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2 1SI NGLE- CHAI N BI FUNCTI ONAL G_YCOPWMWJ ES Acknow edgment of & AFR 2002
CGover i wemdosfsgpport This invention part wth geuAisesEls support
under NIH Contract 5 No. NO1- HD- 9- 2922ocaoaerr ded by t he National Institutes
of Health. The government has certain rights in this invention. Technical
Field '166166* The invention relates-tlo the field of protein engineering,
specifically to ~1 o nodified fornms of certain glycoprotein hornones which
occur nor nal | SINGIECHAN BEFISNCTIONALY 61 COPROTEINIORMONESA _

si ngl e-chai n forns of chorioni ¢ _gonadotroprn (CG), thyrord stinulating
hornone (TSH), |uteinizing hornone (LH), and follicle stinulating hornone
(FSH) that,can e%Oi de.two effects or functions, or can behave generally as

agoni st s =&AL Ll S @that i ve hornones. 15 Background Art In

nt
humans, four i’l'm’?{ntv@ﬁ'tti P&nd Motcls TSH and
CG have identical a s%lghﬁgaé;%?%»?%g?ng ~I%£§{IL@ hl tsae%ggﬁgctthese
hor mofies Nu. NQI-EEB2520, wirdrietdbby thedlatioviahBistintdsicfHal®. SHRGovemasntiel | ; CG
has so far 2 0 _been found only in primates and in the placenta and urine of

pr egnant PARFELRIN pgitsdn this inventian. W90/ 09800) * publ i shed 7 Sept enber 1990, and
i ncorporated herein by reference, describes a nunber ommmm@’“mmmpm of

t hese hornones. One inportant nodification is Ctermn of the
~i subuniTechnicill®eldar boxy term nal peptide (CTP) of hunman u&osi onic
gonadotropin or a variant thereof. Oher 2 5 nuteins of these hornones are
al sgﬁ%escri bedhednyritionirtletes ¢wthe ficdd of pratdim enginéatinge spesificatlg té r om any one

of itions.112-118 to posjtion 145 of the ~3 subunit of human chorionic
gonadot r 8H7 ﬁedlfﬁ’émﬁef cs*ﬁ;%v Eb&??@ﬁ‘ﬂggﬁ??‘ﬁéé”t\}gk Q%eNF Bogpaliy@s CTP ext ensi on

OB ol Ned HebrGRRSRE VAL e A A0n At SR HAL D00 TR 4\BhobRE capaci 1y o

the CTP to alter the clearance I"CS 1S N In

addi t i on,goR@otidpih (PG), itleabidetmiikseihdne (TS ) hedin2zn Ohbabeate (LAY,

i ncor por at gg@h,er ein by, 2 ~ ~~'"R 2002 WO 99| 25849 -2 PGT/ US98I| 13744

r ef er enc&nd dQlbigleishianlating Hoymane A Dethpiganmreddppve sffests op funstionsperer t i on of
the CTP ions._pther than the C-ternin and.CTP fragments shorter
than t he 2 bOERE SRR AL e R e O A SRR §nE B e Bond T 220 L e e
~ subsinit of FSH is al so described in two papers by 5 applicants herein:

LaPolt, P.S. et al.; Endocrinology (1992) 131:2514-2520 and Fares, F.A et
al .; ProBadsgiound &gt Sci USA (1992) 89: 4304-4308. Both of these papers are

i ncorporated herein by reference. The crystal structyre o

het er odi ner | cr}r‘&“ma&ﬁ» fﬂmoétﬁﬁtrglﬁ?ﬂﬂfoﬁm%%‘FW‘?FQ?C%@}%&S#'pubI i shed
in nore 14 clies: 3 -y A J. et al.
Nat ur e (100 S65I FEEeRRRANT R R Bils o raiifn sty 1B PG 11 1500,
2: 545- 55&orhbres 26 prdsentdh virhRlS aHlothe veRebrat spucisnad well; OG Haasefar D. J.

Nature (1994) 369:438-439. PCT application W91/16922 published 14 Novenber
199128es dieFny only in primates gndoin therplesente apdhuring AEPIEEBANFBAES. i ed forns of

t he heterodi 15.al.yc i ar e n er. the disclosure is
focused on cﬁr’% g.g}“):’lb%klﬁn gﬁ@ﬁé{ﬁéébogpuﬁﬁ%%égtﬁelp{eg"e&ﬁ}}gb% %{‘5‘ IB%OrIP igr_(%t(r%é of
various defdin by t6RtdnSe, RERRS b WBber IR08TRA oS ofthB Rorrioie£ e Lhi s
application, and not otherw se described, fuses substantially all of the ~
chai n of impewantahodificatien iy @teeainabektendion ofithe  swbuoitiby the egbaxyei n, i.e.,
i ncluding the secretory signal sequence for this subunit. ,1 Two
addi ti ongFmb‘E}B\SHeé’Héa (G’éﬁ‘) %fghmaélﬂlpﬁﬂglccﬁé@é‘?qtﬁ@’%P’h@l"%“%rﬁé]i‘?{eqzromﬁof t hese
hor esdq?@ i ~ URjtar V, : ) ERsdilds in a
fusingg pep |8§ oot"ﬁ %ﬁggggﬁngeﬁgfeéi%or?ﬁfgp&gié?‘?i%n érs%%@g%gp Fm ids

extending from any one of positions 112-118 to position 145 of the B subunit of

human chorionic gonadotropin. The PCT application describes variants of the CTP

extension obtained by conservative amino acid substitutions such that the capacity of

the CTP to alter the clearance characteristics is not destroyed. In addition, PCT
30 application W094/24148 published 27 October 1994, incorporated herein by



~a (linker)p ~ 2 5 wherein nis 0 or 1 and a and ~i represent theriespreiiE
subunits of these hornones: Myle, WR , PCT application W95/22340

publ i shed 24 August 1995 and the application of the inventor herein,

W96/ Oyddsnpsel i shed 22 February 1996. The di scl osure of pehessrdpaunents i s
al so incorporated herein by reference. 2 ~ ~;~" R Za02 WD 991 25849
PCTNS98n3744 -3 Forns of the above-described single-chain glycoprotein
hornones in which the nunber of cystrRe bridges has been depleted are

di sclosed in US Serial No. 08!/933,b93 filed 19 Septenber, 1997, and

i ncor porferendes dedcribby moa{f§ingREese Hotmbaes ByMtaRRM dransetidiPsRhOCTPLaD
construct single-chain fornms of the 5 glycoprotein hornmones which have
enhancedlosgiamnsatherthamthe Gricxmamisend ££XF fagments diarter Whencthe aequendef unct i onal

by incl ugdj,ng.t ~i _subunits j.n .a.si.ngle-chain so that they share a commoh
a subuni%t%(’m ?fﬁflébir#a{maéari ous CTP extensions and insertions as
wel | as vari a’f‘hé(ﬁP-E)ﬂ@rld&tﬂ u%g;ot Sg{)istaik% %&g}g(@t@yp?yﬁﬁ% and of CTP as

descri bed in the docunents ‘set ove. 1 cl osu he | nventi on
The Bnv eapplioantp herintdsaPoltnBISe ecdlai Bndoorinalogy (1992) 18 h2Sp1-25H) amdiFarespnes t hat

t ai ~3, subunj ts that be th diff t. Th i ngl e- chai
Form of P et ehiBrma el daga Sritiis (19021338504 3% dPothia thesr gPeat Fe ooyl at od,
or nongl Egﬁxhﬁgfﬂeét%%?%f&%&cea and ~i chains that occur in the native

%LIEI or nones s

gl ycopro varrants of themmay optionally be |inked through .

a |linker noieTHe cRatdlistli¢tard of thé Béterodasedid ffs@rofMRhichsribme! ude the car boxy
term nal peptide (CTP) unit either as a conplete unit or a variant

i ncl udi ngenageirapinshagmowtbace prublshed inmoye ar lssy cindempdranenys artickes; enssul ti ng

si ngl.e- chai n_hor mones_ei ther r ' r,.enhanc he.acltivity, O he
anad £ E%L?P‘E%" hbé_f'eﬁ’ g i’ﬁﬂ?ﬁeé?g’g‘{)gﬁb@%a‘% %‘ﬁt‘é@%f’%{’%%ﬁ ﬁ} ¢ oot ivity.
I T the t %Pucrlrs51098) 53480588 dIThE $EBIRS of iHE8Y arBERs Bt sintharpRalbyFatedgoni st s
and/ or antagoni sts. Thus, in one aspect, the invention is directed to a

gl ycosyl BileNatme{d924)\369s488439d protein of the formula ~3 - (linker )m
a-(linker2)~ == (1)..0or 2.5 (3 -(linker, ~|-(linker2)"a (2); or

a- EI : nker® g m BPT{QJH’IWRT@QIQWQélZIQﬁlmgﬁgﬁ@ﬁe%@ﬂ Jggiﬁﬁﬁ?"%’%‘%—s has the amino
aci d seael icgs, c;ﬂﬁjﬁcﬁé’w&xcr%seamg%ﬂeﬁ%ﬁﬁseofg Y QR fikAe hormone or -a -
variant o al d”am no acl d sequence, ereln said variants are defined

her aisn. gWcostosdighafiondshén gesddlitheldifiosard/ie fbaRBEALE cRintbrgl ofeopr ot ei n
hornmone or a variant thereof; "linker" refers to a covalentl é’ linked 2 ~t
~, ~~~ 2~subupits 0p P8BuNIts inPPVing3estiosafaaripuseioe fycheimaresppettvsly. tOre ~ and ~2-
subuni ts_at  appr.optiate.di stances fromthe subunit an rom each ot her..
Each of ﬁ?’&HBQ IFE’EY ﬁﬁ‘@%é‘hﬁ’éﬁﬂ@cﬁt‘% "“'.“Lé nPh"a{E\?ﬁw’%eféetsffib%oﬁE_ﬁsbi ng cases, the
si ngl e- CB@ds&nﬁiQfl?‘aﬂr&Qﬁé eh iﬁ%@h%ﬁﬁkb&@orﬁegonadoﬁbﬁ% tb Md & gipRitof the
entire subunits Tn the s ng?e-c aln fornms 1S unnecessary. Thus, 5 the

i nvent i opreprigéingie., mhpbngthe seérefopy sighalssequéncy for(tBis sahunif.3) t hat conpri se

fragments of the a and/Qr p.subunits wherein these.fqQrns.retain_the
bi o&c?gi cal actfi®q addidonal published P GThapRisatienssissen 93"?5’3? ﬁ%a’V\A%‘?’Eﬁ %fontain the

fggg lﬁgf ﬁgﬁegpﬂn%@c?l?eg :vuér}]egﬁg e §3RE Btu%it atrgl Smi/arl]é/n‘?lg'/tﬂn?(@d itc?reqi.lft ?r% ﬁﬂiotno
peptide of the general formula:
B (linker), a or
o. (linker), B
25 wherein n is 0 or 1 and & and P represent the respective subunits of these .
hormones: Moyle, W.R., PCT application W095/22340 published 24 August 1995 :
and the application of the inventor herein, W096/05224 published 22 February 1996.

The disclosure of these documents is also incorporated herein by reference.



met hods to produce the proteins of the invention, to pharnaceuti cal
‘conpositions ~ 10 containing them to antibodies specific for them? &nfi"Ro700?
nmet hods for their use. Brief Description of the Drawings Figure 1 shows the
bi ndi n¥V®992584 conpound CG-i -a- CTP-FSH~i to the LH recepprOr/Us9s/sndpetiti on
wth hCG ' ~" ~ ~"' 15 Figure 2 shows the binding of the conpound shown

in Figure 1 to the FSH receptor in cor3rpetition with FSH Mdes of Carrying
Qut the Invention Four "glycoprotein™~Hornones in humans provide a famly

whi ch includes } 2 0 human chorioni c gonadotropin (hCG, follicle

stimul ati ng h&emasef esbpve-tescubed singlg-dhaimglyeonrotein)hcgmdnestin mdiich

T RS S BRSO o7
comr ! sedahs 8oy unNg SchBLh, 1597 AqSAERERESLER pPkfdany! col 11 am o

to the menber Idiastrioey Bezrifbynd pdssidle taaonsirhat singhschai foempopthei n hor mones
occur_as heterodiners conpgosed of a and ~ subunits that are associated but
not cbvaBBPPRPIsin hrERonerpdiich/haveanhanced agppigi And/qr Itagmsist askivity and/ehor i oni ¢
gonadot r gt . n_found Ly In prijates, includin s) ,and in

pr egnant %@e%g%lﬁggl%t y LI_IQP% WS’ gﬁ}‘%gtlféﬂ ?g%iﬁ%@%ﬁg?#% mal s,
the a and commitiabibioh:. 20Eb: RRRTRNG AhRIEUEIRECTPeAL{dsRaRE genes and are
synthesi zed separately and then as e':%llel %ﬁto tmenoncoégﬁent

het er odi mseitons aspletbas vhriarith ef the mative famafofttieco and/ f stubumits tficof-CTBubuUNi t S
are di reﬁtlﬁolank d to an a subunit into a single-chain nolecule which is
essgnt i aPPSFTIPEd ahtheidecymentfpet farth@be e. 5 The three di mensional structure
confggred by secondary and tertiary structural considerations and
conformation is apparently sufficiently simlar to the heterodineric form
to perm Didéesubslafihieonantiby of the heterodi ner represented by the ~i
subunits to be exhrbited. However, by suitable variation of the structures
of the subuni flde invrntion ppotidassingle-chain iforenef the glyagpratinchamonéssthator
antagoni st_activity:. far exanple)  if 10 the.~ suhunits are differgnt, the
cooundSOoNAR i ibuilr e RRLRd thesebe ) ity J0n sl geL PEESHE o f or
one of t kg V¥R ALFLhd? BE FRRESy1RN paa 3 By BGdylated IjdBSysg et or of
anot her, or may haveFalgoni strgrwg‘ra%nt agoni @t)sélgtl V|aty’ {){r]&[?o)tch.gy' Tﬁ

of the aahdtheo exd pxhaihi thadodur ihthegntipe ghdsprotein hamonecot vaviantsiolf | be
dependent. on the selection of the individual a and ~i subunits as well as

t he nat utkempmaypptionplkebe linkedithioyglz adinkgrmoledy. oPartisilenly prefesreddinkers and p

subunits_ l.n. the .most, preferred.eqbodi. e f the,invention nmpounds
of for wﬁéafesin?@f é}ec %oﬂé)tcrgplé%ﬁg{‘%%{t:f}@tué’i’tneéthﬁ%agrae‘ic’ﬁ"@ﬁ%h&?gﬁg ~i
subuni t s vafigntlihél@idghaAshts Yhich fepRisédidnlyph p6kioh Yn@éoft Mhewahitagpt i de

| i nkers. \Where only gene-encoded am no aci ds conprise the sequence, the

cor)rpou nd stngle-thein horherss eitberretaomdr exhavdethe pativdtyHaftleaamodified s unnecessary
toJrestrict the conpounds of the invention in (S, mapner; .the a and ~i
subuﬁﬁts%?rﬁmenﬁggwrlqﬁfg?@%ﬁ@o W&%Fd’émé{n'&ﬂbe%‘? §“‘?‘H‘é‘t‘a¥fre not gene
encoded. dFﬂ?ex@ﬂtdiﬁcfg%?cbfﬁﬂﬁt"oh@‘%‘irai AN&/PEHEE ﬁi%@n peptide-such as

ic atl ydlrl iR

di car boxy or an es, “di am nes, or nctional |inkers such as

those sol d by THue) meonelapace ahe Imventidionidiecrtd td b ghyedsyldted bt ke. I n addition,
the subunits may be linked either directly 2 5 or through a linker in a
head- t o- Meaglysesated proein of thedormulgur ati on as wel |l as a head-to tail

configuration gs,wuld be. requif,ed in a fusion protein. Under these

ci rcumstances,@f(l}\?‘g‘éf)h'é’éﬁlr’g‘ﬁl-g)@gd confi &br 8tion, two anino groups may be

| i nkeg througgy_ i _through i carboxylic acid derivative;
two car boxyl r&ﬁ}gg &ﬂi égﬁfﬁkgd throug{?’lglfjam nes or diols using standard
activation tecp(linkeey,- p'-(Bnker’y,-p*; ~ 2 ~(3) ~' VO 99125849 PC f NS98123744 -s

However, for convenience the nost preferred formis a head-to-tail
confi gur ati on wherei eack bAP'candd’fras thecrminoracidpsquense pf ths feswburihef  onpound

can be pre ed as a fusion protein reconbinantly ar using synthetic

pepti de t"&%ﬁ yceprelsut hqrpione or A yrEaRt éé’ﬁ@é“%%/a?’géﬁcl"ieﬂ%s“éﬁc"br ef erabl y,
l'i gating 4.0 .vi.dual t1.QNS,:0f « 9 [ : ver the

engodi mgngta!Hi{'af%ﬂgs aéﬁggﬁriwd&%ﬂﬂ‘i t éér&zgfagésntéga? gglk{ﬁ{;&?aevngal %ger of

30 glycoprotein hormone or a variant thereof;, “linker” refers to a covalently linked

e spectrum -



" the nolecule at positions proximal to their Nand Ctermni. It ix4 ATR 2002
preferred that these subunits be linked directly at their termni, however
this linkage may sinply be "proximal." In general, "proximl" indicates a
positipposisgdd is in within 10 amino ~ 10 acids, preferaptyushdisrg five
amno acids, nore preferably within two am no acids of the term nus, and
nost preferably at the term nus per se. The Subunit Conponents As used
herein, the common a subunit, and FSHt-IH, TSH, and CG ~3 subunits 15 as
well as the heterodinmeric fornms have their conventional definitions and
refer t omblety tHa0kRicBSthe Y bidIB Siduaits Appedpiateedistenck FrdsN tdo isiininfite art per
se) or allelic variants thereof, regardless of the glycosylation pattern
exhi bi t eahdiromtaach other.i Eashiof m andhn df indeperdantho0 gaeld si de chains. "Native"

forms of thes&gggf@cﬁigs ar.e those,whic ave.the am no aci.d 2.0 sequences
that have bee QFeEMBE LTS the SIEIF AL R ayeEv oS BEIMalIR SR ave t hese
Known segiaeieRSidedf tREent RS i {skHE1E-cRaih Borhfs ¥ afh&@ksary. Yadd, ant” forms
of these protei lns and or%%cg‘l"}? un|§tngﬁl(esslie}gg bgl ow) arel t hose mch have

del i Ber athe inventioatineindes compbueisngf forruias( 1)@} and (3)dnatwomgrisd sequences of -
the natiye protein produced by, for exanple, site-specific g%lta%l%rt;esi s or

by ot her fragments of thsi thand/orfhsnbunita Miherein these foEms Fetaindhe bialogi

synt het i o hgse alferatiqns ¢ i - y 1-8, and nore
prefer abﬁguﬂ%d %&%5 °§8%p§n§'ﬁ§ﬁn S,&ﬁ%%jlscha%ng&laé&é’ﬁ%%g@ﬁéérti ons, and .
substit uti ons In 6Bt apesis AhebivinGaRaTiroled 6 retbinbinaat tht&iddsind uti ons. The
resulting variants nmust retain an activity which affects the corresponding
acbi vi t ymethadsdo peaducethieproteine of the igvention; tpatharmegeulic@ COMMPSHIONG| n t he

bi ol.ogi cal activjity of the._native. hpormone sq.as 1.0 haye. as_agoni sts, or
the);LOdg fi@@’é‘l‘%@ﬁé" %ﬁ@@%‘fi@?ﬁ&hﬁc_fg’i rﬁﬁﬁﬁ%ﬁ“ﬁé%&l? ofg?%rﬁ%§5§§F'sts, general | y
by virtue of being able to bind the receptors for the native hornones but

| acking the ability to effect signal transduction. "Conservative anal og"
nmeans, i BridfiB®esaiptiontaftieDrasdéngse, an anal og wherein the resi due substituted

is of the same_general amno acid category as that fo jch 5 bstitution

i s made. Ani ncf%‘é’ﬁdsﬁhﬁ%(@@“eﬂé@n&Pé%i@ﬂ&?“ﬂﬁ%@ﬁsﬁ&'r%&@gﬂitp the LA

understo Dt art). i exanpl.e, Dayhoff, M et al.,. Atlas of
LeshlbrilEodblichira b

Protein enc “(1972) 5:89-99. In general, acidic am no
acidssfall intRgeae MbWs e HiAGhE of e tdngiueld showwiraRightee! to the RSHR
hydrophilic am no acids into another; and so forth. Mre specific

cl assi f i aegeptaidn gempetetionfwith RSHn WO 96/ 05224 i ncorporated by reference 10
above. One set of preferred variants is that wherein the glycosyl ation
sites of either the a or (3 subunits or both have been altered. Sonme useful
vari ant s Mbadshsg Quitaiivhtiggscri bed herein are set forth in U S

Pat ent 5, : ' | 993 and i ncorporated herein by

ref erence. As EhoWglychpotint harinened indumydna prondeafamibhwhioh iseludese al t er ed

b t i he rel t S|t .n th | .t ti i f host

b1 159n' et mgopicapBrpacptbse Blicastan iR TpenESH) BPHRRE Lence

al so i nclyde Rele 58 AR SuANhRRIHORS (TSHYAs ddelhealiRd for TS of Lhe
uded a nts, e.dg., t

hor nones are i n ng vari a ants of the a subunit which

are | acki‘flyceprateiahoahdnafl réftrs taail ks meintersalf this familypnAllgifthSeat 1 2 0 the
Ctermnus. In addition, a subunits with 1-10 anino acids deleted fromthe
N t er mi nusormopes aelheteeaflimersicomprisedpbe ety ddich & BIVER SHRAHSY 1 cal

i | t . ved. Such del eti i i
enti re | dpicalis aming AoUbance supne PPy WhFRR HARN GRE SO0 Phs
may be deécﬁbmn%{o ﬁ@%&g&f& of b glﬂﬂg.' Thilg nbAhalANhese RIS Eopratein honwones , et ai n
ere r bind oma

at least t epto I ng ns and/or the regions involved in signal
t r ansduct oenr afhee®dirfers eovap okt alfueandi f subanits thabare assoctatedbuinot he ‘

| ycoprotein hornones and it . .
g yeop covalently linked. Most vertebrates produce FSH, TSH and LH; chorionic

gonadotropin has been found only in primates, including humans, and in pregnant

mares.



N

is clear that a | arge nunber of possible variants which result both in
-agoni st and antagoni st activity can be prepared. Such variants arel | APR 2002
di scl osed, for exanple, in 30 Chen, F. et al. Ml ec Endocrinol (1992)

6: 9144069925880, J, et al. J Biol Chen: (1993) r, nl.r pcrrosgsrzsrds ~——u CVO
99| 25849 -s PCT/ US98173744 268: 13034-13042; Yoo, J. et al. J Biol Chem
(1991) 266:17741-17743; Puett, D. et al. dycoprotein Hornones, | usbader,
J.W et al. EDS, Springer Verlag NewSYork (1994) 122-134; Kuetmann, H T. et
al, (ibid) pages 103-117; Erickson, L.D. et al. Endocrinol ogy (1990)

126: 2S55- 2560 anithlSitRe & REE B subhni€bf edth hotmbit hreBnebddd@irerent dehes 302
(Abstract 1844). O her variants include those wherein one or nore

cyst i ne-2pdawe systheeized exparatslpiandthen dsyersbiled into dhé mopcavalent hetbrodimerix aci d f or
one or both cya%ei nes which participate in the link. Particularly preferred

|
cyst i ne SBERIFEE Mpthacomapounds gethsdnyention the,B subuniis\asedirpeily kinksddo 28 ¢and 110

and bet\ggg,g.‘- i X ks . : L hOR, Dt e nstrated
that the ~ I@E} u%%@gﬁb%l%frﬁ@gﬁééﬁo%}gc%li}ae%?éeﬂt{aygg %‘Ilggﬁ%{l ?rglcs?feugﬁggr?l chineric
forns sdheshree dpnensicifl Sinehagiceaderred by seostapf adibichigp¥ponans of the
chinmera, or, in general, hornmones of altered biological function. Thus,

chi mer i CoRgifierationsangdiropforatiomisiapperently spffisientlyisimitants the helesardimaric be
construcgded, as descri.bed by.Myle, Prog. Natl Acad Sci .( 1991 : 760- 764,
POne NoghE Bt Rt Sipniish C e heberBaineE e tety e A adids fobd |
subst it wt ' i 3 ;@% Pl & r eNg residues in
the CG %h?&gﬁ?j{a Qlf?g:' gz s%lga%éna c?gifo\rlxmo?h'fhebsgﬁ.ﬁhg%%ggﬁnx S&Eﬂﬂggﬁevi ty. As used
herzai n "cpmpobunds’ofiahelinventidremay haveeagosist or ahepotistayaizityyfor ekaaplef ife | engt h

distinctjon between themis arbitrary. ~ 2 0 As stated above, the
" vat PanttBe B supinits ee difterens,the c@mnwﬁgim@ exhiyibaptrgRpistAsHyiAVilE t he

ne - sedrpbkid afkediier 8 bad o6t B BRITHipBR PG W RRGER ol FOHTRE ™' 5y 57
i ncl ude racepitoFanothed) dt ﬁﬁymb&Eg&@ﬂtoaiagtagomtpac_&ienya“omstha_rlthe@faeéﬁﬁ)

inserted into a noncritical region. 2 Noncritical " regions of the a and
~i suburfifitke antizitidsexhibited by tle wimpdvadsof theihesntiootwilldrpdependdny pn theol ogi cal

activity {includin oni st a nt agoni st. ' activit i.n general, these
oo ons e AEbEh ERIRR wel Raesiaes s Peni (e BkEpaes g

cat akyt i.GakE0d : Regd intd ~Jor inducing proper folding, binding to
recggtoragl,dtg%?xg y%tfdc;%(gléﬁ?\éiaﬁgriaéﬁg&%lﬁ% | i ke should be evaluated. It shoul d

be not ed t hatin3hOnmpsnprefeiret Rhboaphen of iy wherition, tHel dongdunidsof he case of the
di mer becone noncritical in ~f ~a~~ L ~d~~ WO 99115849 PCT/US98J1374,4 -9
si ngl e dRENWas BnE?) of (Dere firsianqrdisimsawheraiml the eandifcsubynits agsdikad by t he

nol ecul byi.at e .t he, necessi fo ese ions. The ascertai nnent of
noncr i tﬁ“@gax?'gad] 3&5‘” flge‘ﬁg’a‘&fi tﬁ?"&%%’%ﬁiq @lir’}%e&s_'b%géﬁ %rfﬁ?'r%n%'lpn?ﬁfjgﬁf yi ng

candi dat@nihsabi‘aeamagﬂs&@mwdnea tROcHRPSRHY daf iR sPRBRYizE@Fecoh®inhaalr ed

acty vity. Regions ere nodifications result in Toss S of activity are

cri BOcal Homeyewitds whnscessaryt fogesttittidhacomponmisidfithe inventien suthis mannskni | ar
activity éi ncl iidi ng antagoni st activity). are considered noncritical. It
shoul d 2harindd LivBRES s, Wel) a%wstlmlsyrs-%wrks&dea-mla%@?kslﬁf tarenqlgant activity
whi ch is, el r | St ] n LSLI t G nones.
Thus, cereodRe ndRaR, 1t ke BMARELURLL fiab Bebi¥iqith o MicafbVIE 2006

ant agoni értany@N@ss, Bfamiifes, bhsifikRtianilaimaissuch 8s tHesbkeldy Riefce@Henigalovi de the
physi ol (r?él cal effect of the hornone. For exanple, for the a subunjt,

posi t i ono.3Boeltfort, dL ahd theHiket dnladditioncissplurfitsmay balinked eitheadiresthh and t he
20 i ci d st h, at_ t oL ] i needed i

Cr aBuct" Brimed SdfET v BeRtrg DerLor Hes-B enaaiapds S5 rel BTl (he (i
subuni t tafichifiurdfion 88%bulde rdiifireadn 22 sioRProteint Hdey tifeke40.

circumstances, for a head-to-head configuration, two amino groups may be linked

through an anhydride or through any dicarboxylic acid derivative; two carboxyl

groups can be linked through diamines or diols using standard activation techniques.



15 Where the noncritical region is "proximal" to the N or C—terzilnu‘t,swrg tz“fz
insertion is at any location within 10 amno acids of the termn st Fay
preferably within 5 ami no acids, and nost preferably at the term nus per
se. ASWB%@%sél@rei n, the "cTP unit" refers to an am no agidrseauspge found
at the carboxy term nus of human chorioni c gonadotropin j3 subunit which
extends from2 0 amno acid 112-118 to residue 145 at the Ctermnus or to
a portion thereof. Thus, each "conpl ege" CTP uni't contains 28-34 am no

aci ds, depending on the N-termnus of the CTP. By a "partial” CITP unit is
meant an amn { i ?qg; i 112-118 to 145
i ncl usi ve, bugc’%}/%h?cﬁcabgﬁg%ﬁ?%%éﬁ é‘ﬁg?gﬁ%ﬂ?g@gﬁ gg{) g{igd fromthe

shor t estconfigardeion Witeein seindard@eBtidelinkides Suffice and fheohipoand dahthel45) . These
"partial" sequences are included in the definition of "variants." The

"part i al Prepared ghp fasion proteinp¢oprdimaniiyroraisingesysthetapeptidg tgcbbiyest i on site.

Some non cosylated forns af the hornones, ar int agoni st nd ar.e useful

as such.aﬁglﬁ?}ng i YIRGHE S FECHd °ng§F2%f§9‘§aﬁ$a§‘rﬁlgé‘i%&‘§“ fp[’%h SJerine

resi guesthglenfi®Sdehh@es. 121 (site 1 ); 127 (site.2); 30 132 (site 3); and 138

(site 4). The partial forns of CIP useful in agonists will contain ~ 4

~, ~~ ~' ~~~ WOWiseveB e dpiiodnasnt? hedd and P solmmits arajoined of thehrermaindértad's

arranged. i n the order  in which they appear in the nativ P sequence,

al t houghtheMRIecln pHRPsitiqnspropinabto Ty a6t CltFUBd! SREEleTeE et (ke o may be -

i nserted . Iy 4 ks m y ol I extensions is
meant thsélg’%:@égg}llggﬁalgé:c‘ﬁé%t?aﬂr%%%{érﬂg%’n}fogyeﬁs&g‘éﬂ ﬁ?gé% Hlé?ts %pl? P units.™
Each CTPpibximal?yIbgenetdPpRbanl” indidatgripuisition whictadsii evithin FO aminbant . All

of ythe CTP units in the tandem extension or insert may be identical, or

t hey Gray2gids, prefewbbnwithindiveansino geitsy mompreferabhy withipgivet aminp &cids abi ety t hat

joins th and ~ sequence ithout interfering with the activity that

woul d ot ﬁ%ﬁ%ﬁf‘%%éf‘g%ﬁ%?{e@ﬂ%a?ﬁb“ﬁﬂ’é‘“af’ﬁ’rﬁf'(3 10 chai ns as nenbers of a
het erodi mer, or which alters that activity to convert it fromagonist to

ant agoni st activity. The level of activity may change within a reasonabl e
range, bihe Shbunt Espporerdé t he | i nker cannot be such so as to deprive the
single-chain form of both substantial agoni tanty nt agoni st

“activity. The%%@é@@ﬁaﬂhﬁwa%&%@@ ﬁné%%éﬁigi raaﬁg&aéa@’“ﬂﬁ t he

mat wre p i ; 1P| ] Y.l [ i nal

ot 1 1 2V e ARSI Binhs R} Heirkoh R R o LR Tt .

Pr ef er r edrdteiho Havinp tite ahinbheidichuees Rnewn hivtheartger I er bllélimariaasal

hor nrones of the invention are nost efficiently and econom.cally_produced

usi ng r eSsEennregerdiess 9 thpalycosyladipa matiern exhibitsh oppihe Waﬁﬁ?ﬁﬁf‘l"gﬁ'ﬁg t hose

forms of a%ir?ongc'~ (‘ahar‘f::lilnss CTP units and other |inker noieties which include

only gene-encodga1 SR aci ds are preferred. It is possible, however, as

set forth aboveNative BT dedse EpticRaate MGES WRItH hate theenindiglié- chai n

hor nones usi ng synthetic peptide techni?ues or other organic synthesis

t ech?® quesquendes thetrhefve beev isolatett Somithe relognt vartelrate Hesne.and have Bged ami no

aci ds and nonpeptide based | |nkers are also within the scope of the
i nvent i og(.m"r‘ﬂ sFﬁ‘éenﬁBssRe’ﬁFe? owih%a}‘ ch\(a:napﬁe C-terminus of the ~

subuni t 1 S COVE) b Yolh 0B Pllies OBl doA CTI U @ed BAMAOY arc st he

N-term nus of the nmature a su ch is in turn covalently |inked
opt i onal Iwhi¢thhaveyielibetateilesrations] ineludingtrAntibug it amitacidi ssRuapeesefn be a
direct peptide |linkage wherein the Ctermnal ,am no ~] ~.~al ~~~j
9925849 -lﬁqmptyp/ngggg; produged by, for example, site-specific mutagenesis or by other

25 recombinant manipulations, or which are prepared synthetically.
These alterations consist of 1-10, preferably 1-8, and more preferably 1-5

amino acid changes, including deletions, insertions, and substitutions, most preferably

conservative amino acid substitutions. The resulting variants must retain an activity
which affects the corresponding activity of the native hormone — i.e., either they must

30 retain the biological activity of the native hormone so as to behave as agonists, or they



acid of one subunit is directly |inked through the peptide bond to,_thﬁﬁ e
‘N-ternminus of the other; however) in many instances it is preferablé} o 2062
include a linker noiety between the two termini. In many instances, the

| i nker wopgisgsom | | provide at | east one (3 turn between phenisygnsapi ns. The
presence of proline residues in the linker may 5 therefore be advantageous.
(I't should be understood that in discussing |inkages between the termni of
the subunits conprising the single chdi-n forns, one or nore ternini nmay be
altered by substitution and/or deletion as descri bed above.) In one

par ti cul afdsybslia9t @k bdo@aits PeneriNg By Bt Sof el dvldHoAIRL iR r@&?ﬁor& Fortail Z0
and the linker moiety will includé one or nore CTP units and/or variants or
t r uncat eéheanative homaorsstbut Rackingrthe dbiligr toeffett digrml Camsdunfiors used i n such

i nker noietigs _are descriped herei.nbel ow. Further, the |inker npoiety may
i nclude a dr ug&88§e£?’ %h‘fcla;?,agﬁr DrEnsIn he copyentionpl senss, ap Antlgs Fﬁ‘é"q“? nker

noi ety. MeaRsidhosusttiRbd ﬁ%f&ﬁ@seﬁlﬁé’gentepal taﬂF'ncJ z}cm(gﬂé%%"or?a aBFoF viHich f or
providing for its release are convéntional. In a tion to their occurrence
in thHe | substitution istyadeCPniabacids havabesardlasifiey intb sactbgroupg; lasitked i n any
noncritical region of the subunits making up the si rE!J e-chai n hornone as
descri bedndgrstoad inghe ast, byfor gxamplsy Pa , M.res gl Atles efi Riatein $equences; nker

noi ety, ifqi e that t l.L.nker. ny. sui tabl, val ently
bound WM @%t]gfgég'c?gs I{xlggmg ?%Sﬂiag{%gg%ggﬁéﬁn%eqrgﬁr@s%la%gbet ween
the a andmiso 818414 Enothél! Reutf) hyBRpHicQnliad Aci@Omitd SnbtRdr A¥Ssotfoghl | nker may
generally be a bivalent npbiety such as a peptide conprising an arbitrary
nunbper, retspedifialclagsifieatons hemsel frth oW 96/@5224 atdoypdreted byraferdmde ani no

aci ﬂsleov\hi ﬁh has t he proper hydrophilicity/hydrophobicity ratio to provide 2
5t apﬁ Bﬁ"‘ri ate spacing and conformation in solution or a nonpeptide

| i nker which e BL A LS : L r shoul d
be on bal ance%ﬁ%ﬁ##ﬁ&gﬁéﬁﬁgFﬂgg?vhgérlnnth?ﬁ%g%{l%%&n élgﬁgféslo ﬁti on and

out of t hie avay paubiuties dribioth Rabicibzen BRéred eBormb @sefulvitiianis oftipdidrirdoner t he two
p subunits. It is _preferable that the Iinker include ~i

I ) ] turnstggically
provi ded Wertesdssenkedrhessin gresset foreintl.§ePatpmidel7d) 1 Briswigdgdpauary 1993 g - ~ ~

t ~a -~ r15849 ', PCTNS98l 23744, - 12 serine and/.or Gl i dues. Any
Sui t abl o DATHOISARA el Ry Teltire oAF BT berRTy PR bRkoHlalioh BEudES| Do

cor rest Qhﬂbéﬁtt@rfeh%tyidé&ré’ﬁﬂ%ﬁﬁr‘é&?ﬁm shied &1 givhakltympief oy cheiceabrekt ment s of
the bi functional hornones of the invention include in head-to-tail

conf i gur &€}l émwhich( tBE Bkdteinis poduced. ~i FSH ~LH, ~i FSH a- ~LH;, ~i LH-a- ~LH;
a-~LH ~i FSH, ~ a-j 3FSH, .~i TSHa-~i TSH, =T ~i FSH a:. ~TS = ~FSH;

(3CG a- ~i CG; a&‘lr%ﬁé-‘&@ﬂ%{mﬁ@ agidsequeage Hﬁmcﬁgsﬁf’ﬁ‘, ‘“E?r&@sa%ﬁ‘%#ﬁmﬂé'FSH CTP- a
~FSH  a- fifeshinilkh I{E:{Tn 3 1 86S qt s k3., mutants of

a- —i L CTP PRl sheie E%ﬁ?esu L FC bleqhbbhsta ~is|fs:§; mutanis ©

~i LH( 8113hd @3nbiriPwhichRabdlackidgGofmtrrall Gf the-dntibblaGdPatpidsitions BSHI2GIP- CTP- a
(3#SH- CTP- CTP; ~i FSH- CTP-CTP-a- ~i LH, pLH CTP-CTP-~i LH-a; 15

( 3CC? eTP-thy B-tgmmipmsHIn adddpcrrsubwpits- withl 20 qaipsreidy peleted(fpm g . N23) - CTP- a;
and the Iti ke. Al sa @artd'ccul arly preferred are the human forns of the
subuni ts. TN thEedB 98 onst ruct i ons, "CTP" refers to CTP or its variants
i ncl udi ng trungaiifiRse tctudd tHESIR8GhdriticlGegidRé Abstddtor dhloved.f Sticthuman
use, the human forns of the a and ~I subunits are desirable, it should be
not ed t hateldtivas and akaptiont may Eamprisd entiot loeps, se that bequiepsesaf gongidgrablyi n

veterinary contexts. ,Thus, the FSH, TSH and ubunjts characteristic of
bovi e GUPANAT A0 ARno SASTAEDE AERIAT CEangE e THSHLUPBSRIEHeEIBE ar o

apPr 9B | Awevr, YR ANL R the Teepfrtifdihg HorhBRS EnFBERE FSui B in¥ived in

signal transduction.

There is considerable literature on variants of the glycoprotein hormones and it
is clear that a large number of possible variants which result both in agonist and
antagonist activity can be prepared. Such variants are disclosed, for example, in

30 Chen,F. et al. Molec Endocrinol (1992) 6:914-919; Yoo, J. et al. J Biol Chem (1993)



Sui table drugs that may be included in the linker noiety incl udehi)?pzi-..ge )
or proteins such as insulin-like gromh factors; epidermal growt ht Fattorssys
acidic and basic fibroblast growmh factors; platelet-derived growh

fact or syyd bysigy i ous colony stinulating factors, such as granul ocyte CSF,
macr ophage- CSF, and the like; as well 3 0 as the various Vf’Uﬁ?% 4such as
IL-2, IL-3 and the plethora of additional interleukin rnnnalLjo~~n
L-..~ WD 99r 15849 PCTN598113744 -13 pgateins; the various interferons;
tunor necrosis factor; and the |like. Suitable cleavage sites for the

rel ease op6s:hsua- (50105 vRBYY. BPal b Chlm PURT) 26| FASHTASHERCRE Lo

pr ot eases whose target’ sites are not pre

Pept i de- SilycopmiteinHdramads, Ansgsichavw. bhel, BDS riVedlho NG, 9B T €
ily be 5 produced r econbt nant ex ssion of a single .

construct a b
gene. Al sQ%gM%‘?%IWMﬂQSeWCﬁgHEP% i163-d1 7 -Ericksonj LB kasimat or i es,

toxins, a hi ) n er.al e'd included within the

| nker” moredscP ol 1150 a2k 23S sl wilMelifh, Mgt of SEenAig! AP5ne .

r eceptsor s111033Gx (Hbstrhiq 118@4yones ordinarily bind. Suitable provision for

rel ease of the drug frominclusion within the linker will be provided, for

éo exfagpl e, byoéheﬁdﬂrlmif uuiludﬁ thd)ie(?slllaefroim m?ynmrea%aﬁhgmﬁdﬁy@l%ecﬁs furcxt Eer
escri be e, section headed,Preparation ods_ her ei nbel ow. er

Modi f i ca%%gﬁgf t}f& SEP%@W&!%&?W ABHR ?‘Fégfﬂr ang &1 gg‘beqyﬂems Mjchbe furt her

conj ugat eparfiéipdte i ehd N | ZEGc| rge%l%? i dita.deyvatize

am no acid seguer%ces) such acsdl%ﬂ%\@%ez%ry ts?%énﬁ;/ong%%ﬁ% ibSﬁfﬂe%dare

deg| ycosythasd batweén podiiorasrdd andgl 1pcad\Hetvan dositiohs 23 axd a2j on, nodi fication

tg; am no id side chains (e.g., conversion of proline to

hydr oxyprol i ntae;i" adlitian, i hag beermden prsiatedthatihep syoumststod theiusmone

posttrans i i ch.have been found to, qccur, erally. ) 20
The gl ycoéﬁ'ﬂg??%lnbeg%/og{%%t\é@lq ‘ﬂ’émﬁBF ﬁ?fﬁé*ss_%?ﬁ 19 ﬂl@\’fdﬁagﬂlpglfgfﬁgctb%{}sgf cularly
i npor t antbotﬂ'hembeﬁémﬂQﬁth%b{hﬁa,mr{eﬁ?g’e%@ra'l,'Tmoﬁﬁ&gé_smmﬁleatb‘?&io%i%lm ei ther by

producing themin procaryotic hosts or by mutating the glycosylation sites
nor mal | y Pwedemt Thys, chimesic moletidesawblich rexbibjt bOHFFSHiahd LENEG aveiyitiee pr esent .

hor mones P e S iled B destib Vil focied e PL IO AR B e,
Nor mals! y, Malyes anikral £sH4Y 8682919531 %lﬁclﬁuﬁé&es@}g%grgég@sﬂ ﬂg%}ig} n the

scope of the Invention. "AST1s genera own I n e-singl e-chain

prot ei ns ¥fids K3 -108/efFSIP fortheadosresimdirpiekiddestin thaOS-B susaityi€dsan sol i d
supports, and the |ike, depending on the desired application. The | abel ed
forms may®RPs ¥Eh both hGGard FRE activityabol ic fate: 3 O suitable |abels for
this purpose iR .8l tadi ol$ot ope, | abel s such as iodine ~0
uot | ~I suky pi neglllf(g;‘?cﬁ-l J%gﬁﬁgét?dgn%js‘flugﬁt%{flaarjeélzsgdu%lgergl?ad]ﬁ y,v%rtggg?g 30 as-~a

. toy sayslefigtk diiirlctioy batweaR temt!fs Bbitraky-d~i @, ~atd ~san6tuc~aal asec~d pijos
p.t)t EuETs ~u~sn ~Ctj ~ayaql u~fs pa~acul suoa aq u~a utaTo.td paiisap aqi
8ut'p8Rua d~Q ahpsitestabove thetvaradts) eatployedes g-and @subhitin bhingCy j tt:

ot 1 Eat et o DR e oo O ot g dhoghes Grvpmees Ay
pal aa. tt pohhglbteiafing 30isbhlAledor HELRIALEr oA BbARR THGLsEUL auZ0a Sutsn . to

onou 5 Z ap paztsaqgl u~ . saauanbas an no. ~ paredaid aqg ui'a

" S~UEUENn ~ui pnjVariantstalal intlude 0-aadtor§ d@ins whicioeunt£ia aalPR foraplafiemtau aq-~
~ut uts~uo§ HQ ~ut a~osd paitsap aip ~utpoaua ~Ha ate 30 uotssasdxa ~Cq
~ChuEUt qu Jsented uateanensaitice] rggiosat pu~Cs o~ st ~uasatd ~E tlat; oi ddt;

jsothasrd | so t. 0. Wo~~8m ~guoa Iiii-}g»- Ear~ a ut .st uttala -aj~uts
arT~"pus ° papm%fcrgicflﬁgﬁlﬁﬁ 0%'&? l?_zaé'd éﬂ]gs gﬁé}losgff%8ns~?ft t¥1%moq~ t~~to;
las = O dvleuled nofieButied for bAIGkIKallak Ty AnklfaiigbbiARUna¥iTagdflisput a-oi d ar T~
~ar ul suoa o~ spoi ~l ay~ spot; ~ay= uot~kEi's ala ~Slama~ut |rurigns ~j
a~EUdoi ddastiaitk). t Inogenaral, dhése negidns-ate aémaved from binding sites, precursor cleavage

sites, and catalytic regions. Regions critical for inducing proper folding, binding to

receptors, catalytic activity and the like should be evaluated. It should be noted that

30  some of the regions which are critical in the case of the dimer become noncritical in



\

ag~ 30 uot~~e~ost pine uot~Eagund aq~ ut ~tgasn ase ~Caq~ "sntls jgaigé%q
‘st uot~asai St (,, agiaads. gattlnn tptnn s~uauodnoa paits~p~0 u as il
ag~ .to3 s~ua~Ea. ~ ~C~tut~~s se pasn aq uagl usa suta~otd asag~ " pal dnoa
uat.~ ~ ohos4pt | OS 0~ uot ~uanut az{~, ~o suta-oid aip atggﬂg T, r Coj dur a
aq ~CBm%m;|gat pgpt T~I M ~uol s "~ sanbnr Toa~ ~uy.tc~ .tshtuts ~pa ?‘%‘F&?g ag uea
“s.taxtttl jt:uoilaun3rq3o asn arT~ ~utpn~aut °siaurea o~ uot~uany ag~~o0
sapi | dad pagrpotu atp ~un~uti zoo sanbBuqoa~. ~utldnoa p~spuEls ot (.

~axcj atli pus "ptoxo~ t;uat;~t~dtp put: (ds~ ututngjs untas aurnoq (H-

ut U“‘“‘COOUkiﬂgle“c%ﬁfﬂo&m@E%Erﬂ?&%ﬁ?&ﬂrﬂﬂbnzﬁ?%&fbnsih%gséﬁcﬂ}éﬁe FRMCER C{ﬁJA ~1ne
~su~ro, ~ pagtpoul nnau asaqg~ t; ~I nn an~lIosarounuz~ut =C) ~agtaads

sat poqt ~ueBuiaiedhe hectasity furithest regidral Jdre@scenaiiment ofviohcritied) b diows o~
S.tatzrea o=, pajdnoa, aq osh: ~Csur uotl|uanut arp-~o suta~oid atls ~szoTdaoar
gans sod Eeadd¥accamplished by delsting onmodifyingcandidate repiensand copdishng - 6EnaTai aqg-~
~0 Uuoi ~sz ~ | ags). ¢l ans. ~g asn atjy =axti .atlZ put:. °staqgsj

2t ua—omepriogpaR ey el iRy, Rebl Bk meihiasin Esbioss SaTt
~CEUz ssadef aqivilyRire chiticAOKSionY whtkdih thelliteratiol fesaeh tht Bakbodimibal otd
utt:qo-aj8uis atl~, 10 not;aa~ap a~i'tpaut o~ pasn aq osls ~Csur sjaq8~ ails
~axcl aq~afMty (including anrgoniSGaclivitypldfe sansiddred nonerindal. bbGzl 86SN. L~d

6VvV8SZ/ 66 OM n o~ C~ st'. 9925849, PCT/.USQ81 23744 -.13$ the

i ncl uded codi ngt %@&&WE%WBB%&%?&Wt ologicali§givith ds Mfallsti¥iiées. As is
wel | Knowghi @', i Il g%,ﬁ;g I i w de
varjety of ﬁosl{gse?tﬁ;éﬂn Sﬁfiﬁg?%}ritggé@?gkﬁgcﬁ%?gts saﬁt‘:,ﬁﬁas le?cglf‘}ly’%érha@
subtilis seglomumracscitildonbetiasios oEh vasan @8 sh antajdiist, dvengionghiate as

Asper&il | us and Neurospora, plant cells, insect cells) 5 manmalian cells

such CRpsageniskls uneblgdo durqtly) pravide thrcphysiodogicah effedh of the hormepsst i s

particularly pesrtinent,t sttransl at i.onal nt t.particularly
i ncl udi ng gl yc?&leﬁ?lf%ﬁ’ ?ofﬁge ?Sﬁ%toﬂo%?orﬁ!?é%?gﬁf Qqugﬁﬁ%@ﬁﬁ%etswy 2‘3nt rol | ed
by the nakipngl @insiisridH OBy GiHb 2did SFetéh hfthOcdbey PRIl Rncburasser . the
nature of the sugars occupying this site is largely controlled by the
nat ure of signe! marsductidh/vecemorbinding, Resiluexeritical fogasstmblyeviph thedr t i es of t he
hor mones of_ the, i&\éenti on can be _achi eved by praoper choice of host. A

parti cul aSFOUBEBe Fé‘éllqaétrrﬁi@esg'*é*n%&ﬂ’é’?“wwélyégs{%unit portion, whether the
a subuit is mygh i b “l #pﬁ, Wy . tion. As
used herein, the gxleﬁ %xlu#ﬂ n ﬁkié’gﬁsé"ﬁr?’é ersto{’%gmgpgetﬁrgﬂgg}h?ﬁucti on

di scl osed ingerthdat &k anyMddatiord tvitBin HJ aminblkidsof denémhus( f2EHablY withirl5 ~0) in
t he description of the construction of pMZ/CG a or pM-/I. For reconbi nant
product i oRMppacs.cendipest prafttebly s thfeBRiprepgisén systens are used and

cultured to proguce .t.he .desi t, prat,ein. .These.ter i n as
fol | ows: ~ 20 AgsH%"é‘i"f"i“‘éa"‘%Fe§§ﬁﬁﬁ“ﬂaﬁ?£ﬁégﬁn%‘E‘PP,“?E see.a{;&égzg‘ﬁ\dmﬁmdi fied to
contain® %&ZQM{}@B&&KB{ ER3HoAlt gOhadAPBpiPP sttt whignédtentls ffem ers to a
ho%t cell which has been altered to contain this expression system by any
conve?® entanminoreid 1dR2-118 toadsiduanty s 4t thé Gatmunuprito apoftwattheraof. ihus)|
infection, and so forth. "Modified cells" ref,&ra to.cells Cﬁnt aining this
expr essi oﬁaglys?fémkﬁ}?etm unpif eonigins fn3rening acids derpodingonitheNACBRIBHS onpsone
or is ext r&qmﬁﬁsoml. The "nodified cells" may either be stable with
respect to’incldsion of the expression systemor the encodi ng sequence may
be transiently By¥arpsARE: CTP uilles incaktebitihe adid sétt@shceoditls ofoueddi fi ed” with
the expression systemof the invention refers to cells which include this
expr essi orbetyeercpositions k1@siii8ito A5 inmdusiverbnt whichhpsat least onecamiae 288, when
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a1 uat ui pooiih ebeheafeRsBS R fiederatrihet ptepof Y PR Az iR s i
xaXttglg adr3psitedy fldPR GRL B). "Mkt TosA\6f CFbadeR iR igbnidwiltEdntain



ag- ~Cem suoruod pazi satpruCg yre atp uc wsnoux sanbrut~oa~ stsa%[}xng ZRY
dad ~ursn ~Ctaoatrp paztsaql u~Cs aq ~t Em uor~uanut agi ~0 sauouudq att1==6
uot~od ~ xo TIC ~axtj atp puE " uot~E~tdtoaid anrl oal as " stsazoqgdox~oa~a ~a~
" ~Cad~u ke Rass,Wxonl a se qons sanbrugoa~ un~oux ~utsn paqr;yzdr <0, ,sur al oxd
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3l wza~s~ts uot ssaxdxa pa~otuasudo auk ‘ut saouahbas ~ouuoo ag~ qltM .
aj gt ~edweoantadhloef the GRP wdtsGh e tanddns axtensipraor insart magteidentizah.orag~ pu>;
jlao ~sqg ~u~pgu¥}og{%x ~a8.t~~ ie~naru~d a ut |euocloun~ ag o~ pau~tsap axe
qop; n~ &8YJRaybe duissent fiam eahiathBo atj "1, wotssai dxa a~ej n~ax o; :
uxst uet | oauz te « X0l.5X Ny . - anbas

o o ok e e R e o JARF e 2 aueRbB wBREN V2%,
~aguanbaisterfeiROWithitRe h&ivitQURA WP oRErwisOBSSibhvd I8pER @Ak e T2EPbas | oxl uoo
~uuCu~dt uoooE asoq~ pttE passaxdxa aq o~ aouanbas apc~oajonu ~utpoo -~
saph@outchains a$ memtienoef oheterGiifey, ar-winslasldrs that activitgdo converhitdoogt Ot
bbGzl 86SN. l.ad 6b8SzI 66 OM.ap, ]l 7 ~J-VV. =J'~ L Y ftY, ~ C WD 991 15849
PCTNS98f28%aUto mrasoe&hr?t@/wa#laﬁgvca?f ki maY henge thB’oasTelaf’?Iﬁg?epr oxi mal to

the Ctenfgenpy e¥ g%eﬁéefmﬁﬁlg?%gE%Ebé EHAShSs YEEi R the Sind - S8y diols, or

conbi nat1 ons t Anti e proteins of the invention may be
used t o fgemef both sabstamtix]iagenistpadishbstaitia) antagomisd netindgty. VEhesihfletdhebe new
conpoun&gi%These anti bodi es are_useful in a vari eta(; -of - di_agnosti.c and

t her ape dagnQt FeRresant 2 PIaRsPUds Pyl dhr watuss rrofrimandmust SHRA RN NS ng
t . Price . ! . A
? ot 23 e HRPL B b8 B AR ot e HREGRRor S ichTonk SO b s 2 10EP 1

adequat eonpatientgat i on. The pol ycl onal antisera can then be harvested as
such for use in, for exanple, imunoassays. Antibody-secreting cells from
the host, such as spleen cells, or peripheral blood Ieukocytes, may be

inmorta d g kno t.echni.ques @g screened for production of
nonocl or*.}%l[.é{%ma%m%lgllnz‘lnelll .Jr?cs’f,,ﬁit"fﬁ?iﬁ ¥ 1%he proteins of the invention.

n
TATTC L PAVAC § au e many pay |

"Antibodi es” TREhRdRtional hormones'of thelinvéition FAH0ENEffivizhal ah@t ai ns the
required irnmunospecificity, such as F,b) F,b., F~,b.~, F' and so forth.

Thug0 t tesonerhidetiy pesiuced usihg cecombpraaptackniquesi ﬂ"@em&r@nﬁismmteé@hni ques,
typically by, {solating nucl eotide se nces encodi at | east the variable
regi ons %@P%ﬁﬁt&qheﬁ-‘afor@ﬁpfﬁéﬁﬂ @s"hmnﬁ»ﬁﬁf%ém%w&éﬁg?rggg‘cg H@d?aiqué"l'}llgh and

const ruct,] i X i: j 1d:S an

oot 1 ca nelile B ARSI IRGATLATABYRIERRY, 1T o SBRE BOGRVBEMRAD Y )

"humani zfagth abevérao amsktiudeatlledsEporByns bt Sipgleeadtiain orfrmhes heing sptbetis of t he
i nvention"” is neant antibodi es which specifi ca:“lﬁ% bind the refe t

cogpo_u noPephide krshniquesior other clbgmiﬂ synthesis taehniquspne teTefprayaniagts ‘Fiﬁi-ggl Incl uded
subds ¢« cdbFin AopRnegRtofed g Grids And bkl Falgd PEkS R A whtnil nO! €

the scope of the invention.

In the most preferred embodiment, the C-terminus of the B! subunit is
covalently linked, optionally through a linker, to the N-terminus of the mature o
subunit which is in turn covalently linked optionally through o linker to the f?
30  subunit. The linkage can be a direct peptide linkage wherein the C-terminal amino



2 5 affinity or nonaffinity. It is understood that specificity is ?'I‘ A e
relative term and an arbitrary limt could be chosen, such as a d'fffetr\e\’na:’an?
in specific binding of 100-fold or greater. Thus, an imrunospecific

ant i bodwoisaebkesded within the invention is at |east 100 tporriSyeRs7dgeacti ve
with the single-chain protein than with the correspondi ng heterodi ners,
prior art single-chain fornms or separate subunits. Such antibodies can 3 0
be obtained, for exanple, by screenirlid for those that bind the invention
conpounds ~~"' ~ ~~~~ w0 99nssa9 PcTi us9sn3~aa -18 and di scardi ng t hose
that al sacis oftbnetsebivet BrdirdétiyEiinked shrbugh the peptidyhaad tathe Bi-feginémusidi N f or ns
set forth,in , W95/22340 and W96/ 05224. Fornmul ation and Methods of Use 5
The pr ot dNHSHSE hoWever, anenygRstancss itds nisferelde tainglusdrm linksr anaigtyusi ng net hods

conpar abl t or .t he shet er odi.ners_correspondi t,0 them Thus)
Formul at 1o ReRe KRR I BRviBoREkS. B PR Ip gL FaPRRy Bak

par ti cul ajne!PufPBtweEn hetWB BRaifO "R ibdeAle 815R6Nnd RYRGEE in Jteqnd&?ﬁw; level
and frequency of adm nistration nay be altered as conpared to the

het er ®di rtherefore peedwantagedds. CTP units ~1 o are present in view of the
extended biological half |life due tg its presence. Fornulatiqns for

protei ns of tk@t S%HV@%?‘B’H“&W@“fh%gbdlﬁ‘f}ﬁflééimﬁgeﬁgéf“éﬁeﬁ the teapt feheir ugs
such as fQupgd Wf@q St RDAL upj [ : t e j$ion, Mck
Publ i shi ng {Ca:lgﬁp%n , s%’%ﬁ?ﬁlﬁ,&ﬂ&g‘ener ab#’f/@nﬁ%ttgﬁg??rag%aco%cﬁ% ered by

i nj ect i orsubstytpiicraind/or deletivvanaessribédiiorsyscul ar, subcut aneous, or

iri ﬁ]i aperitoneal 15 injection, or using fornulations for transnucosal or
trahsder mal ddimopepgrticulsdy preferved sehof embodimartsdhe Jinkegs isdwad-tedaibr gent or

t . bi I. t i di s, d li.ke. T
For miat 1 5Rane Ry iy A iRapetthe & P CaPant? SalBfventh pEbSBfted 1 (e
case of tfoansORIdHE PAMHA BIMAIMROCTPRnD Bsddqh Fude liskdrmoRtiehgs: O al
adm nistration is al so possible provided the forrulation protects the

pept i des dekcribed hersinbedwent i on from degradation in the digestive system
Optim zation o’égﬁ%sa e.reginmen and formulation i s conduct as a routine
matter and as F:éﬁwrﬂﬁém%mvalwrea B.COWQ%@’%?é{ﬁ%gYi ons can al so
be nodi fi@iatiy i:1.ab ' mpounds of
the 1 nventl o ou BeLEE haRae: BP0 Mo lor A IRe Arlte &l HRELTEOTTS oo
for 1he hebietyatidfer providigior itf rdldee berovavasiondlhus) | i ke the heterodi mers,

t he agoni st forns of the single-chain hornones of the jnvention can be used
in treatment o adgitiontp theinoccursense isthiedinker meiehp GTdY 1 its ¥emaHs M8¥hni ques,

and ot her i t hods,. associ at wit h..the, natjve h These
t echni queaggﬁegeﬁg%g% ina%%émf’f)“th%ﬁ%ﬁkonaoﬁ%eﬂbuﬁgg %k’cr)%hdé’r t%gﬁ?ﬁrggg 'gﬁghf‘he choi ce
of the silgheneBadéscAb& Moei N terns of 3 0 its species derivation will, of

course, depend on the subject to which the method is ,.. _a ~—~  ~""~7r
~~z WO 99n5849While I GIIBIEB Adelprefetred aphsicrd in the lviker mvéetyoidlis nrderstnad t he
dual

di f a&éﬂ?ﬁiﬁ"'ﬂgbb%%%ﬁ%ﬁy&péﬁ)@%&ﬁ%ﬁoﬁé‘f ;@;e%gggﬁgﬁdgrg%gm;%?‘ "
i H . T . .
Ceagent s RGP e RN Bb i R B o R EOBHAY T Bliatatagl ) o

het er odi nesrfigutationsthetlinkéers miygene Al Géndsivaént nisetydueh s apeptigle be used as
di agnostic tools to detect the presence or absence of antibodjes that bind
to the naSQMRFiSRHIEIhETanonwheerdut synicallydpssaban Hihmore profgrably lesethas| evant

portions hese. si ngl.e cg in co ung@.i.n bi.ol Qai Ihey are

al so usefﬁqm(%l oc%hcfsrv%"tl‘ has Eﬁ?@pfﬂpy%%p ! W@dmﬁ%%&ﬁﬁé’s’%ggglg ﬁgcvtl%% | evel s
of thgse ilh@raﬁ?fb?ﬁ feApY@hd S lafi6n infoMitREr & iodbepidehifkdravhienel s of the
hor nones t hense vgse 8r o% antolﬁgj(?(gliaes 1rai sed aéai ns? them are standard

i munoas seonfens these characteristion| In deneral; thalinkeeskouidd bé/an belance bygwphiliocve and

di rect assay nethods can be used jinvol vi . | abeling techniques

} | n vari ety  of
i ncl udi ngSe afodesidn mfae swﬂwg,sowle@a&eﬁrpz’éhq ‘Xﬁﬁp}lmln&ﬁ?ﬂf@ | abel i ng and
the like. hg co nds _of the inyention ar. i tecting
and pur TG BeGEPBrR A Rn s pruhe rHEPRbie0E: ROF rEbERel Bt inp e, 2
conpoundsjrfude/peul | ecliduRs HPpHidRURIReFd, Br @bfipHEEd i N
affinity chruo tgg%a %@%@gﬁ?gﬁgﬁ%@% rtxacesf)tﬁgir)sﬂlor ant i horm)ng
anti bodies. The resulting receptors are thensel ves useful in assessing
hormone activity for candidate drugs in screening tests for therapeutic and
reagent candi dates. O course, account nust be taken of the dual

specificity of the ~i subunits in any of these conpounds where the ~i
subunits are different. However,




" where the two ~i subunits are identical, they offer a powerful af,.f‘j. n},t,,¥ nnn
purification tool for the relevant receptor. Finally, the anti bodi &sf £ .ud

uni quely reactive with the conpounds of the invention 2 5 can be used as

puri f Gabdaged 00l s for isolation of these materials in %E‘?h!sﬁh‘?zﬁ?que”t

preparations. They can al so be used to nonitor |evels of these conpounds

adm ni stered as drugs. The foll owi ng exanples are intended to illustrate

but not to limt the invention. 30-12-, 'r. rrr ' C~~v~1L .,,ri W

99R3849 PCTI US98R3744 -20 Exanple 1 Preparation of CG a-CTP-FSH(3 A

nucl eot : i cH (o] ugksg the

avai | ab%gﬁﬁ%ﬁé%%éﬁ%%g%géﬁf %kakiowv%ﬁ%@F%%q%g{sh?@ubuni ts.

The CG therabgvedesribed esrrédyehakddicndlics naydedsedf human CG the a
subuni t - encodi ng nucl eoti de sequence encodes the 92 am no acids of human a

as the nini gEABIculasly rovlerred smbipdigrentspidhe bifenstionelharmoans ebthaci ds
repr esent. ositions 118-145 of human chorioni'c gonadotropin; and the FSH
encodi ngwregtg?’ghm@%d@dﬁ@Sa%ﬁ’é‘a“l}fﬁ B%Mci ds of the human FSH subunit. .) 10

An aml i fi edBpsmg?p;g}p’ngpg}qu - PPsex@IpIdy; the a minigene) CTP and FSH was
inserted into the Sall site of pM-HA- CGexonl, 2 an expression vector which

is derived fPbMH-pNLEdpLHABESH; BIGH-OPBESHPs 1 and 2 in the manner descri bed

by Sachais, Biol Chem (1993 268: 2319. pMz _containing CG exons 1 and 2 is
descri bed i nPTSE-aAISHy RS FSH- i SH-ehtSHicad USA (1987) 84: 6354-635' 8

fragnent contShPmCSna MeGPRBe e TSHRELH SFSBRAUCT THESED noer 1 &

into this veRFSH-LTPAPBRSA; RIHFSHAEER.pIR4 proM-CarpiaspItiaen cl eaved with Scal
and |igated %Fh Scal Pest?i cted pBl IBKS(’+) a- CTP- FSSHP The resulting

expr®ssi on vEEIHCTPM: SHNCGRIGTETRSPE $HoALHewCTReBFSH} e conpound when
inserted int %‘La sui tabl e ho Production and Activity of the

st. Exanple 2
CGa- a- CTP- FSHLAI®hE -8 pr &BESHin BLEER 1IJ5- B TRietffPHin Exanpl e 1 was
transfected i ) A _ tef, oMary (CHO cells and production of the
protein was ggs(gss dgbﬁizgﬁﬁvﬁﬁlgﬁéci pitation of radiol abeled protein on
SDS gel s. ThaTaH-CarectTpdl prepasrcelrpect ed, concentrated and tested for
bi nding to the human LH r.eceptor..(expected to bind the CG a portion). For

" this assay, PFSH-BTPeCEPiopLApBLHFEPHCAP-pLHigserting the ¢cDNA encoding .
the entire h receptor _.into the r ion vector pCMX (O kawa, J.
X- G2t al. 3%&L’IHPEQ§.§C‘£&3E§H§ @C@épjéﬁg‘ﬂg‘gﬁqBS). Exponentially grow ng

293 cel |l s wer f ; .C'~~ ~ ~~? wo 99nssas - 2|
PCTNS98n3744@%%tizi’gf%/lggétl8?153)§|&gg'q’he method of Chen, C. et al. Ml Cell
Bi ol (1987) 7:27452752, resulting in expression of the LH receptor at the
surface. In the assay, the cells expressing human LH receptor_(2 x |

Os/ t ube pndutrediken civisepadionlarly prefagedirethplrmen foomsof theovpanits.i rihei t h

i ncreasi concentratig Of .5 un el ed. hCG, or jnereasin nts of the
sanpl e tagg%eeccfnés}'gbonit chg% Tefrs tfjhéﬁgﬂf iig, vﬁ%"%‘é‘&*uggge |lﬁ°a1%3§g?¥i n the
prg@ncqeggribgamm. ogRsLs the binding ability in the

While for human use, the human forms of the ¢ and B subunits are desirable,

it should be noted that the corresponding forms in other vertebrates are useful in

veterinary contexts. Thus, the FSH, TSH and LH subunits characteristic of bovine,

ovine, equine, porcine, feline, canine, and other species are appropriate to indications
25  affecting these species per se.

Suitable drugs that may be included in the linker moiety include peptides or
proteins such as insulin-like growth factors; epidermal growth factors; acidic and
basic fibroblast growth factors; platelet-derived growth factors; the various colony
stimulating factors, such as granulocyte CSF, macrophage-CSF, and the like; as well

30 asthe various cytokines such as IL-2, TL-3 and the plethora of additional interleukin



sanple. In this assay, with respect to the human LH receptor in 293 cells,

" the heterodimeric hCG had an activity typical of wild-type as previbubTy {7s
determ ned and the CG--a- CTP- FSH~i - cont ai ni ng nmedi um al so showed activity.
Thesewemuisg® are 10 shown in Figure 1. As shown, both hetreusedismsi c (solid
squares) hCG and the bifunctional single-chain protein of the invention
(solid circles) conpeted successfully with | abeled hCG for LH receptor. The
bi functi onal conpound is |ess potentl3ue to the nodification of the a
subunit carboxy term nus. Also shown in Figure 1 are the results of the
assay Whetsnd) thavaHiol@ ialeeferins; Rimor-netfosts fatlot;Hnd thellilee. ndiable derived from
cells nmdified to_contain two expression systens was tested. One expression
syst em Peavage sienfosithereleast of thersirigs amay bringhuded, syel asitaeget seguenges sybuni t

of hCG .The resul ti ng noncoval ently associ ated si-ngl e-.chajn.FSHa-~i / CG-3
conpl exf°{’§’6?‘F%S°§P’ft*t?ﬁgFaé§ﬁq sé‘F%%“ﬁ?é%’E%%ﬁﬂ“l‘ eﬁ&ﬂ%@t%ﬁ“’ﬂgﬁ' eBlff’H TG Ina
simlar R ining CG 32 u?
o . P e B g e Bl B R el b P eosed i 1
293 scel poduddicbypsestamnbiviemt exprdssioredf a singlegamnddso, demtimdiechladmge, except
that cells expressing the human FSH receptor were substituted for those
expr essfYY a5 gathiatiosraatiinflanmategics,dpainsdanddhe like carsBeused. t he conpetitor.

Th | t ' h -0 Ei . :
ci'ngl o ohai nit BT, R BNREELBRR R e NS piciess BT SIS BAS )
(solid aeyatesprokbhitPbptetdeeptdts 36 whidteiRHREmEdrtiFRAly, bifd. SSuitdhian i n

Figure 2, the mxture of a different type of conplex -- i.e.,  single-chain
FSBi - apreyirdew firgnterse ofitbo drug fomvincluisiogwithin thehlinker wall be peayideds; for

un | exed .excess Si .e-chain FSH--a (solid,triangles n.excel | ent
Colbt| EFIPISgEy afo iactedife SHEH for rirfrné b3 figef pisie R M hees R BPod 08 T,
 Bxamphig Rconatdde Pralon diddehatcilgessi on vectors © In a manner
simlar to that set forth In anple 1, expression vectors for the
production of single-stranded bifunctional FSH(3-CTP-a-CG ~3; a-
FSH~i - CTP-CG ~,. 5 CG ~- ~FSH CTP-a, and (3LH CTP- ~FSH CTP-a are prepared
and tr af¥heardyladificalionscHO cel I's. The cul ture supernatants are cul tured and
tested as desgli apove W f tehen ESbl receptors.
These corrpouﬁ%,sg’f%%,%gés%ﬁg’\fvmg%lpI(’lf?@eoﬁlgggﬁ%ggg? 3 recéégto girﬂg?t é%# ~ ~n r°~ Lf
~. . X8 _Vderivilize@iaways genddally HEdsiitbad eslderivanos ghinosyd atquengesaueh as havi ng
agoni st and/or antagoni st activity of the fornula Vii' -(linker’

)", - a- ( Phasphorylation,ighyqosylajionadeghicosgation phrudinan)ly glycpsylgted fae@sz) " -a, (2);

a-(linker' "o (3. (Link "-~12.(3 wher.ein . T ~3'" ha
thfa Iam’ ﬁSYIQ%?Tb ré‘é%f&ééﬁtb‘}a“ %ﬁ%{%)ﬁg‘"(‘? Iaglﬁ%lﬂﬁ)?hag’ls (a'l ‘é:gﬁ\g%?lg 8@?{/@%& otein >
hor none j }d&?p}o?irﬁfhﬁ&ﬁ?rﬂlafr nRyBi £ i ook Q4R 0B SikStohbdRpolttrahixtianatievehisul at i ng
hor mone (TS follicle stinmulating hormone (FSH), |eutinizing hornmone (LH)

an? chon"/}dchh'c’l\gadnrmdd”bum)tdamc(xﬂg‘f}nemll)a vari ant thereof which variant binds
to)the receptor for said (3-subynit; " a " signaLes. the. a, subunit of a
vert®brate glﬁﬁoﬁb’ﬁ‘?sér %‘W%J*S&P“PSFES ?.ﬂﬁ%?rg’éﬁlg?lsé’a%wagﬁt t her eof ;
"I'inker" { ' o HedSORATEhdrB9 Vii' and (3z
subuni tgn{gghgﬁgét@tﬁc@gﬁﬁﬁg}l’w aﬁlebnglfléés%%mt @%c’%ﬁom each ot he? effective to
retain gabéhcked ihend i probaysachostd onbpathtatingithe ghiepeylstion dites Bommally; wher ei n
sai d agoni st and/or antagonist activity is with respect to the receptor for
whi ch atpressatin thnsubinitssand/oriany (HURNnits thet may bgpresent> Bothe protein of claim

1 wherei xponsg?)lcgsﬁatacg%epsigrfsean]d'partially glycosylated versions of the hormones can be

25  prepared by manipulating the glycosylation sites. Normally, glycosylated versions
are, of course, also included within the scope of the invention.
As is generally known in the art, the single-chain proteins of the invention
may also be coupled to labels, carriers, solid supports, and the like, depending on the
desired application. The labeled forms may be used to track their metabolic fate;

30  suitable labels for this purpose include, especially, radioisotope labels such as iodine



3. 'The protein of claim1l wherein (3" is the ~i subunit of FSH |H o .TSH
extended at a position proximal to its C-termnus by a conplete ér p‘alRt call
CTP unit or variant thereof wherein said partial CTP unit or variant

t her eo{yg@dmRidoses at | east one O glycosylation site of L P unit.

4. Thg{vpr ot eiur% of claim1l wherein one or nore of the a gpnéd]'a}%gg\@a%ni ts are
nodi fied by the insertion of a CTP unit or variant thereof into a
noncritical region thereof and/or whggein said |linker noiety includes a CTP
unit or variant thereof. 5. The protein of claim1l wherein said variants
contain S is 1130 hdsubst ' f he native
Forms or | aeer gD ooy AT a g HREN ThE itk Ry BRobELRE finklalicn oo or
bot h condeéation wif i singlé-olisin prodeiheitkasdayléystums? th thid BiStadte, ri@oNoRpel t er mi nus
and wherein said variants in the context of said protein retain the ability
to bi nd Ta%alse be upshasirallas eazyme labelsofluorgscenhlabielsachromogenis labkelsa | i gand.

n ~ ~~~ . : R Pl . -24 6. A pharnp¢euti cal conposition which
conpr i seéshdt‘ eeh%?‘o AR S'&ﬁ}’élfﬁqqip?rﬁuggﬂf%l’tzgﬁl@%rﬁleﬁ?ﬁrrﬁ%?g’gqﬁi cally
accept abdifceakey Odred usel-as T etRptipitd fof sich3bdEptorsoupl ed to a solid support.
8. A DNA or RNA nol ecul e whi'ch conprises a nucl eotide sequence encoding the
protein of cl Bhgproteis ofthe iaxentmngngnalsy be eonplet tosardersito enhance #rirmgoni st

compri s QP EeREeS it i e rohaEticn gt MU AT SBE EP DB BP R RS G ER & m 1
oper abl ythedd Hefmb@ife@BMR. Safabie AP BuBbs iRl AINbRTinGiERT €551 O of
said first nucleotide sequence. %&Eﬁsfc}e exp?e si on syste%\ of "cl"arm 9 whi ch

further bomicyams (KL3Hcwviheseningalbuthén BSARantdiphthediangxaid sindnhé likept i de
opéaably Iingked to.the protein encoded by said first nucleotjde sequence.
11. 1R hoStandaid conpling teghniquss forinking theanedifiedpentisies of tedpventiontai m 10. 12.
A net ho rs i nal-erchai Qi ein i { s..an agoni st and/or

ant agonidcsgtlﬁ%_ ’ lgggfj@ég}bef%sg%ifﬁlfﬁ%c?’r?glﬁ]ghr\a\ﬁfCﬁan\rl\rg% ﬁ%‘&i%_ﬁpr@ ses culturing the
celI's of cl ai $indild NielRihg ¢digukH BnpRalbhesaindy Be @il fyddstoRbasledrd; and
recovering said protein fromthe culture. . , , ,.,, 13. A host cell

nodi f i edProtFirsoiths imventondg seled sippartsy Whemcofipled athasegproteins ganrtherhead t o

produce i.n -chain protein which is,,an agoni st and/.or .antagapi st of a .
61 ycopr onteh A AUFHEERERRR IR e Pendte o0 a5e Seed B RGMEh A PEIBE <1 i m 13
undes corgdittdras SxMbREE Thu%,i%lgy g_frﬁca{s@mmd the PuRREART a:%n\%%xiragﬁms?meng sai d

protein fromthe cul ture. . e protein of claim is of the

f or mul a reeegtbisrwkiér which tlee dppropsiated) subvdR ifitkjacts16. The protein of claim15
wherein said (i and a subunits are linked in head-to-tail configuration.
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nis 1 a T CTP. 19. The protein of claim18 which is CG
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n. L i fRLsli . v~],:25.22. .The.pratein of claim?2l rein ane of mand n
s 0 andOTblsdp AR RaneEid el radbiRl SReread S pSRiR 0 ol "o
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é]@(): E{Sg\g]v%g C a]ug gﬁgcca éﬁ%‘é}'%éﬁ%ﬁéﬁhéﬁg% g% g";%}]né%l.]eg e{ rcg -((i:ié C(E(’:‘da] ca] c*a] c*a] ca
Ul cal] cajmeddeneshs; ligatiokfoad@itional sequences, amplification such as by PCR, and .
construction of suitable expression systems are all, by now, well known in the art.
Portions or all of the DNA encoding the desired protein can be constructed
synthetically using standard solid phase techniques, preferably to include restriction

30  sites for ease of ligation. Suitable control elements for transcription and translation of
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TdEmbC! @&nﬂleﬁﬂ)&c@ress& hDSo%, fdcombinant host cells “modified” with the expression

system of the invention refers to cells which include this expression system as a result

of their manipulation to include it, when they natively do not, regardless of the

30  manner of effecting this incorporation.
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host cell must be chosen so as to be compatible with the control sequences in the
constructed expression system.

If secretion of the protein produced is desired, additional nucleotide sequences

)10 encoding a signal peptide are also included so as to produce the signal peptide
operably linked to the desired single-chain hormone to produce the preprotein. Upon
secretion, the signal peptide is cleaved to release the mature single-chain hormone.

As used herein “cells,” “cell cultures,” and “cell lines™ are used
interchangeably without particular attention to nuances of meaning. Where the

15  distinction between them is important, it will be clear from the context. Where any
can be meant, all are intended to be included.

The protein produced may be recovered from the lysate of the cells if produced
intracellularly, or from the medium if secreted. Techniques for recovering
recombinant proteins from cell cultures are well understood in the art, and these

}JO  proteins can be purified using known techniques such as chromatography, gel
electrophoresis, selective precipitation, and the like.

All or a portion of the hormones of the invention may be synthesized directly
using peptide synthesis techniques known in the art. Synthesized portions may be
ligated, and release sites for any drug contained in the linker moiety introduced by

25  standard chemical means. For those embodiments which contain amino acids which
are not encoded by the gene and those embodiments wherein the head-to-head or tail-
to-tail configuration is employed, of course, the synthesis must be at least partly at the
protein level. Head-to-head junctions at the natural N-termini or at positions proximal
to the natural N-termini may be effected through linkers which contain functional

30  groups reactive with amino groups, such as dicarboxylic acid derivatives. Tail-to-tail
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immunoreactive with these new compounds. These antibodies are useful in 2 variety

of diagnostic and therapeutic applications. \
The antibodies are generally prepared using standard immunization protocols
) in mammals such as rabbits, mice, sheep or rats, and the antibodies are titered as
10  polyclonal antisera to assure adequate immunization. The polyclonal antisera can
then be harvested as such for use in, for example, immunoassays. Antibody-secreting
cells from the host, such as spleen cells, or peripheral blood leukocytes, may be
immortalized using known techniques and screened for production of monoclonal
-~ -antibodies-immunospecific with the proteins of the invention. “Antibodies” include
15  any fragment which retains the required immunospecificity, such as Fy, Foys | I O
and so forth. Thus, the antibodies may also be prepared using recombinant
techniques, typically by isolating nucleotide sequences encoding at least the variable
regions of monoclonal antibodies with the appropriate specificity and constructing
appropriate expression systems. This approach permits any desired modification such
J20 as production of F, forms, chimeric forms, “humanized” forms and the like.

By “immunospecific for the proteins of the invention” is meant antibodies
which specifically bind the referent compound of the invention, but not the
heterodimers or any of the included subunits per se or any single-chain forms which
include only a single P subunit within the general parameters considered to determine

25  affinity or nonaffinity. It is understood that specificity is a relative term, and an
arbitrary limit could be chosen, such asa difference in specific binding of 100-fold or
greater. Thus, an immunospecific antibody included within the invention is at least
100 times more reactive with the single-chain protein than with the corresponding
heterodimers, prior art single-chain forms or separate subunits. Such antibodies can

30  be obtained, for example, by screening for those that bind the invention compounds
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Formulation and Methods of Use

5 The proteins of the invention are formulated and administered using methods
comparable to those known for the heterodimers corresponding to them. Thus,
formulation and administration methods will vary according to the particular hormone
or hormone combination used. However, the dosage level and frequency of
administration may be altered as compared to the heterodimer, especially if CTP units

)1 0  are present in view of the extended biological half life due to its presence.
Formulations for proteins of the invention are those typical of protein or

peptide drugs such as found in Remington's Pharmaceutical Sciences, latest edition,

Mack Publishing Company, Easton, PA. Generally, proteins are administered by
injection, typically intravenous, intramusculat, subcutaneous, or intraperitoneal

15 injection, or using formulations for transmucosal or transdermal delivery. These
formulations generally include a detergent or penetrant such as bile salts, fusidic
acids, and the like. These formulations can be administered as aerosols or
suppositories or, in the case of transdermal administration, in the form of skin patches.

Oral administration is also possible provided the formulation protects the peptides of

30  the invention from degradation in the digestive system.

Optimization of dosage regimen and formulation is conducted as a routine
matter and as generally performed in the art. These formulations can also be modified
to include those suitable for veterinary use.

The compounds of the invention may be used in many ways, most evidently as

25  substitutes for the heterodimeric forms of the hormones. Thus, like the heterodimers,
the agonist forms of the single-chain hormones of the invention can be used in
treatment of infertility, as aids in in vitro fertilization techniques, and other therapeutic
methods associated with the native hormones. These techniques are applicable to
humans as well as to other animals. The choice of the single-chain protein in terms of

30 its species derivation will, of course, depend on the subject to which the method is
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"10%& () - ! {The invention compounds are also useful as reagents in a manner similar to
5 that employed with respect to the heterodimers.

In addition, the compounds of the invention may be used as diagnostic tools to
detect the presence or absence of antibodies that bind to the native proteins to the
extent such antibodies bind to the relevant portions of these single chain compounds

) in biological samples. They are also useful as control reagents in assay kits for

10  assessing the levels of these hormones in various samples. Protocols for assessing
levels of the hormones themselves or of antibodies raised against them are standard
immunoassay protocols commonly known in the art. Various competitive and direct
assay methods can be used involving a variety of labeling techniques including radio-
isotope labeling, fluorescence labeling, enzyme labeling and the like.

15 The compounds of the invention are also useful in detecting and purifying
receptors to which the native hormones bind. Thus, the compounds of the invention
may be coupled to solid supports and used in affinity chromatographic preparation of
receptors or antihormone antibodies. The resulting receptors are themselves useful in
assessing hormone activity for candidate drugs in screening tests for therapeutic and

) reagent candidates. Of course, account must be taken of the dual specificity of the B
subunits in any of these compounds where the B subunits are different. However,
where the two B subunits are identical, they offer a powerful affinity purification tool
for the relevant receptor.

Finally, the antibodies uniquely reactive with the compounds of the invention

25  can be used as purification tools for isolation of these materials in their subsequent
preparations. They can also be used to monitor levels of these compounds
administered as drugs.

The following examples are intended to illustrate but not to limit the
invention.

30
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available nucleotidé sequences for the relevant portions of the subunits. The CGPB

5  region encodes the 145 amino acids of human CGB; the @ subunit-encoding

nucleotide sequence encodes the 92 amino acids of human @ as the minigene; the
CTP-encoding sequence encodes 28 amino acids representing positions 118-145 of
human chorionic gonadotropin; and the FSH encoding region encodes the 111 amino
acids of the human FSHP subunit.

10 An amplified fragment containing CGp exon 3, the o minigene, CTP and
BFSH was inserted into the Sall site of pM*HA-CGexonl,2 an expression vector
which is derived from pM? and containing CGp exons 1 and 2 in the manner
described by Sachais, B Biol Chem (1993) 268:2319. pM® containing CGP exons 1
and 2 is describied in' Matzuk, M.M. et al. Proc Natl Acad USA (1987) 84:6354-6358

15 and Ma;tzuk, M.M. et al. J Cell Biol (1988) 106:1049-1059. First, a fragment
containing the a minigene downstream of CGf exon 3 was inserted into this vector to
obtain pM?>-HACGBe. pM-HACGBa was then cleaved with Scal and ligated with
Scal restricted pBIIKS(+)a-CTP-FSH. The resulting expression vector pM’*-HACG-
a-CTP-FSH produces the title compound when inserted into a suitable host.

Example 2
Production and Activity of the CGB-0-CTP-FSH

The expression vector constructed in Example 1 was transfected into Chinese
hamster ovary (CHO) cells and production of the protein was assessed by
25  immunoprecipitation of radiolabeled protein on SDS gels.
The culture medium was collected, concentrated and tested for binding to the
human LH receptor (expected to bind the BCG- o portion).
For this assay, the LH receptor was prepared by inserting the cDNA encoding
the entire human LH receptor into the expression vector pCMX (Oikawa, J. X-C et al.
30 Mol Endocrinol (1991) 5:759-768). Exponentially growing 293 cells were transfected
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mcubated with 1 ng of labeled hCG in competition with i mcreasmg concentrations of
5  unlabeled hCG or increasing amounts of the sample to be tested at 22°C for 18 hours.
The decrease in label in the presence of sample measures the binding ability in the
sample. In this assay, with respect to the human LH receptor in 293 cells, ﬁxe
heterodimeric hCG had an activity typical of wild-type as previously determined and
) the CGB-a-CTP-FSHB-containing medium also showed activity. These results are
10  showninFigure 1. As shown, both heterodimeric (solid squares) hCG and the
bifunctional single-chain protein of the invention (solid circles) competed successfully
with labeled hCG for LH receptor. The bifunctional compound is less potent due to
the modification of the a subunit carboxy terminus.
Also shown in Figure 1 are the results of the assay wherein varying amounts of
15  a culture supernatant derived from cells modified to contain two expression systems
was tested. One expression system produced a single chain FSHf-q; the other
produced the f subunit of hCG. The resulting noncovalently associated single-chain
FSHa-B/CGP complex (solid triangles) also successfully competed for binding.
In a similar manner, the supernatant from the culture medium containing CG8-
2v  a-CTP-FSHP was tested for binding to the receptor for FSH, expressed in 293 cells.
The assay was conducted in the manner described above, except that cells expressing
the human FSH receptor were substituted for those expressing human LH receptor and
labeled FSH was used as the competitor. The results of this assay are shown in Figure
2. |
25 As shown, the single-chain title compound (solid circles) competed
successfully with FSH (solid squares) for binding. In an unrelated experiment, also
shown in Figure 2, the mixture of a different type of complex -- i.e., single-chain
FSHB-a noncovalently associated with CGp -- which is mixed with uncomplexed

excess single-chain FSHB-a (solid triangles), was an excellent competitor.
30



.1 10!!13"10%gb& ()- 910%& ()-110%g& ()- L410%& ()-F :10%& ()% Sl@"/@&[“@
gm?j = 1 10!! +10%g& ()-13(SH#10%g& () - S&S 10%& ()- LSGLOYg& () -
@' 10%& ()-! !'10% )& ()-2>Ja@ = 1 10!! x7!10%& ()-Y 5 10%& ()- !| @2y
10% v doos Qg 10%5;& ()- @f 10%& ()- L-10%& ()- ' FuSkcPhiostsres ()-! Y 10%
0 0& ()-&10% & ()-Y 10gg 10gg 10gg! @>10%99& () -
71 109%g8& () - <dEuS1! P! 10%109% 0& ()- GLO% 0& ()- ,g 10% 0& ()- 3"10% 0& () -
Z10% o&' ()- | 10%o0& ()- az[ <uSZP¥, 10% o& ()= "10% 0& ()-Ly -#10% 0& ()-
| @BL10%& ()-:! @L0%+& ()-:!9F! 10% o' 0& ()- UE; aBuS1! P/ 10% o0& ()- -
10% o0& ()- S, 10% o0& ()- *2100/995?1“@)53 109" #10% o' 0& ()-% 10% o&' () -
@\BCNr P1IP/ 'YWO%& ()- 10'o
10' 0' o! @" 10% o' o&bﬁmﬁmwaem(maalmﬂsﬁmmc@s N~ }A?2P11 P910% & () -

0 0 0 -1 | 0, | | 0
o 10_/? %1§.)Bp%%ge§ggg)lk&t% %ﬁ g&g% l(nl)Exlo geé(iaresglon %gc{ors for the

'#%ﬁe (o e WS R S B v -

P SH-STPQYtafd @'19'- pgﬂ&i"ﬂ?-u akSPrepittd énd irahéfedtedfikﬁ% & ()-4Ji;
A'>1 —l Prgl0%: () - 109 T10%&. ( ,
CHO cells. The culture supcmatants are culturcd and tested as described above with

respect both to the LH and FSH receptors. These compounds, too, show ability to
bind both receptors.
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or

B'-(linker'),-p-(linker”), —o 2);
or

a-(linker"),-p'-(linker?), —p* (3)

wherein each of B' and B' has the amino acid sequence of the P subunit of a vertebrate
glycoprotein hormone which is selected from the group consisting of thyroid stimulating
hormone (TSH), follicle stimulating hormone (FSH), leutinizing hormone (LH) and chorionic
gonadotrophin (CG) or a variant thereof which variant binds to the receptor for said B-subunit;

a " designates the o subunit of a vertebrate glycoprotein hormone TSH, FSH, LH or CG or a
variant thereof;,

"linker" refers to a covalently linked moiety that spaces the B! and p? subunits at distances from
the a subunit and from each other effective to retain said activity, and -

each of m and n is independently O or 1;

wherein said agonist and/or antagonist activity is with respect to the receptor for which at least
one of said B subunits is a ligand.

2. The protein of claim 1 wherein said m and n are 1.

3. The protein of claim 1 wherein p' is the B subunit of FSH, LH or TSH extended at a
position proximal to its C-terminus by a complete or partial CTP unit or variant thereof wherein

said partial CTP unit or variant thereof comprises at least one O-glycosylation site of a native
CTP unit.

4, The protein of claim 1 wherein one or more of the a and B subunits are modified by the
insertion of a CTP unit or variant thereof into a noncritical region thereof and/or wherein said
linker moiety includes a CTP unit or variant thereof.

5. The protein of claim 1 wherein said variants contain 1-5 conservative amino acid
substitutions as referred to the native forms or lack 1-10 amino acids at the N or C terminus of
said sequences or both contain substitutions and lack 1-10 amino acids at the N or C terminus
and wherein said variants in the context of said protein retain the ability to bind receptor for
which at least one of said f-subunits is a ligand.
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7. The protein of claim 1 coupled to a solid support.

8. A DNA or RNA molecule which comprises a nucleotide sequence encoding the protein
of claim 1.

9. An expression system for production of an agonist and/or antagonist of a glycoprotein

hormone which expression system comprises a first nucleotide sequence encoding the protein of
claim 1 operably linked to control sequences capable of effecting the expression of said first
nucleotide sequence.

10.  The expression system of claim 9 which further contains a second nucleotide sequence
encoding a signal peptide operably linked to the protein encoded by said first nucleotide
sequence.

11. A host cell modified to contain the expression system of claim 10.

12. A method to produce a single-chain protein which is an agonist and/or antagonist of a
glycoprotein hormone which method comprises culturing the cells of claim 1 under conditions
wherein said protein is produced; and recovering said protein from the culture.

el

13. A host cell modified to contain the expression system of claim 9.

14. A method to produce a single-chain protein which is an agonist and/or antagonist of a
glycoprotein hormone which method comprises culturing the cells of claim 13 under conditions
wherein said protein is produced; and recovering said protein from the culture.

15.  The protein of claim 1 which is of the formula p'-(linker"),,-a-(linker?), —p? (1).

16.  The protein of claim 15 wherein said B and o subunits are linked in head-to-tail
configuration.

17.  The protein of claim 16 wherein one of m and n is 0 and the other is 1 and wherein the
linker is CTP.

18.  The protein of claim 17 wherein m is 0, nis 1 and linker” is CTP.
19.  The protein of claim 18 which is CG B-a-CTP-FSHB.
20.  The protein of claim 1 which is of the formula Bl-(linkerl),,,-Bz-(linkerz),, —a (2).

21.  The protein of claim 20 wherein said § and o subunits are linked in head-to-tail
configuration.
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configuration.

25.  The protein of claim 24 wherein one of m and n is 0 and the other is 1 and wherein the
linker is CTP.



