone marrow i&i@é“#meﬁg f human
erythropoietin (rHUEPO) is wdely used in therapy of patients with
anaem a due to chronic renal failure, cancer chenot herapy and AZT

treat ment. The EPO receptor belongs to the cytokine receptor
superfam |y which includes re Mr ot her hemat opoi etic growth
factors such as M@K@é@hﬁiﬁf 01Frrul ating factors
(CSFs) as well as growth hornone prolactin and ciliary neurotrophic factor

(CNTF). The structural architecture of this fanmily of receptors consists of
three nodules: 1. Field\of ¢edaventioni ng extracel | ul ar domain, a short trans

o7 oposed 1 hat ¢ hathis fverbitelats t SREPHIRsFRL Fsfsods foc iRy o) eigping emet

two di scretg dong, Sonim@Rs bRetitgpaiet.0xi matel y 100 residues t hat
fold into a%sang:/i\nﬁégﬁmcony st ngug']s 7 antiparallel [err]-strands with the
topol ogy of an Ig’ : constant domain. Menbers of the famly share two

characteristic tifs An t.heir tracel lul ar donmain: a pair of
~conserved di sul m}de bm&f'ﬁot&eg‘ﬁf’ m nal -domai n, and a WBXW6

box (where X i's Wixﬁ(ﬁﬂ)ﬁsﬂi@tﬁhﬂyﬁeﬂﬁo&f tHeproliferstiontind. differentimion of
25 menbers ofthis receptor superfam |y, oligonerizatjon OJ'O&eaOJ r’igre .
pol ypepti de chai rimmature erytm@qqlﬁ.lggg is produced in the fetal liver and in the adult kidney in

PCT/ US97/ 07218 - ___ 22 Lo : . : in tR& bl
is essential for ‘F%PPHF%5°H m%gwnqwgge?é%vee}ostxgrbl%%dngrggseuse_). I,&cﬁormgﬁsrrlgrtgebm
conpl ex hassgbeen stream wheré R targetsrthe ERO recéptot (EPOR) bn eofnmitted propehiforacedls in the
simlar nodel has been suggested fqr ... GCSF,_prolactin and EPOQ . .
recept ors. bone W‘Hr‘ﬁ'ﬁopg{ef &W%PW'ZWW%MPG&NWI““ '
receptor mol ecul gﬁ-m%s)qgwi .&Mtﬂm?yofpatﬂd-%&ﬂﬂiﬂ&mﬂ?@ﬁ@k@&mbﬁk'reﬁm_ Hilure,
t he cytopl asm c doimal nS by the association"wth two tyrosi ne ki nase
(JAK2) nol ecul es dancer chémetherapy end AZdtrestmentent s t hat | eads to the rel evant
-bi ol ogi cal . - .

The EPO receptor belongs to the cytokine receptor superfamily which includes receptors
15 for other hematopoietic growth factors such} as interleukins (ILs), colony stimulating
factors (CSFs) as well as growth hormone ‘profactin and ciliary neurotrophic factor
(CNTF). The structural architecture of this family of receptors consists of three modules:
a ligand binding extraceliular domain, a short trans membrane region and a large
cytoplasmic domain. It has been proposed that the extracellular domain of this
20 superfamily comprises two discrete domains each containing approximately 100 residues
that fold into a sandwich consisting of 7 antiparallel B-strands with the topology of an Ig
constant domain. Members of the family ‘share ‘two characteristic motifs in their
extracellular domain: a pair of conserved disulfide bridges in the N-terminal domain, and
a WSXWS box (where X is any amino acid residue) in the C-terminal domain. For most
2 members of this receptor superfamily, oligomerization of one or more polypeptide chains



G ven the inportance of eythropoietin, it would be very desirable to be
abl e to i dewiD 9741526 mol ecul es capabl e of bindi ng the EPCPCHUSPNIRIBand
eliciting the response normally 10 elicited by EPO WO 97/ 41526
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SUMVARY OF THE | NVENTI ON : The invention features nethods for
identifying nolecules which will bind to the EPO receptor and act
as a EPO mi'netic. Preferred EPO minetics identified using the nethod

of the invention act as agonists of the EPO receptor in one or nore in
vitro or invivo 5 bi ol ogi cal assays of-2EPO activity. Preferred

m nmetics are nol ecul es | acking peptide bonds, i.e., are non
peptidic mmnetics. Preferred peptide mnetics have 15 or fewer, nore
preferably 10 s eésential for forminghighl affinity receptor coifiplexes:tA homodimer icomplexdas beean

entail identification and desiqgn.of . nol havi ng. a articul ar
structure. The M ?Féﬂ"r%f’“ @@%ﬁ@@é@%&%\‘ lﬁgﬁ for
derived 10 gf&%ctﬁf%ﬁfﬁi’quc studi es of the extracellular

domai n of EPO recept am no acids 1 to 225) conplexed with a
pepti de, EMP1 (EPO M netic Peptide 1; described bel ow), which acts

as an EPO m netj Thi s cr tal l,o hic data mts the jdentifica- .
tion of atons i lFTQ ﬂgg‘frtg?%f’ij &ﬁ%éﬁeﬂﬂr 'P‘?JP"‘E?‘O ts in

bi ndi ng and maidd' i .
three di rren5| on:?t’lb e‘1’ray g?%%gﬂﬂaon'\@!‘ﬁm rtant cont act @% edr?neﬁnﬁtwo

nol ecul es whi cmmbmsdlmmmmhﬂﬁatehemmfwemsthaﬂmeoﬁela'vatar
t hree di nensi onal cbémgemant simlar to sone or all of these contact
atons are |ikel§olpg capabl e of acting as an EPO mi netic. Moreover, one

can use the structural information to design or identify nolecul es
having even nore EPO activity. t han thedggptl de m netic described
herein. 20 Giventhedmportanceef erythrepaietin, itswouldibe versedesirable to, be pble o identify

escri pti on berBalecklsh Sepfhid B indine ghe ERCP PRGNy A Bl the kb pormaly

numer ous @ddi tlmﬂédbylﬂpmtl ons and changes will becone obvious to one

skilled inthe art. - WD 97/ 41526
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BRI EF DESCRI-PTI N ‘OF THE. DRAWNGS ' FI GURE 1 is a flowhart showing-a .
first srethod for identifying pot enti aI mnetics of erythropoietin

using a conputer system



FIGURE 2 is sv‘f)lg'%x\%rt showi ng a second nmethod for identifyi ngréﬂb%ﬁis

‘mnetics of thropoi etin using a conputer system

‘reference nunbers and designations in the various draw ngs |nd|cate I|ke

el ements. WD 97/ 41526
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thr oughout this
description, the preferred enbodi nrent and exanpl es shown shoul d be
considered as exenplars, rather than as |limtailions on the present

I nventi on. Descri bed belowis the crystal structure of a smal
peptide mnetic of EPO bound to an extracellular portion of the EPO

receptor. The W Pp-iéﬁlYSCHFGDLTV\X/WPQGG SEQ I D NG
1), is characteri ‘ﬁ |ntrarm]q“E di sul fide bridge. Several

| i nes of evidence suggest that EMP1 can act as an EPO m neti c. For
exanpl e, EMP1l conpetes with EPO in receptor bi ndi ng assays and |nduces
cel I ul ar nveation fegtures methods (for, identifying yaelesules she ERO

EPO. Bot h EPO and L e&%ﬁ?ﬂﬂﬂg
events and cel | Jﬁ% go ﬁogresm on%&&’% ?&MB?@@%%%?I ve ce &’Eﬁar

EMP1 denonst r at esofthe invention acessigoniseofthe ERD teeptoriin ofit 0£more in vitrossr in vivo
nonitored by two different in ¥| VO assays of nascent red blo el |
o Q%li

product i on. 5Thi s biological assays¢ \ﬁ?&l% ferred raimptics 58 esHacking ipeptide

that the peptide 0,
EPO is capable Wﬁgr ﬁ’g}{"o aE@‘ﬁlﬂﬂf.‘ﬁ:‘?ng an agwﬁge@ﬁ&mth?g%?g?%a Ieghinore
or assenbly of ERreferabhpl®or fewer amino aci@®si gn of small nol ecul e mnetics

The structure of the EMP1 diner denonstrates that a nol ecul e substantially
smal | er than the natural hornone can act as an agoni st and induce
the appropriate Pmm GHveéti ht Mﬂfe

a substantially ?nlg er C(%ntfg?:‘tg I nt elro?aegém{/\nldteﬁ t he redgggﬁdgr%n i t aﬁh??ié 2
nat ural hor none. pim:uhrmhamged'ﬁhwnﬂmdmeb'omlmh&mwﬂcmmmlmfomondemed
-al nost fl t surface |ch

any cavitie® or 7‘&7% nI % &'98#@‘?35&" @%EGWR&%’%W

nol ecul e |igand ta%xds“f%@%) %xh&le&éﬂfvﬁmcaeﬁéﬁfde EMP1 (EPO Miftiefic P éimécnbed
framewor k of interactions revea by the structural data presented her ei n

can be used to id:sluﬁ)fvh'@(ﬁctﬁw aimetiot This crystallographis date pempits theiidentifica-

feceptor incl ude Hon 6 ktops ¥l iR0 pkBidd irherid EF G iBlpoftliy (P PO eckbiaT birdirl 2
(peptide) and EBRimbifationc Mo importantly, this dat¥Odefines1d Ahree dimensional array of the

PCT/ US97/ 07218
t hose i nvol¥ed i Amportantceantastiajems Qther molecuies which inclade 2 postiom in Mrﬂ‘% atoms

conpl ex have a similar three dimensional arrangement similar to some or all of these contact

atoms are likely to be capable of acting as an EPO mimetic. Moreover, one can use the
structural information to design or identify molecules having even more EPO activity-
than the peptide mimetic described herein.

20 The details of the preferred embodiment of the present invention are set forth in the
accompanying drawings and the description below. Once the details of the invention are
known, numerous additional innovations and changes will become obvious to one skilled
in the art.



(pepti de-peptide contacts). In addition to the contacts listed in Table‘2,
the fol |l o wp97/41526 EMP1- EMP1 hydr ophobi c contacts are si gniPCIA97/07218

Tyr[err], Cys[err], Phe[err], Trp[err], and Cys[err] in each

pepti de. The foll owi ng EMP1- EBP hydrophobic interactions are al so
significant: 5 Tyr[err], Phe[err], and Trp[err] in each peptide. It
w ||l be understood by those skilled in the art that not all of the

atons presént in a significant contact residue need be present in a
mnmetic. In fact, it is only those few atons which actually frominportant
contacts with the EPO receptor which%are likely to be inportant for
mnmetic activity. Those skilled in the art will be able to identify
t hese inportant atons based on the nodel of the dineric 10 EMP1- EPO
conpl ex which BRIERDESCRIREION QF THEDRAWINGSur al data herein.
Preferred mnetics will include atons at postions simlar to those of the
EPO r ecept or contacting atons of EMP1l. Even nore preferred m netics
will be struct i3gTp | : j sdehtiii Anéidl nhikteti
structure desc?fI ed Zlﬁ.w%i?%%gaﬁgﬁtﬂ%tﬁs&ﬁ' matl or’nﬁlg?"ﬁ\ﬁfl
i s an i npor t anterythropoietin wsingea echmputer systeimon of t he EPO receptor. 15

The nmet hods of the invention enploy a conputer-based nethods for

i dentifying conpounds having a desired structure. Mre

specifically, ' | BwetmPSshbtin 5 gﬁg@ oo

of a subset of the at oirgrt; in the pept i%ﬂi&%ndmetho&f%rgdmlz ﬁ@@%&iﬂ\zﬁgﬁﬁ
the pepti @e i s eryshropyietinusingadcomputersystiem. i on of the eythropoietin
receptor conprising amno acids 1 to 225 ofthe human EPO receptor, 20 to
determ ne peptide and- non-peptide m ngti c candi dates by neans of conputer
met hods.  Like refét@ic® rupibieed Sid dafondtion il QRS varidds drawvihgs Wlicit©Bke elements.
‘cl asses: dat abase nethods and de novo design nethods. |In database .
met hods the conpound of interest is conpared to all conpounds
present in a database of chem cal structures and conpounds whose structure
is in sonme way similar to the compound of interest are identified. The
structures in the 25 = ‘database are based on either experinental data,
generated by NVMR or x-ray crystallogréa- phy, or nodel ed _

t hr ee- di mensi onal structures based on two-di nensional (i.e., sequence)

WO 97/ 41526 : : : .
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data. I n'de novo desi gn nethods, nodels~of -conpounds whose structure is in

some way . .. .... - simlar-to the conpouhd of-interest are genérated by a
conput er program using i nformation derived fromknown structures,
e.g., data generated by x-ray crystallography and/ or theoretical

rul es. Such design nethods can build a conmpound having a desired 5
structure in either an atom by-atom nmanner or by assenbling stored smal

nmol ecul ar _ fragnents. The success of both database and de
novo nmethods in identifying conpounds with activities simlar to

t he conpound of interest depends on the identification of the

functionally rel evant portion of the conpound of interest. For drugs, the

functionally 10 rel evant portion is referred to a pharmacophore. A

phar macophore then is an arrangenent of structural features and
functional groups inportant for biological activity, e.g., EPO

activity. ) Not all identified conmpounds having the desired

phar macophore will act as an EPO m netic. The actual activity can
be finally determ ned only by neasuring the activity of 15 t he conmpound

in rel evant biol ogi cal assays. However, the nethods of the invention are
extrenely val uabl e because they can be used to greatly reduce the nunber of
conpounds which nust be tested to identify an actual mnetic.



Di neri zation of the EPO receptor is inportant for activity. Acc %
preferred WO 97413t ics w || be based on the structure of thg l”épr‘r%r

as it is bound to the EPO 20 receptor diner. Thus, preferred mnetics
have include inmportant contacts from both of the RW 61233 pepti des
present in the structure described bel ow Such mnetics wll favor
di nmeri zati on of the EPO receptor. Prograns suitable for generating
predi cted three-di nensional structures fromtwo- di mrensi onal data

i ncl ude: Concord (Tripos Associated, St. Loui Sg_ MO), 3-D Builder 25

(Chem cal Design Ltd., Oxford, U. K) Cat al yst “(Bi o- CAD Corp., Muntain
View, CA), and Dayl i ght (Abbott Laboratories, Abbott Park, IL).

WO 97/ 41526 - . '
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Prograns suitable for searching three-dimensional databases to identify
mol ecul es beari ng a desired pharnmacophore include: MACCS-3D and

| SI S/ 3D ( Mol ecul arhridaghout this descnptbn.dthg pBeferred embtiodimetirand Stampbsshopm should be
(Chem cal Design Ltd, ord, U K 3DB Unity LTripos
Associ at es, St Lo‘ER"é‘deWg(as exernplars, Ht&?’&g?’h?ﬁ;‘“@'ﬁﬂq"%% Fﬁéﬁ Qfhor e

sel ection and design i ncI ude: DI SCO (Abbott Laborat ories, Abbott
Park, 1L), Catalyst (Bio-CAD Corp., Muwuntain View, CA), and

ChenDBS- 3D (Chem Dasmbedbgnmschrﬁuakxtwm Kj‘asmall pepndemmmnfwwundtoan
chem cal structures ar ava| ahl e fram Cr stal I o h| [
Centre (Canbtfi dge®¥® @"'Rf‘i 8ﬁ1 cz?? A@ gﬂ %ﬁ EMP1
10 De novo de@@py u WM Nftramsiasul

i El anl n (Dayli %%G%BIN?M?]E ah ar

D ego, CA) and ge‘u "nf or mat i on Systems
I rvine CA).  disulfideTbirisige. Seivedal lings o Mcasmggnsﬂthatrﬁwgmmmmmmmem

adi ustment of & cheene ENEF cioblak yish EPQin gt il Fushff Bld 8Buds cetter
net hods of the i ny®iifdrition of déll fines en; Emeeea%&bredpemmkoﬁvmmm andpepnde
I dentified or desmgned usi hg the net of .the invention

syt hesi zed ®heni cimange 3 smi ﬂM&P@d’ P%nhoamoacwemaapdmlr@d&rgros?esvmmﬂo

par (1 cul ar |y usef TRPENETELE  Fifbeek BVPY clithsfire) HEnERR SrniftpBichc ffectsfn mice

t he nunber potentamommlwﬂmmwmmm&ﬁnmdbloodunﬂwumm This
activity. The_ i nvenijop nay be i nt ed | ar dwar,e..or
sof tware, or a c of#pnWheR RO stgtsp[nglysup guon dﬁf g liggnd, which has a

invention i's inpl qomeh&luhdiafd el o EPY, %ep%ﬁcmmdagrto and inducing an agonist

progr ammabl e conputers each conprising a proces a a storage system
(including s co:ﬁ'mhﬂtloh@rass!tmﬂypmamdeptmmry and/ or storage

el enents), at |east one input device, and at | east one out put
device. Programcode is applied to input data to performthe functions
VO 97/ 41526 Design of small molecule mimetics

PCT/ US97/ 07218
The structure of the EMP1 dimer demonstrates that a molecule substantially smaller than

the natural hormone can act as an agonist and induce the appropriate biological response.
The peptide is assumed to have a substantially smaller contact interface with the receptor
20 than its natural hormone. The binding determinants in the EPO receptor form an almost
flat surface which is mainly hydrophobic in nature, without any cavities or charged
residues that may help in design of a small molecule ligand to interact with the receptor.

This simplified framework of interactions revealed by the structural data presented herein
can be used to identify additional EPO mimetics. The atoms of EMP1 which are
> important for binding to the EPO receptor and forming dimeric EPO receptor include
those involved in the contact between the EMP1 (peptide) and EBP (EPO receptor) and



-9- descri bed above and generate output information. The out put

I nf or mat i oNWIOD74ps26i ed to one or nore output devi ces,PCRUSITHAAS
fashi on. The -conputer may be, for exanple, a per sonal conputer,

m croconputer, or workstation of conventional design. Each
programis preferably inplenented in a high |evel procedural or object
oriented 5 progranm ng | anguage to communicate with a conputer system
However, the prograns can be inplenented in assenbly or nmachine

| anguage, if desired. In any case, the | anguage nmay be a conpil ed
or interpreted | anguage. Each suctf-conputer programis preferably
stored on a storage nedia or device (e.g. - ROM or magnetic

di skette) readable by a general or special pur pose programrabl e 10
conputer, for chn’sﬁilgwlimguamhtmebmug thé ewo EMP1 anoledudes ihithe ﬂima-h:gaomﬂd* a

RN L AR syiq”B#nﬁén o't Gopfact eprd B Uit aoF aoming.c

i npl enent ed as gygS q.émﬁﬁ,ﬁgﬁ B)BIN i
a conput er program st or age rre I"um SO yfl uréghécrngs'? ﬁgc%!
conputer to opcrankpepuda. ibeﬁ:llbmgﬁhmiﬁﬁﬂkﬂlyqubhohumaacnomﬂé almxghﬁcant

functions 15 erpgi.n RE.1is ovvch W ng
a first ndt hodTV%fe’M ?Fﬂg ‘B&P@W‘?pé‘ldeﬂi‘rﬁ{ni%s” gf
using a conput %at%%itaﬂ%fﬂibent&ﬁ&?ora Eﬂ{t% Fé&ﬁﬁﬂh@éd be

conprising a processor, a data s sys m at | east one’ I nput pdeV| ce
and at | east omimetic. Infactomu&pmlydmse ammnbncmdb'ﬁuampupmcbntaa&mth

1 h h

Corpr oo b 6 B AR S B ol SRt BBV e

the atonms in thR feWil BE able to ldentlfy these WE@?%WG&?& ﬂxﬁ%menc
peptide is co- créstalllzed wth a portion of

eryt hropdPetin cqmﬂpm@qhg:aahemm @m@emmralmhm
receptor, thereby generating a criteria data set (STEP 100); 25 (2)
conparing, usi ng t he processor, the criteria data set to a conputer

dat abase of - - chem cal structures stored in the conputer data

storage system (STEP 1Q02) ;, WO, 97/ 41526
PCT/ US97/ 072 18Preferred mimetics will mclude atoms at postions similar to those of the EPO._regeptor

'Eﬁ?’ ee- select! n%m I nfensi onal MH{M@B%%MeaH ng a

desired phar matiepdiswer of EMP1 found in tl(esetrimtaﬁe ddma’hedjbelow b&hisa isobecanse the
equi val ents), c¢henjica wr es .havin that is
structural |y s W“?’b°{.ﬁwer’ﬁa&“f’8°'a§ﬁ£‘§8’f m(%’ré’lsmfﬁ'ﬁtfmé’%}w E?Q) receptor.

outputting to an output device the selected chem cal structures having a
portion simlar to the criteria data set (STEP 106) .
FI GURE 215s a ’d‘he\methods i othe nigventionc employe & heampuser-based tmethodsg fero identifying

t f th t Ih t
2 progr amed coMpRpwRs Saving W oGk sHSHHE: DGR IRtEl. e ilentoy gh e tarea""
system at |eaaim&ﬁﬁnﬂnp%bot&\€ité§3 oﬁndaatsubsastopnqhéo atomso%puihedebbﬁﬁﬂe
and conprises the st(e:ﬁg_ of 1) i nputting into the programed

conput er t hr ouGGTENS gieptide is co-ctystalhzed with pportion of

t hree- di nensi Oaw'e,,&\%{,&b&?{e%ép&f c&nﬁ%ﬂﬁ?geﬁm% abid§ 135 355 of he'HinaB $HO feptor,

20 1o determine peptide and non-peptide mimetic candidates by means of computer methods.

(@)

These computer-based methods fall into two broad classes: database methods and de novo

design methods. In database methods the compound of interest is compared to all

- compounds present in a database of chemical structures and compounds whose structure
" is in some way similar to the compound of interest are identified. The structures in the

= database are based on either experimental data, generated by NMR or x-ray crystaliogra-
phy, or modeled three-dimensional structures based on two-dimensional (i.e., sequence)



GGTYSCI—lFGPLTV\X/CKPQGG when the peptide is co-crystallized with a
portion of thWQS¥AEMopoietin receptor conprising amino acids 1 PEEUSILOT218

the 15 receptor, thereby generating a criteria data set (STEP
200) ; (2) constructing, using a programsuitable for generating
chem cal structure nodels (such as those descri bed above or
equi val ents), a nodel of a chem cal structure havi ng a

portion that is structurally simlar to the criteria data set (STEP 202);
(3) outputting to the output device the const,’r uct ed nodel (STEP 204).

20 - Confirmation of Biological Activity In order to
determ ne whether a nolecule identified using the nethods of the

‘invention can act as an EPO mnetlc one or, more in vitro or in vivp ,assays

of EPO acuiatai Indepoye desiga metheds; modelsioficompaunsisavh qwms@rmmmegvay

2104 %5 %22, i R 4 Yo o P A e

et al., Pr oc. Nat knforf¥atitn dérived ﬁuﬁﬁhi’&vx?&aicm%& dita eneratedbymfwysuhlography
do not stinulate proliferation of cells which gla?’not tlgear t he EPS receptqr.,

Thus, preferred mandbor tkeoseticabrules: Such design methads canibyid 3 cdaving a desired
(Avanzi et al, Br structure in either B Yy-atBi fafiner ' By assembling #orel’ siidiP ir%_lecular

PCT/ US97/ 07218 _

Potential m neticgagments) so be tested in a nmurine nodel of erythropoiesis.
In this assay a potential mmetic is admnistered to normal mce
whi ch express endogenous basal | evel s of EPO Reticul ocytes are

counted, preferabby by £LOViFoH; % éﬁq evew &n hods in 1den¥lﬁﬁé1%mbﬁﬁnds with

candi dat e mnetic’increases reti I NCrease I°n
reticulocyte 5 activitieschimilando cthe econtpomnd t dfcinteresti dependsronethe ddentification of the

stinul ating erythropojesjs. ,Because, th used th| S ass .
al ready express EM“'PHF'!’EFA Rﬁ?mﬂep r't!“"'é’f’*“l’@?‘%g Pﬁ ?35 the fisictionally

an alternati ﬁgghﬂpé%-.uéa da 'ﬂﬂafn'i&c

exhypoxi c- po}‘ycyt emc use Lkl oassag hi's as om&vylgﬁm%emem
i s induced by condfsmwumgfmesandﬁmhyMQroups 1mportant fohbnui;glcaloctmtyu eg., EPO
endogenous EPO |l evels. A potential EPO m netic can be adm nis- tered

to a conditioned AEHEY. | ncor poration of [err]Fe into blood ser ves as a

measur e of erythropoi esis. This erythropoiesis can be attri buted to
the candi date m netic. The assays described above are exanpl es of

sui t abl e assays. ateall identiffed compeynds having the gesired pharmagophore, will @st as an EPO

51 ol ogi cal act vi PySHeTOE R dbiviy can e vty el chfy P IABERG eh iy of

measur e bi ol4ggi Cakheaé‘dmpwnu ift relevant bivlogicd) assays. However,Gthe arisbdiaf thetinvesition are
The activity at gi ven concentration of candi ‘date mimetic can be

conpared to the amdwvaé;abmwsetheycantbgeqswtosreatlyreduaﬂ’emomrapounds
The coordi nat es f éﬁ&{ %‘h’ﬁl m%gan EPO receptor bound to
pepti de 20 &a%%ﬁgrge sen tjocfh ﬁ?%‘é Iz‘i? ached appendi x in standard

Br ookhaven dat abase format . Al so included in this appendix is a

list of van der als.inter These coprdi nat can .be, used

in the design an%‘?@?ﬁ Pc&fﬁ‘ﬁﬁ?’@?@% ?‘EfrWt oAPRIAINStY, paeferred
of the invention. mimetics will @bwwme%uﬁﬁf’e bihe KPR ditheras ltxsbof'n_ﬂ?to the EPO

extracel lular fragment of human EPO receptor (EPO binding protein,
consi sting @b resireteptor dimes, mmmcmhﬂmhdudehmmmﬁombothof

purified as descr) eeﬂWJ 61233 peptides present in the structure described below. Such mimetics will
favor dimerization of the EPO receptor.

Programs suitable for generating predicted three-dimensional 'strucmres from two-
dimensional data include: Concord (Tripos Associated, St. Louis, MO), 3-D Builder

25 {Chemical Design Ltd., Oxford, U.K.), Catalyst (Bio-CAD Corp., Mountain View, CA),
and Daylight (Abbott Laboratories, Abbott Park, IL).
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(Johnson et al., Protein Express. Purif. 7:104, 1996). Rhonboi dal - shaped
crystals of an EBP conpl ex with EMP1 were obtained in orthorhonbic
space group P2,2,2,, with cell paranmeters a=59. 2A, b=75. 5A,
c=132.2A, with tvvo EBP and two peptide nolecules in the asymetric
unit and a V[err]=2.8 Alerr]/dalton (Matthews, J. Ml. Biol. 33:491, 1968).
The 5 crystal structure was deternined by nultiple isonorphous

repl acenent (M R) using two heavy atd®m derivatives (Table 1).

Resi dues 1-2 and 19-20 of each peptide as well as resi dues 1-9,

21-23, 164-166, 221-225 of receptor nolecule |, and residues 1-9, 21-23,
133- 135, 221- 22Programs csujtable foolseanching| thrésdimensionalr databasese to ridentife rmolegules

break in the ol BT Gl PyTHEPHRY Biokide: XG0 indIS1srom (elealirghesion

t t
Flcﬁllirfhe am no ?gdrrn nal aﬁﬁf F’?Qfo t he Irst(éﬂmﬁlﬂ?fgﬂ]} sl%oga’l)n]g
bot h recept or nSyed3DBUnity (TtipasuAssociptes kStnLouis, A0)m shows t he

proximty of a second non-crystallographically related diner in the crystal
that gives two possibilities of how this three-residue |inker

be connectgd. TPgogrhis Miitalle Tor B égphore gamﬁeﬁfe&iﬁpmdadbynmﬁ@ﬁm

a structure of ano ?her i nde ndent EB

resol ution (2. 5Lpaborataries,wAbbott Pack; &k), Mmtl@:&ﬁﬁlbﬂﬂp.; Mnnﬂamgfe\buCAl)md
whi ch the ensi kS se three residues. At
present there a%?%#ﬁ@m%w‘ ﬂdea(&gfpﬁimeri fy whether this
N-termnal [err]-helix exists in sol ution or is a crystallization

packing arti fact. Notably, this helical region is not observed in the

publ i shed st r ucDatabases ®f chemisal stoqtres e available froms Cambridge Caypstallogmphig Data

gg:‘ ?Egg gggoﬁgg eﬂ@?@u&. @Uﬁ%?%gﬁ%ﬂnﬁp‘?ﬁ?ﬁ %%hq 866 e daﬁ) b

Soners et al., Nature 372: 478, 1994), the INF-yR err] (begins at resrdue
17; Walter et

Nature 1995)_or the tjssye factor
(begr ns at‘°resrb&é°!5°ﬂﬁsf ‘?ﬁﬁﬂ‘gmmm Teg] ﬁﬂ&ﬂ““s aneges GAxand

the first [err] Af#ﬁﬁr@ “]‘fg"‘“ﬁ . Irving ek’ 370: 662, 25 :
1994). e Iggnﬁgnorrer&% s 1nt oﬁiﬂwo Honar ns and D2, that

forman L-shape with the I ong axi s of each domai n aI i gned at
approximately 9Q[err h the o nol ecul ar
di mensi ons are {3" M&(mgge ﬁ\‘\’{ eﬂ?é'gﬁ-qférm%ﬂc Wflﬂgm

resi dues 10- stmcmrMQl &iléﬁﬁjusunent ofa chemxcal structure designed or identified usmq_the
PCT/ US97/ 07218

114) and C- t er ninethodsiofithernvention.r esi dues 119-220) are connected by a short
four residue [err]-helix |inker. Both domains are nore closely
related in overall topology to Fibronectin type-111 (FBN-111)

dormai ns t gan t ol genétal ehenticdl Borpsoutids ifentifiel or'dekigned Wiing the 4istiAR, of Piivention
The FBN-I111 fold 1s conposed of two antiparalle | qu pl eated sheets,

consi sting of seandrsythesized chomically and then tested for ivity using eny ofghe methods

92757 e $ B ) AN g Y R ki

372: 478, 1994) beassd wr greatlyrdedpdase the Miinberpotenialrhimdtics avhidhrinostBe screened for
interferon-y receptor, . (IFFN-yRerr]) (Walter at al., Nature 376: 230,
1995), the D2 iaFtVEY-CD4 (Wang et al, Nat ure 348:411, 1990; Ryu
et al., Nature 348:419, 1990), the two domains of tissue factor 10

(Muller et al., Biochem stry 33:10864, 1994; Harlos et al., Nature 370:662,
1994), theo The irtvientich thoboimpltinnmte;lrimhudpmm orsoftveare,cora ¢dmbinationt ofoth.
Sci ence 258 987,. 1992 pre?d t.he

Howev rably, the invention is implemented in computer programs executing on
programmable computers each comprising a processor, a data storage system (including
volatile and non-volatile memory and/or storage elements), at least one input device, and

at least one output device. Program code is applied to input data to perform the functions



domai n of the chiaperone protein PapD (Hol ngren et al., Nature rgénT218

t1989). The WO 974 N-11l1 topology differs froman |Ig constant donmain by a
shift of strand D fromone [err]- sheet (strands A, B, E and D) to
the other (strands G F, C, C), where it is defined as the 15 C
strand. Superposition of equivalent [err]-sheet core residues of the D1 and
D2 domains . in EBP gives an r.ms. deviation of 2.3 Afor 77 (err]
pairs, which is significantly |arger t han the correspondi ng domai n
overlaps for hGHp (1.1[err]) and PRLR (0.8[erg]), and reflects a

difference in the subclass of fold between the”two EBP donains.
In D1, a short [err]-helix (residues 10-20), precedes the first

e S Pl A
topol ogy. In thi ﬁﬁgb}&sgﬂﬁ(m% 18l i Sﬂﬁ%ﬁuﬁ.erﬁé& er AaY e, Ré?”eﬁhg{p%e, a

al ., Nature 348: e C stran ng and I1nteracts first w
strand C and t hepersonal computer; miceocomptiter, er workstatidn oftconventiongldesiga. C
changes its designation to strand D) form ng a four-on-four strand
[err]-sandw ch. Dl contains the two conserved disulfide bridges 25

linking Cys[err] Eﬁérlﬁgfdg‘ihiﬁ prefelably ilplemeated iﬁﬁdg%/%ﬁ&céd@ﬂraﬁébjea oriented

Cys[err]([err]E) nunber "of residues ween the cysteine pairs

that form tée twprogrammingdanguagetgsommupicatewith asomputarspstem. However; thaprograms

G and £ enabl oS beSBERRTE b afsicitnd 1A SeacHiy Bt OF HRBRE, T Gase, e

h-type topol 09y janguage may¥béR compilédlol iMtépich lafgudghe tWo s-type GHR
domai ns. A potenti g‘l‘ ggI yc’gyl atiigg site eﬁbst S WO 97/ 41526
PCT/ US97/ 07218

-14- . : esi [ .S, ] t.ed ft

| oop regi on"conngg%}f rﬁ‘gé{ g‘gl%fér%?%’géh %I&&G@Hdaﬁepﬁenggﬁl ?efﬂ%ﬁ’%ﬁ (D'%"
Asn[err] is not BOMOsymagsetic diskérie) readdbly bpla gemeidlrorsspediab pofpose programmable
an external cavity around the Asn[ery] side chain coul elr'ilﬁl lé acco dat e,
a car bohydf®t e computer, for ggnngan%operanqgt%gpp@gptqupg & S1omagg ia or device

115-118) connect ﬁ&kpgoég?hg{ ge;.ﬁmr &férﬂfr Q%FWI : s

i nt erdomai n -hel i%ﬁ I“nker r {o err kﬂAgn er rfg', %ﬁ?%f@?ﬂm’g%ﬁm
-50[ err] -27[.errinay-aléo b&Xkonsidered to be Bfplemented 262 comhputenreadililé storage nitdium,
respectively.) and _has been observed in other nmbers of this -

recept or famly,cmﬂ’_f?,d_ R_,wwe;ﬂﬂr%ﬁ’f"g‘ﬁﬁ"i Stezagem pm 30, ponggured;causes a
domain - gSmpeleritbOBpdrte! in" & NPEcifis Bhil! pre@éhiddd Marfiex 6 perforint HiRNunttions
hydr ogen bondi ng, hydrophobic 10 I nteracti'ons and one salt bridge

(bet ween Ang[ er r fesgribi i r]) from 11 resi dues of D1 and 12
residues of D2 with a total buried surface [The nol ecul ar surface areas

buri ed by interaction were cal cul ated using the program M5

(Connol Iy, J. ApPPIGUREYFish mﬂvchiﬁisﬁs%g a first methé@?é’r)idmgapoie&{aglhﬁﬁeﬁcs of

probe sphere and standard atomc radii (as described in Davies, et

Ann. Rev. Bi ochefiythsopoigtin usingos compaes systemn <l he,methadsuses i REIgEammed \fomputer

L3555 o VMBI ISR G or e s o Bl o, e cm o

(Connol l'y) vs. Lestpet dédice, add chimprisédithe stepbbf: 379, 1971) and probe

radii. For clarit]é al| val ues reported here have Rgoen calculated in the .
sane way f@& bet€®r mmm@éﬁ%erpmn%&qmrtt %@&W%@W‘PS
for the two donai ns. & ' fdﬁlel t he .
standard FBN-111 (s-t%eﬁ%p%ﬁnggoﬁﬁdogﬁg&#ﬁgég%ﬁ%ys e#%glsa%dmﬁopmde
di sul fide bridges, coGGFYSCHRGRLTWWCKPQGtRIwhenhtile peptidetisravecrysdllized with a
di sul fide bridges, respectively, in Dl .byt none in D2., After the a-helix
linker. D2 begins  portion GF e enythkPpoigtin soeptor IcoppEsing amung p8ds Jtp 23ef the
contains Pro[err] whi &t&e?'ﬁ, Ciheredy \teflerating B @riteri t s of hGHbp,
PRLR, tissue factor and Fll\-fy- Ra, \ag%g bagéed%gtrlmggabaesr%gsm 1905, al i gnnent
in nost cl3&s-1 @)d ctemparing,using the processon the ¢rBeriadatametto a somputepAdamtbase of

Sci. 25 USA 87: 69 .1990) . . Thi il d ith 4y j
hgls a positive [err] %@F%SQ‘%’WTSI %8?%015 ecgémp‘ﬁg'z?aéw F‘f’%[%ﬁgﬁésw ﬁﬁ);
consistent with the equivalent Ala[err] and Ala[err] torsion angles in
hGHop ([err], [err] [err] 63[err],68) and PRLR ([err], [err] [err]

58[err],38). The Pro[err] region forns an anal ogous extended bul ge
conformati on adj acent and parallel to a correspondi ng bul ge containing the

T

4

h).
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- -15- WEXWS notif. The WBAWS sequence forns a nodified w de
[err]-bul ge (Ri chardson, Adv. Prot. Chem 34:167, 1981) and is
| ocated in an extended chain region i medi ately preceding the
[err] G strand that would normally connect to the membrane spanning region
of the EPOR 5 The quaternary structure of the conplex is conposed
of two peptides and two receptors that forma T-shapes assenbly. A
noncoval ent peptide diner interacts with twolOeceptor nol ecules to

generate an al nost perfect 2-fold symretrical arrangenent. After
superposition of D2 of the two EBP nolecules in the diner, the centers of
mass of-the (3)  selotibl flemuthesdaitasenising) . a8 progrsmr suitablef forcsearchingo three-

perturb perfect two-fold sy eparat su osrtLo f the
correspondi ng DL and @Eﬂoﬁe@ﬁtﬁxﬁ?ﬁ,ﬁ?dﬁm}@ ?Fe\’&"“g eadg’amw ore

r.ms. deviations of 911%3 o ]quﬁ}a[ apkknided ‘st hivin
Ca pairs). e cyc %f@(l:%b%gr ns sre?r%ﬁ)e di sul fi1de bh dge %
bet ween Cys[err] and mﬂ:a};ssﬂnctﬁnallysmhﬂartothecntenammtsqu) strands

(residues 4-7 and 13-16) that are con ect hily distor

type 1 [erB]-tuf® r%fé-ﬁ']‘gf‘? 4’1?"%& 8\‘%’ ﬁ‘afk‘w %‘Wﬁpﬂﬁ\%
err err err %kﬁﬁ -60[err
Lesp]ecgrve}y[ Th]e car &]mg)if;‘é{et‘ré\ﬁ% ggigrri Lag a hydrogen bE)nd %o EBP

distorting the [err] value fromits nornal O[err] [err]30[err]

(i+2) in a stan el fenr]-turn. ] consisti ' .

v 2h T B ot RGP o e e RSSIHA B apiin eptp i s o

association wt %mﬁ:ﬁ, poietin using @t SMipUREPSysEkin. PPRE Rfvthod dsdld } & pogradfhed clfmpdt&

1220 [err] nolecdlar "surface Tn thi's i.nteraction nnel 'y
-nm(t gtmone

Appl . Crystal | ogompdsing® proces®r, £data storage system, ahleastne
20 1990; Ri char | . Biol 9. 3790 1971). Four hydrogen bonds

bet ween t H8' q?ﬁ?‘ﬁf’aﬁ%”&?”ﬁ’?ﬁeﬁ'ﬁ EPE8Ft i des results in formation of a
four-stranded ag{y- pdﬁﬂhﬁ@mfmbmmedwmhﬁaiﬁb@mmp&mmn&mpmmg
symetric hyrdophobi c ‘cores are assenbl ed, by peptid di meri zation

and are conprised of thachmesdimengiony); cepydinates o hes“?F‘?le"(:Fhﬁ Atomy in the peptide

Tyr[err], Phe[err] 0
hydrophobi CcC core rese%’lrgs’é}q{)ox whi C%KPﬁg.ﬁ} ﬁ‘t%w a{rsomat ICcC ri ﬁ‘ésw’o 2

Phe[err], Trp[er r] ancpohioh ®f'the @fythmpbhﬂn%@torpmﬁpm aminotaciisdi 225 dfthe

bridge : (Cyslerr] s er at the cornpe ycr ne resi dues
at either ¥nd of the fﬁﬁ%ﬁﬁ% QJ enerating a griteriy M%NRSIEWO%

97/ 41526 o calm L
PCT/ Uo7/ 07218 (2)  comstructing, using a program suitzble for generating chem e %

The peptide dinmer is (wﬂeakiﬁmseﬂeanbeépbmwm,emmdd @m@q&mmre

oceptor ol ecul es. A RRAgn et is ARyl RRREER she Ml idaty 4 KFTRE 2D

i dentical due t ¢3) hed&n%xﬁhﬂ%wmdtp& deRicethé tordtiticted model (STER264). On
bi ndi ng t he peptrde r. The four mmjor contact areas on EBP conme from 5

segnents on four loop regions (L1, L3, L5 L6) that connect strands Ato B
(L1 residues 3:34 6 residues 90-94) in D1 and
strands B®o C @ﬁ%%éréﬁgoﬁgﬁl‘*&i&ﬁ and F to G (L6 residues
203-205) in D2. The tl%t&‘deb%'d%ﬁrﬁmieeﬁhétﬁér Smdlmtdeﬂhﬁéﬂeusmg the methods of the

pepti de- EBP assenbly are 840 [err! and 880 [err] for the two |des ﬁggg
EBP' s, respec- invention ganaqtyas Q apioieie, E!!P°T M%ch a&ﬁ%f"

into distinct hydl.aph ( _@s tﬁmi% moiifs uld be able t
hydr ophobi c cor Mg Ige ween e pep én recept or an ¢ adle fo

conpri ses Phe[ erstimulléte [ppdliferation oPTEL P eells (Kitamuenet 9. Gell Physicl. 1M0i323)d985) or
ti de hydrophob
Pept! ° yﬁr oP OBGISCut cells (Greenberger et al, Proc. Natl. Acad. Sci. USA 80:2931, 1983), but

preferably do not stimulate proliferation of cells which do not bear the EPO receptor.

[=3)

Thus, preferred mimetics do not stimulate proliferation of Mo7e cells (Avanzi et al, Br.
J. Haematol. 69:359, 1988).



box consisting of Phe" and Trp[err] fromone peptide and Tyr[err

Cys[err] from%’ﬂa'”ﬁ{]sﬁgr pepti de. The polar interactions ﬂﬁ@?’d@&?’@d
mai nly at the bottom of the binding crevice and are mainly with

|l oop L5 in D2. Five of the six hydrogen bonds are between the 15

mai nchain of the [err]-turn residues Gy[err],Pro[err] and Leu[err] from
one peptide with the mai nchai n and si dechai n hydroxyl of conserved
Tyr[err], which crosses over its other pepti de partner, to interact
with [oop L3 (Table 2). The EBP-EBP interactiofymakes a

surprisingly mnor contribution to the overall 'stability of the conplex

where the inter- receptor buried nolecular surface is only 75

[err], contributedq b A @ from.20 ce r .

ol ecul o bo Mﬂ#@n&# sk HEUERE in f S mpdef O bRl o this assay
several conserved rf&b Smirkétic SEniifiStered to nornial TtiGé Mhich( &réds) endbendiiHasal
structurally signiflcant of t hese consensus residues appear to0 be

Tyr[err] and Trp[dwe}someh memmmybyﬂowcym%gethmm
maj or contri bution,t h core of the ti de- tide 25

i nteraction. Mor em& %g‘%’%{‘% ’3‘?’8%&?‘8’%."6%!‘5)%{) p‘ggbttcéf”f’d’r feticplocyte
pepti de-recegtor jevels mdxdai‘és%ﬁpﬁie%naiﬂﬂte' rﬂmie.@i%@%ﬂxhuﬂhﬂf"ebﬁﬁbb@&sxs Because the

Dinerization of EBP in Solution 41526
PCT/ US97/ 07218 mice used in this assay already expressEPO this assay may be relatively insengitive. As

To explorethelnter ction of i P.dn soluyti enpl d .

bi fi uncti onal sul p 8Y mﬁ%%%g%%&@%m@*%ﬁM‘m“
[1,4-di-(2"-pyridpichiskdy. OIn this assay Polytyttieain %dﬁ&&déﬂyekondiﬁbﬂi%]ﬁﬁé@ﬂm hizfobaric
stabilize a peptlde dependent di meric structure oi ce of
crosslinker was b&haun ﬁopmosmmwelm Anpetastinb - ERQ mimetic can be adminis-
crossli nkers that E‘F%B,lg eV [

sul phydryl t¥@E,S‘:'f’err tfbge&@’%v\#u cc [ po enti‘a ydatr’@ggtl veegﬁkgnt’ e of
crosslinking reagenjthr oﬁ)MsDFmiﬁrythro iesisccan belattrilsated itd tise tamilidate ndinetic.
inactivate the EPO binding potential of EBP nor the proliferative
properties of EMP1l). A dineric EBP product is formed by co-incubation

of EWMPLl, DPDPB an es2HD: j S

peptide 10 co?@g%ﬁgn an%%%% gni |merblé ? Q?‘?woh&’( dEPo
in the absence of apeptyldmwntothosesldﬂmaﬁmhumaﬂelaidoalteﬁﬂoducts f or med

t hrough di sul fi de-exchange reacti ons shoul d be readily reversible

by reduction as is seen for the covalently-linked EMP1-nediated diner.
Furthernore, we hayere@'fd Heteififle The BioRighidl bitivity Ufercaiditatd mirh@idTit s P%%le to
t hat denonstrates increased biological potency (Johnson et a

prepar at i on)ts Themmhqmdamauyegﬂmmmme sedidatermimetic. The fotivity

[arr] 1 ongth (and s EHRn TeceRati of e BRI 3R be o fo b Aoty f EPO

DPDPB cr oss- itself | i nker. Thus ENPl medi ates formation of a soluble EBP

di mer conplex in solution consistent with the crystal structure.

The WBXWS notif 20 The WBAWS sequence (residues 209-213) correspondi ng
to the WBXWS box r#.'l' ta a [err]-bulge (Richardson, Adv. Prot.

Chem 34:167, 198I; al ., Protein Science, 2: 1574, 1993)

i mredi atel y pr ece(hesgobriinatessfor amindadids D?omsfﬂiueh&rﬂaﬂm fc?epnde

interact with |igand have no rol e in gptor-rece qr | nteractl ons
are |ocated2n t hEMP1 are pressnted in &ﬁ‘%fie #ppendix;in #d Brookhaven database format.

receptor-ligand i : y
~of a conpl ex arra@%%@gyﬁsﬁ%% nv&fves %%’ The3é 8ibinates
conserved side cheambe bsediin the design asd identifichtipe of EPOhmirhetics aBibrdifigeoithel alethods

ring systens of Trp[err] and Trp[err] point toward an external
concave surface ontl”ﬁé“‘[“é'l“g}’ sheet and are only partially sol vent
exposed whereas the Ala[err] side chain points directly out into solution.
The ami des and hydroxyls of both Ser[err] and Ser[err] form hydrogen bonds
with the main Structure of EBP-EMP1 Complex

2 The extracellular fragment of human EPO receptor (EPO binding protein, EBP),
consisting of residues 1-225, was expressed in Escherichia coli and purified as described
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chain of residues 198 and 196 of adjacent strand F in a pseudo [err]-sheet
type interaction that resenbles a nodified wide [err]-bul ge
(Richardson, Adv. Prot. Chem 34:167, 1981, Chan et al., Protein

Sci ence, 2:1574, 1993) where the sidechain hydroxyl rather than the
carbonyl oxygen nmakes the [err]-sheet interaction. The [err]-bul ge
architecture places the two 5 Trp residues, which are spread four

resi dues apart, on the sane side of the [errlzsheet and not on
opposite sides as in normal [err]-sheet or extended chain structures. The
guani di num group of Arg[err] froantrqnd F, the central residue

(Ri chardson, Adgichrisoftet mmarszxprtfsWunf 7:104, 1996)1 Ridmboidal-shaped cPystals ofian

TR SN ELE MR T R R BBE SRR VR R A et

al., 10 SC| §Oj§§/ I ti
Trp[err], the er r | % th rg[err ﬂ’-@qag@m’ %tm%?ggﬁgﬁb? en%ieer?zﬂee?r‘en
r: ng of ;rr?Lerriheamr?agcmubfm’dn:hs &Iddtu;r(lvllﬁtthlewtsw .INfok B«ﬁ]}ﬁéﬁl 1968). The
pl anes o e conj ugated systens sta arallel to each other
appr oxi mat & y 4cmystal structure b&&ﬂﬁ‘fﬂ‘%ﬁ"“\"@% G&hmm

the Argferr] si q&v? ;fd%ﬁ@atmégr(?iﬁlé’li C Resldues 1-2 Bidefﬁ-Qb'df%ich?E;fhde% well as

i ndol e ring of | et’i n e alternating stackin wo 15
aromati c and t wresjdaes lqwal%ch&-géa 221225 oftrieceptesmolesule I;I'md residuech?; 2138,

orient 1 he guant -1 SnPalatn Srteemty moliclt i BChods B B Aol At aka are

stabilization tgy r*}fed?b?ﬁﬂi@stmcmreanal ysest appears then that the |inear
WEXWE notif identl from sequence alignnents of cyt oki ne

receptors represents only a corrponent of a nore conpl ex conformational unit

20 that co r|bu e nt .Steu
resi dues A&ve p bréak'} e ﬂ S M%ﬁ%@%ggﬁﬁng

ef fect and pl anaiﬂ{%e&ﬁsxmés((hﬂg CPﬁ”)tlﬂtEﬁkﬂibtaﬂhﬂe terminal a-hefik to the first
antiparallel [err]-sandw che Fi nkel stein et al Protein En 3%
1993). The am n@=strand in D1 tmarmd@rﬂestaﬁemw tRACEA g%imm ows the

I di g‘q&nnm,
?g:?hr;n: ﬁmp?g?gl n sﬁct ures WW@&}&&&!SH& gﬁ 25

1988; Fl occo et passibilities dfthow thisothree-28idug lifker tifyibe cdmxtectndpa’l’lw d:um‘ent chqlceof

stacking of [err].-cation S stems i S rare Ki al i_och mstr
32: 8465, 1993) %W"Bﬂ%‘ﬂ’é&?"r °thgfc E ﬂz‘ﬁ%ﬁ tnplex

receptors, hGb lecul but fo luchthe
BT/ US97/ 07218 ﬁﬁﬂﬁr?&bﬁuon(ZSAWﬁﬁ?&Qmmﬂarmoecuarpachng, rw

The structural ebmmum:ymclem&rmmiduea mpsquemnemﬂ

WSAW5) are invqlved in..an and. co ar [

Eerr] -Z:at i onI " data'to ‘Iﬁﬂf% iﬁm@ r“]'ah"@é n}é)qhégf(ﬁq & %ﬂ %5{5‘8%“? on
hGHb d PRLR kriﬂhq,u ikl Fegiv wsmea Qﬁép\tbhs é&n{tﬁw
for EGG—‘IBp and T gc[err] r!&(;ralglglt_all?’)ly?rlg%the Ioopkrngg i ) | i nks s

[err] C ando[ er r pChGHbp (seginscat sesidugi32; deVos etraly §@@n¢@%$-ﬁ%ﬁ.6 (IRP@[ ?BrliR fhegins at

ggggﬁdag(rjonat iC ?@Fg{a mfwg%“ymd %ﬁ?ﬁ%ﬁé‘ﬂfg resililaue |§rcon "la eg

ei ther fromthe Bﬂ&fs]&alstnmasz 478,106}, the\DIF SR k] (begifis at residue 17; rwmt@em] ®
as in PRLR (Argl[err]); | ut am ne residue that hydrogen bonds and

orients the Nature é,r7§t2r30ng9%-'r)s@f thei tissue factor: (hegins atgesidurcd wathows Ay idefined |

suggest that this i h

of the class-1 E 3‘% E@éf) %ﬁgrﬁrﬁﬁs&ﬂtzﬂ%&@ue Pﬁm&ftgﬁ[gﬁcatlon
systemin 29G|—|bp19g;4;. PRLR consi sts of five positively charged and

three aromatic resi'dues stacked in an alternating order which conprises of

Lys[ert], Tyr[err], Arglerr], Phe[err], Arglerr], Trp[err],

Lys[err] for h r T

Trp[err], Lys| g‘?‘?%ﬁi%&g@g\s ﬁfé\?&&#@mg%?&ﬁé Dazr’ %ﬁ?ﬂ%&gﬁéﬁm the
appr oxi mat el y 4)eHg hxigfy éach domain aligned at approxxmatcly 90° to each other; the overall

molecular dimensions are 45 A x 52 A x 62 A. The N-terminal domain (D1, residues 10-

~




15 as in EBP, ‘but the second systemis stacked cl oser toget

appr oxi mat el y“\@g'”ﬂsz spaci ngs consistent with [err]-|[ err??:rrn?srb‘lmnm
interaction (Burley et al., Adv. Prot. Chem, 39:125, 1988; Fl occo
et al., J. Mol. ‘Biol., 235:709, 1994). The outer lysines also use the

al i phatic portions of their side chains to form hydrophobic

I nteractions with the aromatic rings. Based on sequence alignnents
with other nembers of the class-1 cyt oki ne receptor 20 superfam |y,

such structurally extended [err]-cation system 3could exi st in human
t hr ombopi etin, IL-6 and ciliary neurotrophic factor receptors, and in human

| L-4 receptor based on structural nodeling (Gustchl na et al .
Prot éi ns 21: 140, 1995) Al t hou | EN: err ue, fact ot
do not have a Vsxvidd)and erm@? Hﬁﬁ‘%séﬁ’ééh% é:hort ur residue

d 213- 217
(resi dues ) {,g{x (ﬂnﬁs | 6&,]%%{,%]{93 ){3@;% ahsgg Laéit?% mﬁﬂ O?Zﬁ:og;'?t@ Fibronectin

1995) and KSTDS o5 ues ler et al.
Bi ocheni stry 33: 1Gg&dm JII)-donhairs than to Igdomam(qukNaahrJemoB@M%l%ﬂ,)wN)

These 11 ve Xeﬁﬁys'st”ﬂe'mi‘é hﬁ%&h@%&eﬁpﬁ s gasparylist Bopleat] st gonspting of Srands

t 2 n thevedmdiny 6
e o h??ox”?s%@pmmémﬁal n of the nei ghhéﬁﬁfﬁﬁﬁﬁrowth

their side chaln mal nc bori ng
strand. Only in hGidmone (& dfos etal h§ciencey 255306, dBﬁZ)tgdepl_'olacnne(Som étral., Nature

posttion 2. "but Ser el it mbagtasihé Dienh b SIS LF: o Bl SFbdeHirordy receptor

PCT/ US97/ 07218 - 376:230, 1995), the D2 domain of CD4 etal
mut ati on abr ogat es%ﬁ f’lﬁeé‘ctal Fure, |23s exp)r’eseS| on on the celqwg'% ’

surface is Nattre 348142 3) 1990;15611#&!1 mmmrmaew%), the two domadhsof tissue factor

Ut at ons. of & he. SAHlRE o o Behemisie 3 108, 4538 BaioH L, Nt 370 1), e

cell surface expr Sfid et f | g,gtetgggcb 1 2
al., J. Biol. em k? fgg%aﬁli\‘ﬂ%ga}%detsa EVB oﬁtﬁr?a%atﬁén
10: 3191, 1991).  domain ofthmapumapmuncnapmaim etul. Nature anzms; 1989). The

equi valent in oth class 1 oki r has
been proposed to f‘(#er%?ﬂﬁ“d‘éﬂlgaﬁ %Xﬁmﬁ fesgm%%ém?’h‘ﬂ?
assuned to be par tshe&é &%}Eﬁidb?f&'tﬂ&%tﬁérégtrin‘d@@lm Ty whete it isldefiBedbs the
Chem 267: 11619, 1992; CQuel Bi'ol, 12: 4553 1992 For

EPOR, a syst#imat i C'strand: Soperpositign qﬁm’ummt Besheetsyore F@lm‘?@hs&h% 2 domains -

denonstrat es -t hat .nq
serine resul ted i i® egm égﬂ ﬁ%aéaévﬁg%.#egghﬁfﬁg Gapf acewlmu
were retained in ttﬁﬁnﬁa ovatagitof HGHbp (1 ell)athRBm(OSA)ahhdreﬂects

g doniahi overiapsio
Acad. Sci. USA 9 on et
271: 4699, 1996). &#%Sﬁ?&(ﬂ e tov @Edﬂﬁwﬁ on in the

WBAWS sequence resulted I n better transportation fromthe ER to 15 t he
ol gi and a 3-5 fold increase of the nunber of EPOR nol ecul es on the cell
surface cdnpiat,ca shorttarhelin (rdsidygscl(-20), tprecedes she firsPfesandivich thap\isitietter

3505) - Theae osyldescdbad s thopd of e TN fold Bithiand fold tretanisd 21 14 rather than

pl ays an |rrportantsﬁalmﬂmwﬁl%rqﬁmgﬁ}gﬁdf&&mﬁpﬁ,%ﬁﬁeﬁl 1990; Ryu et

and other related receptors ari so
cyt oki ne-recept or atpNuhmG@:ﬂDleﬂO}.sheC'strmdnganéMeﬂacthGﬁﬂastymdCandthen

caui val ent _ar rang SMBFRS i MBS O it QYRS & confess R Aesihatiag to.stms I foppiog

the - singl g ?Mroﬁﬂwwmﬁnaﬁmctm%hﬁﬁme&w%smﬁnﬁdgaﬁ&hes
results in an asymetric di meri zation of the receptor that
corresponds 2% a Mng(MMWB&B%MCWMtQW( E). 'Egmqufaes:dues

%Erﬂg al nost pt(:are]; e::wfoltg &Wrggmﬁg%m ﬁf%ﬁ{?%ﬁ%ﬁ) I@&g}gsg’xma?

somewhat di ff er enteompared to 9 431D ih BOHPGHR/MEPRLEBT 1 Méh e%oxﬂbé’f&*e@ﬁstrands
-are superinposed on each ot her, their correspondi ng D1 daonmi ns

differ by a 12[ er rJ andEcanables thesegond hnifof strand Gt bacome strand D. Thiphdypertopoiogy
PCT/ US97/ 07218 is not found in either of the two s-type GHR domains. A potential glycoylation site exists



-21- The nmechani sm of hGH binding to its receptor has been well

. studi ed (el WVO97@1526  (pi n. Cell Biol. 6:163, 1994; ClRHESY1/02218
~al., Science 267:383, 1995) and is sequential. Initial hi gh
affinity (nM binding of the hornone with one receptor results is a buried
surface of 1130 [err] on the receptor. The second hGHbp2 has a
substantiallly smaller interface 5 .(deVos et al., Science 255: 306,

1992) with the second binding site on hGH and interacts only with
the preforned 1:1 conplex to generate buried surface areas of 740 [err]
with hGH and 440 [err] with the first-1%GHbpl (deVos et al., Science:
255: 306, 1992; (Wwells, Curr. Opin. Cell Biol. 6:163, 1994; C ackson
et al, Science 267: 383, 1995) The bi ndi ng determ nants of each
hGHbp are conpri Qadexﬁiuetm stChetbgmdmmﬂmﬁp&ndlnﬂlﬂpppmamcdﬁhectmg thePB
whi ch (L1-L3) co of .tha.[err dw, ¢ch_structure in D1, one
fromthe g‘h@é oﬂﬁéﬁsﬁnbé 'f%@‘ @Hﬁ“&é this bact ena{l EXRIR3SEE Rrotein,
t hese two recept a5 exderiiil Wu&ﬁamgnsa Eﬁlhﬂasr@aa ,H;EBP

di meric arrangenments, which probably in t’ﬁ?gﬁggse repr ésent ?tgrencesylrate
the size and moiety.shape of the natural versus synthetic |igand, both
receptors share equivalent |igand 15 recognition | oops, L1, L3, L5 and
L6 for the EBP and L1 to L6 for the hGHbp. A non- active PRLR,

conpl exed véth Othheﬂanltw&&ﬂtﬁsqflSi]@U)c&hﬁ&s ISP DI TR T fiioh n storthe

| oops (L1 to L6), gSorrers et al Nat ure” 372: 478, 1994)". BaSed on si
of the ligand  interdomainchelisalilinker for dle', Asn'lt Gy andjVBH_i[e-éﬁé -%ur-asemec,t-

t hat the binding 00 ° nyit tural EP nd | ou
woul d extend to ?%d:zﬁde&fdzqgld'd?'at i SFP?"WI(‘]@ 3&?%26" ObSEIN T‘H‘Atm mbers of tis
conpri se resi duefeceftop Farmily) hGHb PRI&FEN-“’?R&?M Faé&tof.©

(LA) fromthe car bg§y1 : f [elera] Gin DL and theﬁ\élsrtlteerdgnmsnr?dgraﬁké&&d&ﬁm
These six | oops f?”‘gﬂpmﬁ% by amaixedassorment ofhydrogen bonding,hydrophobic
equi val ent ,Josi t ﬁwff [V (o

onforrratledr.t aIt oug %?n‘%hgrsglétslhﬁg gor %‘n‘%’?’f ea‘ﬁi’ )éﬁfg‘??g?%*éd‘%fm

or tip) remain lerrésvdueslofl)lﬁnthLﬁtow&uﬂeﬂmﬂhce [Ehennpleculbi sirfuderaréds/buried by

L6 with its side. 25. t.he, L5 sth ee si_dues shorter than
S DGy and’ SRR pefh galdulsted Wing the g olijad. Apdl Cntssa“eaets.m
| onger than in hi3dpudig PRAR msemmﬂa%m radii (a8 deshAR) 8 D, et

varies (6 to 10 residues) anong the three receptors
participate in php.iRey. Blmheng%%ﬁﬁ lQQG)G’alre mayphe somb discrépamviebcbetwieen values

S gt fon 1% i rieparpedhgrs Sl B e of B e 293588 10 Wblshed fafes due to use

PCT/ US97/ 07218 of a different gsonthm (Connolly) vs. Leeetal J. Mol. Biol, 55: 379, 1971) and pfobe
determ ni ng regi onslg in_anti bodl es, wheré changes i'n Iengt

sequence ofthe valugsirgportasthere hawehoen pajculated in thefsamevayffor better

antigens, where I NS constant (Wlson et
al., Cba Found%ﬁ%ﬂmmﬁﬁa&s}?ﬁ%%é @F?h d Vol . 159,

p. 13). It has been shown for the hGH hGHbp corrpl ex that only a
subset of 9 out of 33 eracting residues that nake t he
structural epit JB%(@F'@%U%@ZB}%S’MSC‘B%QHMUS FBN-1li (s-t)rm)\eqpcgmr withione fikee

or hot sp (el E)J#J g}ahﬁ al_.
Sci ence 2%’ 383, inkgg V\?‘Io | gﬁﬁgh’l nM%ﬁ??ﬁée%n@gﬁg?eﬁg%9
This r educgd dxsﬂﬁdebpdgespsespectmlyshml bat honedn 2 e&ﬁéﬂthﬂatﬂtﬁx]iibk I Df'sz%bns
epitope and is rised r Arg errl, err Ile[err
Trp[err], Ile[ er 1 ap iy ] éﬁ‘&’?ilggﬁ@ ‘E{‘?‘H}’ lg QEW@HM
cont act md RPRW iBd C
(>4.5 kcal / nol) s(&:om neg_f%rfom P m‘%gé% ga(r?rnaéﬁ)%;dr EI?ZU%% ?ilar p?%ra f’bbg%"&@e
Trp[err]) in L3 a&tgntnexit, inwmobstclasel rand clags-2 cytokine riteptors (Bazan, Proc. Natl. Acad. Sci.
. 2 USA 87:6934, 1990). This short coil ends with Gly'* which has a positive ¢ (¢, P =
~ 52°,40°) consistent with the equivalent Ala' and Ala' torsion angles in hGHbp (¢, P
= 63°,68°) and PRLR ($, ¥ = 58°,38°). The Pro' region forms an analogous extended

bulge conformation adjacent and parallel to a corresponding buige containing the



6: 163, 1994; C ackson et al., Science 267:383, 1995; Wlls, Pro
Acad. Sci. UJKO9741526 93:-1 1996). In EBP, Phe[err] is equival gﬁ?@’“’m
Trp[err] in hGHbp, as suggested previously 15 (Wells, Curr. Opin. Cel
Biol. 6:163, 1994; O ackson et al., Science 267:383, 1995; Wlls,

Proc. Natl Acad. Sci. USA 93:1, 1996; Jolliffe et al., Nephrol. D al.
Trans. " 10: suppl . 2, 28, 1995), but there is no honol ogous residue
to Trp[err] in the shorter L5 |oop. In the EBP- EMP1 conpl ex, the
Phe[err] peptide aromatic side chain occupies_lﬁp equi val ent

position of the Trp[err] side chain in hGibp. e can assune that when EPO

binds to its 20 receptor, the hornone may provide an aromatic residue to

t he hydrophobic core of the i ndi ng i nterface d/,or, .t 6 op i,n
EBP oy ol ay o mORSIONGMPRE e WEAWS sedtibnce Forms & mofiied avidt fiplge (RERartfpr,
hGHbp, since it i ICHiG S4OMICToBTY k90 cRbAA if B eRIEAIE difin region immediatel
Phe[err]. Jﬁd‘%llfr%‘s?'hese t3hree’c?a s-1 _riggg%taéé structures,nrseglr?e Ioopls Y
are di sordered whprebedingtherP@atrand thatwould iddfhally cofiiiet (o theimembrandspanfifigiregion
EBP1 and 133-135 | Egi%%and in DL for both hGHbp (resi dues 55-58,
73-78 for hGHbpl ‘A{}be 89, 73-75 for hGHbp2) and PRLR (residues
31-33, 84-86). Ot herwi se, these three class-1 cytokine receptors do not
differ greatly in their over all tertiary structures; D1 and D2

have broadl ys si i The quatemary structure ofithe ¢ompleRds composed of two peptides and two receptors
PCT/ US97/ 07218 : cy e s ep o m 23
arrangerment in alihatfarma T-shepes assembly; . A aqnpcovalent peptide dimer ipteracts yith tyyp,receptor
axes of the two les 0 BbAkTateSarf kB PBH&NY2-251d0 BRhdBTical afrhSgentint.  After
arrangenent of donnﬁer?g t'haggal | ow t hese - particular L1-L6 l'oops to

be avail abl e for superpasitiomof D3rof aheitwo EBPyolstules incthe dimemthe centers of mass of the

conpl ex between | EN-Ler and its, clasg-2 receptor IEN-[err r 1 and
D2 are related by™P é(i O]mal%“aé’_é#ye §£§P§ﬂ’ %Wté?&?ﬁg&eg&%g%& (Sgpmetry.
and restricigs thegéiapstend ﬁﬁBix%ﬁﬁi&cdrPégondinng ariFD2 T edéle feckpior in the dimer
interaction with hornone;” the L1 Ioog now beconmes buried in t;e 1- D2 ]
interface, althougsultsia rannedeviatipns p 6,53\%(@5@3 Cax paiss) red 0.47 ) (9302 Goppairs).

| i gand interaction. This el ongated interdomain arrangenent is al so
observed in tissue factor (Muller et al., Bi ochem stry 33: 10864,

1994; Harl os et . afhe cyblis EMP1T0AtalS 2 singfOdibulfile biddgeclsetoreeti SysthandlOys™, which links
hnalysi s of "the Es Aark Brabiant (rebduendy had I3nLo)fhak are compestedinl h kgt gistorted
20 5013 g RO Ll 5 -l 8.4 a1 s 9
o o1 B oo T ahar B (P ditoriog
Ser 92Al a, Val o4 the Ffahigopp i, Rospal &5 éﬁ@&é‘&xﬁsﬁ%&lﬁgﬁf&?&& Rrgum ] vansisting of
Iblrjlritgg 66 [err]lo rr{f)‘}sec Ia?@;%gwpmhm%eﬁﬁﬁhﬁ%gwh it

i nteracting si de athetipeptide partaerind buriee:320bA of its 3220 AJ molecular suffagefig Alis interaction

mutation results j _an increasg i Nyt he r a.factor ,of re,.than
2500 20 | complePBiilyoF AR, EraRibg . o5 Rt al b HRE Bingl: 000,
of this resjdue ifogptRichards, J. MdldBigl. F3B79L J9k¢), %&rﬁm&&nb&ﬂ{fbﬁw&n the
hydr ophobi ¢ core of, fh@ functi onal epitope (Wells, | rr. Opin. Cell
Biol. 6:163, 1994maigrhainssofitheitwa peptides rasults insformation of e foumsstranded apti-parallel B-

Proc. Natl. Acad._ ,Sci : 8 . .
-di merization on ﬁlﬁg sﬁéﬁ@%&é??or? %%mctwmbmbﬁp%?wd by peptide
structure, we Sur&h&ﬁaﬁéﬁ W%mﬁ%fmeﬁﬁﬁtﬂdd%ﬁdgﬁ ﬂid&hedidechainsof Tf!",Phe"
sequence and probabl_lymlJBn structure, tQ the natural [igand, can_ induce

a
bi ol ogi cal | y and Trp.ct i hhe cansipiction of eachdiydraphobissops resemblas 2 bpws whicsplaces the
signal trangducti . Pt P13 j}l}% 2 | 2. y! .
cl ass-l'cy'?%ki ne #@8@%&)&%% e’}'g%, ﬁldgfe S rh%@gro@%&é%ﬁg@eea%ﬁelgﬁebndge
deterni ned so fan(CysUgQesSkat thatcomizes) Thetwaplycink résiiddsar eiiee end/iof eiie peptide are

not structured.



WD 97/ 41526

PCT/ US97/ 07 3B 97/41526 PCT/US97/02248
proposed to have a structure of a four-helix bundle (Boissel et al., J.

Bi ol . Chem 268: 15983, 1993), induces receptor dinerization, it is
nore likely to resenble the hGH+ hGHbp assenbl age. This woul d
suggest that nore than one node of productive extracel | ul ar
dimerization is permssive for intracellular dinerization of the
cytoplasmc 5 domains with two JAK2 nolecules in order to initialize
~the cascade of events that produces -d6e biol ogical ly rel evant
signal (lhle et al., Semnars in | munol ogy 5: 375, 1993;
Klingmuller et al., Cell 80:729, 1995). The peptide-EBP structure would

t hen r ePhepeptide dirhpr is embedded inl axdedprerevice betwearorwroeEBPtrécdptorrmoletutes.
signal transduction, ..Mut ant EPOR nol ecu] es, contaiqinq a singé&
Arg to Cys nut afireronafeach peptids monomer dpteragts with bothresaptor molgciles, cThe hiading

( $§|2h?23?2 ot 'S &%ﬂ%ﬁ%énﬁ'%%‘}%@x%@éﬂ% W@??&%“ﬁ%@gﬁs ingraction’”
Nat | . Aripdseden bindiiagh tikOpeptide dirhéO % Qomaj areas\dn

Bi E)I. 14: 3535, 1994), sugge ;d_uﬁ ?L;z: trgggleilnzl ar rec ?Erﬁcbine'ﬁom
hono- di ner$ zatim%@@dm@é%ﬁﬁyﬁf ,W@mconnectsmqu ﬁaﬂ’ (L1 residues
transduction. '53-?@33??%@%@&%@9%—@5 g T € CILS5 FhsiduesF48158)

15 262: 1019, I vation of“a specific set of trasncription
factors can be amdBaedG (L6 residués/203:208hinnD2.a| Thertotal |buriked mipledularysucfatessinithe

domai ns of nodifie nmenmrane tors that daq,not ain the
extracel | ul ar M‘%F%]Eréﬁiﬁ%%%% ééandrﬁ@izp f°"_ the tw°r%@ﬂ?sd?'§’cgﬁ Sfgspec-
related to theﬂﬁdﬁf'ﬂ%}eﬁﬁ&&l}gpﬁnﬁﬂﬁéﬁ Gt Sefitdted |rtd AlstinéthydFshobic (67%) and

oligonericatio ays e In activation of the recepfor, and tha

ey
the mai n funct i polar(33%) areaso Achysropbobiceare i foirmed hetween ghe peptide and geceptoniand

o i gomar i oat i orCmatseR BEZE AP hag PASYHom ons EBP MoflEbis 33 Wi hebtide hydrophobic
domai ns. box coltbisRRCOEPRE® and Brp Herdnh oné peptite!and Tywliand Cye™ bfromithe bther

the WBXWS notif in this cell | . signalling process (Yoshinura et al.,
J. Biol. Chem papride: sEhe polaninteragtions arelocated mainly apthe bottopref the bingling crevice

12: 4553, 1992; ' ef. = hO : '

possi bly by pr o%&[ ?ﬁg’ﬁ%@@e&’%ﬁoﬁg%% ﬁ%‘r %f?%§%%&%&§%§ ib%%? é}l the
mutants ofs  mainchiRR tHeu-aumet residues SlyT\Prdfiomriteled'Bi fipim/one peftide0Rith the
e O it b, AL e i N il s S S
PCT/ US97/ 07218 : . . a interacti

of the EPOR ad$Phde parner ip nteract with loop L3 (Tefie 2),, The EBPEDY interagion %%Ié?“
1992) is surprisinglydninor contribptios ta thef aveealbstability oftthe complexrwhere ithe inter-.
receptor dinerization, Ln th? abse c,? R; unl L,ganded. Stpdict Ee?,,for

the extracel | U@Feﬁeﬁh%%dw%ﬁ“#wsgnﬁ' 3 -°°’mFla\f EY s ‘HQS# from
possi bl e &p detQeRrst@ptrehdlesul@ny conformation change occurs on ligand 5

bi ndi ng that woul d i nvol ve the WSXW5 box. Apart from being a striking

struc_turaljI _ feature in D2, and : ts obvious proximty to the menbrane
te o .
" eai on i t b SorME g sy pEsegobiefual bor] Jverd cotbérvaiesiails, Bhyddlihe

O SRR R S TR X

sonehow i n the g 3. THomokkInkrEall sigificant

smal | ol ecule mmetics 10 .The struct ure of the 1 dinmer deponstrates
that a pepti de ofshess gonsensus residnesappearte be and Trp ™, which along with the disulfide

bridge have a major contribution to the hydrophobic core of the peptide-peptide
3 interaction. Moreover, these two aromatic residues play a pivotal role in peptide-receptor

- interaction and in receptor dimerization.

Dimerization of EBP in Solution



the natural hornohe can act as an agoni st and induce the appro
bi ol ogi cal redBRYALS26 The pegtlde can be assumed topfor%ﬂﬁ&”’oﬂm
substantially smaller contact interface than the nat ural hornone
with the receptor. The peptide binding site in EBP forns an al nost fl at
surface, which is mainly hydrophobic in nature, w thout any cavities or

charged residues 15 that are normally essential for the specific
targeting of small nolecule ligands to a receptor binding site. The
hGHop study (Wells et al., Science 267: 383, 199?7 Vel ls, Proc.

Nat|. Acad. Sci USA 93:1, 1996) shows that only @ small part of the
observed structural bi nding site, the so-called functional epitope

o hat & P o Palone 36 rgteaction; GECEMEY SiRhrEBE 30 sl o praploved »
Inplied that a "m | ghe
site could form S%ﬁinﬁﬁ&f*stﬂwg@s' 8 O?réo Erosslifler tbPDP@EDIPH-dI-(Z'-pyn tyldxtl'no

Furthernore, the interaction of thé small agonis
peptide with the ﬁﬁapnmﬂspbwine]aitrmmtempt to stabrhzaapleptxdaadtpcadmtnﬁﬂ:mc structure.
functional epi tope der ved ni ne |ng of, hGH an . hGHbP. .
Thus, by a di ffer cRe ZBRKE w2y a3 amaefemas Pt it pliphactive

that a 5 S%sﬁuﬂas&hﬁfw&exowﬁms EP chidaids é‘ﬂ% free sulphydryl

functional epitope on a receptor. Un erstandl ng o
i nteraction surf acéCysg beDiowhmhnbl pasentiallyreactivente crosshnlnng magamsoﬁ’ﬂie DPDPB

fshﬁglt ?znglo assist in Iﬁntl&éﬁo%%%%eu%#éyd esMI% FBP nor the

target for drug d W b
Stabi stios %%,dwwesm A Ginieic EBP Prouiet BIHHAGITBY bo-incubation

PCT/ US97/ 07218 of EMP1, DPDPB and EBP. The amount of dimeric product increases with peptide

data wore W P esperiration’ssd 6 BeifEhy' Gmf Ptk i Shentd 1 Soesfiy B plice
an Elliott GX-18 gpppPB-&osslinked frmwmagmgﬁwm%ﬁﬁm@e réactions should be
crystal -to-detector distance of 120pm Two derivative _data sets

were col | ected on readixmeyessibje qu:ehqmns &FHJW@CMB'W EMB Imqdiated dimer.

operating at 50kV t [

Data were integr atgw%eg%%dwg }% re%uce JSI ng %ﬂ%ﬁ?gr?‘@ﬁ%m 8&10% that
et al. J. deignstraYey hcredded Jb&ﬂog:&ﬂ&ia)erfcg(]éﬂiﬁomat aly in preparation). The Cys'™
DENzZO/ SCALEPACK (O wi,nows Labor.at

Warri ngton, ¥993) Wﬂ“‘i’déli?fe?f %#‘W ‘H!ff&"e ?q‘lj,:%(: apart ég%'}/ distance) ﬁ'é\h/ approximates

i sonorphous T epl acgEy Eﬁ%ﬁ?&n@ m&ihrmm(%m h@&%ﬁeﬁ&j@f&amﬂmefbss-
10 to 3.1 [err] u5| ng t program package PHASES (Furey, Anerican

Crystal | ographi c linker. TMsﬁdP&tmthbemtmn Afiai solubie EBRHiser mpmplin solution
Ol eans, LA, 1990) with a fi of merit of 0.64 (25.0-3.1

A). Phases were rcfansistent Eﬁ%ﬁggt&gﬁﬁmrﬁe sol vent flattening
protocol to a nean figure of nerit of 0.92 (25.0-3. 1 [err]). The quality

of the map was gener al Iy good and nost of the conplex structure
(94% coul d be fitThe/WSXWS motif15 graphi cs program O (1 one et al.

ot Lot oot A arkhorE Wb B HE200553 Bl o e S oo o

D1, and t he panfgé (Riekardké) Adw\Prol Chefn 33 11672 198T; Chiaxt 62 &kl Ridtein Science,
derivative that were correctly assuned to bind to the free Cysl[err]

resi due. the pept@éﬂ‘i}t%ﬂ@&eﬂ#ﬁm Pratrand Gin D2. Residugsis thisrmetif do not

f I
Subst] tuted for ot AR ek, R kot BatEs REB udrdoHont afd atiiBodtt on the
difference Fouri eropposite side bFftrrebeptbrerectptbend regoptor-lgaidaaterfabeli ThE WEAWS box
the location of the iodine atons. The structure was refined usin

the sl ow coo¥i ng [repestsss only axsegment of 2 compley afray of interactiqns shat involves several other

and 0 R anet e el Bl o inf TodfkEiat Piluds DA, R4 kEG g Sl of

' Fo- Fc, 3Fo- 2Fc andr@?’ and W&ﬂﬂmmmﬁa}wﬁm&@@fm@%&hé%e&%ﬁ)ue only
wei ght ed electron densjty, ma &N t wo cycl

refinement, a set R?F“%b’r?&‘ivﬁl‘gﬁ’%ﬁ’éﬂhqﬁ?séh?ﬂ : ﬁ@y @a‘!ﬂmﬂ}“‘f ?‘%’ﬂtﬂ';’émm solution.
~model bias was calpyd higes FhydiSxyiibt Béth HePUCindr Sor® @dm‘geh%na@mﬁ%e main
-cycl es of refinenment, indi'vidual tenperature tactors were

~cal cul ated and after 10 cycles of refinement and nodel buil ding,

‘the Rvalue was 0.21 for 8.0-2.8 A data with F>1o0 30 (13,984

reflections). The average thermal paraneters for receptor |, receptor II
~and the
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peptides are 10.5[err], 12.3[err] and 10.7[err] respectively. Only one
non- gl yci ne residue [Asn[err] in EBP2], located in a |loop region in
D1, is in a disallowed region in the Ramachandran plot. No sol vent
nmol ecul es were included in the nodel due to the noder ate resol ution
(2.8 [err]) of the structure determ nation. 5 Bi ndi ng Contacts

Bi ndi ng contacts are sumarized, in part, in Table 2: Hydrogen bond
interactions in the blndlng site of 4lBe EBP- EMP1 conpl ex. Due to
the symetrical nature of the conplex, peptide-1 and pepti de-2 have
equi val ent interactions with the two EBP nol ecul es. The hydr ogen
bond i nt er act i orchaincofeesidus)158cdhnd 196 fladjateud strabd)bin apseudonf-sheet typdinteriitivn

10 238: 777, 1994 d bat 3.9 ff

geonetrical con %feﬁeg‘!"ﬁ’tgasaem"%%‘oeq wide rbA ﬁ&%‘%‘hﬁ%‘ﬁ%ﬁ ;EO ) @{1691]’ 1981;
t t

e o e Chab B, PAOGISAGELOR 5740508 ket mﬁ?&fﬂ&&&&%ﬁ*‘ﬁ@m the

t he spi rca!boaylcbxygenpnakcs thd’ﬁ-sheetmenaoumn ATheoB-dulgy! architectire plagedthe two
under st ood t hat _t he venth‘cg s npj to be limted by, the s CIfIC
illustrate® enb r’FEﬂ ues phuch,are, spread f?é“'E S gpart, pn (ﬂf'ﬁéﬁ&b heet and
WO 97/ 41526 ides as in normaP-sheet or extended chain structures.

POT! US 71 69215 et on ORRogite sides as in norma¥ B-sheet o gxtended chain structures. The guanjdinum

EBP1- PEPTI DE1 Vigwoup of Arg‘f fromy Strasd F,ahe mmm Adv. Pr!}t Chem. 33 V67,

O o s f P B 1574, iy e i e ety

4 TRP 313 SF2_betweenlthe two Tr ifidole HEMY 0 form s BREIEAOr-céfon sysfer®liuifiPer 0,

VDW 1 PROSEti¢fce 261: 1708A199@ Y'I'he cent®d ofthe pyrrole ring of’rrp’s?’ abe Me\of the Arg'Y and

A PR $10 c _ ind cengar 0P bemgepe iog oF T aif AEHoREf on gy ok e e

1 3.41 V
oW . NED\_I/_\biaggs of %ﬂ% ?Qtl ems stadied ﬁ@ﬂlfl £ each oth§r at %romn?atélﬁ 4A

MET 150 CG  Ap#is. 3da additjon, the alxmat:c porticn gfthepArg'> side chaiprhas hydrophobic
1T 03 g Vplperactidns with thef iSieilg of Frp3ry clifppledpy) shé Bremating Hacidh of S

VDW 15 MVET afdubtic 8 two ﬂos’fﬁﬂ)@d}ihrgéa ammo actd res‘ldues Thig. side cHaky of Glu'” forms
MET 150 SD 4 THR 312 CA MET 150
4 TRP 313 N  ahydrogen bond W‘#é’&mmmmablntqm %ﬁﬂt WW&WW ‘“‘3&“"

vow 1 ver g P spepiga gfeshety g 45w T

MET 150 CE 4 TRP 313 CE2 3.71 VDW 1 MET 150 CE
NIRRT T o R
cytokine receptors represents only a component of a more complex conformational unit
20 that contributes 2 significant structural feature to D2. Aromatic residues have previously
been suggested to have a stabilizing effect and play 2 role as a folding nuclei in structures
of antiparallel f-sandwiches (Finkelstein et al., Protein Eng. 6:367, 1993). The amino-
aromatic parallel stacking between the guanidinium group of arginine and the aromatic
rings is a common feature in protein structures (Burley et al., Adv. Prot. Chem., 39:125,
25 1988; Flocco et al., J. Mol. Biol., 235:709, 1994), but a parallel triple stacking of n-cation
systems is rare (Kim et al., Biochemistry 32:8465, 1993) although observed in other
class-1 cytokine receptors, hGHbp and PRLR.



VDW 1 NET 150 4 TRP 313 CZ2 1 4. 10 V

MET 150 C  WOYMSE, o 1 3.41 VDW TH[R)\/%%‘_‘LIUS?\.VM}“
4 LEU 311 O 1 3.45 VDW 1 THR 151 CA 4 PRO 310 O
1 3.82 VDW 1 THR 151 CB 4 PRO 310 O 1 3. 56
VDW 1 THR 151 OGL 4 LEU 311 CD2 1 3.43 VDW 1
THR 151 OGL . 4 LEU 311 CA 1 3.91 VDW 1 THR 151 O
4 PRO 310 O 1 3.60 VDW 1 SER 152 CB 4 LEU 311 O
1 3.54 VDW 1 HS 153 NDL 4 LEU 31,39 0 1 3. 57
SHORTVDW 1 H S 153 CE1 4 THR 312 OGl 2.87 VDW 1
H'S 153 CEL 4 THR 312 CB 3. 48 VD\N 1 HS 153 CEl
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TR 308 O e srocibe b YR o b T EPoR LR 852 W oo
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SER 501 OG 5> . _\EltgiRt lgg? BC ﬁuﬂﬁ@ﬁﬂz ahPa posmvely-éhg\%ed reﬁd@é—( g'grl hG&pzand

4 TYR 304 CE2  Arg'for PRLR; that stanhs\/between the JrR apd the @econd anom ﬂmﬂueome
1 3.62 VDW ... 2 SER5 Y.

VDW S sbn sdditigral Kigreige if ponityited dither trom 1 BF strand asjpaHbp (Arg™) or
SER 592 CA 4 Fdm ﬁ@‘ﬁs ifPRLR } “?)\]/T/he glutatﬁuﬁ@es:ﬂ@%at lgdrog’bn%ﬁdﬁﬂ?d ofiéhts the
4 TYR 304 OH R 592 TYR 304

CE2 1 agrome alqgvvwztches strarglsR Samem@ ahgnmntsmgsm thaggthis Arg-Gln switch

355 VOW 2 SER 892 Qo 1o btk pdbers B he, cassr - pytokine fiodilor ¥y, The

ggéll - CYS 315 lcatended 71-cation sys:eman%dlg%n Corisists Gf%ve paisitively/chliiRd and
PCT/ US97/ 07218  three aromatxc residues stacked in an alternating order which comprises ofLys*'3, Fyr'=,

-:IJ,_BZ ApC|r5225 15 08: %gﬁgqg’ 90 AI'B:/D\EJ‘B‘“ LyWOIS ﬁgf?&%&d “59%}, 13 4rr'|éB¥R Arg"",

1 3.71 SHGais'e‘pmys“z fot/RRIZR AThe fidst aroxﬁaﬁlR&Qirbmaﬁtho are apprdx:mately A apart,
SHORTVDW 2 VAL 594 4 PRO 317
EBP1- PEPTI DE¥® Visiin EBP, buif thegeccpfl sysiem is sjagked caser tppéther at approximately 3.6 A

3.84 VDW . 4 9Qo- .
1 SER 91 OG £ ’351“ g with mén B{fé?aéé&n @%“MVD\AA‘/}V - Prot. Ch%mé(élg'liég\i\éss’

N 4 TYR 404 Gdcco et al., J. Mol. Bibl§ 235:200)\1994). Th&oﬁﬁRlysﬁQs alsa use theili’ﬁhatic
404 OR

1" T3 4o yportions o%eeaéjw@zmsegfom BydFopaolia intemctions Wi e aromagc gnes

\P/Hév 03 CBl SEE Bised ‘on seguénc-EYﬁgﬂ%ntscﬁﬁh other mémgws of“mg%lass-‘f[@é’tohne rece%tor

4 TYR 404 GE2  superfamily, suh7 structynlly extendeﬂ PHEaticdg systems conld vXistOin  human
T2, o’ ibongR i ety e ool 5 S
%:GE HE 49:; ROCAEjY W‘%rﬂ&ﬂlcnﬁﬁzmodehng (Gustchina‘et @B, Pro¥éi¥ 21:140, 1995)/AAlth&ieh IFN-
YRe and tissue factor do not have a WSXWS motif, the corresponding sequences TTEKS

(residues 213-217) for IFN-yYRa (Walter et al., Nature 376:230, 1995) and KSTDS

25 (residues 201-205) for tissue factor (Muller et al., Biochemistry 33:10864, 1994; Harlos

et al.; Nature 370:662, 1994), maintain a very similar B-bulge. The consensus sequence

- among these five x-fay structures indicates that a serine or threonine in positions 2 and -

5 maintain a common set of hydrogen bonds between their side chain hydroxyls and the

mainchain of the neighboring strand. Only in hGHbp is there no hydroxyl-containing

30 residue in position 2, but Ser™* still maintains the equivalent interaction. A Ser™ to Ala



VDW 1 VAL 94 CaGl 4 PRO 417 CD 1 3.54 VDW 1
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CEl 4 TRP 413 Cz2 1 3.34 VvB¥- 2 PHE 593 CE1 4 TRP
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4 PHE 408 CG PI-,|E 408
s §°° Chey. &izmwﬁmhw&%mwmﬂAOﬁmam.N .
3.72 VDW 2 MET 650 SD 4 THR 412 C 1 3. 75 VDW
2 MET 650 SD 4 PHE. 408 CD2 1 3.76 VDW 2 MET 650
sSD 4 THR 412Congervation of the WSXWS n¥kgif in EPOR or its equivaldnt irbSther ftmbersbf it
408 CA 4.02 2 MET 650 . CE P.413 CE2

) 3. 67 O] cyiokiis receptits has beed proposediio becessegtial for biologiqal activitysands

\|\§ED\TN - Cé NETzvﬁgéH\Es b CDzﬁﬁnddffihe feéptor bindigg Lite Wﬁn&rﬁ et QJV%:%JSGM&

4 TRP 413 CD1 267:1161911992; QuellegBiol. CallviBiol. 12:4553 1992).6B6r EPOR, a systetmitic/stidy

N MET 65 CE TRP 4 CG. . 1
300 vow ™ o |q8pdaiond atthe WSADES Roghence demonsiates thaf most o the ptatioppf the
ﬁ NVET 2 SEEUC411tw%tr?ﬁﬁp§i:Danstenne remltéaa in mog)\e/t\:/u& RHat dla/ EW reach the é’ell-rs'ﬂﬁ'a@éﬂut

410 C were retained in the engopjasmatic retigulppr(F5kon et:al Prom mmt; Scb USA
o L PR, lSRLy ) o SRS, 1550 pupemgiyn i

THR 651 CB Glmﬁuta&m in the WSAws séquence resditéd’in bedtEMiransportationlrbinthd ER el

4 PRO 410 C WO 97/ 41526
PCT/ US97/ #7218 the Golgi and a3-5 fo?d increase of the number of EPORggolewlg on the eell surface

g O 20 Coldied 3 i oype (iog i Proe. M. AR, B U 92:159, 1955, oy

3.51 VDW @ abFR Bk'ﬂ. Cmn 2714659 1996) These results suﬂport our cohchision 4t the
2 SER 652 CB 2 SER 652 OG

4 TR 412 Cp WSXWS sgquihce playsag imperttuaple in the Srusoar sog folding of 2 2P0

oGl 1 and otferdela tors. 2 H'S 653 CE1 4 THR 412 CB
3.91 PEPTI DE1- PEPTI DE2 SHORTVDW 3 THR 303 OGL 4 HI'S 407 CB

1 2.94 VDW 3 THR 303 OGL 4 H'S 407 CA 1 3.61
VDW 3 TYRA304 86 VDW 3

TYR 304 o1 oqmcllgw '&Z?:‘ er cyto?cine-receptog cgl_{lp}ex strnctm?’u
The overall quaternary structure of the peptide-EBP complex substantially from the

equivalent arrangement in the hGH-hGHR complex. The non-symmetric nature of the

single four-helix-bundle structure of the growth hormone ligand results in an asymmetric

homo-dimerization of the receptor that corresponds to a 159° rotation between receptors

25 compared to the almost perfect 2-fold (180°) rotation for the EBP-peptide complex. The

| tertiary arrangement of domains within EBP and hGHbp is also somewhat different.

When the equivalent EBP and hGpr D2 domains are superimposed on each other, their
corresponding D1 domains differ by a 12° rotation and a 4.3A translation.



VDW 1Y 4 TRP 413 CH2 1 3. 94
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4 CYS 406 O 3.47 VDW 3 TYR 304 O 4 SER 405 CA
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4 TYR 404 CB 1 3. 54 VDW 3 CYS 306 O 4 TYR 404

CD1 1 3.59 VDW 3 CYS 306 0_21_ 4 TYR 404 CA 1
3.75 VDW 3 CYS 306 CB 4 CYS 406 SG 1 3.81 VDW

3 CYS 306 SG 4 CYS 406 SG 3 75 VDW 3 CYS 306 SG
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TRP 313 CH2g 4 Qé(@v&s]é al Szﬁnence 255, 308 1992) with thé s¢¢dd binding ﬁt&)&?héiﬁnd%ﬁemts
4 TRP 413 CZ2 3 CYS 315 SG 4 TRP 413
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.00 3 GLN 318 - . .
3 QN 516 OF1 - A0S0k vrththe first RHEp] (deVos gt gy Science 255308; fbb) gWels, Curr.
PCT/US97/ 07218 opin. Cell Biol. 6:163, 1994; Clackson et al, Science 267:383, 1995).~ The binding

bref 21c. pdb Apr’
REMARK THE COVPIderérBinanistof chclt hmmmumm ch@iﬂmﬂ. N—Lﬁ) three
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THE STRUCTURE. THESE RESI DUES HAVE A HGH B OF 90. REMARK REMARK  THE
STRUCTURE CONSI STS OF TWO RECEPTOR ( RESI DUES 10-220, 510-720) REMARK  AND

o Gorhe0 Atk ke e hS, prnmafl B nort oot have gifree

10 ' 39. 634 %ﬁn&ﬁém&ﬁg&ﬁ&ts Iwkich pcobably thlixEl:as%T esentdxﬁ'&en@m theSsize and
10 38. 753 29 361 19 979 1.00 22.87 [err].AT LYS

10 38 334 3hapesof thegnatyeal versys synthetic igand) bothcreceptors shase %Vﬂsmshsand
10 119

10 M%“H%? 1313918 For hE BB, BH 10 L6 fore RHEp 3 o
10 35 685 acfivé PRLR|, cosiftexed. with dfilyléhe lixoh?}le AT BGH, also uﬁs tﬁb sarhe/Contact
10 38.921 31.4 420 1.00 22.91 _[err

10 39. 589 %@ t mezs €8 8L, %2?1“&1? 37%&7?3] 1%““‘ Oqﬁﬂﬂlm #ﬁgﬁ ligand
11 37. 602 £

11 36. 868 322"."%&”3%“83% FEPRR, {’er r]’ 18 Bpct that the binlifhg Sitefof
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[ el S0 e oo i i ions
11 33. 142 cgg;a,,q,pe,gcb i linksr. ﬁ,:ée

11 33. 910 3&228 22.521 - 1.00 ti%G%iDl%?rﬂrtﬁe M%m 17 CE2 Eggmpsm
11 32.180 wmﬁmmm ayea mummﬂbrmvﬂmposmmsjmvwmm amino

ﬂ g% ggg ggid%%glpo%og d c%ng)gm%é %thwrtil Ieractmg porél' ions of mﬁli'oop (side
' or tip) remain similar; L1, L2, L3, L5 interact mainly with their tips and L6 with its side.

25 In EBP, the L5 loop is three residues shorter than in hGHbp and PRLR, where the L6 |

| - loop is three and four residues longer than in hGHbp and PRLR, respectively. The L2
loop also varies (6 to 10 residues) among the three receptors but in EBP does not

participate in peptide binding, and in hGHbp is partially disordered, although it does

contact the hormone. In one respect, this situation is similar to the complementarity-
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PCT/ US97/ 07218 In these three class-1 receptor stmctures, some lo?lps are disordered which are i D2 for
bref 21c. pdb Thu 25 12:27:
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ATOM 75 CHOHRresidues 53-58, 7378 for Wbgnanil -8, 7413 forhGbpdy ad PRI

(residues 31-33, 84-86). Otherwise, these three class-1 cytokine receptors do not differ
greatly in their over all tertiary structures; D1 and D2 have broadly similar general
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ATOM
ATOM
ATOM
ATOM
[err]

26.
1.00 11.
1. 00 14.
1.00 8.
1.00 5.
31.
47.
48.
46.
57.
56.
57.
56.
55.
54.
53.
53.
57.
58.
. 460

.

11

652
880
145
401
409
951
31C
613
428
281
101
871
454
003
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A
75”&”’@3& 19 42.026 45.499 21.294

76
77
78
79.
80
81
82
83
84
85
86
87
88
89

90
9

oF N
93
94
95
96
97
98
99
ol
01
02
03
04
05
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07
0%
09
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160
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ATOM

[e
99
38
48
93

rr
6
8
7

[

19 41.601 45.273 22.445

1
5
5

U1~ O
_~

N ALA 20 41.649 46.164 23.453
CA ALA 20 42.246 47.514 23.333
CB ALA 20 41.529 48.505 24.310
C ALA 20 43.770 47.526 23.562
O ALA 20 44. 438 46 484 23. 505
N ARG 21 44. 326 zg 23. 848
CA ARG 21 45. 765 84 24. 075
CB ARG 21 46. 562 48 353 .819 1.00 90.00
88 amARGement mzél three recggA' or%zls;ch 8t§‘g8m28 g%beégd' é\ 8en@5x§(pf th%two

CEd r@% is appr%mmately 9026%%%% 1 gg ug% %-r e 1%of éoxg%nggm@’ fliow ?hese

HiariR(far L1-1L8 lbops to be availabl&for 4lse recognition sabbinding®f igans. In 32:2

e et I o 2 ) PR AR o

%gree anygﬂwhlch elonggesﬁ%g rec%%to%%zd re%é‘xc%sﬁl biln g%etgtgnant&hat

PRl pRpppe
OCQOOOOO OO
[eleololololoNoNe)
OQODMNDNDNDNDNN
S O NN 0 U

O O 00 Ul
Qo uUlTh~hWw

HDOOOON00 OO O NO

-CA canlbé used for fieraction witivh@tbnesthe 11 loop ﬂow%comes)mrw ioshe D3-D2

22 314, .1 00 ,90. 00 .
G ingrtace, althogigh the other,&ve3gps 2-L6) are il slable 3 1iggad eraghion
N AR txsiu@ﬁct% ler et al.,
oo ThESlongated sterdomain sftadgeinert 1s £ obséeved i tisduc Kicidh (Wler o
CA BiteBemistry 33310864, 19941 Haglos etal,, Nature 8700662, 19900whigh bes advtant
1.713_ 53.452 25.287 1.00 90.00 6
CG %“s‘“l’mg‘?‘}"d"""%‘f’%‘% "‘“5%“3‘% 26.850 1.00 90.00 6
- 52.681 51.167 25.544 1.00 90.00 6

O PRO 23 52.560 50.067 26.123 1.00 90, 00 8
N AQnutational aglysis of the EBFs molesulerindicates thay ghe moghcnigiah aminoyacid

Cp "eEHfge for bifting EPO is Fhel Jg tf 13 1o IR gt ay Bpptg(l. i, Thons

CO 168%8ppl 2,28, 2995). The Pife93 Afa mutant sbwsfh ifié@aselinOlie I, 0@mpared to
Ch AU 4 710, 50, 8 959 4.2
CE1the Wikd-ype by a factor of approximaiglyo K00, ﬁh é sty {SecoFAls,

OE2 ' elR6vel BrcRlses
C Sg?g“" Vﬂ%ﬁ“” Mmgdsi.“%u 5 1523%91 27. 268 1,00 23.39 'gmh
O Iy of only 2.842.5 fold). SEhe3side chiin 85Phe” buianss 42 of nplecgir sus‘ace,

Y, e i o i oong g . 3 e e oo

T%IWAla m%é:on multéﬁx %gglcr%ge %%gxe %? Ofac%orggf %ng%m %,soo

CD csupared to tns wild-type a@xcmas tig equingleng impergance of shis yesidue in GGH
OEl, .GV . 25 .53, 461, 52. 31, . 7.2
- biing ad it Ky contribytion' 't hydfopliabic sire g the Sificiadl epitipe (Wells,
ATEMr. Opint Cell ﬁiol ﬁss 1994; cﬁcksoneta%saé&emmz 1995, Ba3b et al.
ATOM 120 56.056 47.779 29.181
ARroe Natl, Acad. SQl U%QS 4498, h&?l) 57.246 49.098 30.572

ATOM 122 CA LEU 26 59.147 48.034 31.001
err] ATOM 123 CB LEU 26 59.398 48.624

1.00 4.0%ne r&l%rdf]dxméiiﬂhon on $ihal Gansdixition 26 60. 719

31.

32.
31.
“47.
47.
45.
44.
44,
45.
44.
46.
43.
43.
43.

A~

488
#:4
317
188
727
880
996
334
268
428
130
323
037
964

NN

1.00 ATOM 125 CD1 LEU 61. 537
1¥othe EB&:EMPB complew structurg ve gyprisipgly observg ﬂm a peptigs, ugesiated

1~ 09 gn%oﬁggj Lﬁ{b&@y ﬁ%&ﬂt&%ﬂe %gral ggﬂnct i irtdice 2 biologically

2&tﬁ41duﬂerﬁﬁtloﬂ 3 EP( aeceptorAflial/ promat&O sighial tllaﬁtsﬂuctlon &d cell

gé"";é?m&- %8 Biispy °fﬂ5°°éﬁgtﬂ¢)" 1§%¢e§§r c!flgaexes wh9§estmcmres

31%‘%3%@](1%%&@90 far{ su mhen th%mmone %hich is

. 125 [err] ATOVI 134 CD2 LEU 27
32 906 1 oo 7.08 6 ATOM 135 C LEU 27
33.397 1.00 7.41 [err] ATOM 136 O LEU 27
32.742 1.00 7.62 [err] ATOM 137 N CYS 28
34.726 1.00 7.42 [err] ATOM 138 CA CYS 28

a ~ A L~ — r 0= A ==~n A A NN ~



ATOM 142 SG CYS 28 60.429 44.763 35.358 1.00 4.87
[err] ATOMWO9YTHER6 N  PHE 29 57.599 41.155 36.BRUSYINTA18
2.00 [err] ATOM 144 CA PHE 29 56.817 40.403 37.943
1.00 2.00  [err] ATOM 145 CB PHE 29 55.474 39. 899

37.322 1.00 4.36 [err] ATOM 146 CG PHE 29 55. 586

38.643 36.437 1.00 3.43 6 ATOM 147 CD1 PHE 29 55. 493
37.369 36.990° 1.00 2.00 6 ATOM 148 CD2 PHE 29 55. 790
38.747 35.058 1.00 2.00 6 WO 97/ 41526
PCT/ US97/ 07218 . : -24- -33-  bref2lc. pdb

Thu Apr 25 12:27:47 1996 3 ATOM 149 CE1 PHE 29
55. 605 36.243 36.206 1.00 2.00 6 ATOM 150 CE2 PHE 29
55.906 37.616 pidpcsed tolhaye 'a";stroaure of ATfonr-helit bundieBoiisel et alzgl Biol, Chem.
55.815 36. 365 0. 6 ATOM
'57.678 39. 260 28518983, 1993}, indgoggreceto ;mﬂmarsgt is ore gy to réggmble the hGH.-
58.702 38.897 p 4ss ;,, e. 27THE woﬁ;dA
'57.340 38.814 mb?’es oG 417 155 ot tha;T[ﬁe mogg"f productive
58.021 37.694 exipaceialar dumxza@om_s perm:ssmmr intrasellulagRlimanigation afghe cytoplasmic
26, 437 30895 dammowit 30 JAKF gnolefulgd 1 order B inittyiize Jhdcascadg of events that
o6 651 a0, go1 Phhieed the bidlogichllyelevint Mgl (Tle] Bal., Semigdsf in Imthnology 5:375,
55. 774 36.924 1993;Klingmuliey et gl.76ell 89:72901995). 1The prptidecERP strugt_l_xre would then
2 335 53328 réfResaponty o8 pogtle dimeficatisemediifar peamofddignal nsduction.
56.577 33.240 39 650 1.00 7.89 6 ATOM 164 CG Q.U 31
56.490 33.821 38. 2% 1. ooquesgg m&négwml éagoc&p &n% (Ar N
56. 651 32.750 gon e ATg mugation (Arg?’ in an
57.538 32.875
55. 916 330053 Aggz%gg’“"%‘ Jehals i shifhvrb e bidiBgically-soride dimers 4 the absence of
56.453 33.432 EPD (Véshinura@t ab, Baamx @:heiomsnmm 1992),Watdw1ch8ﬂa! Proc. Natl.
55.437 32.940 42.5 70
57.678 33.064 A&z%%e* Iis (5‘921 199% %@Rﬁmh 7al., 1@&‘ é%md 343535, 1994),
58.006 32.390 u@e%@ u,%t ,%h e%tgg % l@g 1 itself for
58.844 31.154 gﬁ"am AT@?I“Od %" ’"%g‘ ’"ﬁg%m
58.284 30.364 sigdal>Bansduction. 10t hes been ,slrm in mMer@stSpencSZGt al,, Science
58.376 28.894
57.070 285271 Z%@S@ 19%"‘88“’%3“@‘?“"“7" ’%‘7‘% "’(52 %ﬁéﬁ‘mﬁ‘z‘m be induced
56328 28.350 b end ScheiedlCorbisifing BF AFQflasmid Yol A Fodified il mermbrane
56.763 29.036 40.128 1. oo 17.12 178  NH2 ARG
55.145 27.734 rec_e_pmsthai not; contain the emtyacellular7gnd ¢ransmenibrane gomains. These
25 004 a4, oo0 TEEPEES arg iy seludd to fhel Cibline dpdebtof) suptifily bUE illustrate that
59.382 33.499 . H@n%nohﬁl@sahiﬂoleuﬂacﬁ}%nofﬂﬁi‘eceﬁéo hﬁmmaanmﬁxmmal
60.084 34.736 45 716 1. 6 ATOM 183 CB  LEU
59.536 399403 rojg ofghe mnulﬂr»ahsmd@m/ﬂommma to aliow) (in the Pfssme of ligand)
58.323 36. 310 0
57061 35.584 dﬁ’?"."@%@“ %’ oghg‘%'@%‘m'g %g}ﬂd““ %"M“ of e cytoplasmic
58.381 37.604 d4mai64 1.00 2.00 6 ATOM 187 C LEU 33
61.610 34.893 45506 1.00 8.52 6 ATOM 188 O LEU 33
62.269 35 702 46.168 1.00 10.67 8 ATOM 189 N
62.130 34.174
63. 539 34.210 Nﬁ’j %}gm ”%’“‘%”g’ "“%‘“ﬁ%“‘“]‘g%h %ﬂ'g i?}f‘xw%"“fm this cel
64.315 33.005 sigdalBrigProcesO(YdshirBora et @l AT Bibl. Chéﬁ226m6m11992 Quieile et al. Mol.
63.518 31.931 _45.5 _

62. 754- 365858 C&ﬁ %@g 12‘145%8 %%ﬁmb @I%Wh gmpg& ‘B§LP°“‘“‘3384 485, 1992)
61.810 30. 224 tﬂg%y p} Hidtin %r@&ptoﬁhﬂ@&muﬂgén W truncafion mutants of
63.082 30 645 P43 4047 F000 2

EPOR (Miura et al., Arch. Biochem. Biophys. 306:200, 1993) do not confirm this role for
the WSXWS motif. The EBP-EMP1 complex structure shows that the WSXWS motif



ATOM ' GLU_ 34 63.678 34.239 42.594 1.00 7.
197 O GLU WOMIS26 g, 413 33.459 42.016 1.00 10.91 [er‘?‘?”ﬂ%ﬁw
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055
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43.
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678
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566
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046
272
484
825
997
943
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58

559
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271
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bref2lc. pdb
227 N
CA PHE

PHE

39
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57.
55.
55.
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58.
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58.
60.
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62.
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003
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41.
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46.
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686
807
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0%
996
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.39 59.811 42, 540 30.7

35 62.978 35.150 41.933 1.00 6.40 7 ATOM 199
62.981 35.244 40.483 1.00 4.88 6 ATOM 200 CB

62.215 34.034 39.895 1.00 5.00 6 ATOM 201 CG ASP

34.189 39.957 1.00 6.69 6 ATOM 202 OD1° ASP 35
38.912 1.00 6.86 8 ATOM 203 0OD2 ASP 35

41.025 1.00 2.00 8 ATOM é 4 C  ASP 35

40.016 1.00 3.42 6 ATOM 5 O ASP 35

40. 731 1.00 4.41 8 ATOM = 206 N LEU 3

6
35 of the EROBoas $or ghe hGH-HiHhp comples (d6os Gial, Scienge 255:306, 1992) is
38.1%8“i é 88" °§‘.’%° f‘% Q‘Tr% md‘%% ﬁ%{“f E‘lf#”m’%mmm- In the

39.abfénce bf Anligahdad strubtufdsidr the 2ktracellblar idobhains &ESEPO& hGHR and
38. m7 3% xt%s g(g poéﬁlgg to dgemATm,pvhethg2 1§ny @nfoml' o on chg@e occurs on ligand

30 Ofing fos rould fvolve, B WSRO b, “gant g Yeihg 5 seing structral

34 fédhire i D) an@ it6 Obviofis proﬁiﬁM to the hfemlFéne spanning ddmmain, one cannot

3‘2‘ ngggmt %)oggblegntg@ctio% of t}gxpmon Sth somaoi &ﬁl@u sur§7e7 molecules that
VAL 37

3 S5 gvolyeqfomehatin thg signd Kbbcuctigrocess. U0

35 043 1.00 5.63 [err] ATOM 221 N CYS 38

18 .1..0Q  2.00 222 CA CYS 38
'@’3‘2‘“’& dgvign o small W'“'ﬁ%@ﬂ“‘“"zzs C CvsS 38

3 1 'ﬁﬁ‘lm'u&mpé)of the HVIPI Qimer Wenldnstratésthat Qgepﬁaé%onsid%&bly smaller than
30.715 1.00 8.41 [err] ATOM

33 thematural Igomone o act 1 an agoust and induse theapprepriate l".mioglcal response.
34. 7ezpep%id 2an Be aSsunied to form & s\{\xgst%ﬂxéil]y‘rﬁ%ner contact interface than the

natural hofihbneRviththe Feceptors H‘h&iﬁﬁndle %xgdmg site in EB?P X_éi_rgwsﬂmzng;t flat

susfares whichismainly hydsophobic in nature, svithout aey m‘ms or charged sesidues

" e gy il for s Spedtic gl JEimal oo Hgaii o o

28 rﬁaﬁnoﬂblﬂding Bit&.1 TheGlGHl@\/ktud TWalls eal.,FSdience 259 383, 1995; Wells,
"PHE

20 F198 Natl cheads Sy USA 931clpo6) shaws thaoriy smaligart of the observed

30 i) bling st the {2 g fncrigal eplgSpe (ppra, coffbutes most of the

28 birtding eéndggy agd s@onglg implind that 2 SminimizedPHSrmon&@ designed to interact

s 33w Gciob’y sy oo Frsemors,

2 6 hdfed si’te o mté'a(?don ofthé Smbl agoﬂﬁ%epﬁ& withi'the EBN:orresponds almost
26.872 1.00 6 ATOM 24 TRP

25 egadly to the stmllm funcgiongl@pitope Zerived_fipni gianine sq:enmng of hGH and

25 Hoitop. T, ) Qifer apiegich, we e 5 he il conclusion that »

27 il nuintep of Q:e? ﬁltera&lﬁ% conttibate to0i fulichional egﬁope on a receptor.
24.661 1.00 12 - 6_ATOM 246 NE1 TRP 0

24 Unglerstanding otsﬂmmmphﬁedrmra ow cogbined with further
ngggtl n%l 8%:1%8 tg)?’assxsg nf‘?ag}dtfymgzéxg m& erd&hl residids in the functional

epitope, and consequently provide a more practical target for drug design.

Data Collection, MIR and Refinement Statistics



ATOM 249 CH2 TRP 40 64.152 45.780 26.068 1.00 11.43 6

' ATOM 251 O
~ATOM 252 N

ATOM 250 W@ 97/41526 40 57.785 44.539 25.418 1. 00PCE/U$37/0738
TRP 40 59.530 43.761 24.824 1.00 4.51 8
G.U 41 56.625 44.914 24.914 1.00 7.38 7 ATOM
41 56.267 44.533 23.556 1.00 8.54 6 ATOM 254

253 CA @QU

B QU 41
lau 41

54.898 43.840 23.555 1.00 7.91 6 ATOM 255 CG
54.860 42.586 24.450 1.00 11.77 6 ATOM 256 CD GU

41 53.619 41.687 24.254 1.00 13.67 6 ATOM 257 CEl1 QLU 41

53.418 40. 748
52.843 41.891
56.335 45.715
56. 456 46.898
56. 403 45. 389
56.426 46. 399
57.729 47.207
58.974 46. 393
60.242 47.114
61.019 46.519
60. 470 485271

56. 167 45.737 Dhi

55.880 44.532
56.243 46.514
55.988 46.001
55.513 47.145
57.164 45.291
58.309 45.683
56.878 449282
57.928 43.514
57.326 42.507
58.828 44.442
58.407 45.534

60. 086 44.068 fattening

60. 962 - 44.926
61. 618 46.002
61.479 475244
61.996 44.207
62.599 43.221
62.112 44.671
63. 041 44.134
62.810 44.781
64.379 44.538
64.657 45.746 3
65. 140 439525 substitdted
66. 450 43.762
66.558 44.415 (B
67.231 45.457
65. 872 43.843
65. 950 44.302
64.825 45.230

25.055 1.00 15.11 8 ATOM =26958 OF2 GLU 41

23.301 1.00 11.90 8 ATOM 250 C GLU 41

22.558 1.00 9.08 6 ATOM 260 O GLU 41

The coystaliographic dat¥ is summaried in Table 1. \Nativ@ldoystallogPaphic data were

M"“ S%g'leng lwge % 262 o&'&ﬂiotti%(-ls generator,

o SAY o T, 5 crodio ol e 20 o

dedvaivs data Gets werelcollechednn a MARS un&felplaunounteﬂ on a Siemens

gl ggopetadip x3okY an DR, with SEal-{0-Hongs patedisimce of 150mm.

18:%% mégr%% 9. 59 a'ﬁﬁéoa‘\jd"s"‘g%p@m’%A Gﬁgmwafdetal-,

J.1Appr Cryst. 203831 19873 for thevmtive dataand DENZO/QCALEPACGK (Otwinowski

ef & SERC Dgghnig Laborsiofyy Ypmingtons 19435 ol deriviive data. Inita
nifgxpge??,lgo %mg%hsjlrgpliérnegt ﬁi_lﬁaﬁwlous s&?ﬂnnﬁ(}\ﬂlﬁtﬁ\) phas€s3were calculated

ta 3.bd% usingothe progsam 7package PHASES (Esney/smoncamﬂ:rystallographw

Apdxgin *’%"@%"[W%M&N%ﬂ@ LA;1950) ¥ & mean fgure

of et Sof 0.680(25%0-31 AP Alabbs weik/fefin€d in REASES &ﬁng the solvent
13. 047 1.00 9.57

d0 agnean ﬁgqre,g};@mt of égg (2%@3 gEE The gryhty of the map

w%g gggﬁ'albigg%i ﬁh %x}fst gf%%pxex%m@m uld l?gﬁtted using the

geaphits programO (Toneet ab, ATE\Crystallegr A47: 11053991). The register of the
11.68 1. 0 13 83 ..6, » AT ..:285 S 5, .
mf%olaﬁd edﬁoﬂr&wnpma%of e wﬁﬁﬂlﬁdei&dsemm

Q@ﬂﬁﬂnﬁﬂ%ﬁf ennug 4ﬁueconecﬂ
9. 4 SR 80 T4 4t 35 O 88 CB ALA Y

assgmed Yo binddo the free Cys™ rasidne. thempud()ntermgut:on m venﬁed from

%hgoim $ebfona Shriplex ferien EEFfod o lodlpled pespife (Tyr™ was

rp-RidolPhie), ]wﬂch difivhicléd to 32#2@61&10@?@ in dfﬁ%rence Fourier
AL 009 00 [err]. ATOM 293

ggge mélcanme location o@he :qglnp atomq.7 The structure

i€ it 1l %Eié%w%m“‘ii%mz@*ex ROR LB} et al, Aca

C%fsbtizlg%r A146@SBS, €2990; Brungéﬂ' OMPI.Olg ggers:GB 3. NA(L Systexﬁ&'or X-ray and
err

64.572 45.071 NMR;7¥ale limUOP $. GVGH"V#PF&I 1992)3nd wlt\mys FO-H‘B 3Fo-2Fc and

65. 216 4% 656
65. 904 060
65. 062 42. 183 evely
66. 882 42.949
66.948- 41.798
67.199 42.211
PCT/ US97/ 07218
bref 21c. pdb

30

S Reai, i Ciplchr, A4 130, 1030) Wisthit ckBion yepdy mags. Afer

Gﬂrﬁaemqm,[aet of simiateill annedlifg ormiit magesi(7- 10%)4&: reduce
oSGl LS50 et T srie S Yo e e o
rehﬂaﬂgrﬁ, idividuble inipefature factd)s Wéfeddadfiated and aﬁer 10 cycles of
refinement and Tadehpuildiag,1the Revalge wasgb2! for 8.0-2.8 A dm with F>10
(13,984 reflections). The average thermal parameters for receptor I, receptor II and the



ATOM

A ==~n A

N~

ATOM 305 Q 49 61.294 43.396 19.152 1.00
[err] ATOM ‘XW%IP" PRO 50 67.274 41.234 19.732 P%'%%”’ﬂ"&@
7 ATOM 307 CD PRO 50 61.104 39.790 19.536 1.00 2.00
ATOM 308 CA PRO 50 67.519 41.540 21.135 1.00 2.99 6
ATOM 309 CB PRO 50 67.545 40.158 21.762 1.00 3.97 6
ATOM 310 GG PRO 50 67.935 39.264 20.632 1.00 2.00 6
ATOM 311 C PRO 50 68.831 42.307 21.315 1.00 4.87 6
ATOM 312 O PRO 50 68.962 43. l%é 22.217 1.00 7.36 8
ATOM 313 N @Y 51 69. 787 42.1 = 20.403 1.00 5.60 7
ATOM 314 CA GLY 51 71. 059 792 20.477 1.00 2.83 6
ATOM 315 C Q.Y 263 3 1.00 3.3 .6 .
ATOM 316 O wﬂdeswe 10.5A%, 1273% 104#9 mpe%yeés 0‘&5' ope '!9“£Y°’n° residue
[err]. ATOM 317 164 2 a9
7 ATOM 318 cAl ta GEPﬁ located in 36%@ ?1%8'%'1‘{" '%8’?1 é‘gﬂfﬁ’j’"@oﬁ#’p@ the
ATOM 319 CB Anhknachﬁﬁlran plot. N6Ssdi¢ent méledilés wbﬁe &iﬁhded iiCthe In6del d\ﬁ to the
ATOM 320 CG ASN 768 47.534 17.666 1.00 7.97
ATOM 321 OD1 A aqdﬂats&emmn(z S%OXS&S‘MF; determinatign. 1 00 12. 55 8
ATOM 322 ND2 ASN | 68.442 48.753 18.079 1.00 10.05 7
ATOM 323 C  ASN 52 69.505 47.144 20.797 1.00 3.59 6
ATOM 324 & ABindingTontacts  69.524 48.359 20.638 1.00 2.00 8
ATOM 325 N TYR. 53 69..286. 46. 57 0
ATOM 326 CA TﬁR“"’G “m%‘é"ﬁg g'abéé %WE% ‘g“%%"m%“m““
ATOM 327 CB TB’BdmgsﬁéoftheEBP-EﬁZPf@Zmpﬂi 12 1075 Bffinesictbariye B the Smplex,
ATOM 328 CG TYR 615 " A7 547 22.768 1.00 4.84
[err] ATOM 329 péiiﬁﬂeimﬂid peptide-2 have equid@lentinterd@ions Avitipthe 180 EBP tibleaies2 The
6 ATOM 230 CEL TYR . 65 08D 46.4
ATOM 331 CD2 TW"%"? interacti 8’%‘33%“ g@gﬂ{é&%p%&? st gel}'sl"{?‘ Biol.
ATOW 330 622 iR, 5994) based upiPbathUistbe13 A Bltctfind podfecrRansidiration.
ATOM 333 TYR 64.598 47,720 20 00 8.11
ATOM 334 OH TYR 63.590 47.767 19.987 1.00 12.54
ATOM 335
ATOM 336 “mb%}f “"b"d’m""?‘g"gé@ p'%%“g gé "“‘g%‘ ’S‘S’% b“'%" 88‘“‘@"@@““’%"‘“"’
ATOM 337 N Skl beﬁﬁetstood that Vdtiolls inodificatidfis uﬁg&%dehnﬂibutﬂeg&nng from the
ATOM 338 CA SER 70.917 46.921 26.501 1.00 6
ATOM 339 CB ssmnt m%spope of the inyentiong Acgordingly, ibis tp he understoodsthap the igvention
ATOM 340
Corr] AT asy it e limited by *‘iﬁsﬁ%ﬁgﬁ#&%ﬂ%ﬂ%?@@%%&? the
6 ATOM 34328 O a@ﬁﬁdedclsims 69.495 48.089 27.982 1.00 5.58
ATOM 343 N PHE 55 69.931 45.926 28.443 1.00 3.52 7
ATOM 344 CA PHE 55 69.095 45.878 29.641 1.00 3.38 6
ATOM 345 CB PHE 55 68.141 44.676 29.574 1.00 6.11 6
ATOM 346 CG PHE 55 67.052 44.700 30.596 1.00 6.96 6
ATOM 347 CDL PHE 55 65.141 44.865 30.214 1.00 10.11 6
ATOM 348 CD2 PHE 55 67.330 44.547 31.929 1.00 8.13 6
ATOM 349 CE1 PHE 55 64.713 44.879 31.154 1.00 12.64
[err] ATOM 350 CE2 PHE 55 66.317 44.561 32.874 1.00 3.02
6 ATOM 351 CZ PHE 55 65.007 44.728 32.490 1.00 8.93 6
ATOM 352 C PHE 55 69.942 45.779 30.891 1.00 2.90 6
ATOM 353 O PHE 55 70.476 44.710 31.200 1.00 2.00
lerr] ATOM 354 N SER 56 70.083 46.892 31.595 1.00 2.00
7 ATOM 355 CA SER 56 70.854 46.862 32.818 1.00 5.40 6
ATOM 356 CB SER 56 72.159 47.651 22.681 1.00 6.39 6
ATOM 357 OG SER 56 71.950 48.939 32.162 1.00 9.05
[err] ATOM 358 C SER 56 70.089 47.214 34.108 1.00 8.43
6 ATOM 359 O SER 56 69.080 41.943 34.098 1.00 7.21
lerr] ATOM 360 N TYR 57 10.548 46.635 35.213 1.00 7.52
7 ATOM 361 CA TYR 57 69.915 46.856 36.495 1.00 8.61 6
ATOM 362 CB TYR 57 69.091 45.621 36.883 1.00 3.65 6
ATOM. 363 CG TYR 57 69.863 44.334 37.004 1.00 4.17 6
ATOM 364 CDL TYR 57 70.254 43.835 38.254 1.00 2.00 6
ATOM 365 CEL TYR 57 70.865 42.587 38.384 1.00 2.00 6
‘ATOM 366 CD2 TYR 57 70.115 43.560 35.894 1.00 4.11 6
ATOM 367 CE2 TYR 51 70.729 42.316 36.020 1.00 2.48 6
‘ATOM 368 CZ TYR 57 71.096 41.834 37.260 1.00 2.00 6

369 OF 57 71.673 40.591 37.334 1.00 2.00
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ATOM 372 “Jég’? %%A 58 70.353 47.781 38.705 1.00 11.03
[err] ATOM 4 GLN 58 . 74181 48.143 39. sBSTUSHG21% 11
[err] ATOM 374 CB GLN 58 72.613 49.592 39.754 1.00 10.64
[err] ATOM 375 CG GLN 58 72.167 50.091 41.062 1.00 13.28
[err] ATOM _. 376 CD ?%8 72.827 51.436 40.954 1.00 13.51
[err] ATOM3::-€% (F) &‘N"P’ gl5:08:07 1986 155 32 472 40.844 1.00 15.62
[err] ATOM ~ 3%8; &N 58 74.147 51.435 41.026 1.00 14.36
[err] ATOMvow 379 € 1euGld8 cB 58 4 PRE 308 7661430 147.88§.¢s41.123 1.00 8.05
[err] ATOMvow 380 DIEUGL3S CB 58 4 PEE 308 6€01489 148.588.1141.468 1.00 7.60
[err] ATOMVDW 381 NPHE|ER3 CEg 4 TRP 313 7682777 146.798.7441. 769 1.00 8. 41
[err] ATOMYD¥ 382 LE}] G759 3 he 335 7652183 6. 438-9843.036 1.00 8.43
[err] VO 974 4le?Ps9 e daLy 309 0 2 3.59
PCT/ US97/ 0 1 PRO 149 4 GLY 3 3.49 - 36-
bref 21c. pdbvow 1 PRO 149Thu Apré BLY :11&9 2027 47 11996 3.66 6
ATOM 38@W CB LEUET 150 5% 4 PRPOIXBAO 44.993 4333B3 1.00 4.10 6
ATOM 3 G L igg 5 P 9§ 1€ 44. 344 4434&?6 1.00 2.46 6
ATOM 3g8y CDL LEWps 130 5 4 GreBag#3p 44.461 4437 1.00 3.98 6
ATOM 38n CD? LEGEs 190 56n 4 1eg0adi6e 42. 940 4437 1.00 6.03 6
ATOM 38w C LEWET 150 566 4 PEEO3GR6¢Dp247.335 433986 1.00 9.36 6
ATOM 39BW O LEUET 150 506 4 PEED3USCB 47 210 443085 1.00 9.93
[err] ATOVIVPR 389 1NET 39 C gs EE 308 f?@ 2211 48. 2@319 44 667 1.00
11.94 7 % %g: % 3 b g 2 70.3844 45.603 1.00
13.217 6 T 4 THRO%I2 < 69.3852 9§ 97 46.643 1.00
14.05 6 AnaM 39&r (X5 4 m6913 N 70. 1448 O1s769 47.531 1.00
15.91 6 ATBM 39T T 4 PEEGE0S A 69.1443 81s351 48.510 1.00
16.93 6 T U 4 PEEGRPE B 691263 3003755  49.607 1.00
16.52 8 . U 2 trebRi3 cps 68852 §28%10 48 181 1.00
15.71 8 T t50 E£U 4 pmrblos czs 72 159 328 859 46.315 1.00
14.73 6 AxSM BQET (50 GU 4 TRP6S13 cp2z 74 200 3483 971 47.189 1.00
14.00 8 AP®M 39ET MO AEP 4 TRPGI3 NE1 73 193 349 638 45.973 1.00
16.22 7, 240 BBp | Thee3d C22 741569 49501 46.452 1.00
17.32 6 §SP bty O 741624 51 47.930 1.00
22.61 6 &5P 4 ProPii0 o 74.287 30345 . 48.814 - 1.00
26.60 6 ARV 10%R (K ASP 4 PROGA10 O  74.0262 308444 50 054 1.00
30.15 8 AraV J0WR TSP OGP 4 LEUG311 CD2 74 036 3543 470 48.271 1.00
27.62 8 A - 4(PER #51 - 4 LEUG311 CA 75 390 34% 539 45.610 1.00
16.14 6 30 = o1 4 180 %}2 ° 761582 298%42 45423 1.00
16.58 8 s KB @y 2 rzopas O 74 758 3435 476 45.130 1.00
14.78 7 Adiosvow 408%s €93 G1) 4 THRG31Z oc1 75.1402 36ab24 44.223 1.00
13.68 6 AWAV 308FS TS CEL 4 THRG312 CB  74.M18 454859 43.931 1.00
15.90 6 3 : j"“ﬁ 12 €A 745092 3426612 42.585 1.00
20.15 6 } - “,3 01 73.574 44:38  41.452 1.00
18.81 6 AigwM 41¢due obd &U 4 pHED cE2 73.824 464202 41.202 1.00
19.09 8 Am®M amm em 4 pmaazoa cz 73.D47 445978 40.788 1.00
17.28 8 ATOM GLU 75.709 47.363 42.941 1.00
10.99 6 % 2% g %8 2 T304 OB 75 beo 844102 42.704 1.00
11.23 8 o1 2 1,,‘% op  76.744 %84 42.173 1.00
4.01 7 ATdd 2 maB304 op 77.785 45 023 42.435 1.00
9.66 6 ATaM 4275:1(:5&1 PR@ 4 P8317 CB 77.069 4% §40 40.959 1.00
8.47 6 ATOM ARSSERCE91 PR® 4 THB304 C2 78.517 4B.822 40.691 1.00
5.33 6 A 4805 1pRe 4 301 CE278.5b4  43-B95 41,103 1.00
7.09 6 AT 4205232 ng 4 %3“ ,76. 16 42:897 39.779 1.00
L S. 592 4 304
6.19 6 AT 431eefO0592 P 4 TERS 304 cz 75. 473 %@6266 39.775 1.00
4.91 8 ATaw 422sERNso2 TRR 4 7Y 304 on 76.119 48.890 38.788 1.00
3.37 -7 ATOM A23SERCA92 TRE 4 T@4304 OH 75 208 48.092 37.613 1.00
2.00 6 AT% %45-’- o TRP 1 THm 30 CE275.441 49-989 36.645 1.00
2.40 6 AT{ 5eed G0z T s PR 3y o2 74.591 D3390 36.923 1.00
2. 00 6 VDW 2 PEE 593 CB 4 CYS 315 © 1 3.74

VDW 2 PHE 583 CD1 4 CYS 315 CB 1 3.55

vDW 2 PHE 5983 Cm 4 TYR 304 CD2 l 3.72
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3.62

ATOM 426 64 73.181 50.651 36.678 1.
ATOM 427 CE2 TRP 64 72.845 _% 972 37.050 1.0 Opcé("g%’m‘%
ATOM 428 CE3 TRP 64 72.174 “%%7811 36.186 1.00 2. 6
ATOM 429 CD1 TRP 64 75.027 51.682 37.410 1.00 2.00 6
ATOM 430 g3 NEdbnTRP m,aﬁp, 25 15:68:099099é52. 573 237.487 1.00 2.00 7
ATOM 431 CZ2 TRP 71 537 52,476 236,950 1.00 2.00 6
ATOM 432VDEZ3 TRR® PEE 59@4 Cbl 4 TERZP8 2. 3141 36.0870 1.00 2.49 6
ATOM 433\;» TRF sﬁg 4 gﬁ i 6361 36.43471 1.00 2.00 6
ATOM 434 S0X TORRE Tar % cor” 4 .815? 36. 99% 1.00 2.00 6
ATOM 435 “eEPTIOR? f 7 46 528 36 1.00 2.00 8
ATOM 436vphl LYS sER 7$RJ047 4B 036 136.52¢.g41.00 2.00 7
ATOM 437 VDA LYS SER 91 @ 4 PRO 84790% 44.793 35,403 1.00 2.00
6 ATOV 439: CB L¥YSER 3;‘ Sid :gkgmgos@ 43.597 363%718 1.00 2.61
6. ATOM 4 cG 6 06 3 3 1.00 3.35
6 ATOM 4% D Ly&s o % H{%égg %42 o§2 383431 1.00 4.33
6 ATOM A4pw CB LYSer 92 668 4 TYRGo 04:2 41.795 394438 1.00 10.13
6 ATOM ANDW NZ LIVSER 9265B 4 TYR AD44XE2 43 G31 49,03 1.00 1509
7 ATOM ANR C | NEEE 93 CBys 4 CYS S 4157 017 34, 725;.4]34 584 1.00
2,00 6 ATOM 444 S . 1251 45, 5341 34.416 1.00
2.81 8 ATOVou 44&?& L§EL§§1 ?ﬁ s DFa20% 43 33.780 1.00
2.51 7 ATONvpbw 446G pgé d3EWEE1 4 ﬁs 415 cp/3.421 43. 32.558 1.00
3.38 6 ATOVDW 4471 PEB 93EWLE1 4 BFR 404 CE274.342 43ahf6 31.340 1.00
2.07 [err] VB¥Ov 1 ¥AB S3GCGQIEU4 PRO 433 CG 7%.135 344.851 31.138
1.00 2.42 % ATOM 7 yaa4d7 ngggg 417640 1 76. 3834 44,485 30. 416
1.00 5.47 ATgvb-Epe 66C 174.324-145.880 30. 383
1.00 2.99. sdokdvOW 2 LedsB3s @ LEUpEe 408661 172. 653 1442. 234 32.492
1.00 3.16 VpWrr] ATDOMEU 533458 O4 phiEW0s cpl 663 3.9773.125 41.196
32.943 1.00V0¥ 56 [BAEY HBOME 44885 M8 OZYS 1 67 4.00  71.479
42.283 31.88RY 1. oo 2 33 [ 409 34 CA CYS#.05 67
70.686 41.0%gy 31.7 130,, » c 3 67
70.569 40. 3%®w 30. 19:1:.3:1 m ®. 344 p r4b 1 456 347 CYS 67
70.506 41.980W 29. 512 PEE 33 1112 4 r{uerm}a A:"ﬁ@lvl 1 457 3@ CYS 67
69.331 41.278¥ 32.  36BFPER FR3 Tigg 4 1 458 393 CYS 67
68.297 39.7 32.3%1,%. 98 § Gz 45% N 3G - 68
70.672 39.7 29. 6 38 3 ol 460 3 ARG 68
70.567 39.5%8w 28. 1875rd. €6 Ik 77 4 ¢ grqlb 1\/\o 973 %5526
PCT/ US97/ o72_v_aw 2 PRO 649 C 4 PRO 410 o 3,72 -37-
bref2lc. pdb ¥® 2 MET €80y GRor 25 PRQ 420 47 19961 3.59 7
ATOM 461 % ARG2 MEReSD & G 609389 359 27.6273.60.00 15.15 6
ATOM 462 ARG 3 12 , 16 6.0533-74.00 20.38 6
ATOM 463 vB® ARG2 m:ﬁ&so cs &093 5.3593:8 00 21.17
[err] ATOM VDUG4 NR MPRGS50 @3 4 HE 408. &R0 351943 31653 1.00 25.20
[err] ATOM “’,g 65 5° 3 4 TRP 41$1N437 34. 837 327@ 288 1.00 27.66
[err] ATOM yp@66 % 2 e 8 2 341732 5705 1.00 28.62
[err] ATOM vpW67 2 TER 4 333818 $498 1.00 21.68
‘[err] ATOM vpwWG68 Ca MéRGso $8 4 pEE 46 394327 2721 1.00 9.76
[err] ATOM HE9 02 MPRE50 @8 4 TRP 435. 4-49 3e1504 P@a317 1.00 9. 75
[err] ATOM DA70 -NZ o 4 TRP 438 M2 401027 266684 1.00 8.16
ferr] ATOM pg71 C4& o i+ 301983 266131 1.00 5.24
‘[err] ATOM wp#72 CB 50 @9 4 TR 49% 417247 3328 1.00 4.64
‘[err] ATOM W73 CQG MeFW50 B9 4 TR 403. 429587 #34980 1.00 5.82
[err] ATOM VD@74 CBIMEESS0 B39 4 TRe 463 262 431727 3130026 1.00 9.49
1 6 ATOM —47EPW cpp LI%UMET 6@% c 4 BEU 408 042 7731 27.14%84 1.00 9.06 6
CATOM 476 by LEUZ H%% 5 G7ie231039 794 25 2213 3100 6.45 6
CATOM 477 véw LEUS 12p%a. & 655 138 217 24. 6553-58. 00 6. 60
[err] ATOM VDM78 N> 78 Sa1 R0 4 g 4é% 7 381430 291133 1.00 6.17
7 ATOM  47§EORIKOWHZSTER €80 CB 4 8D 448 037 3741 24. D63 1.00 4.34
"lerr] vow 2 'ggﬂ 651 CB 4 PRO 410 3. 98
R 651 C» 4 LEU 211 CA 1 4.02
VDW 2 TER 651 OGl 4 PRO 410 ¢ 1



[err] ATOWDW 494 3|GER 23\ OG1 714

7 ATOM ‘MS c 3

ATOM
[err]

4

AT w

497 3

153

1,

o 724

7 ATOM vi8 CA 3/AYR 304 /2 4
490W CB ABAYR 3‘7‘2 0

4

4

AR
4

AT W5023§§§> 073

7 ATOM @88 CD SRR 30678 4
5QWH CA PREYS 38 O

ATOM
ATOM
ATOM
[err]

ATOM
[err]

6 ATOM

ATOM

AT
SOwvpw C

o\% 505 % CB 73‘1
3067

PRQHB 308

CEl 4

[err] ATOWpw 508 3(rHE PB¥D CE1734
ATOWDW 509 3NRP ILTR CG 744

[err]

[err] AT ngn'rg% 3% %EE
[err] AT w ol1

6 ATOM 313 7
[err] ATOWDw 513 3032 3IHR
[err] ATC]\}PD: 514 33515’ R
[err] AT 515

[err] AT%E" 516 3@5 %Eg
[err] ATOMmpw 517

[err] ATOWDW 518 3CRN AL#A
[err] ATOM 519 C ALA
[err] ATOM 520 O ALA
[err] ATOM 521 N ARG
[err] ATOM 522 CA ARG
[err] ATOM 523 CB ARG
[err] ATOM 524 CG ARG
[err] ATOM 525 CD ARG
[err] ATOM 526 NE ARG
[err] ATOM 527 CZ ARG
[err] ATOM 528 NH1 ARG
[err] ATOM 529 NH2 ARG
[err] ATOM 530 C ARG
[err] ATOM 531 O ARG
[err] ATOM 532 N QY
[err] ATOM 533 CA Q@QAY
[err] ATOM 534 C QY
[err] ATOM 535 O QY
[err] ATOM 536 N ALA
[err] ATOM 537 CA ALA
[err] ATOM 538 CB ALA
[err] WO 97/ 41526

PCT/ US97/ 07218

cn1744
1744

22744
CH2744
SG 4
se /44
s¢ /24
cp /54
OE175 4
75
75
76
76
76
76
76
76
76
76
76
76
76
77
77
77
77
78
78
78

ATOM 480w@.”4§#€ 70 64.792 36.308 25.103 1.00 6
ATOM 481 70 65.759 35.494 25.871 1. ol’f—'f’HS%YIPmsa
ATOM 482 CD2 HS 70 66. 7730-34. 706 25.460 1.00 7.46
[err] ATOM 483 NDL HIS 70 65. 759 35.444 27.243 1.00 8.
7 ATOM 484 CE1 H'S_ 70 gg 4.653 27.650 1.00 9.22
[err] ATONPL-e9f35 NE2Thy dpx 25;§35:08: 8725 372 34.193 26.586 1.00 6.
7 ATOM C S 652 78 4 1206421408 38. 097 23,546 1.00 6.62
[err] ATONpw 487 2 GEm G425 ca 704 1=u 411 68.129 139.243.593.863 1.00 7.
[err] ATOwpw 488 2I$ER €8N CB 714 LEU 411 6@. 871 137.453.1@22.520 1.00 10.
[err] ATOWDW 489 2GR €32\ E 714 12U %1 69, 828 138. 038-0%1. 676 1.00 12.
6 ATOM 7 TaBEZ14 .do1 28-232 1.00 12.64
[err] ATO\@%ZR"‘%&B Zgg 1715 T 41346§]523 %9. 62%:%‘,19. 675 1.00 12.
6 ATOM 492 @r:ﬁﬁbm’nﬁiz 63.193 40.157 18423 1.00 11.93
ATOM  49ShoRDE% CAN'HR 303 OG1 4 H33. 26 CEl1. 364 18. 2884 1.00 14.18

HIS 407 6@ 741 139. 2548.611.638 1.00 13.
CYSG 05862 36.

CYs

B o

M5

oy

14

1.00 13.15
1.510 1.00 16.60

2§2§§’8 1.00 14.54

cys 8® 540 36.1163 Ala222 1.00 17.29
SERO40DECA35. 46 22.%5B 1.00 18. 25

4 TYR

404

i 33278361 220?5
% ﬁg?wo %6 cﬁ&

14

1.00 17.09 6

1.00 17.99

TYR580466p1 34. M4 18.883 1.00 15.56
14 DR 648 CB6. 6811 18. 8335

CYS

ihithol 5

ggo

1.00 14.26
539 135 7 8117 608 1.00 14.
1
19

?6 1.00 14.52

- 38-

it 3/ 1.00 13.69
TYR 404 BEL 205 135. 6780820.522 1.00 16.
me 413 S50s137.038810.628 1.00 12
1304 137, 7699420.338 1.00 11.
T 35%hg7 ko, 27§'3g /518 1.00 - 8.
5433005, 39. 985 212832 1. 00 12. 22
CYs 4155356790 B9.484.821.423 1.00 13.
CXS 115536216 B7.28%9-830.382 1.00 13,
582234 - 87, 6373-598.198 1.00 16.
e 235%%37 §6.5423 % 9.885 1.00 12.
G 41850E431 B6.0763.289.045 1.00 10.
SER 405488995 B5.578.889.905 1.00 10.
49.612 37.152 18.102 1.00 8.
49.256 36.837 16.987 1.00 12.
49.583 38.410 18.545 1.00 9.
49.107 39.552 17.744 1.00 10.
48.870 40.786 18.606 1.00 10.
47.709 40.722 19.529 1.00 16.
47.936 41.676 20.734 1.00 21.
47.298 41.163 21.957 1.00 23.
47.700 40.066 22.605 1.00 25.
48.745 39.355 22.180 1.00 25.
47.065 39.679 23.712 1.00 28.
50.026 40.042 16.641 1.00 12.
49.680 41.002 15.961 1.00 15.
51.223 39.489 16.508 1.00 12.
52.121 39.982 15.473 1.00 11.
53.079 41.083 15.909 1.00 10.
53.633 41.814 15.102. 1.00 10.
53.243 41.226 17.209 1.00 12.
54,158 42.210 17.759 1.00 11.
53.465 43.041 18.835 1.00 10.

83
78
62
06
44

33
6

04
6

6
6

9.535 1.00 15.70

6

62
6

10
65
59
94

10
56

99

64
05
80
70
33
12
37
98
08
72
03
34
68
25
35
69
11
39
38
58
04
50
28
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bref21c. pdb ‘41526 Thu Apr 25 12:27:47 1996 PCT/US9%/07218 OM
539 C ALA WO 55.263 41.329 18,357 1.00 11.11 6 ATOM
540 O ALA 78 55.080 40.106 182495 1.00 10.01 8 ATOM
541 N VAL 79 56.418 41.923 18. 640 1.00 9.69 7 ATOM
542 CA VAL .79 o 57 5 gp,%%x}%, 1.00, 7.82 6 ATOM
543 CB VALbref2ig.pdd 91" 18! 354 n%ﬂé)%mgx 05 6 ATOM
544 CGL VAL remars/ Gt CoMPLEX BEGEER "‘Egj% 29 6 ATOM
545 OG2 VAL ,.ﬁ?::;u;gg’sa“%%mﬁ%n dedida) 3:656:80 6 ATOM
546 C VAL Quve WEAR Ok 6 ELE@@GN BERSID é?g;r’n%% "Gggm% qgg‘% 75 6 ATOM
547 O VAL REMARK/QINTO THE STRUSTPRig 3 THESH BE 4.75 3 ATOM
548 N ARG aamrsOrie stroctoiScoRisrs otcms&cmz grvnsl 030 HMOTAN 7 ATOM 549
CA ARG  gommx b P =°§§6“‘g¥6‘ LA 210490 1.08 £ 6 ATOM 550 CB
wow ok dREmGhEldm = oo
ARG = 80  arm 5734 8 5222368 0 D 32B;ATOM 552 (D
ARG 80 M* 567 6%1 1¥88. ? 29.168029. 202 001.58. 80 2487 ATOM 553 NE
ARG 80 HZ5 73 cooie0aiv2s, T LRARM S5 2oAR
80 54, 37188 1i25. 333 i. ¢64§T 0 22.855¢ NHL ARG 80
54.829  36. 63kon 25. Rl ER L 0.309 %2% LEP A 80
53.142 38. 018%™ 25 3968, P00 13 2. 0Ge 6 2200 s6ARG 80
59.846 40. A&kou 23.120¢s EQ0 115, 1025345 SFEYY 22.7 8 0003 “ARE 80

60. 466 39. 434 23 B14S BEQQ 113 8735 0e8 BTed 23.6 s.PHE 81

60. 346  41.51%kom 23. 85kpz 100 114, 3233.147 ASF @Y 22 4@60 oooq S1IPHE 81

61.688 41.48%M 24.¥§8§-‘ TEOQ 115, 563 ::5 Bredh 22356 “TPHE 81

62.385 42. 815 24. HO%: #5200 114, 0732.566 ASLEOWI 22. az:sazoo 8a® PHE 81
62.744 43.108M22 D1 “‘00 15 0735 B AT sadbe i de.BHE: 81

61.861 43. 783w 22. 89 0 126. 983:56 A.OM £ gzg&loo &D%DPEE 81
63.947 42.67GM22 ZOGA $0Q 127 17 Am G- 0 oPHE 81
62.164 44.030Fen20. 75%s iwoo 127. 5840.188 ATOM 21 1256600 €= PHE 81
64.275 42, 908421, GBED f‘” ;%0)' 8932- -"’Agga&t‘ S8y E¥ABHE: 81

63.374 43. 5983 20. 2515z £00 %O 83839 3¢.952 &aAm\A 00 215&8 C PHE 81
61.546 41, 208m25. 865 ELDQ 127, 2340 ;g zﬁ‘% 2 gggl °§;a 2 81
60.725 41.8481%26 &has £4D0 1%8. 6840. : 17.67 82

62. 301 40. 24Gron26. 459 Ezgo 137. 8241 ggé A% g gg i TFEP 82
62.263 39. 91327 8H1¢ 0 1B.8345 28 AR 20.45 wTRP 82
61.253 38. 784rom28. 99r 5200 1D, 85 41.670ABONw2 21 %731 CISTRE 82

61.585 31.412T7 @970 £Eho 1> 0943 :N’ﬁ\ﬁ‘ss 2374"oﬁ:|b§oirRP 82
62.234 36.37 MZB'%B% nzgo _i_%. 52 40.1% Aﬁ‘dﬁ(l 13 67 %z TRP 82
62.328 35. 24 ToMy7 3978 ED0 1B. 27 3e.ehs 82
62.744 36. 2T AraM29. 22c0 500 16. 01 38:56 /0P -0 'RP 82
61.304 36.8 i .%3“ £*Ho 14 643318 Agicm 528 D&Ei JRA 82
61.750 35.5  438% 1300 10, 57 39.586 ATOWE 20.8589 1.0079. OTRP; 82
62.919 34.0481207 9872 1L¥HO };7.05 39782 MBI i) B0 ¥ZIRE 82

63.333  35.07hra30. 487ca b0 15. 75 38.30s AR 22.1801.00GI TR 82
63.415 33.98GT029. 2A72¢E 1Ak o 17.82 34 ;ATQ\); YO LIRE 82

63.656 395677998 2315 150 1B. 05 39,6 Adlds 22.5583. 00038 TRP 82
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ATOM 3180 O ILE 674 40.511 37.502 65.909 1.00 15.56 3
ATOM 3181 N LEU 675 39.722 38.012. 63.884 1.00 18.65 7
ATOM 3182 CA LEU 675 41.000 37.737 63.251 1.00 16.13 6
ATOM 3183 CB LEU 675 40.846 37.553 61.744 1.00 16.02 6
ATOM 3184 CG LEU 675 40.335 36.155 61.359 1.00 17.94 6
ATOM 3185 CD1 LEU 675 38.786 36.050 61.326 1.00 13.53 6
ATOM 3186 CD2 LEU 675 40.967 35.743 60.014 1.00 18.65 6
ATOM 3187 C LEU 675 41.944 38.895 63.585 1.00 16.58 6
ATOM 3188 O LEU 675 41.500 40.013 63.920 1.00 16.45 3
ATOM 3189 N GU 676 43.240 38.587 63.521 1.00 14.67 7
ATOM 3190 CA GU 676 44.316 39.514 63.829 1.00 12.70 6
WD 97/ 41526
PCT/ US97/ 07218 o -T2-
bref 21c. pdb Thu Apr 25 12:27:47 1996 42 ATOM
3191 CB GU 676 45.667 38.907 63.526 1.00 12.08 6 ATOM 3192
CG GU 676 45.627 37.882 62.478 1.00 11.18 6 ATOM 3193 CD
GLU 676 45.494 36.518 63.080 1.00 13.77 6 ATOM 3194 OCE1 QU
676 46.538 36.007 63.546 1.00 16.32 8 ATOM 3195 OF2 GLU 676

44.367 35.967 63.108 1.00 13.00 8



ATOM

3197 O @QU

N
ay
ay
ay
ARG
678
40.
39.
40.
41.
41.
42.
42.
41.
41.
40.
40.
40.
41.
42.
38.
38.
37.
36.
36.
36.
35.
34,
35.
35.
35.
34,
33,
33,
32.
31.
31.
31.
29.
29.
30.
27.
28,
28.
28.
27.
27.
28,
28.
28.
26.
25.
26.
25,
25,
26.
23,
22.
23,
22,
21,
22.

G

NN NN

3196 C 676 44.268 40.836 63.146 1.00 12
WQ%H‘”‘ 43.569 41,007 627359 1.00 12.89 FamsS iy
Y 677 030 41,772 63.699 4700 11.52 7 ATC]\/I 3199 CA
677 45. 21 43.103 63.145 1.00, 11.07 [err] ATOM 3200 C
677 43.196 43.794 62.961 1.00 11.p6 [err] AFe 3201 O
677 43. 770 44.949 62{523 1.000 14.B2 [err] A 3202 N
678 42.100 43.134 63/329 1.00112.08 7 ATSt 3§ 3203 CA ARG
41.387 43.743 63.174 1.00 14.43 6| ATOM 32045 CB ARG 678
42.666 62927 1.00 13.34 §Tow 3p05 OG ARGg 678
42.932 61)695 1.BF LB=0 TOM 3p06 CD ARGH 678
42.681 60|5¢4 1.8 13370 ~ ¢ ATOd $3p07 NE ARGE 678
41.368 60633 1.5 22=6] < 1 ATOM =3R08 CZ ARG. 678
40.845 597%/ 1.3M gzx_z s § ATOV 309 NHL ARGS 678‘
3,655 00j03/ 1ge 2ac & 1 81O 7311 C - AR oreb
: : go gg 2§92¢ = aroq o 5 o783
44.532 644 148 <43 = ¢ ATOf ~3p12 O § 678y
44.034 651529 1,00 35 01 & [err] ATO 3213 :THR 7679
45.743 64)249 1138 13314 £ | ATO| w3pl4 CA THRS 6798
e BlE IR ESI AN 2 ERE O
. . . .19 D # v
48.405 64}448 1.00 17.57 [err] ATOM 3217 $Z‘THR 2679
47.148 66{229 1.40 13.59 6 ATOM 3p18 C RE 6798
13 1 iR B3 LM % B Feso
. . . . . b Q
46.384 64)604 1.00 18.09 & 1 &MOM 3p21 CA dUw 6809
46.812  64]332 1.400 38.04 3 ¢ ATOM 3p22 CB @U2 6804
47.765 63[128 +1.90 .69 § oM -3p23 G @Ug ge
47.101 61|785 1.90 18.32 = oM F3p24 CD GU- 1180g
47.782 60.8%7 1.00 18.0% & ¢ ATO g3p25 OF1 UL B80s
47.032 60188 11.00 16.53 ~ [lewr] AWM 3226 CGE2'GLE £680
49.045 60{8B5 1.00 14.4Q § [lely] ATOM 3227 3G_g_ 2680
45. 57 41076 1.00 21.29 “ ¢ AT D2 a
42. 242 23.(3).6?1 ..,1._38 22.54 2 eﬁr]OVATB 832209 @'U_ Yg80:681
45.578 64658 1.0 22.9 ATOM 3p30 CAZ cés §315
44. 462 644483 ®1.00 2.6 RroM 3p31 cBE G¥st. @81y
43.402 656Q3,1.00 26.43 6 ATOM 3p32 SGB s $ 881:
i GEERR AL tadl g ST ES
45.763 65]4%8 S1.90 B.84 [efr] pEOM 32358 % ,.,“VA,E-8 1682
44. 688 63.5%7 :1.;@0 2.5 7 ATOV g 2 3p36 CA,, ‘Q\L':__ 6822.:
45.174 63]581 ©1.8€0 29.1 [ eds] ATO 32378 €B “VAE 682
45.877 624131 1.00 18.0 [err] ATOM 32380 C81 YAE =682
R H N UR B * 1Ml TRy ik
44.077 64/08L.21.90 7.0 6 EEDM £3p41 O & WAL ’E &82%
43.049 633423120 1%. 19 [eﬁﬁ ATOM 3242, N £EB 3683
44.218 65288 "1.00 17.41 7 & 3p43 CA% LEU= *%ggg
43.294 65§859 1.00 20.7¢ 6 AT 3p44 CBEL'nEuE
43.584 67]348 1:00 17.50Q [ergr]OMAT 3245~ & TLEY ;683
EEAE L e T B o O o 3 O I
: 16@7 e 4% = [err - £ Qg -
41.638 68)3 ?5_«31%0 15.36¢ = [eéri AN ;32488 GE LEQ ©683
43.730 6511@4 £1.00 24.03 § [eqr] AFOM <3@49- O @ 3683
44.610 65/5%4 1.0 Z4.27 & [efr] ATOM %3280% N§ ISER 2684
43.161 63{914 1.00 25.99 # [err] RATO v 33515 CE $SER 2684
43.521 §3/088 1.00 28.93% & [efr] ATOM ~3282% aSEB §684
42.906 g1/629 21.00 3f. 2¢ 2 [eBd POV 53863 2 Cg sSER %684
43.257 B1{087 31.90 38 99 T [e@T AW ‘_%25430.. SSER  £684
43.199 831481 21.90 B.69 & [ed] ATO 3Z6Lh% &F SER £684
44.106 63.699 1.00 27.76 [err] ATOM 3256 N ASN 685
41.945 63.826 1.00 24.94 [err] ATOM 3257 CA ASN 685
41.496 64.131 1.00 25.85 [err] ATOM 3258 CB ASN 685
40.428 63.083 1.00 27.66 [err] ATOM 3259 CO ASN 685
39.749 62.504 1.00 28.61 6 ATOM 3260 ODL ASN 685
40.433 62.186 1.00 26.41 [err] ATOM 3261 ND2 ASN 685

~
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AN~

A =~n A

NN SN A SR 1



ATOM
ATOM
ATOM
ATOM 3267
ATOM 3268
WO 97/ 41526
PCT/U897/07218
ref2lc. pdb
269 CD2 LEU
LEU 686
686

3264
3265
3266

¥ oritys

CB LEU
CG LEU
CDl LEU 6

686

LEU
687
17.
18.
17.
17.
16.
16.
17.
15.
17.
17.
16.
15.
15.
15.
15.
15.
14.
13.
13.
14:
14.
13.
14.
16.
16.
17.
18.
18.
17.
18.
19.
20.
19.
20.
20.
21.
21.
22.
21.
20.
22.
22.
21.
23.
24.
24.

18. 361
19.035 42.801
43.147 69.636
42.901 71.113
41.841 71.745
40.471 71.410
39.426 71.911
38.188 71.416
37.837 10. 405
37.303 71.908
44.587 69.517
45.369 68.695
44.939 70. 407
46.263 70.434
46.644 71.874
45.760 72.726
47.944 72.154
48.533 73.500
48.518 73.902
49.819 74.581
50.988 73.575
52.266 73.908
52.828 75.128
52.253 76. 250
54.066 75.213
47.958 74.648
48.542 75.756
46.887 74.313
46.127 75.182
44.902 74.403
44,550 73.405
43.736 75.355
46.821 75.661
47.436 74.841
46.704 76.966
47.275 77.514
47.426 79.055
46.303 79.860
46.597 81.403
45.549 82.240
44.632 82.957
44.612 82.931
43.775 83.768
46.269 77.114
45.028 77.231
46.781 76. 682
45.893 76. 256
45.885 74.74%

838
117
254
778
883
832
636
969
358
863
420
825
583
359
712
531
034
543
398
071
201
738
704
425
512
153
053
530
550
808
337
052
653
920
908
668
736
360
681
331
337
024
863
157
213
237

19. 23

686
686
686

$s6

g

y

4

6

Thu
23.
3 4
10. 64

PRRRPRPRRPRRERR

1. 00
1. 00

1§bo

20.899 41.704 66.287 1.00 25.95 [err]
20.583 41.9%8% 67.649 1.00 2RCIAISTHB1S$ ]|
21.779 41.529 68.584 1.00 22.44 [err]
22.718 42.76(Q 68.474 1.00 23.47 [err]
23.700 42.840| 69.708 1.00 21.84 [err]
_73_
Apr 25 12:27:47 1996 43 ATOM
563 42.742 67.143 1.00 20.88 6 ATOM 3270
1.566 68.375 1.(Q0 26.62 6 ATOM 3271 O
9 68.478 1.00 24.06 8 ATOM 3272 N ARG
1858 1.00 25.21 |7 ATOM 3273 CA ARG 687
21.90 6 ATOM {3274 CB ARG 687
21.00 6 ATOM [3275 CG ARG 687
18.87 6 ATOM 3276 CD ARG 687
20.25 6 ATOM |[3277 NE ARG 687
23.57 7 ATOM 3278 CZ ARG 687
24.78 6 ATOM {3279 NH1L ARG 687
25.89 7 ATOM {3280 NH2 ARG 687
23.14 7 ATOM 3281 C ARG 687
23. 37 6 ATOM 3282 O ARG 687
2420 =8 ATOM (3283 N GY 688
23278 %7 ATOM  [3284 CA GLY 688
20875 & # 3285 C GLY 688
2¥1F 96 ATOM 3286 O GY 688
2fu6? w8 ATOM 3287 N ARG 689
2380% & ATOM (3288 CA ARG 689
23,70 6 ATOM [3289 CB. ARG 689
2% 81 6 ATOM [3290 CG ARG 689
20845 6 ATOM 3291 CD ARG 689
18£41 6 ATOM [|3292 NE ARG 689
12279 7 ATOM 3293 CZ ARG 689
“E. 6 ATOM [3294 NHL ARG 689
7 ATOM |3295 NH2 ARG 689
_18.71 7 ATOM [3296 C ARG 689
25487, 2 AT 3297 O ARG 689
2% 2§ w8 AIQ 3208 N THR 690
258784 W ATOy [3299 CA THR 690
23794 & RTCM (3300 CB THR 690
24°0%° & AT 13301 OGL THR 690
2 »060 28 ATGM [3302 C® THR 690
24838 ab ATAM 3303 C THR 690
27.33 6 ATOM [3304 O THR 690
25.33 8 ATOM {3305 N ARG 691
28866 7 ATOM 3306 CA ARG 691
27460 6 ATOM [3307 CB ARG 691
2838 6 ATOM B308 CG ARG 691
30517 6 ATOM B309 CD ARG 691
351 6 ATOM $8310 NE ARG 691
29233 7 ATOM 8311 CZ ARG 691
31.23 6 ATOM B312 NH1 ARC 691
32,13z & ATOR 313 NH2 ARG 691
28534 w7 ATAN B314 C ARG 691
27'1'87.: B ATOM B315 O ARG 691
28=65- %g% 3316 N TYR 692
27018 g 3317 CA TYR 692
oFeke % My bB3ls B TYR 692
24061% & <2 =



ATOM

3319
3320 CD1 TYR

CE1l TYR
TYR

692
21.
21.
25,
25.
26.
27.
27.
26.
29.
28.
28.
29.
30.
30.
29.
28.
28.
27.
27.
26.
32.
32.

33.

PCT/ US97/ 07218 .

772
021
534
776
382
711
877
746
155
703
450
811
841
833
457
740
882
480
617
919
237
533
112

692

692

Sodfi

22.535 45.283 73.014 1.00 24.04 6 ATOM 3323 CE2 TYR

6

692 23.317 44.905 74.100 1.00 23.
23.303 43.575 74.501 1.00 23.69 E#EﬂFﬁWQ§§¥

22.544 42.636 73.833 1.00 23.82 6 ATOM 3322 CD2

21.755 44.345 72.325 1.00 24.91 6 ATOM 3324 CZ TYR .692

43.
42.
46.
47.
45.
45.
45.
46.
46.
45.
43.
45.
44.
45.
45.
46.
44.
47.
44,
46.
45.
46.

44,

086
436
643
567
989
985
642
745
070
870
661
969
501
682
860
679
035
854
024
210
304
227

bref21c. pdb
3347
3348
3349
3350
3351
3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366
3367
3368
3369
3370
3371
3372

RZ00ZZRABRBRZCC[RAL=00RY

ALA
ALA
ALAO

ALA

VAL

VAL

VAL
VAL
VAL
VAL
VAl15
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ALA
ALA

CB ~ALA

C

ALA

022.

72.
72.
76.
76.
77.

77, 00 14. 99
79.% 00 13. 81
79.909 1.00 14.05

79.685 1.00 12.28
71.What is glamedlu-. 45

76.
76.
75.
74.
73.
74.
73.
73.
72.
72.
76.
76.
76.

695
695
695
695
696
696
696
696
696
696
696
697
697
697

697

697
697

745
059
739
606
302

926
604

845

405
816
043
015
481
450
679
374
835
155

697 -

697
697
697
697
698
698
698
698

1.00 24. 40 6 ATOM 3325 OR TYR 692

1.00 27.00 8 ATOM 3326 C TYR 692

1.00 22. 44 6 ATOM 3397 O TYR 692

1.00 21.10 8 ATOM 3328 N T™HR 693

1.00 19.16 7 ATOM 3329 CA T
s aravsss0 s v-TTE TN
6 ATOM 3331 OGlL THR« K s
8 ATOM 3332 C& THR 693
6 ATOM 3333 C THR 693
6 ATOM 3334 O THR 693

1.00 11.01 8 ATOM 3335 N PHE 694

1.00 15. 34 7 ATOM 3336 CA PHE 694

¢*¥hmk§pﬁﬁmng@huuhﬁa eﬁﬁﬁ?ﬁ g potentialimeties 6f erythro,
Ai 00 18.12 AT% 3338 CG PHE 69?}- :owtm’
rage system, an

Gonmmmmwpnm@sasap@m;aﬂnEa

%9‘88%%4@'4 anioutpltdtie, é@&%ﬂ@ e of co,
(i 00 ihPutfihg into the pﬁEE thitbligh s4@4nput device data
1. 00 16. 44, ATQM 3343 PHE 694

oo eqmprising e ﬂm-@wensmW@dmatpmf a syhet of the atoms in

0 %‘%_%‘“ ?GT%%F%V C&Qﬁgﬁvbﬂg géd. peptide is co-

. 00 crystallized Wvith 2 portion \0D tAe/effthRipoietin receptor comprising

. . ] -74- ..
Thu Aningacids. 129.225 of sgickreceptor, thereby generating a orjtefip data
34.82 44.271 76.533 1.00 14.58 6 ATOM
34.704 43.821 77 959 1.00 15.52 6 ATOM
ﬁ035 Ganparing, 38ng shid pmszammosmienaaachsaﬁmcmracomyuur
Sesk 1 i, re el i oGofiydun sone
37 fem;42. 637 74.640 1.00 18.54 6 ATOM
37.455 "43.242 73.198 1.00 19.19 6 ATOM
(c)37 sleptingfromgaid database,ising computer athods, ghemical structures

30 e 4o thal s gfteuriy i pid it fen et

(d) 3 9 Gutputtig tG Siid dﬁplﬁ&lévxcé tﬁ&)sd&teiﬁchenﬂcﬂi%ures having

kay=k=H

39.321 41, 055 74,738 00 18. 7 ATOM
40. Bhetion &t to gayd est;naﬂam%. 67 6 ATOM
40.593 39.173 75.664 1.00 17.03 6 ATOM
39.772 39.078 76.889 1.00 15.40 6 ATOM
39.842 37.650 77.417 1.00 18.07 6 ATOM
39.077 36.676 76.632 1.00 17.47 7 ATOM
38.722 35.467 77.081 1.00 19.24 6 ATOM
39.061 35.078 78.309 1.00 20.70 7 ATOM
38.014 34.643 76.318 1.00 18.93 7 ATOM
41.625 40.494 73.818 1.00 18.98 6 ATOM
41.180 40.255 72.677 1.00 19.20 8 ATOM
42.926 40.660 74.077 1.00 17.10 7 ATOM
43.973 40.609 73.057 1.00 14.99 6 ATOM
44.816 41.858 73.146 1.00 15.98 6 ATOM
1.00 14.49 6

44.838 39.366 73.296



ATOM 3373 ALA
ATOM 3374 W""ﬂ%
ATOM 3375 ARG
ATOM 3376 CB ARG
ATOM 3377 CG ARG
ATOM 3378, CD ARG
ATOM 3379 NE ARG
ATOM 3380 CZ ARG
/ATOM 3381 NH1 ARG
ATOM 3382 NH2 ARG
ATOM 3383 C ARG
ATOM 3384 O 2aRG A
ATOM 3385 N MET
ATOM 3386 CA MET
ATOM 3387 CB MET
ATOM 3388 CG MET
ATOM 3389 SD MET
ATOM 33905 CE MET
ATOM 3391° C MET
ATOM 3392 O MET
ATOM 3393 N ALA
ATOM 3394 CA ALA
ATOM 3395 CB ALA
ATOM 3396 C ALA
ATOM 3397 O ALA
ATOM 3398° N G.U
ATOM 3398Y cA QU
ATOM 3400 CB GLU
ATOM 3401 CG GLU
ATOM 3402 CD Q.U
ATOM 3403 OE1 GLU
ATOM 3404 OE2 GLU
ATOM 3405 C 3G.U
ATOM 3406 O Q.U
ATOM 340 N PRO
ATOM 3408 CD PRO
ATOM 3409 CA PRO
ATOM 3410 CB 4PRO
ATOM 3411 CG PRO
ATOM 3412 C PRO
ATOM 3413 O &PRO
ATOM 3414 N ~SER
ATOM 34120 CA SER
ATOM 3416 CB _SER
ATOM 3417 OG SSER
ATOM 3418 C SER
ATOM 2419 O SER
ATOM 3420 N PHE
ATOM 3421 CA PHE
ATOM 3422 CB PHE
ATOM 3423 CG PHE
ATOM 3424 CD1 PHE
WD 97/ 41526

PCT/ US97/ 07218 -~
bref 21c. pdb

ATOM
ATOM

3425
3426

CD2 PHE
CE1 PHE

()05 constructing; i

698 45.073 38.999 74.432 1.00 16.90

699 45.349 36.753 72.234 1.00 fﬂ@’ﬁ”’“’?ls
699 46.174 37.540 72.325 1.00 10.72 6
699 45.229 36.331 72.392 1.00 12.04 6
699 45.692 35.014 71.794 1.00 1

699 46.738 34.349 72.665 1.00 20.39

699 44.913 32.910 72. 399 m\m\“ﬂﬂmn\m\ﬂ“\
699 46.119 31. 9%30 72.895 \

699 45. 069 32 = 73.672 *.00 241

699 46.442 682 72.710 1.00 22. 33

S5 Gt e 1S e 03 i

s g i offsingy e s hoe ofsen,

mﬁﬁﬂewce, andE:ﬂ dﬁﬁut divice peompiisitdighthe @f 6.01
2 38.292 70. 963 00 5.33
(a)zoo inputting yﬁo compytas thrpusb said ipput dfs:ce data

700 PRSI Ih %’*@@%ﬂ%&m@%@% o sutisef i thedtoms in
700 the peptideGETY SCHFGPLTWYCKIQGG Sien 8aid beptide is co-

701 48. 849 35,943 8. 06 1.00 7.50 7
701 crystﬂhl%gmésa postign of t@? az@ronmw regeptor comprising

7oy e a5 1B F2 S gfeelon ety i i e

701m 50.679 34.165 66.639 1.00 9.86

48. 98.0 32. 689 8@ !91 1:80f10§hg%ucalgtmcture

702 hamgaﬂ&hSﬂﬁ:um Mcﬂtﬁn@&amsﬁt

702 48. 724 29.784 7.501 1.00 18. 17

(c)702 outputting tp said output device the copstructedymodel. 01 6

702 47.904 27.731 66.611 1.00 22.10 8
702 49.233 27.652 68.377 1.00 24.81 8
A 6pound haviy d 2hemitil StRftturé 4elodiRd ubingRhé Methidd oftclaim 1,
702 49. 56%@2 617 63.802 1.00 12.10 8
saif pgmpound bejng an JuREHC. 64. 037 1.00 14.95 7
703 51.501 30.820 62.625 1.00 17.31 6
703 51.783 30.007 64.899 1.00 14.84 6
Thé@dmpound of¢lain®8 wiieteinl 8did composad ismd@ peptide. 6
703 52.253 29.467 62.635 1.00 19.35 6
703 53.150 30.488 65.409 1.00 13.50 6
AaBP3 windeif fipbaRd 09 8
“'?Q’émp" “nd°§3 58% 31. 6%% °§5 002 xsi’ naé 82 7
704 54.873 32.218 65.461 1.00 9.78 6
156, 33.574.,64.7 9.23. 6
Theggmpound of aisss s whie said Bejitie has 1550 fewpeccatnino goi
704 54.860 32.386 67.003 1.00 11.09 6
704 55.621 31.729 67.736 1.00 12.01 8
705 53.937 33.229 67.468 1.00 8.75 7
705 53.767 33.532 68.857 1.00 3.52 6
705 53.323 34.973 68.988 1.00 5.09 6
705 54.159 35.924 68.184 1.00 7.49 6
705 53.696 36.417 66.957 1.00 8.92 6
_75_
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705 55.446 36.284 68.611 1.00 8.54 6
705

54.512 37.252 66.163 1.00 7.44 6



ATOM 3427 C gﬁE 705 56.270 37.115 67.833 1.00
ATOM 3428 g?" 526 05 55.804 37.598 66.606 1.00 g"‘%é"s"’%m“

[err] ATOM 3429 C PHE 705 52.783'32.591 69.505 1.00 5.11
6 ATOM 3430 O PHE 705 52.257 31.697 68.878 1.00 4.57
[err] ATOM 3431 N GLY 706 f54' 32.751 70.809 1.00 8.69
7 ATOM 3432 -CA GY 706 51.728 956 71.622 1.00 7.99 6
ATOM 3433 C @Y 706 51.661 32.726 72.932 1.00 9.39 6
ATOM 3434 O GY 706 52.345 33.739 73.:069 1.00 9.05

[err] ATOM 3435 N GY 707 50. 829 32.295,108.878 1.00 10.91
7 ATOM 3436 CA GY 707 50. 738 32.990 .162 1.00 9.87 6
ATOM 3437 C GY 707 49| 465 32.823 75.977 1.00 7.80 6
ATOM 3438 O @Y 707 48] 894 Iput3d1 74.063 1.00 7.37 8
ATOM 3439 N PHE 708 48] 99%corginatespf 79. 540 1.00 7.59 7
ATOM 3440 CA PHE 708 47| 8opubsebot RO 771 372 1.00 8.42 6
ATOM 3441 CB PHE 708 48] 171 PeRYiem31 79 874 1.00 9.14 6
ATOM 3442 CG PHE 708 4943583312673 277 1.00 0.19 6
ATOM 3443 CD1 PHE 708 49.196 31} 787 79.593021.00 5.98 6
ATOM 3444 CD2 PHE 708 50. 638 331679 79. 00 6.32 6
ATOM 3445 CE1 PHE 708 50296—3X-0+6—7F9 974 1.00 8.74 6
ATOM 3446 CE2 PHE 708 51{ 730 32.912 79, 731 1.00 5.05 6
ATOM 3447 CZ PHE 708 51 5%1%“%%53 etho80._040 1.00 4.00 6
ATOM 3448 C PHE 708 46 mi gase77.o77 1.00 7.99 6
ATOM 3449 O PHE 708 47260 36.187 76,721 1.00 6.94

[err] ATOM 3450 N TRP 709 . 45. 562 34.7 7 77.285 1.00 9.09
7 ATOM 3451 CA TRP 709 T 75 B5. 752 77.119 1.00 12.14 6
ATOM 3452 CB TRP 709 43.114 35083 77.396041.00 11.59 6
ATOM 3453 CG TRP 709 42. 417 34¢592 76,465 1.00 12.07 6
ATOM 3454 CD2 TRP 709 42098~ 35.354 741999 1.00 9.80 6
ATOM 3455 CE2 TRP 709 41| AcBelecBdtrut8itally74] 092 1.00 9.82 6
ATOM 3456 CE3 TRP 709 42] 2gsimilaechesiical 74, 634 1.00 9.79 6
ATOM 3457 CD1 TRP 709 41} 97Btrugwesfgm 751929 1.00 11.53 6
ATOM 3458 NES TRP- 709 41)398 da@bas®y 74| 688 1.00 12.13 7
ATOM 3459 CZ2 TRP 709 4110%8 34 897721841 1.00 9.03 6
ATOM 3460 CzZ3 TRP 709 © 41.838 37[103 73.399051.00 11.59 6
ATOM 3461 CH2 TRP 709 x 41.2%4 - 36i209 72 813 1.00 10.54 6
ATOM 3462 C TRP 709 44 bdb 6973787056 1.00 10.56 6
ATOM 3463 O TRP 709 44 8’ 3 qz 791268 1.00 12.13 8
ATOM 3464 N SER 710 4416 4771508 1.00 11.52 7
ATOM 3465 CA SER 710 441765 ¢ b 781351 1.00 12.14 6
ATOM 3466 CB SER 710 451040 "9 77|/501 1.00 9.78 6
ATOM- 3467 OG SER 710 431847 41.258 771157 1.00 10.05 8
ATOM 3468 C SER 710 43.522 39.567 79.216 1.00 12.22 6
ATOM 3469 O SER 710 42.531 38.832 79.139 1.00 13.16 8
ATOM 3470 N ALA 711 43.580 40.563 80.076 1.00 12.01 7
ATOM 3471 CA ALA 711 42.435 BIG8d7 80.894 1.00 12.49 6
ATOM 3472 CB ALA 711 42.855 41.817 81.993 1.00 12.98 6
ATOM 3473 C . ALA 711 41.432 41.560 79.965 1.00 13.23 6
ATOM 3474 O A:A 711 41.810 42.073 78.915 1.00 14.99 3
ATOM 3475 N TRP 712 40.155 41.558 80.326 1.00 13.85 7
ATOM 3476 CA TRP 712 39.159 42.251 79.527 1.00 12.59 6
ATOM 3477 CB TRP 712 37.751 42.031 80.092 1.00 8.73 6
ATOM 3478 CG TRP 712 37.202 40.647 79.845 1.00 8.57 6
ATOM 3479 CD2.TRP 712 36.796 40.091 78.576 1.00 8.04 6
ATOM 3480 CE2 TRP 712 36.416 38.745 78.809 1.00 8.30 6
‘ATOM 3481 CE3 TRP 712 36.718 40.600 77.270 1.00 4.78 6
ATOM 3482 CD1 TRP 712 ' 37.037 39.647 80.769 1.00 8.29 6
ATOM 3483 NE1 TRP 712 36.574 38.499 80.150 1.00 8.70 7
ATOM 3484 CzZ2 TRP 712 35.969 37.906 77.783 1.00 8.46 6
ATOM 3485 CzZ3 TRP 712 36.279 39.776 76.262 1.00 7.52 6
ATOM 3486 CH2 TRP 712 35.908 38.434 76.520 1.00 9.00 6
ATOM 3487 C TRP 712 39.498 43.747 79.520 1.00 12.59 6
ATOM 3488 O TRP 712 40.124 44.269 80.460 1.00 12.30

[err] ATOM 3489 N SER 713 39.174 44.385 78.395 1.00 15.33
7 ATOM 3490 CA SER 713 39.366 45.819 78.166 1.00 15.45

[err] ATOM 3491 CB SER 713 39.294 46.108 76.659 1.00 14.50
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assays of EPO activity.

The invention features computer-assisted methods (100, 102, 104, 106, 200, 202,
204) for identifying molecules which will bind to the BPO receptor and act as an
erythropoietin (EPO) mimetic. Preferred EPO mimetics identified using the method of the Input 3D
invention act as agonists of the EPO receptor in one or more in vitro os in vive biological " coordinates

subset of EPO
peptide

102

Compare subset to
chemical database

104

108

Output selecied
chamicat




5 conprising the three-di nensional coordinates:of a
subset of the atons in t he peptide
GGTYSCHFGPLTWCKPQGG when sai d peptide is co-

crystallized with a portion of the erythropoietin receptor conprising
amno acids 1 to 225 of said receptor, thereby generating a criteria data

set; 10 (b) constructing, using conputer nethods, a nodel of
a chem cal *structure having a portion that is
structurally simlar to said criteria data set; (c)
outputting to said output device the constructed nodel. - 3. A
conpound having a chem cal structure selected using the nethod of claim1,
15 sai d conpound being an EPO m netic. 4. . .The
conpound of claim 3 wherein said conpound is not a peptide. 5.
The conpound of claim 3 wherein said conpound is a peptide. 20 6.

The conmpound of clains 5 wherein said peptide has 15 of fewer am no aci ds.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.
AL Albania ES Spain LS Lesotho SI Slovenia
AM Amenia FI Finland LT Lithuania SK Slovakia
AT Austria FR France w Luxembourg SN Senegal
AU Australia GA Gabon LY Latvid sz Swaziland
AZ Azerbaijan GB United Kingdom MC Monaco ™D Chad
BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo
BB Barbados GH Ghana MG Madagascar I Tajikistan
BE Belgium GN Guinea MK The former Yugoslav ™ Turkmenistan
BF Burkina Faso GR Greece Republic of Macedonia TR Turkey
BG Bulgaria HU Hungary ML Mali TT ‘Trinidad and Tobago
Bl Benin IE Ireland MN Mongolia UA Ukraine
BR Brazil 1L Israel MR Mauritania UG Uganda
BY Belarus IS keland MW Malawi uUs United States of America
CA Canada 1T Traly MX Mexico vz Uzbekistan
CF Central African Republic P Japan NE Niger VN Viet Nam
CG Congo KE Kenya NL Netherlands YU Yugoslavia
CH Switzerland KG Kyrgyzstan NO Norway bAL Zimbabwe
CI Ctee d’lvoire . KP Democratic People’s NZ New Zealand
cM Cameroon Republic of Kores PL Poland
CN China KR Republic of Korea PT Portugal
cuU Cuba KZ Kazakstan RO Romania
Cz Czech Republic Lc Saint Lucia RU Russian Federation
DE Germany 2§ Liechtenstein S Sudan
DK Denmark LK Sri Lanka SE Sweden
EE Estonia LR Liberia SG Singapore




