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Interest [0001] This work was supported by National Institutes of Health
G ants NI'wHD3DL4907 and NI CHD HD38547. This invention wag/usazigsom t h
United States of Anerica governnent support. The governnent may 10 own
certain rights in the present i nveﬁiion. .Field of the Invention 15 [0002]
The present invention relates to t i of protein tagging. Introduction
[ 0003] Methods for tagging proteins for e in analyzing protein-protein
interactions or in protein puri fi%%QTEéMK&aBﬁently involve fusing a tag to
t he carboxy- or amno- termnal ends of the protein or inserting 20
résidues into a loop of the protein. Each of these nethods has its

| i m t@oveomnent fderestxanpl e, it nay be desirable to tag a protein, whether it
be with a dye nolecule or a protein, at specific locations on the protein,
r at hel00@than bei This warknivaeslipparted thy latidnabnstibutes of iHealth Givarti$id | GixtD @007 &nd NICHD
protein. These include studies designed to probe the interactions of

pr ot elD3854F. t ThigTRehiunmlae endde witldnited St of Americafgoentmant tlippott s TheaweEhmEnt maip
addition, where the termnal ends of a protein are involved in the

peot e&vﬁﬁc’%r’téih‘ﬂ(é’rﬁéiﬁ”{he Agaii@nidie ends of the protein may 25 not be _
desirable. W respect to inserting a tag into the |oop of a protein, this
nmethod is limted because the size of the tag usually nust be relatively

smal IF'EI% gﬁwlr‘%s'l.dues), unless the tag is inserted between protein

domai A5~ occasions when it would be desirable to attach various
si ze bes onto the surface af rotein. . Further, nodifications

i nvold[gwg t he E’g@p(rﬁserg lrbvggt{ogirﬂgt% @éh‘%@gj ogprgteglt " fficult since the
protein may contain other cysteine residues which will - require protection
of® the c stei ne may becone bl ocked and protein 30 denaturation nmay occur
when lﬂ&'@éﬂ&ﬂ@g the bl ocking residue. As a result, the tagged proteins
produced by these nethods have Iimted use and application in the

i ndusiOP3] [ ooo4Ylethasls faskaagino erotasisieruse inanalyzngrroteiy-pidain intsractions opiMEatein
chori ogonadotropin (hCG that contact the |lutropin receptor (LHR) have
been prificatierdcungntly ireoleofuping 2 tagtto thetcarbexyebr antire- teominal redsaofdhet tieteih pkiadertihgod
that it

20  residues into a loop of the protein. Each of these methods has its limitations. For example, it may be

desirable to tag a protein, whether it be with a dye molecule or a protein, at specific locations on the protein,
rather than being limited to attaching molecules on the ends of the protein. These include studies designed to
probe the interactions of proteins with macromolecules as is the case of hCG with its receptor. In addition,
where the terminal ends of a protein are involved in the protein’s function, tagging the ends of the protein may
25  not be desirable. With respect to inserting a tag into the loop of a protein, fhis method is limited because the
size of the tag u‘sually must be relatively small (a few residues), unless the tag is inserted between protein
domains. There are occasions when it would be desirable to attach various sized probes onto the surface of a
protein. Further, modifications involving the use of a cysteine residue are also difficult since the protein may
contain other cysteine residues which will require protection or the cysteine may become blocked and protein
30  denaturation may occur when removing the blocking residue. As a result, the tagged proteins produced by
these methods have limited use and application in the industry.
[0004] For example, efforts to identify portions of human choriogonadotropin (hCG) that contact the

lutropin receptor (LHR) have been stymied by the complex structure of the hormone and the likelihood that it
1



1 WD 03/ 040695 PCT/ US02/ 35914 interacts with the receptor at nmultiple
sites. The crystal structure of human chori ogonadotropin (hCG reveal ed
that a stwerdoefe9sts [ 3-subunit surrounds the a-subunit | iPka/so02/3®ad bel t'
(Lapthorn, A J., Harris, D. C, Littlejohn, A, Lustbader, J. W

Canf i i L r : ; ture
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Hendr j,.cksan A (1994) Structure 2,.545-558 ) Unlike 5 post_dineric
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to be secured largely by its seatbelt; elimnation of the disulfide that

' | at chebusthaqer, éd¥.beaied it dackind of, Morgen e dtdoledacstid O 4398) Nature 1369, 455-461;
R-subunit core was found to di srupt hCG secretion (Suganuna, N., Matzuk, M
M & B Helusthad¢ri980)Liy) Y. Baofield, RCBefrHerfidksorl 9B A2(1998 BT icturer2e5450658)) Ynie
destabilizing the heterodi nmer. The evolutionary advantages of this unusual
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extracgel | ul ar dommins containing multiple |eucine-rich repeats, (Segaloff,
D. L. Clem. &84 d19802-19807), porrginably b destabiiiging the Aeteradime e gvolttiendrpadvantages di thig
suggests the extracel lular domain nay be 15 horseshoe-shaped, simlar to

por t i onsuastrustune errdngeroém esndircimknemead niy edfletriw, findikg bat it Bermis Mlcrenboftes . J.
(1993) Nature 366, 751-756.) Two regions of the extracellular domain

afpeagublifitseitnin tiehelemdinter, d @haRshdton %t@&e(ﬁdtﬁii&d"ﬂhé Mindigg? gf ds%ﬁn% gcbi a‘ﬁ%f%%s to FOR

affinity of hCG for alternately-spliced and trunc ana S 1S
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affing | i gand—hi ndi i raun,. T. Schofield, P. R Spr engel .
(1991f)ob o) J.T‘%d?"%h@%@&@g%?é 5@%@@&’&‘?“ PN R%@?%ﬁ ‘“C‘W'”@%G:@f%ouwd & G-
Segal of f, D. L. &1996? N?I. Endocrinol. 10, 760-768.) Residues in the

car bo¥§'els adhave rrgeexiraselula; domaipgepniamivgendtipiedacingtrish fegeaini(Sedalatidd. Led e wi t h
t he bi ndi.B/g of non-human manmalian lutropins, a finding that indicates
cont atacsl, We{ W8 rEndonr. Repot4d BA3431) THedatérdindingsggests theexrteiulapdomainonayer i | y
steric in nature, (Bernard, M P., Myers, R V. & Myle, W R (1998)

BlZo c Hemsestioe-sB3id, Sifer B1p6rtions of[ 080 Blicileahsspehiarasn (Kdve®B, bsidnnaad,, K@@b}
nost likely to contact the LHR, FSHR, and TSHR 25 renmai n debated. The

gg;?glg&;ﬁ%@?gﬁ, {Tﬁ’feiﬁ.’)dT W rebibes G R Bchular MBS apreaftElcaftitte bAgddBRbRY 9ng! the
and specificity. The affinity of hCG for alternately-spliced and truncated LHR analogs is similar to that for the
intact receptor, suggesting that residues in the aminoterminal two-thirds of the extracellular domain form the
high affinity ligand binding site, (Braun, T., Schofield, P. R. & Sprengel, R. (1991) EMBO. J. 10, 1885-1890;

20 Thomas, D., Rozell, T. G., Liu, X. & Segaloff, D. L., (1996) Mol. Endocrinol. 10, 760-768.) Residues in the
carboxyterminal fifth of the human LHR extracellular domain interfere with the binding of non-human
mammalian lutropins, a finding that indicates contacts between this portion of the hormone and receptor are
primarily steric in nature, (Bernard, M. P., Myers, R. V. & Moyle, W. R. (1998) Biochem. J. 335, 611-617,).
[0006] The surfaces of hCG, hFSH, and hTSH most likely to contact the LHR, FSHR, and TSHR

25  remain debated. The carboxyterminal end of the a-subunit, which is adjacent to a portion of the seatbelt in the

heterodimer, (Wu, H., Lustbader, J. W., Liu, Y., Canfield, R. E. & Hendrickson, W. A. (1994) Structure 2, 545-
2



het erodi mer, (Wi, H., Lustbader, J. W Liu, Y., Canfield, R E &

Hendri ckson, W A. (1994) Structure 2, 545 2 WD 03/ 040695 PCT/ US02/ 35914
558), haswbaef4deosind to i nfluence the affinity of all thePgsSopsvt€i n
horrmnes for their receptors, (Lapthorn, A J., Harris, D. C., Littlejohn,
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the structure and functl on of the hormnmone, these ogbservations have led to
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the hornone contacts the concave surface of the receptor extracellul ar
domai Together vith@latadon th ﬁﬁa&Ore aMi funEiion lef tae horMond, theB obsElivativgs have ledYi hiews of the |
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(1994) Endocrinol . 134, 1768-1770), suggesting that it my nake essentl al
LHR 356} ®ains in \{/m@ﬁV(}onlacteitseiim,-(n/bylerW.o?., Campbeb & KoRso, &r B. KedyadN. G., Bernard,

understanding the function and regul ation of cell behavior. A deep
under gt _NGNY. &)Waﬂgqt 1995)1/eRIBP CASM. | 270, 20080- 2008%) AR Bewres eSO HROCoMpiuy
endeavor's, such as the design of new pharmaceutical drugs. Currently,

h
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commn@g protein). Through know edge and experience, one aspect of a
ptoot eh daﬁmgslén%x BowsEolts 6. ReRueth ok #aeti Di N. (é@?@#oua@b@‘@{@e/apéerwﬁmﬁ 547-552;

Protein-receptor interactions can be nodel ed on a conmputer, but 25 nodeling
i's a Eanm ehen BKPustispgtisd) Endobdmondds 1768 HC0)| REgesting thdatébma[ylrmkalastseattkbb}ﬂRa
nunber of conformations

contacts.
[0007] Protein-receptor interactions are key in understanding the function and regulation of cell
behavior. A deep understanding of protein-receptor interactions are necessary for many endeavors, such as
20 the design of new pharmaceutical drugs. Currently, however, there are many limitations to understanding
protein-receptor interactions. It is helpful to understand both the structure of the protein's conformation and the
protein's function, as well as how the structure of the protein interacts with the receptor (which is also
commonly a protein). Through knowledge and experience, one aspect of a protein can sometimes be
extrapolated if other aspects are known. Protein-receptor interactions can be modeled on a computer, but

25  modeling is a complex task, especially because molecules are flexible and adopt a number of conformations



3 WO 03/ 040695 PCT/ US02/ 35914 that are of a simlar energy. The nodeling of
the protein-receptor binding process is also difficult because the

char act erweti3osoeed the receptor, the Iigand, and the sol yemtusazax¥i4 o be
considered. [0008] In addition to nodeling, another approach . to
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structure o el n, structure of the receptor, or conditions under
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in ability to neasure changes. Therefore, an inventigon that c¢ould i nprove
the amdErchangesfo tapaeiureehingpraiein, strusiure oiiae %W,lqycwﬂ@%@%sfrm@ﬁ*ﬂ%@%g t or
interaction or consistently inhibiting protein-receptor interaction would
bes aninianpxpevimematseiting aridencastre eckest of the change o the binding andtherefoes; an hafuneienof

_ the function or lack of function caused thereby. [0009] In principle,

i dent pffteCabtbinnr ladk théreofPTiidsk erseriménthlnechhiquesize havedimiteionp bevauseu theakffidubcit
each other should be readily elucidated by using site-directed mutagenesis
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P- subunit alter the positions of the subunits within th
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influence of these key parts of the hornone on its function. Further,
niR at felerminatienof dedungtionnoEck aldnclion ausssihaPYso by al tering key LHR
contacts, shifting the positions of its subunits, or both. |ndeed,

mut at [0008] t o t hin priceigle ieniificationaf the pytiensrof e sormom: adoeceplr that coslaftaastootesr T
F. (1981) Annu, Rev, Biochem 50, 465-495, Chen, F., Wang, Y. & Puett,

D. (1 : i i Paite Y , id. 't buhit R
DR e e B, PO B TS o

760-764; Canpbel | K, Bergert E.. R ..\Wang, . Y. .. i . : yl e,
o0 S RASkh o e gLl O ot Pt
W Wwng, R, Das, J, A Ji TH & Wintraub, B. D (199? J, _Biol, Chem
272, DBBERMSBiber, Di Rdahenghepdhier; A, Bu, HREenrckeon W. .. ey, N.E. 48! Tayandla)
Endocrinol, 135, 1235-1240), which have large influences on
ho§ mo(1895)eStapttie3, 13 &853; Piecres . GakRarsahs, dr F.y( 181wt ReynBiogien b 46#H3piang i n
the 25 heterodi ner, (Wang, Y H, Bernard, M P, & Myle, WR (2000) Mol,
Cel I, hEReskitamcult biRerpRYthd hiludvey blthesdkey parts of the hormone on its function. Further,
mutations that change hCG activity may do so by altering key LHR contacts, shifting the positions of its
subunits, or both. Indeed, mutations to the oi-subunit carboxyterminus, (Pierce, J. G. & Parsons, T. F. (1981)
Annu. Rev. Biochem. 50, 465-495, Chen, F., Wang, Y. & Puett, D. (1992) Mol. Endocrinol. 6, 914-919, and the
20  seatbelt, Campbell, R. K., Dean Emig, D. M. & Moyle, W. R. (1991) Proc. Natl. Acad. Sci. (USA) 88, 760-764;
Campbell, R. K., Bergert, E. R, Wang, Y., Morris, J. C. & Moyle, W. R. (1997) Nature Biotech. 18, 439-443;
Grossmann, M., Szkudlinski, M. W., Wong, R., Dias, J. A., Ji, T. H. & Weintraub, B. D. (1997) J. Biol. Chem.
272, 15532-15540; Lindau-Shepard, B., Roth, K. E. & Dias, J. A. (1994) Endocrinol. 135, 1235-1240), which
have large influences on hormone-receptor interactions, also alter the positions of the subunits in the

25  heterodimer, (Wang, Y. H., Bemard, M. P. & Moyle, W. R. (2000) Mol. Cell. Endocrinol. 170, 67-77; Moyle, W.

R., Campbell, R. K, Rao, S. N. V., Ayad, N. G., Bernard, M. P., Han, Y. & Wang, Y. (1995) J. Biol. Chem. 270,
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R, Campbell, R K, Rao, S, N V., Ayad, NN G, Bernard, M R Han, Y. &
Wang, Y. (1995) J. Biol, Chem 270, 4 WD 03/040695 PCT/ US02/ 35914

20020- 2003 0.08/0408981 t ernati ve net hod for identifying whi chPparisoos®iof the
protein and receptor interact involves identifying the residues that do

ot S Eba) By SRR e R TR SRR R gt omeh | o e
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5 [0010] In addition to its use in analysis of protein. interacti.ons, probes
or prmutretsiintyadigweveatt has BeraciiffiGult to @htqlrépr@lﬁs'?qg@s I‘C%Bﬁica‘oﬂr‘)&ﬁ??fée?'ﬁ\?&l uabl e

research tools. However as previously described, current methods involve

t aggiAvgordigglpimeroved atethods fr podisingtprobehfor usermanalysis ehpiatelp intemeliopdle&eeaAseary.
limting their use. Qher nethods involve conplicated procedures requiring
vay i ({9@10! eact i gpaddridA tdiitslse it dnaigsigoigprgiein Interaationd webes eprsietne tagpestat fispecific

nodi fiication without nodifying other am no acids and the structure of the

functdanalne Pﬁo%tc@ée Erovié\é; Fﬁ@eﬁl@ibfé%ééarcﬁ@odlsﬁmo%‘\fé@' admENILRE dbedribed, b@reppethddsc

taggi nging are ired. [0011] Protein purification is frequently a
necessary, yet. so p A iR hiNge! tRod
Fequ Pee e By ARy ARt T 1 RERRS: oelidocBl, IR Rfte O Reode
product. Protein purity is often critical ,to, experinental t tic
succaBwivecAMBlisAiRd Macagures igqliag YU ratipes e 8[05(3@ gé(?ug)g tos@? %@? ﬁ}ezsgegépggﬁ he
Food and Drug Admi ni stration, any contannants rm@t be renopved or. @roven
har m reedification with@it madifying efet amipe pgids,and frestresiyie ot unstigpal iprpteih diCPOBiNgY. o gi cal
activity. [0012] There are a nunber nethods of protein purification

c10r r eimloyedmethusifor stehspeaifit taggindingougtesiiéd. nmet hods have sone linitations.

Si ze- excl usi on chromat ography is hel pful for gross separations, but is not

an  epaff]i N9 nebRH pafftatichdstirda@sntlyacessarp yetsolnewlsal ooeols; proeads. Raefied
el ectrophoresis allows for precise separation of a protein in a mxture,

but i@o%?&ég?é‘%ﬁﬁﬁﬁ% ir{t%eﬁi ohodB@dph @éentif&fé(xt)éﬂn‘?eﬁt =9 Ha tap ghdmbduct. Sroin

usefu call'y requires that sone of ‘'the initial
cont am nants have al read een filter C ' : [Wata" at
cou aPDEe mpALe SR BFRE bt B Sar RSP B PR RN doge o
significant inprovenent in the art, particularly if the invention could be
scal esprufipizecdbye Fgof and PRErANRIStREY, myt%@am'n%%wﬁibe FSTp VRS Pl RIQYen t‘@r %ﬁ% n
addition to these uses, knobs can be used to 'cover' specific surfaces on
pt®Ht edddition Trousitys ypteins mfistuetain el bigipgical@alivitbns i n t he desi gn of prodrugs that
can be used to target tunors or other unwanted tissues
[0012] There are a number methods of protein purification currently known in the art, although all
methods have some limitations. Size-exclusion chromatography is helpful for gross separations, but is not an
exacting method and requires that samples be concentrated. Gel electrophoresis allows for precise separation
of a protein in é mixture, but is practical only for small samples. Affinity chromatography is a useful method, but
20  typically requires that some of the initial contaminants have already been filtered. Accordingly, an invention
that could aid in precise separation of proteins with few steps would be a significant improvement in the art,
particularly if the invention could be scaled up to purify larger volumes without sacrificing purity.
[0013] In addition to these uses, knobs can be used to ‘cover’ specific surfaces on proteins. This type
of use has applications in the design of prodrugs that can be used to target tumors or other unwanted tissues

25 such as those found in the ovaries of infertile women diagnosed with polycystic ovary syndrome. Thus,

attachment of a knob to near the active site of a toxin or toxic enzyme would permit the toxic enzyme to be

5



25 such as those found in the ovaries of infertile wonen diagnosed with

pol ycystic ovary syndrone. Thus, attachnment of a knob to near the active
site of awDeRiomeds toxic enzynme would permt the toxic enPgmaiSOp3ises 5 WO
03/ 040695 PCT/ US02/ 35914 used in patients. Once the toxin or enzynme reached

the t| g@“ﬁ’ﬁ@“&t 0GR MAbRFSr e?h'?)é né‘?ééé’f%d %R@Qﬂe%a%orﬁénfé@\éh 'éﬁzyniét%péble”df eleavirtgat

attac . nob, toXxic or zymati c act|V|tyfwou be restored. This
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same way, knobs could be 0 b) ock the aCtIVI |es
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invention relates to conpositions conprising proteins _tagged at a specific
sit e Inietsama wey) shobaisauldrbe hesddo blask thesadtivilps ahapelisishe) %SWJ@HE%WB@ [eraPames!s: A
knob refers a tag for the protein which can be custom zed for a specified
use. 10 [0015] In one aspect of the invention, proteins tagged wth a knob
at a specific site in the protein are disclosed. The site specific tagged

pr ot e'slq}mﬁg@toﬂ”g:rm@nh@pb, a tail portion, and a protein portion. The knob

conprises ag or probe aspect of the protein and has a cysteine

resi dtdﬁ ;lor fl t ame_f)ﬁé%ﬁt'l%nﬁoﬁ rél%@fo%@mﬂ %H&%ﬁ\pﬁ@rﬂg pfoXeRs Féggéd 8 sgeefc bitee

protetn oteln portion a cysteine residue substltuted for

e A PPl b il A i

aspect of the |nvent| on, the tail portion may cont ai n a prot ease or ot her
cl eavwévecgﬂwzed[f@r@l cifigq Ushot her aspect of the invention, methods for
producing proteins site specifically tagged with knobs are discl osed.
Ttese[0ft8]hods i Inwoé espeste tetrivagfion, pﬁ@enateggeéwﬂheukhobraila spegiflgisitgyn thededein A a
specific site on the desired protein for taggi ng, producing the desired

pr ot eljigcloseeTiRiste petifis tagaieprateis cohiains sknslyladail gortioedandta (rétein patigpdoe kiod site
for tagging in the desired protein, and wherein the desired protein further

conpr b(?fﬁp?lsfls tﬁ@t‘a{; oRR68e RPect @Fth@ﬂgtemfbﬂd Ris 4 dysteiRe RdsRiLe BClaifpdrivaks ledatédhe end

of th portion, wherein t knob contains a cysteine residue, and

wher e bﬂgéé}ﬁgec%géﬁ rﬁnc?f} %ﬁ%ﬁ%ﬁ&eh ofibe @ngteflrfﬁdﬁ%n%ag b %wé Mé*@mélfé@qbéfﬂuﬁe'a férhe

cyste ein porti ated aspect of the
! nven%hle%gtlverer\ﬁwlng%gl I RE addred SH o?gaglél bﬁetc?stefr%c?e? HucdRP b khéthnd' phofh tfon form

15  adisulfide bond. In afurther aspect of the invention, the tail portion may contain a protease or other cleavage
site.

/ [0016] In another aspect of the invention, methods for producing proteins site specifically tagged with
knobs are disclosed. These methods involve selecting a desired protein for tagging, locating a specific site on
the desired protein for tagging, producing the desired protein, wherein a cysteine residue is substituted at the

20 specific site for tagging in the desired protein, and wherein the desired protein further comprises a tail portion
at one end of the protein and a knob at the end of the tail portion, wherein the knob contains a cysteine
residue, and wherein the cysteine residue in the knob forms a disulfide bond with the cysteine residue in the
protein portion. In a related aspect of the invention, methods for attaching knobs to hCG at specified sites are

| disclosed. These methods involve inserting constructs capable of expressing native hCGp or hCGpB-S138C,

25 and native hCGa or hCGa-cysteine substituted analogs into a cell for co-expression, and fusing a knob to

residue 140 or 145 of hCGp.



di scl osed. These nethods invol ve inserting constructs capable of expressing
native hC&i or hCd 3-S1 38C, 25 and native hCG or hCGa-cysteine

substi t utwo canaléeyys i nto a cell for co-expression, and fugcmgsa2/sivwd to
resi due 140 or 145 of hCE 3. 6 WO 03/040695 PCT/ US02/ 35914 [0017] In

oo PRSP Ry A0 e s oS B BH Lk Bt
hese TS DKL rstr 00 2 Bonsiych entetog s protel o @ cell

desired site for tagging, a tail portion, that has a cysteine residue and
a cl eRiolatidnte p eall, whareip Hie eaendled protainecoptises iasysteirrresidueryibstitiedra atdpsiad site fome
end of the tail portion, providing conditions that allow for the expression
of t hiagging stailpartion, thashasc cysteine cesidue amhalcleavagef sjte rag otenendpf tie @roteirh aeaknob t he
characteristics of the knob on the protein. [0018] In another aspect of the
i iy enpdripnst theetdwids: taipsorten] providifecdhiiitiehs Sacglofvifsratd skproasibrf dferk coRRtA) g
knobs are disclosed. The protein knobs may be used, for exanple, to nap

di st aje 88, BRLPIRGRg fh(e%?cﬁéiﬁ‘ﬁ%set@'bﬁ’% cPérQ&er%ﬁUsfo%Sgﬁ’Jb A thE @binn- Protein

interface, form a conplex between two unrelated protelns, probe the

10 £t . ' . . i ze.
or ot o 88 on st aniE b e RS, et BE Bl Pk Slelipelieal JFg et pens

P ecoghobs A1 it pF Gt S finigisaBe LG50, GPBGTPleC 04T Pa IR B BB P iokeng
is a valuable research tool wwth a wide range of applications. Brief

Descr P Birisee ¢ffa PrHeIn-PioRii iRlgEacesiofmoe caplex bgtwesn two unralated pibisipaprabe e strucute of

hCG Illustration of the hCG a subunit residues that can be scanned by the
hi0G 18dduristion of the @ratein krtobpriteinido imniobéizesproteinslonlSrfacds toidtliveagrbtbinn @ selil & $hown
in dark and |ight gray ribbons, respectively. The [3 tail is shown as a

bl acktafge tein} AAd fop pdtsiranifiction. MBoseskill6cain Bt valf b Hah@prdteR Hdobdiiions
t hat er?afg\:ggigo effici eﬁt cﬂrb(;ssl i nk bgt vvelen the a surgﬁdr??ﬁt reagi %Irufgmgr?géqjﬁeao

pr ob I : ; I ray.spheres refer
to r:%p;é ﬁﬁ%@bg’ﬁhﬁ a‘gsgo\@@e le?r‘r’%@%\ sr%g g?@égﬁqﬁwdb%@g%ﬁgﬁi@gpal e spheres
refer to cysteine substitutions that |ed to negligible amount of crosslink.

Not e that a-subunit residues 90, 91, and 92 appear to be too nobile to be
seen : n che cr_gst E‘: zt ruycture of hCG and the arbitrary positions of these
resi dek e ' ended only to enphasize their apparent abilities
to be latched to the seatbelt . [0020] Figure 2A. Binding of hCG or hCG
atfal o819l n whi dligusan1.aTlveddimensionabiieiuef hCA. llasigation dfdt H2Ga subunit residues that can

be scanned by the hCG B-subunit carboxyterminus, The a- and B-subunit backbones are shown in dark and

light gray ribbons, respectively. The B tail is shown as a black ribbon. The locations of the C,, carbons of

cysteine substitutions that enabled efficient crosslink between the o subunit residue and the probe cysteine

are shown as dark spheres. The lighter gray spheres refer to residues that gave less amounts of crosslink. The

20  small pale spheres refer to cysteine substitutions that led to negligible amount of crosslink. Note that c-subunit

residues 90, 91, and 92 appear to be too mobile to be seen in the crystal structure of hCG and the arbitrary

positions of these residues shown here are intended only to emphasize their apparent abilities to be latched to

the seatbelt.

[0020] Figure 2A. Binding of hCG or hCG analogs in which an o subunit residue in loop 2 had been

25  substituted by a cysteine.



25 substituted by a cysteine. 7 WD 03/040695 PCT/US02/ 35914 [0021] Figure
2B. cAMP accunul ati on of hCG or hCG anal ogs in which an a subunit residue

in |loop WwWoOhaw4lseen substituted by a cysteine. [0022] Fi geca/udoe/33omf| uence
of cysteine substitutions in al pha subunit carboxyterm nus. Binding of hCG

or h al ogs 4.n hC Jni j car L UL
beenC@B%gti t ut e#dg%ée% @@@E&gﬁﬁ@%fél&%?’] I g%rgé)g%E%q@falh}%%kgﬁtg%ﬂéﬁgé?gﬁne
substitutions in al pha subunit carboxyterm nus. cAMP accunul ati on of hCG
or hoahahgeagdsited Ay 8 AYSENea subunit residue at the carboxyterm nus had
been substituted by a cysteine. [0024] Figure 4A. Binding of hCG and hCG
anal off822i t h R Figre 3AtInfuenesdf cystaineesubstitionsin alphesssibunitesrbpxyiermipus. &insling of
[0025] Figure 413, cAMP accumul ation of hCG or hCG anal ogs in which the R
tail Wes oAtd@aHargs navhichA odsubuitiesidueraehie darbsxyiemmihwsdiad Deer] 90&GHedBygur e SA.
Bi ndi ng of hCG and hCG analogs with Rtail attached to the a subunit

rtcag d&%ﬁee%t t he carboxyterm nus. 15 [0027] Figure 5B. cAMP accunul ati on of
h 0 anal ogs in which the P tail was attached to the a subunit

:
resid in the_car erm nus. . 0 Fi 6., ..Bi:ndi i

transﬂfqz:ﬂi on acﬁlgq;pgﬁéﬁﬁ%pce[ﬁgys %‘Lﬁ%%@lupﬁ]sﬁé@ﬁ S@E%'\?\%@&@@@Hﬁﬁ N?Jo the a
subunit residue. [0029] Figure 7: Am no acid sequences of th -subunit and
nut angesumiigiongf RCG apGG enalesy ‘%‘&/’@Q@nﬂbﬁUbUWe%Wﬁtaét,helCﬁ@OWrﬁ‘ngﬁgb%?rne upper
case and highlighted. These were prepared by standard cassette nutagenesis
and Pelstitutbdbenssiemenet hods that are standard in the art.) (SEQ ID NO 1-
SEQ ID Nb: 35). [0030] Figure 8: Am no acid sequences of the R-subunit

anal Ogg-zﬂ(c'\bt €, Fiflye 4RY BinBing 8f m@a’fdlht@ta%lggwthrp talf BIRRRERS Senshbiigbdidu@bined. )
(SEQ 1 36 -"SEQ ID NGO 42). [0031] Figure 9A: Protein Knob with the
k%{?b ttzched at the carboxyterm nal end of the protein. 25 [0032] Figure
oB” PrGPé&in Knob with the knob attached at the aminoterminal end of the

rot ein.
P [0025] Figure 4B. cAMP accumulation of hCG or hCG analogs in which the P tail was attached to

the o subunit residues in loop 2.

[0026] Figure 5A. Binding of hCG and hCG analogs with { tail attached to the o subunit residues at
the carboxyterminus.
15 [0027] Figure 5B. cAMP accumulation of hCG or hCG analogs in which the f tail was attached to

the o subunit residues in the carboxyterminus.

[0028] Figure 6. Binding and signal transduction activities of the analogs in which BLA was attached
to the o subunit residue.
[0029] Figure 7: Amino acid sequences of the o-subunit and mutants having a substituted cysteine.

20 (Note, the mutations are upper case and highlighted. These were prepared by standard cassette mutagenesis
and PCR mutagenesis methods that are standard in the art.) (SEQ ID NO: 1-SEQID NO: 35).
[0030] Figure 8: Amino acid sequences of the B-subunit analogs. (Note, the cysteine substituted is in
uppercase and highlighted.) (SEQ ID NO: 36 - SEQ ID NO: 42).
[0031] Figure 9A: Protein Knob with the knob attached at the carboxyterminal end of the protein.

25 [0032] Figure 9B: Protein Knob with the knob attached at the aminoterminal end of the protein.

8



8 WO 03/ 040695 PCT/ US02/ 35914 [0033] Figure 10A: Protein Knob where the
knob is conprised of a cysteine residue. [0034] Figure 10B: Protein Knob
wher e t hewbrial4iess conpri sed of an am no acid sequence i nclpadiusg2/3mi1€yst ei ne
residue fused to a protein. [0035] Figure 10C. Protein Knob where the

CY Ry 2 e e R RL P Bl e O 0L S0
T T A R s e e RN

R-subunit carboxyterm nus. [0038] Figure 13: Effect of Knob on FSH Recept or
Si gnad ¢yaigine residug afrejeine 14A: Effect of Knob on LH Receptor Signaling.
[ 0040] Figure 14B: Effect of Knob on LH Receptor Signaling. [0041] Figure
15: A03% aci d Bemp it ddoteih Knbiheheraithe bystpiresedi@EQf the ki is #h3ated BERR $UNabddf
53). [0042] Figure 16: Signal transduction and binding activities of LONG
argd teln@itaficqed kebs, [0043] Figure 17: Lutropin activity of hCG Anal ogs
havi ng [ 3-1 act anase knobs, 15 [0044] Figure 18: cAMP accunul ation in hCG or

aa AR S o e T G PR IRR G 1 mg. of 1B and hes anal g aka4E

K450+ 3 to Lk ) 7] Fi e 208 | HR respans 0 h d aK44E,

K45 QJIQ@ 3, B‘E@éﬁ 1#:%”&3%31%%&’ ﬂ‘gﬁ%séh%?d Felerd ARRARRT R %%@ﬂg%sﬁﬁce( 3
to LHR 20 [02049 Figure 21 B: Relative activities of hCG and aK9l E+hC{d 3
in LHRelfkave Cadels ,agifwwﬂ%r@é%@}@era WtioosFG Bisyennd cabaxytapifus AMP 1 esponse to

hCG and aK91 M+hCGp. [0051] Figure 22B: LHR bi ndi ng of hCG and aK91M+hC{d 3,
[ 0052[p038] gur e F3gurd-HR Hfentdif Kgobadh AS8ReaspdoraBigablings cont ai ni ng short ened

i nkers, [0053] Figure 24: LHR binding of hCG and an anal og containing a

stor t&g@é&l [ nkepxrlgéjg ?ng; [FHRSH4F Kb LB Réeeptéridightiingt | on of LHR cAMP by hCG and

aN52 3, S13

[0040] Figure 14B: Effect of Knob on LH Receptor Signaling.
[0041] Figure 15: Amino acid sequences of other analogues (SEQ ID NO: 43 - SEQ ID NO: 53).
[0042] Figure 16: Signal transduction and binding activities of LONG and SHORT heterodimers.
[0043] Figure 17: Lutropin activity of hCG Analogs having B-lactamase knobs.

15 [0044] Figure 18: cAMP accumulation in hCG or Analogs lacking oiAsn52 oligosaccharide.
[0045] Figure 19: Binding of akK44A+hCGp to LHR,
[0046] Figure 20A: Binding of hCG and hCG analog oK44E, KA5Q+hCGP to LHR.
[0047] Figure 20B: LHR cAMP response to hCG and aK44E, K45Q+hCGP.
[0048] Figure 21A: Binding of hCG and hCG analog aK91E+hCGp to LHR.

20 [0049] Figure 21B: Relative activities of hCG and aK91E+hCGp in LHR cAMP accumulation assays.
[0050] Figure 22A: LHR cAMP response to hCG and aK91M+hCGp.
[0051] Figure 22B: LHR binding of hCG and aK9TM+hCGp.
[0052] Figure 23: LHR binding of hCG and analogs containing shortened linkers.
[0053] Figure 24: LHR binding of hCG and an analog containing a shortened linker.

25 [0054] Figure 25: Stimulation of LHR cAMP by hCG and aN52C+hCGp, $138C.
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WO 03/ 040695 PCT/ US02/ 35914 [0055] Figure 26: LHR binding of anal ogs in
whi ch a truncated hCG P-subunit carboxytermnal tail was used at the
car boxyt ewpionahosend of the a-subunit to add a knob t o hCGrRTdIsb2sBH914
resi dues 96, 97, or 99. [0056] Figure 27: LHR signaling of analogs in

whi ch runcat ' . er i nal i s.used at .the.

car boi@ts gr m nal ﬁglf']% %@T Lﬁ'ﬁgpmﬁgﬁ%ggwciﬁmg‘?%ﬁ)@dé B'Sﬁ%&'tﬁfg%%%m'?aqa"

resi dues 9& 99. 5 [0057] Figure 28: LHR bindi ng of analogs in which a

t r unc¥eee é%‘gﬁtﬁaé%wﬁrr@'n%s%@ﬂ@ﬁ%ﬁubﬂwbtp agiha knobiip BCE Sertibunit resitiyesi9% A Ior 69
P-subunit residues 95 or 96. [0058] Figure 29: LHR signaling of analogs in

whi ch [(956]r uncat Eidurb OB LIMRssignatingof arsaldye inyitiohra tatatédhdG BWwaluni s@BbxyRmAcH t=h
knob to P-subunit residues 95 or 96, [0059] Figure 30: LHR signaling of

anal o hiaq WIhe bt bh o 4SRN0 <BF KK R0ACE HRBIAIADL! gl oS! due

96 conpared to one ng a tail nd one in Whic

P- subunid, car boxyterm nal. .tail s used to add a knob to P-subunit residue
96§ of @lﬁhhce/ hFéﬁPfé ﬁghﬁa‘?‘ncﬁ'@d&éﬁﬁq&? Huhechatruneaipe RGGBSHbuRY casboxuigeminaytalli n

whi ch a truncated hCG P-subunit carboxyterm nal tail was used to add a

knob wes e toadd iatknohelsifdsubsniQ8sidues 99or 90061] Fi gure 31: LHR signaling of
anal ogs showi ng the influence of the tail on adding a knob to hCG 15

P- subppsgy r esi duigyr@994ar Yol 'q i hi e
Tho atouhuni t arorosy dui: By ARSI ARSIt AR skt Cr B BRI Bilke
anal ogs. ai,l e scription.of e Lnvention [0062] Currently, nost
taggeggsplfs%éiaﬂgagp@ﬁr%é pifesidies )RR proteins with the tag added to the
am noterm nal or carboxytermnal end of the protein or with a few

resi d[#88]i nser tfégure 80:d-HR signalingioharlalbgpin wihith laS G Rl Wae udedtoriddal knblp@B-sdmNibEe
of any size, the tags inserted into a protein loop are usually limted to

[ #0 at feviala0sloainh el Rond Tacking & HIBHES RSP, [l edhe 'gﬁ%gg&.tfcgrrb@%%ﬁ@@ Arotein

dormai ns, Protelns can al so” be tagged at eren

i ntroduction qf teines .at .the sjite t agged and then reacting the
sul fh %srugeoot&aggja‘ﬁ%c?o tPI@&“E%V%?@S%P&%EWH&W%% specific reagent. This
may be quite difficult to acconplish, however, when the protein contains
ot her [Oﬁéigt ei nesFigure dhidhlR signatingjof ealapeid whitt e truccatei HOB-sutuhiedarsayterenirtahiail
cysteine to 25 beconme "bl ocked” as is often the case when proteins are

expr efga”ed 1 a8k RAobab iRCsub it réoidud®9s or 99.

[0061] Figure 31: LHR signaling of analogs showing the influence of the tail on adding a knob to hCG

15 B-subunit residue 95 and on an analog lacking the ability to glycosylate the ai-subunit at residue 52.

Figure 32: Cyclic AMP response to crosslinked analogs.

Detailed Description of the Invention

[0062] Currently, most tagged proteins are prepared as fusion proteins with the tag added to the

aminoterminal or carboxyterminal end of the protein or with a few residues inserted into a protein loop. While
20  the terminal tags can be of any size, the tags inserted into a protein loop are usually limited to relatively few

amino acid residues unless they are inserted between protein domains. Proteins can also be tagged at

different sites through the introduction of cysteines at the site to be tagged and then reacting the sulfhydry!

group of the cysteine with a sulfhydryl-specific reagent. This may be quite difficult to accomplish, however,

when the protein contains other cysteines or when it is prepared under conditions that cause the cysteine to
25  become "blocked" as is often the case when proteins are expressed in eukaryotic cells.
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WO 03/ 040695 PCT/ US02/ 35914 [0063] The present invention provides for
i nproved nethods for |abeling or tagging proteins. The nethods of the
present iwoaabiwps avoi d the conplications associ ated w t hPicahsoz/sgy1or

taggi ng by introduction of a cysteine, as described above, and all ow

vari o i zed . knobs to be attached,onto the surface of.a rotein
ot her tb? %gin at H@%@Sﬁﬁ{|H@nﬁ’oﬁw&v’ldeﬁ-ﬁélr@p&%mthp%}é’ﬁﬁeﬁw %#%W@B@Ief“& T'EFet hods
to add " k‘EOE‘B" of vargi n% 5,(ﬂze to defined, | ocations on the surface of
hoG  TRBoYS961HS Present Bwention aueid the samplicalipRgasaociajast withviabelingsqr éagaing btatrodketion &f can
be a short peptide, such as residues surroundi ng hCG R-subunit residue 138.
The kAetstinezas dgpasibed ahovand alleyevadeys sizedprobeser jsmabs éi be. attBched extathelsarface of a
[i-]lactamase can be used as a knob. The knobs are added during protein
synt hprstel otekthargatiits tarminelengs.afhe pregent énventien gioyidéd fockéthgisitesdddimebs’ of vanfiigach
any protecting groups, tasks that can cause protein denaturation. 10

[ ®644izeTibgelpeEBEsbnd GHVAB birfide BIMIBCOYRe RndbS varSte AlsRRY ad 85ingé baRe Abidae Wiide
range of probes or tags to specific sites on a protein surface based on

f
t he findi X [[ha ' il e 0f.obel
cr ossi<r!a%l<ée]dg b% g%h%rgp%#l&éég%faglrésg@g% uné}r}dﬁnﬁglg Fﬁj%@ﬂﬁﬁg% 1811;]ea{/3§. megﬁ]opseﬁpé?’@gd by
a cysteine. Knobs can be a fluorescent protein, such as green fluorescent
pr ot ePFASKIG & Ak edlirerRsotainy Fer examily Pdagtanage ean heausge ps @ kbt d%ﬁ Kipds agtadded
nol ecul es, properties found in |ligands or receptors. They can be proteases,
t oxi neuyringproielnegiteasisonakiry iamnhedzssdyy th rermve atyshiockiag vesiiaesor sitiah amsprofectihg f ound
in the TAT protein of the human i munodeficiency virus that enable

pr ot eqrogs}ieskhthat canalies weleneemmsataRIDr anes, nucl ei ¢ acids, or
ol i gosacchari des. [0065] In one enbodi nent, a conposition conprising a

p1et ef ortiong i 3 i J Al i

Yot T QTSR iRl fahiiedop iy g e Tl Bl bPas o
the termnal end of. the protei ortign; an knob,, wherejin the knob is
| ocat %5’86953[3%?%@ efprgiglntsgﬁﬁqeﬁ)gpecgqqgheg‘pdlpg‘g]af(%ﬁqxgﬁg[}-gqbgwttg @C%@l}'&?}ﬁ%ﬂgns a
cysteine residue, and wherein the cysteine residue of the knob fornms a

di sul ¢rpsglinked olone hisseyerbla-suhunibesidesg ditabhave been replacqarbytaeisteipo Khobsman B t er m
"protein portion" refers to any protein or pol ypeptide. The term"tail

por t i fudresdedf 6i8in! UK as broei MidredbenBiibBR oR it ilecleS e it BRE thb%Brgtg*fb iy

permt the cysteine in the knob to forma disulfide’wth the substituted

cyst eype rﬁggcﬁl%% P@P%&O ur{bﬂﬁe Figi)aﬂﬂ’!; orH&@pt@r@i@g? gérnz) t%e OtEREs q&ﬁﬂg,rénglgod%ﬁgﬁt lve

pol ypepti rotein o I nopor'tion,

13- supuyni rboxyterm nus does in h Figure 1). or_ 25 . conprise a
b Pl B R e St e B bl o o BSOS The
tail ‘ﬁorti n should also |ack residues that will prevent the knob from

at t achptsRaliePretRias & hedtanslated acrespdnesibraes, dURgic aids) ar oligosaccharides.

[0065] In one embodiment, a composition comprising a protein portion, wherein the protein portion
contains a substituted cysteine residue at the desired location to be tagged, a tail portion at the terminal end of
the protein portion; and a knob, wherein the knob is located at the free terminal end of the tail portion and

20  contains a cysteine residue, and wherein the cysteine residue of the knob forms a disulfide with the substituted
cysteine in the protein portion. The term “protein portion” refers to any protein or polypeptide. The term “tail
portion” refers to a stretch of amino acids of a sufficient length to permit the cysteine in the knob to form a
disulfide with the substituted cysteine in the protein portion. The tail portion may comprise a native polypeptide
portion of the protein of the protein portion, as the B-subunit carboxyterminus does in hCG (see Figure 1), or

25  may comprise a non-native polypeptide added to a terminal end of the protein portion. The tail portion should

also lack residues that will prevent the knob from attaching to the substituted cysteine, such as
11



WO 03/ 040695 PCT/ US02/ 35914 transnenbrane domains or residues that wll
create a site for binding by other proteins. The term"knob" refers to a
cyst ei ne wod3ame9s esi dues on either side of the cysteine teatusarasdiiocat ed
adj acent to the free ternminal end of the tail, The knob may include a

si ngl gangisrhisramedoniisdi fsidaed thal @ilcreste £iie *fbr*bfndlﬁg’fby‘@thér‘bt&énst ITRé terrf bR NS @
cysteine, a linear stretch of amno acids fused to a protein, where the

cyst ejeRes th 8 o\ QG S dnz g%sglgeéonse‘itﬁe%ﬁ@ oﬂP a@@leﬂw% e br@%oa@& 8@&1&%% Herebhat

contains a ¢ StEI ne r e on Its sur engineered for a
e P GRS peitich Vhfvsicz#d?%%@b@g@st&@ssréﬁ%a%sﬁ%@ﬁh8*’ rr@rtl’oi%%ﬁwee

Wi th hi hspe|f|C|t for a _bead an rifi n col um or a
{ar et S ARG 3 IDRSERTCh of SRB N eshkioaPIE, VBTN Re T RURIaCaNd TR hods
for taggl ngq’a protein at a specific site are 10 disclosed., The nethod

i nvol gtelch gbarein agids, er afueteindint ganiinsiarsysteiriesiduromitssifase oA kndhesad be pagieered
protein to be tagged, and selecting a desired knob. The desired knob mnust
cont aiona artioylst girpese oessedawyting ne awstomized tag ot fretre. iFovedamels, thekeb arayibg an
construct encoding the desired protein, a tail portion and the desired

knob. egitie teeSisigRsl sENES, A seQRARAAH i shaicRoBISa bie@ion b Gﬁﬂdéﬂ%ﬁc@urﬁﬂ%he' ne
resi dupeb%uﬁftl tgut edqat the %féte to g% Fagg@ga The conEtruct is then

i nserghend B Q1athehfd brofe®r €xpression of the tagged protein, wherein the
cystel ngnl n t ?g kﬁdo% and the 15 substituted cysteine in the desired protein

LSLPoﬁo&lﬁB'rTLﬂﬁaR@”% <y e PP ol HE LhEED, 2RO oY Bland fpillel ol gleritr o -
to enco articul ar protejin product. The construct further |ncI udes al l
ni%esé%c%&eﬁ @ﬁg}%@g inyglvessalectinga depired Pecdeim lasetingrs sita.an e desiisd Broteédo hptrgaery

sequences that may be included to control the expression of the cassette.
Thes eanslsgleeing 6 desitey knotc | The desirediknol imaistnontainiamysteide tesiduea Tie aetitod furtber iddlves
initiation sequence, an enhancer sequence, term nation sequence, RNA

proc eepariag s c@staics encadidg the dasire plojelid @ kit patiorandthgduireds@atie mﬁ@desTé’cﬁ)rbt@h m
'necessary sequences for the expression of the expression cassette" refers

t O SegHdeRaes tﬂe@@hﬁtm@ﬂnme@a§ysfeﬁ1etrés%u8%sﬁma%ﬁhé Bitd t9Pe @ggleds trh@@dih B is

transl ati on of expression cassette to produce a protein pro uct. The

Al el a{%f"?#;%%ﬁf%s%nﬁﬂﬁéF?@%@é@%b%%ﬁﬂo o ROURS RUBRBRL ™ 252

Ofs 25 BLBIRL S 5m0b e AL D 03! it budend bhoseshat can enhance
[0067] The term “construct’ refers to a nucleic acid vector comprising a promoter linked to an
expression cassette engineered to encode a particular protein product. The construct further includes all
necessary sequences so that the encoded protein can be expressed and any sequences that may be included
to control the expression of the cassette. These sequences may include, but are not limited to, a promoter or

20 initiation sequence, an enhancer sequence, termination sequence, RNA processing signals, and/or a
polyadenylation signal sequence. The term “necessary sequences for the expression qf the expression
cassette” refers to sequences required to ensure the RNA transcription and subsequent translation of the
expression cassette to produce a protein product. The term “promoter” refers to a DNA sequence that is
bound by RNA polymerase and is required to initiate RNA transcription of a gene. There are a number of

25  promoters that are known in the art, including those that can enhance or control expression of the gene or

12



expression cassette. The constructs of this invention may be nodified by
PCR and cassette nutagenesis to create a construct that encodes the

desi red pwotogiomekhob, [0068] Knobs at specific sites on aPgmaise?/ssoeean be
used to probe the distance of the tested residues to the interface of a

rece péﬁ(ﬁ%gﬁérh%&%tttg.eﬁ'he%oagtﬁ%@ of lﬁ@ ﬁ}ng@ﬁ;tﬂgﬁ%\g be tﬂa&ﬁ’e?i @%Fpa%d WhddbitZRtaddhesis to

det er proxi m residues to the receptor
binding,sites, in,h t tLachment of. probes to residues that are | ocated at
the Hi" %0“5‘6%2@@{;??)89@%85%@?'{9@W%‘Q}?ﬁndi ng activity indicating that the
tag is located in the binding pocket. Another agdvantage of using knobs at
speci PIE8] si t es Knpbs plpesificrses ongrRipiels C%’h@ Yred &)ett@e (5'%%1?? io¥ S Eﬁ@g residleHues
that are close to the protein-receptor interface. This probing strategy can
al so tbéheusterthce of atdepiqrior anppéher praigin. Ger expryplal knelkscnaa he uidizeddo dalprminesthe prgxigity e

on the protein surface. Additionally, the protein knobs can al so be 10

wi glel of tHese sublisit repitl @sad the irdbBpthr biridingtsitein ROE, Attaeheent of @olgstto rReidudsithataer ot ease
recognition site is engineered within the flexible tail, the tail can then

be cl BEYES tﬁ{e@@'&i}ng 'ats%k%f R dbBish ke g ’EBtLvﬁf#ﬂ&E’atin{; glt%ﬁthé‘ﬁlgliﬂ@ca@dq}pﬁe bﬁ&ih«fr ed

by a f : e protelkn Eur < not ere y th](ca tal

0069 ' . . i :

| nvert e Sl gt et Bl RiskBP S PooPaR SRS ridhgf P uRs EFLICER Bl e ¢ s
orof couB b chet B b e T ! P S0 e Sl el oo

carboxytermnus of a protein sinply by fusing the coding sequences of the
pr ot elagseortsignal lsequencesrio ayriigsitstl stehen thepriolein swedepge Additianally: the pitast ieiobs ¢ap alse be
nodi fied as has already been described for the preparation of fusion

pt®dt ewidey udedfdB.prdRein mioblizAI00 ad9Poteibtagiting We&k protetse ratoghitiddndite istanpiaeered/yithirhe
proximty of the protease to the protein could result in the destruction of

the preN&IHE tail, keAZPdan T beSRaRl aRébeddbshiroPsccsRpINRS, bRk ths sobe@hbre ayise
inusing the strategy for attaching a 20 knob to a protein as descri bed

her ei @?“HE’Q?%Qé %&ﬁ%ﬁg&&lﬁﬁﬁn@h&ﬁ&tﬂe B‘ﬁ)Si tion that nmakes it incapable of

attac I's attached. Furthernore, the
orien jon of the protease enable it to .catalyze the cl eayage of a
st r BB s ¢ abEEs TSR AaRY oG Tt b Sl S Fishbh iy FELAER B
hCG wusing the nethods described herein such that the protease would cleave
t he Liinfesraibedisignesrhsiveasn pitesioy protsingnyf a taypeied prpleateayare desisedsmenydfferenta | oss
of lutropin activity, This protease protein knob nay be used in a '
t her apetetses abuly b stadieasi to aithleethé aminbiermifiusror theeabdxyterpiousya ppraten smply Py fusing
syndronme, a cause of nearly one-third of all human infertility, 13 WO
03/ 046 A&irfisE4ienaey 6t Bfklrotease to the 5 or 3' end of the coding sequence of the protein to be modified
as has already been described for the preparation of fusion proteins. (U.S. Patent 6,300,099, Sledziewski et
al) Unfortunately, the proximity of the protease to the protein could result in the destruction of the protein.
[0070] The use of protein knobs solves this problem because in using the strategy for attaching a
20 knob to a protein as described herein, the protease may be held in a position that makes it incapable of
attacking the molecule to which it is attached. Furthermore, the orientation of the protease may enable it to
catalyze the cleavage of a desired substrate, such as a receptor. A protease may be engineered onto hCG
using the methods described herein such that the protease would cleave the LH receptor preferentially fo any

other protein, resulting in a loss of lutropin activity. This protease protein knob may be used in a therapeutically

25  desirable fashion for treating polycystic ovary syndrome, a cause of nearly one-third of all human infertility.

13



[0071] In another enbodi nent of the invention, the conpositions and net hods
of this invention may be used to pronpote the stable association of two

pr ot ei ns.wola/odwbm provi ded herein show t hat the crossli nked/uspr/sived ns

anal ogs of hCG are nmuch nore stable than native hCG at | ow pH The

L2 Sl oA B ot
(150bp usaio Db ssaRAPLH WABOHIB: o oa il P P TORPE PR

di suffide bonds in gonadotropins, Nature Biotechnology 15: 658- 662).
Pr evipmisitsgnalogs efhSEaie muchanese bl éh2p saliys he&ak oWt TF?I%FB@M’:@&?WF?{%E%%%

protein based on its crystal structure. The present invention discloses
met haalfiflerintd NCE drtreziserghé stalslitysaf thertieteratiisar) (Matzels M. M & Boiws, p 1988 &ell Bielr i ng
their synthesis when a high resolution structure is not avail able, 10

[ 807 2pe, 104ameeiohREik BRI vaR Bén Bu‘oggm MuldeptW.pBrootehieiisfabp (90T)j Snustueaaitbsedtt hods
may be used to pronpte the stable association of DNA pol ynerase to DNA

The ipt 0197 eRdinéerihd it gi %@’{)‘éﬂ ' A Blotbchnslb@pist 658ed
to thq‘é&,%%bﬁi[étg@gﬂ%@@egh%ﬁlsﬁﬁ{r?@giﬁ %%%gga%ﬁsd ea&e%%g%ut o] gt agi Iiﬁzme t he

G e e
OO T SPLIS, AL 0, LONERLL O 12 05, NSl RORISENRR . o

their oligosacch and es. Elinination of the gl ycosyl ation signal on | oop
2 of duieg theissybthasis whén aitgb resaliior struckiee inpeliavailableof nammalian cells to
secrete the heterodinmer and to elicit a biological response (Einstein, M,
Lion, ' [9472] Macdonalaothdsembodientbitheinvantie, te20mpgsiterpandmiasiiods May be psed o
581-590, Sl aughter, S., Wang, Y. H, Mers, R V. & Myle, W R (1995)

VoI, ot th@@%‘%@s%laﬁorﬂdf%NAébty%ﬁr;asé/@fDNAS-Th§4’ntr6ductichri S adinir that wraps dround theB. &
Pear son, % 20 H (1968) J. in. Endocrinol. Metab. 28, 1763-1767;

Mat 2 u@% %/rikd%i? ggt};ici) li 1o thé E@ﬁzérase%g%ﬁﬂ@e%oﬂd ofd 96 Bpected RSEbREe ﬁ_@bdi)lﬂﬁerase to

site es 0 go otropin olirgosaccharides. Biol. Reprod.
40: 48- . JAs shown, here, co-expression, of hCGPS138C and aN52C, an
cc- su@ﬂ:‘gﬁer%ﬂc{ﬁsmtn%‘?”@ﬁ ogﬁg{egpﬁ@ t@'s%r@ﬁsti tuted for a- subunit residue
Asn52, enabl ed production of a heterodi per_ in amunts onﬁa#aog*he.t Q ,[hCG
Thi s #0T3ti on oln yetanethar emhedinent &b thenvariioadhg ?@@F@@ééﬁ@? 8 §TYF"SRd | ed
to an hCG anal og that had considerably greater 25 efficacy than an anal og
ofi5 hG@ay Ive wbil whproduee proteindeteradinmaragf e glycoprotsindomeanesibatiagk dieem@e Phineiat ed by
gl ycanase digestion. 14 WO 03/ 040695 -
oligosaccharides. Elimination of the glycosylation signal on loop 2 of the a-subunit of hCG reduces the ability
of mammalian cells to secrete the heterodimer and to elicit a biological response (Einstein, M., Lin, W,
Macdonald, G. J. & Moyle, W. R. (2001) Exp. Biol. Med. 226, 581-590; Slaughter, S., Wang, Y. H., Myers, R.
V. & Moyle, W. R. (1995) Mol. Cell. Endocrinol. 112, 21-25; Yen, S. S. C., Llerena, O., Little, B. & Pearson, O.
20 H.(1968) J. Clin. Endocrinol. Metab. 28, 1763-1767; Matzuk,M.M.; Boime,l., (1989), Mutagenesis and gene
transfer define site-specific roles of the gonadotropin oligosaccharides. Biol. Reprod. 40: 48-53). As shown
here, co-expression of hCGBS138C and aN52C, an a-subunit analog in which cysteine is substituted for o-
subunit residue Asn52, enabled production of a heterodimer in amounts comparable to hCG. This mutation of
the a-subunit eliminated its glycosylation signal and led to an hCG analog that had considerably greater

25 efficacy than an analog of hCG in which the a-subunit loop 2 oligosaccharide had been eliminated by

glycanase digestion.
14



PCT/ US02/ 35914 [0074] In yet another enbodi nent, nethods for using the
conpositions and nethods of this invention to pronote the formation of
prot ei n mwbtos/wr6ss i n whi ch the subunits have little or nopafrfisa2/s3p14 or one
anot her are disclosed. For exanple, the data provided in Figure 6

SIS LSRR B GE S SRR DRI A

at one o sites.

W th i i t.ease, ¢l eava Si bet n_the h

13- sl o g bR LR Pyl BB ARl b 2R B b Dl
car boxéﬁérmfpus, it woul d be possible to prepare heterotrinmers in which

R- | aciSiRsed i exanpnie thegiatsinsrvided i Riouss 6 Hesvales dekibis possiplerfe aitach therepzisie & on
hCG [0075] In another enbodi nent, the cysteine on the knob may be noved to

a si tlactamasetiehC@ af ereef edvetahdifferérm sites p pridtapiase Fmotkno@mtothsBRiaE WithtHos, diyr ect
attachnment of the knob to the protein in a desired orientation and 110 site

oy t hy ! ; i . f IS, l.nvention
oy DO Brtee (SRR Rl T R er e TSR T B e O e
attached t@ roteins to facilltatg detection of ﬁrote.i n-protein or protein-
nacr offol et F@'Siu {ricarbpygainus, i Woid bp Regsibledp prepgse neterglsimpesrie which Bdastamasaort he
am noterm nal or carboxyterm nal end of the protein. However, many epitope
t ags GteeriRrafansaraatiashes stably tonearlienypsitotoeinBG. Furt hermore, the utility of 15

epitope tags added to the ends of proteins are decreased considerably when

the efddEs]of a pinahether etbediinemothy e@teirierdn treknbl MbEbE Mvel 114 sile@R the SiBaddR) heds
of this invention permt the |localization of epitope tags at sites other

t han knbb?orﬁ‘cﬁ?ﬂsr h%fwdulra%eﬁﬁiﬂﬁ@@iif@act ét@&ﬁ%rnl ﬂ%etklﬂlﬁ‘? B%ﬁéﬁ@&nﬁr@@ées{r%f qrfrg@éfqnhéég ful .

Introduction of a cleavage site into the ta ron wou end

t i thout disrupting the epitope tag. [0077] I n another
g@bo?ﬁﬁ@ﬁ%?{&?m& i nvention, al dehyde residues may be introduced at

specifig sites 20 jn proteins, Al dehydes are very desirable reactive

gr oup@b{%at ar el”ﬁB?thW§M$‘mWQ¢tB%WetﬂP% 9 estivenion Ay be grplgxed t g prateinsawithac h
several different reagents such as fl qoro%glqres to the surface of the

pr ot 3PHoPETtRgss Epitenedensiee ofenriachedtio arnteingdo ttilitatedletastion okprotsin-pretein bi proteiy- of

am noterm nal serine or threonine residues to gentle periodate oxidation
( Yoo, marrgmaldcplelinteractidns. ITthe idast(h@Sk)tagh. weit aitacheBhetie aR@Gtermindl 4icatbbifdiminal

Geoghegan, KF.;  Stroh, J. G, (1992) Site-directed conjugation of
nonpegtiiofifie p@tei Mowleder PRy ieBfshe 348 WRRKUNFiahSne\dnd oPRE Pr@féﬁ{ Purﬁméfrﬁ%"i’é, kRUtR) o 2
25 amino alchol. Application to nodification at N-term nal serine.

ood PR (e B B Ros Mot dordo R G AR AR B b RIfRleq,

15 in the protein’s function. The methods of this invention permit the localization of epitope tags at sites other than

the ends of the protein, rendering the epitope tags far more useful. Introduction of a cleavage site into the tail
portion would free the end of the protein without disrupting the epitope tag.
[0077] In another embodiment of the invention, aldehyde residues may be introduced at specific sites
20 in proteins. Aldehydes are very desirable reactive groups that are not normally found in proteins and can be
used to attach several different reagents suc_h as fluorophores to the surface of the protein. This procedure
takes advantage of the well known reactivity of aminoterminal serine or threonine residues to gentle periodate
oxidation (Yoo, J., Ji, I. & Ji, T. H. (1991) J. Biol. Chem. 266, 17741-17743; Geoghégan,K.F.; Stroh,J.G.,
(1992) Site-directed conjugation of nonpeptide groups to peptides and proteins via petiodate oxidation of a 2-
25 amino alchol. Application to modification at N-terminal serine. Bioconjug.Chem. 3:138-146). Thus, a seine

residue can be introduced immediately after an enzyme cleavage site on a protein. For example, a site
15



WO 03/ 040695 PCT/ US02/ 35914 recogni zed by enteroki nase can be introduced

i medi ately amnotermnal to a serine, which would be am noterm nal of the
cyst ei ne wo iBm40s8®d to crosslink the knob to the target cysrdiSap3at4the
site to be tagged. This would result in the sequence

]r of errgctopﬁgq@%aﬁo%na% catrhe mtf%u@o%%%diate%o‘te@nh@to 2 Srindh@i® whuldbe and Z

ortion am no and refer to the | engths
of the. t |on am aci S.Br ul t
'n ¢ HEEFRER e e R B Fesas ePaiBe S tﬂ%%bseiﬁﬁteﬁ* i éft‘gée‘?ﬂid
site _on the protein, which had been c e
ent erT(blslww@ée%m the sasigence X-hsrrAve-ASPear- Ijﬁngeé‘g( ﬁﬁhﬁ%ﬁtolﬂg\l%%h)aw ({ztat
is readily oxidized by gentle periodate treatnment. The al dehyde that is
pr odueferto anyptail hertioneaatind agids eadt Bdangint mfenteyhedengihswhing éailpodien APAP addsde deri ved
conpounds including various fluorophores and biotin. This nmethod woul d be
egpe Praduciionus Bk wrotéimweuldresilris the bgdteikoin thettailqoribabecomiTigerusslttkets theidagited site
[0078] In yet another enbodi ment, methods for using the conpositions of

this c{nrtl’{éeﬂbt'efﬁr\/vﬁl&t Rk Dedn ch&ﬁ’%‘é't@ éy@teﬁt'et©§av@ Wihan@tdkimasd would eelliasiad creBiton of
exanple, 1Tt be desirable to block the active site of an enzynme or a

toxin,t O}Qﬁﬁtalts@ﬁn Rat%écftﬁk ok e'ﬁ'tJ gefttfe g%?oo‘éféttr'ebtrﬁepf. STh@ Gldbide hat i§ pd@iced €d.

Canceefn e an are or use o he conposl ti ons and

met hods , of thls inventio i.ne t he
enzyri@h b7 o8l Reciyd vathem@wgaé*v meadrg%@? tﬁgvgq ERBafhop el étaﬁ@h's“fﬁ% i
Addi tion of a knob that 15 contalnsac mﬁtot eamn rmnal or
car boadglisting Fig mether wiuld heespaciliepsely proteinssthatda naligen wn'? ?Vﬁﬁe'aes
disulfide with the cysteine near the active site would cause t he knob to
peveffd78] he actlnyet asbther embodimient; methedsiforgisinguhe isompasitipas of éhis inveREONK BIBCkay
conprise a targeting protein fused to the end of the tail portion which
woul dspegiftedite€ort feteib aneristibsed. Foi example] ingoull letdesirablederpbelthe actidoste odrt h a

speC|f|c target on the surface of a cell. Treatnment of the conplex with a
prot e 41 o HIRYehd tﬂmnm@uttﬂn X BRe. L Cepcarahdr e anf the
20 en@ﬁﬁ‘gé?}fét{)ﬁi?ﬁﬂ%’? Q)%tsehratoegyecou be usygd to hide the i‘?tﬂ?gl ty of an

ol eavendlent Ay tt8%{1"%?@@@%@9%@'8%%%%@f*te“&&?t“af‘uee%ﬁ@@??% B this

coul d occur after |nternaI|za|on | ex_into, the . 0
Anot higfrodysed ipe the apame RENINALBE! ecr@abthwg\agp{@ S'f?rf’gg’ |epgme@r59§@o@§§{‘qnc%é%°§ %\I@en
proteins that normally conplex with one another. t he disul fi de woul d
bb desintpinsct aysieingtodhe areinaterainal of carbpyiarminegndef tteriéote'ﬁéhﬁt h@Setht 3Rl 8 faRden t he
two proteins. 16

disulfide with the cysteine near the active site would cause the knob to prevent the active site from interacting

with its target. The knob may comprise a targeting protein fused to the end of the tail portion which would
enable the enzyme/toxin-targeting protein complex to dock with a specific target on the surface of a cell.
Treatment of the complex with a protease that cleaves the tail portion would expose the active site of the

20 enzyme or toxin. This strategy could be used to hide the activity of an enzyme or toxin until it reached a site
that contained an enzyme that cleaved the tail portion, thereby exposing the toxin. For example, this could
occur after internalization of the complex into the cell.
[0079] Another use of a knob would be to prevent undesirable associations between proteins that

normally complex with one another. Thus, the disulfide would be designed to hold the knob in a position on the

25  interface between the two proteins.
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WO 03/ 040695 PCT/ US02/ 35914 [0080] In yet another enbodinent, the present
i nvention provides a nethod for precise separation of a target protein
wi t h onl ywe oBewwess eps. Enpl oyi ng t he net hods descri bed hepeTrysozassoi4
expression construct encoding the pr otein of interest, a tail portion and

o or MBOR 1 pr o et ol eSS B ke H PR AR Sl )
end, or at an desrre%locaté qSo %é[faeof the rotein of
" nt eradaiget Resieis Wilh et WisteRs EPRIOUAd emﬁt PHRIeRTHBE ArpiB AN CEPERONCPRTETtne on

the desired protein after construct expression, the resulting protein-knob
conplessgoding thaproteh obinigresha dadliparion anya knob sregsied. Ehmipeationef the tataghaybipine residieng
knob, the protein-knob conplex binds to the affinity resin and the unbound
pr ot einriise @otdin oBhlerdstmaydmrgh theearthsxyderainaleat dick anifiatermimahendt dreat anyrdebired ldcation
eluted, the knob is cleaved off, and only the purified protein remains.

For emarr@étﬂace(o‘r%trre@m@@mtéreﬁf Dnéd thy Tddolifebteiesit 1E knadibinde e eyseind oh i 10
cal nodul i n- bi pdi ng peptide (CBP) may be chosen as the knob, The CBP-knob

k
neut fdst'%dtp“’&%'ﬁﬁi&g@%f%ﬁ‘ﬂe%p%?g ﬁ@a@@@ri@ﬁ* i fﬁ%ﬁ%’%’ n
Phat T rrrgr%‘ﬁt’r T b PR LB ek BRd ROy ot S0

aspect of nvention related t rotein puri ficati on, the protein of
"t orretEns Ay caluler Rt piaovaiedsy. Thed: e sroliki o Iiaom g Seaiegiograndt ai |
wth a cleavage site. The knob tail nust be short enough so that the knob
cannanlyftioe pariieddirateih fanuhins| Fokexgmpled (Btrateédeae'p AtiniyT¥) piCAL ebdtor mayde asad, ant the
structure of the protein and tail are such that the knob is conducive for

f1or moamoaurmtbﬁwintg p@ﬁrdb@l’BP Wy e BNRERES the kIbeTH?- CBFnkn%QbM&é Bhe da%d@lfn%ﬁt ns
wth short tail s would line up like a strlng of beads, connected by the

di sul fyjd WEEPE a aCrYeTtr r& 1p?lethf?é‘a\/%ld Critb harsh Qﬁfﬂntn%hr%etﬁ)‘gg [hgt%?ﬂ%H&tDr@

cystel ne OI’I t econ rotei

second uld then for. ne..on the

o ot Y ?tpr%rr St maprrpwﬁ"tearﬂorm&% AR e e it ie
proteins nay be run on a sucrose gradient and centrifuged, the chain would
fall Presentihentodt t om of the gradient due to its weight. Finally, to separate
the protein chains fromother heavy material such as |ysed cell nenbranes,
t he HOA&dmM | aydn afunbereaspaotofdheinventionarsiatied topatkid puréicatios ghe proteintdhinteresemayy/tree
specific for the cleavage site in the short tail, resulting in individual
P50t eonstructdh so Mbixiaretem@ndithas Aenolb il Rih & sefBgd dit UHJI@knoB’EEﬂ nudthe\shéertiédough

proteins would stay near the top of the gradient, allowi ng for easy r ermval
and L4 (B RNAARRR? form a disulfide linkage with the protein itself. Instead, the structure of the protein and
tail are such that the knob is conducive for forming a disulfide bond with another protein. In solution, the
proteins with short tails would line up like a string of beads, connected by the disulfide bond between the
cysteine on a first protein’s knob and the cysteine on the protein portion of a second protein. The knob of the
20 second protein would then form a disulfide bond with a cysteine on the protein portion of a third protein ana S0
on. The resulting chain of proteins may be run on a sucrose gradient and centrifuged, the chain would fall to
the bottom of the gradient due to its weight. Finally, to separate the protein chains from other heavy material
such as lysed cell membranes, the bottom (ayer where the chains reside would be treated with an enzyme

specific for the cleavage site in the short tail, resulting in individual proteins. The mixture would then be

25  recentrifuged. The individual proteins would stay near the top of the gradient, allowing for easy removal and

17



PCT/ US02/ 35914 purification. This chain of proteins could also be purified
usi ng ot her methods di scussed above or other nethods known in the art for
prot ei n paoioBioewds on, [0082] I n another aspect of this ineemtuson3sdthe
protein of interest nmay be constructed so that each protein knob interacts

\émo;gt (ﬁh@g@api@g %ﬂﬁgfb”@% cB&I gbé‘p&fﬁé(glﬂéldglﬁ?ne? EHeds i é%uss'EB abdvabt &hethoul d be

s unable”to react with the cysteine on the
protein portion, e.tails in the string of beads nmethod. The
pr ot é‘i‘%@ ﬁgtg;)waprgtgeé@?bpro?@ AU qagorbnd knobs at both terninal ends of the
protein. The protein portion should co tiple su tei ne
resi d082] so t han anatebaspesteiihisdaventionaiie B '”SOZ}%W‘?E gay P gha %eﬂﬁ&) h%t)
di sul fide bonds with the protein. The number and I oqcation of substituted
cyst girateis kb irtiérects withoatsirproteioknobsouereh agiiddke Brupiured e faile prodIdios CAETRRESOof
construction using a conputer nodeling programor 10 other nethod. In
sgl Utthfthe Khbieis D ableeth Reachwathltiob dysteime an dheipcbtdin poetiont simibar tor the &ads in thei stithd ef iseds ei n
may formdisulfide bonds with nore than one protein. This matrix of

pr ot %é(]hd‘a“ qhe Pnﬁféhhls% k'a%a c&ﬁpr@é k4ilé Breicknbis 2 Both @minBienddenties proteih hBisprotéiee pi ng

in mind that the high nolecular weight of the structure would nake it a

gﬁgg cﬁc ﬁ@ﬁ@ﬁj&i COFT\EII’ISE nﬁﬁ’t{b elr érl{@ée{ﬂﬁé %ﬁfémte‘?é‘smﬂb%betﬁat khEH383in rhéte BARbiEIeparate

resen be used to add cysteines to proteins.

| t 15 of d bl

v ariraigh By I nasaenty wiips Bl ﬁﬁge@i@?ﬁr@g PRI Eﬁ%"é% i s
to surfaces and for attaching ot heJ gcu es,such as fl ﬂOI’O@ Q)res Fa the
pr ot eprptein kaohs MowH hgvettnbe é%t@mneém VaRes OEFORBHUCHATHPING A SPRPYEN GRING;PF

cysteines or disulfides, making it difficult to utilize the cystej ne t hat
hidd  bethat ietrior oisoletibni the protires wanlddora axgridiie strckicase singlecoreteiy pi ﬂ'Sll‘ o t he
tail adjacent to the cysteine that is used to crosslink the knob to the

cyst ehdngs wiivhord 8n beeprolet THosimaier ofgirotéih knobs tauldathert treepupifieat leyiany ofdhe2abotee
nodified, this difficulty can be circunvented, Due to differences in the

absor g ol I?e%ﬁﬁc\ﬁl\{n R{ métrtwﬂlq}ﬂgél&ular Wl@ﬁ’(%f fe str@ﬂﬂe RhaOybied ipgdoe carididaiedart | on

of the protel 95 nmwll selectively target the tryptophan
resi due cause the dlsruptlon of the adjacent disulfide, nmaking
t he tq;ﬁnﬁ'fugpg@%ﬁ@q%% the desired cysteine reactive. Irridation in the

resence of the gro t hat, dd to th tel i 1 h
Brot el0883lo beco'ﬁ%”@tE%@I"@gé‘@?”tt ﬁ%pﬁgﬂ”ﬁwﬁ‘?eﬁ ch)%y beeq;gﬁ?o %dgy%% riésé@&?@n?qtlé ©
contain several other disulfides. Wiile it is 25 congei vabl e t at ot?}
di5ul biedassirablato invgduecopysiaines vk peleiss (itake 2dyasi59p el thwmqeéﬁ%c@w% CYBIRRS FoE ot

that nost proteins contain few tryptophans neans that this is usually not
a pr oblthihg $8 proteins to surfaces and for attaching other molecules such as fluorophores to the protein

containing the additional cysteine. Many proteins contain cysteines or disulfides, making it difficult to utilize the
cysteine that had been introduced into the molecule. By introducing a tryptophan into the tail adjacent to the
cysteine that is used to crosslink the knob to the cysteine that had been introduced at the site of the protein to
20 be modified, this difficulty can be circumvented. Due to differences in the absorption spectra of tryptophan,
tyrosine, and phenylalanine, irridation of the protein with light at 295 nm will selectively target the tryptophan
residues. This will cause the disruption of the adjacent disulfide, making the thiol residue on the desired
cysteine reactive. Irridation in the presence of the group that is to be added to the protein will enabled the
protein to become labeled at the desired site, even in proteins that contain several other disulfides. While it is

o5 conceivable that other disulfides near tryptophan residues will also be made reactive, the fact that most

proteins contain few tryptophans means that this is usually not a problem.
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WO 03/ 040695 PCT/ US02/ 35914 [0084] In yet another enbodi ment, the present
i nvention may be used to create and obtain high vyields of heterodineric
pr ot ei ns.walaf4mspeat i ng an expressi on construct for the prordisaz/siseb one
dimer of the heterodimer may conprise the protein portion. If the diner of

the th@ﬁf' n pogty ?angr‘?e?%mﬂéb‘im%\ﬂ"tﬁe ?reé'é‘?ﬁ IH\feﬁﬁann%:‘rI%%éd foRekatettnll oBt@IR highn, a

tail i on may used ner of the tein portion. The knob may

conpr i t he .ot her di of t

coneVHeT MHEHBSES ghesh 7406 AF OB e e O EREERabe el Pne,
to the tail portion that connects he .di s and the capability rm ng
the dietmdimar@ay pRIRRIISE theiPLGHR PBRN. Aff}bﬁ qj@e&‘f @BPE%%” i %?%b?"efad‘%{%aﬂ?

where dinmers of a heterodiner are co-expressed in the sane cell. 10,

Ex anpoeurtng tBif pmttien,ra tabhpdstiontroaySediepd ke mmsr qf thedreiels peto: d@ggl}obﬂl?é ceRfisEes of
hCG and anti bodi es used in these studies have been described (Bernard, M
P55, Mi&bther dﬁlethh&&@wjlmer WhoRexf4s3B8 pf tB cnbteust, there 133 bigherditelibacd thatthgl e,

R, Campbell, Rao, S. N V., Ayad, N G, Bernard, M P., Han, Y. &

V\ang C%al@rcédlxﬁ&?%ll fé'rm (ﬁ'e% the gT%EH’uor? 6t coRRRRMNC2AAGE andvby t&pabiity oRoming\the distkfideM
., Cogliani, E., Dean Em g, D. M, Krichevsky, A,

Bar nerﬁohgt s M\étgtfde 0 bl'ems gaﬁnoﬁrﬂo%%%}lfg a’u&ﬂ \Wlhere GheR.of %aero%%ﬂ-ar@@d-gxp}eséed

const capa xpre33| ng h C was prepared by cassette

mut agenesi s btweenthe nat ural Apal S|te|nthe hCG cDNA and a BanHl site
that A Sﬁ@éﬁ engi neered downstream of the termination codon as descri bed
(Campbell, R K, Dean Emg, DD M & Myle, W R (1991) Proc. Natl. Acad.
Sci . (USA) 88, 760-764.; Canpbell, R K , Dean Emig, DD M & Myle, W R
(1991) Proc. Natl. Acad. Sci. (USA) 88, 760 764.) Vectors used to express
a?OsubExample:jlsttmeKsulbsttudy kfsG-LHB Intereetion so prepared as described (Xing,
Y., Lin, , Jiang, M, Mers, R V., Cao, D., Bernard, M P. & Myle, W
R A Bt]atl Vel%eh@hrd&bf@b@mndgnﬂbadleé. usepinrihesaaludigs haverbpen destribeh Betnard, M.

hor mone fol ding and biol ogi cal activity. Journal of Biological Chenistry.

2001. t 85, BYNBTT: Moe, WYR! Carbels WORY Réo,Sell,
anal ogé é’?eﬁ %&@Q@g@gﬁ@@%}qﬁogﬁwé@ 13- subur??lt or h ngSCtl ndyICOS 7

RIS « B P P Bt
0 e SR &S E R R B el e L
7? 5 2?1%30)32312 Cheem I22)‘)5 I8g? 1- ?5138l)JbAuc?olngtru%tn c;[alpetl)b(ljedc% e@éreslss%gfh%rG BCS%%%(EJ rwgs p?repared by
cassette mutagenesis between the natural Apal site in the hCG ¢DNA and a BamH] site that had been
engineered downstream of the termination codon as described (Campbell, R. K., Dean Emig, D. M. & Moyle,
W. R. (1991) Proc. Natl. Acad. Sci. (USA) 88, 760-764.; Campbell, R. K., Dean Emig, D. M. & Moyle, W. R.
(1991) Proc. Natl. Acad. Sci. (USA) 88, 760-764.) Vectors used to express o-subunit cysteine substitutions
20  were also prepared as described (Xing, Y., Lin, W., Jiang, M., Myers, R. V., Cao, D, Bernard, M. P. & Moyle,
W. R. Alternatively folded choriogonadotropin analogs: implications for hormone folding and biological activity.
Journal of Biological Chemistry . 2001.) Constructs encoding the human o-subunit or cysteine substituted
analogs were co-expressed with the hCG B-subunit or hCGB-S138C in COS-7 cells as described (Campbell,
R. K, Dean Emig, D. M. & Moyle, W. R. (1991) Proc. Natl. Acad. Sci. (USA) 88, 760-764.) Materials secreted
25 into the culture media were assayed by sandwich immunoassays (Moyle, W. R., Ehrlich, P. H. & Canfield, R.

E. (1982) Proc. Natl. Acad. Sci. (USA) 79, 2245-2249) employing aw-subunit antibody A113 for capture and
19



WO 03/ 040695 PCT/ US02/ 35914 r adi oi odi nated 13-subunit anti body 13110 for
detection. They were treated at acid pHto pronpte the dissociation of
het er odi rep3omds | ack a di sul fide crosslink, also as desecirhsd2/gdifag, Y.,
Lin, W Jiang, M, MWers, R V., Cao, D., Bernard, M P. & Myle,

W R
Al ternatively fol ded choriogonadotropin anal ogs; . inpjl I o ne
f ol aratiplosivateh povgH calboaBT Oy Rupetesiot 14y THE Bres AL BRiPR ¢ fesodBp
Chi nese hanster cells (CHO 5 cells) that overexpress the rat LHR were used
to monhdtersdimérethiariadkuedisuide brossiek, alsa pedascibed Oxieg, AbiLin Y Jeng 1baMeras Ve o bi nd
LHR binding and elicit cyclic AVP accunul ati on as reported previously

( Ber sy A, Mmdry, M. W& Moyle RY. . Altémaiiely lfstded \torBgorad @) aBalogsh plicaions3@5,
611-617; Myle, W R, Matzuk, M M, Canpbell, R K., Cogliani, E., Dean
Emi g, i actity. JBahEIet BiolodRal WHendstPoR0®,) Ghinebd BBRer dells [EHD .
Chemh"@é"@%’éd@ﬁngg%’?}%g% e’;, W R, @rrpbel ,@R. K.), MWers, R V.,

I
ag aiceey he o o L VB Rred o oA et B RS el B e e
nor moh Bl R BUURS Faain e lcnuy Geoaie) & e SPGB B frers £ V&

Cogliani, E., Dean Emg, D. M, Kricheys - tt &. Boidme, |.
(S00yoy, WER1 SBobReeRorDdsids, 4017 i, . el Vel tetel Bk SEITRE on,

areas that remain exposed in the hornone-receptor conplex are {hﬁn Nﬁ@ped
on t heeas EnfipOeMoKridheeskiok niamest B Ws?u@@he,é-i(ﬂ%gé)? & &BiohihemoR63¢ 18618 Hgyle,

receptor. Since these 15 data are collected during studies in which the

hor nopecsmital, RSKi, Myerd I, Berdar, WMNPe Harg Y. &itang,ne ¢k80¢)oVadire 868 28adse)are  nore
readily interpreted than those dependent on changes in hornone receptor

'tﬂ)g e[]@gédgo“s- “A?ﬁsaﬁteiaﬁ'@ﬁ@%gﬁrgé@ to BE4REngMEC-LHRIhBREIE Fvalugsiddhalying sufacescf on

f nonocl on ody probes,” a procedure that is severely

limted in resqlution, To.Cht i hid },0 t

anal ogenpRoUETarEIEe pesrElre HRERCeskir bk (oL i, BRBE N W CabBbel

20 (Xing, Y., Lin, W, Jj M, er, i , I P. &

Moy| ef. 0lgR], £ -BaE VB Y- flo 0 ' ogs: rnplicati ons
| e K Gesli Ee Phat Fih . Mol Gaiot foBRisgb b & 58 - IS0 BOF Efem o8

for hornone folding and biological activity. Journal of Biological |

Cheni 8411385120Tough Sepreness of sfiminatien eareas dhobiggian£anesed Byips %ﬂrﬁn9neffﬁ&9§’éﬁ’énp ex

activity as hCG even though they contained parts of the seatbelt and the

1i - s uldich nResdaonicesunbeeLs thatomadne db eveabsitensapeblanf gontghlingiiee reseplet Sige these
bl ock hornone receptor interaction. Linking the seatbelt to the a-subunit

has the, Br%tcﬁﬁ%%urfn@ SRLESH WHIR tRhoRfdHE fstam itsamiligfto Inteeachwitereceptorspthe data are
phenomenon that may have been responsible for the low activity of sone

223' 8 %EeHgRae f IH\%{%%?# %m%ése];%ﬁ ] Ce!wt&ﬂicp@'@@s ih ABghoHE RREETIREBRAD MMt MEBARAd
detect non-contact residues have relied on the use of monoclonal antibody probes, a procedure that is
severely limited in resolution. To circumvent this limitation, the activities of analogs in which the seatbelt was
latched fo the ai-subunit were measured

20 (Xing, Y., Lin, W., Jiang, M., Myers, R. V., Cao, D., Bernard, M. P. & Moyle, W. R. Alternatively folded
choriogonadotropin analogs: implications for hormone folding and biological activity. Journal of Biological
Chemistry . 2001.) Several of these analogs had essentially the same activity as hCG, even though they
contained parts of the seatbelt and the B-subunit carboxyterminus attached to areas that might be expected to
block hormone receptor interaction. Linking the seatbelt to the a-subunit has the potential fo alter the

95 conformation of the heterodimer; a phenomenon that may have been responsible for the low activity of some

analogs. Recently, it was found that the long disordered carboxyterminal end of the B-subunit was sufficiently
20



20 WD 03/ 040695 PCT/ US02/ 35914 nobile to scan nuch of the surface of the
heterodi mer until a cysteine introduced at residue 138 fornmed a disulfide
wi th the woaseiwes i ntroduced into the a-subunit. The seat peTtEsovssahese
anal ogs are latched as they are in hCG nmaking it less likely that the

mutation alters the confor i s : : 1 ere,
many TPk s ek e 5E Sl baing 1 A AR o S R A ed B
seatbelt had been attached to 5 the 13-subunjt e results di es
Do 1 o i cymelae (aduces bR g orveisns. Jtsembetsich BEso s Bp Plul 8 o b

hornone likely to be near the receptor interface, does not contact the LHR
The agd ihMCE; resking it [ésSCkenthbidosmutbisneiters ta gorfermationeof erhelesdingr. ATdeseibsdr der ed
&3-subunit carboxyterm nus had been tethered to cysteines introduced into

I oop h%re?ﬂ%g/@f'ﬂﬁeé‘eﬂf@@ébﬁld@é At Ygch@fiord dutivesthanuthoseiin whigh the déathelthadiesenaitashed to
conpared (See Figures 2 and 3). Except for analogs with cysteines at the

tip of 2, i i | ' 6dp 218 pddish sfhe
acr’ti 3?? ég@n'ﬁggg?éﬁ%ﬁzﬁt |rt1 |Ié§g%§%@g%%lgﬁsglﬁ\?vﬁgﬁQgggﬁgggﬁlligusdugﬂggpestg that few
residues in e ther region contribute nor f i.0n.

oo bR Ry Berey G caomTees durR oopane U afte BRiBholeR skl
residues are essential for efficacy. Tethering the R—suRuni tQ .

car bhejareandiafiers portiobef the diserdered frsabipib cashoxyieariBig e bpeidpihered BAYSRINGS. subuni t
| oops 1 and 3 had relatively little influence on binding or signaling,

i ndi GakddRGd il IopPPaid e caboxyREniRIoMhS e-susuritby iakisulide were compendd (S¢eeFiguesdt or .
The | oss of activity caused by linking 15 the 3-subunit carboxyterm nus to

th . I . . _ - . n
FecoreT GO LA Vi Bheited oF e BR P 2o ol B R PR e et e
ith the FSH, eal ed that. hFESH hind - '
Sl 1 69 eIl FRGRT IR B s daring Bl O -Paselp HREGH RS Rl cgon®
t tacts.' licati f thi d tg th t f
Chi moec bHEBOIASH 4 TN (edR e DB e e SRR IR bot h LH and
FSH receptors confirnmed these observations. Thus, different portions of the

20 chigimxpermeesiquesdrd adstrdialdorasiencyt Gethéring tidrB-subanit casoxyiemnirBRRIob&SIorig ar
mut agenesl s strategi es should be wuseful for identifying the surfaces of

Ot her o B! LM Ropd3adhfY b R BbRA!Ra B RaP KRR IAShee HOMEAG brsigreR3n 7]

St udi ustrate application of this procedure to

|t or BOVAIEE i GPRAD B RGP HRCI B eSOl TR cBbo ety Coubeyadpind "

receptors. An analog of hFSH R-subunit that encoded a portion of t hﬁ
r ¢5i dihe$-sobuntt harbmn@@riRngaito witiet regiguas analy dikigete these peytions of the a-subunit are near the
(f gdsssskappps! pspsripgpstdpilpg, SEQ ID NO 55) at its (3-subunit
car bo?@éé&érf‘ﬂpiﬂﬁt%tidﬁﬁ this procedure to the study of hFSH interactions with the FSH receptor revealed that
~ hFSH binds o the FSH receptor in a similar overall fashion but that different parts of hFSH make the key
receptor contacts. Application of this procedure to the study of a chimeric hCG-hFSH ligand that has the ability
o interact with both LH and FSH receptors confirmed these observations. Thus, different portions of the
20  chimera were found to be closer to the LHR than to the FSHR. Similar mutagenesis strategies should be
useful for identifying the surfaces of other proteins that do not participate in protein-protein contacts.
[0087] Studies described here also llustrate application of this procedure to identify the binding site

of hESH to the FSH receptor and to compare the interactions of a bifunctional hCG/hFSH analog with both LH

and FSH receptors. An analog of hFSH B-subunit that encoded a portion of the residues of the hCG B-subunit

25  carboxyterminus (fqdsssskapppslpspsripgpstdpilpg, SEQ ID NO: 55) at its B-subunit carboxyterminus was

prepared since hFSH does not have a “seatbelt’ (tai'ziortion) (Figure 8, SEQ ID NO: 41). Similar to the studies



prepared since hFSH does not have a "seatbelt" (tai21 ortion) (Figure 8,
SEQ ID NO 41). Simlar to the studies WO 03/040695 PCT/ US02/ 35914

per f or mredw@ioBi4dsSE i N whi ch serine residue 138 was repl ac@dTwison3vyst ei ne,
the serine residue 132 of the hFSH R-subunit anal og was replaced with a

Ccyst epdiBmictivaNREG & wikEHQR &Ry RISTduéH3B-wad R Ida&Blrithty St Nhd serfSRSiducaaloptie Was

then expressed with several a-subunit anal ogs that contai ned a substituted

cyste

the ratAPeRh 5% ﬁ%%%§§y%@5W§@§@%¢§§§§ ol 45} The FarniEsieBafefor: oy
a disulfide as evidenced by the fact that the heterodi ner was nuch nore

st abl @naleg weptherpexprashiethwillese verak - uritamlogMialcontpinetha sebskititen exsieingats expetied
activities in hFSH receptor assays (Figure 13). Several differences were
det ecbh®ed brthé Hi@erarice With siglardiCa dm@loﬁme?esr ubMieichf el SingledTibasRslcrodslitket v e

of the hCG derived anal ogs. These differences reveal ed that FSH i nteracted

Wig h @Q& sﬁﬁ@,t Bﬁﬁﬂ[@hlﬂﬂe sU Jv[d%ﬁc%'atbgﬁ]etﬁwﬂat Jﬁl?%térﬁdn% AGlichol bR 46!38[ p‘?—ﬁept or

t her eby "ena e cons ructi hornone-rece

conpl The,r t |nd| unlt c rbox term nus
sequeﬁ@’ew t"ﬁg‘?%gega ée grg]qgs ifth Q?h‘”t'elsdﬂ%aﬁjﬁ'g'ie 04 2R3 [gg,ret k surface
of a protein that Iacks a suitable site or'tail portlon for doing so. One
ski | | eevefahdifferaaces wergdetectedipdpmachivties kihe heitderived arategs sompared withHkase ofibe hCG
R-subunit carboxyterm nus could be wused to acconplish the sane task.

A' t ai hCRaervedanalogeqliese differenpss revsalérbibt FSHanteratted wittoihe RSl rdveptendifferentiehan y

| ong such that the cysteine in the tail portion can reach the cysteine on

the shtd pkeced wttﬂﬂﬁlemHQb@éptbrth@reWEbrfa'bhrigtthd Sondthuctioh d¥moddls sragthorfdh@-rbdeptor t he
sequence not contain residues that prevent it fromreaching the cysteine on

t pe?c?r}eﬁ%s# t? lecp fnafcgtb that fﬁ@ﬁg@ lﬁgs?lbéﬂ%tarbmrﬂ nﬁéé ?esqﬁ&#cgtcgn ef%étﬁ]gé @g (ﬁf i

e tal eachin ei ne
|nclude r es t hat sequence t into a separate
dorrai PPriop| %&a%i'm Eﬂ@é@;ﬁ\%@ Cepﬁépreg?@tﬂat ks suntatle %'E?uqf %Icnoﬂlpwpr dpipg sy fene
such as those that contain a signal for the protein to becone attached to
a cel $k|ulledam theenttwilbreeognize theb masyespoeentes dthreg thah the & BEubanit calwixgtereninus badld be
contain'a 20 signal for the protein to bind another protein thereby

sequegded fol dagbniplich 1Y Sirkd B8k, taillpBsbie! y@ﬁeﬁéaaé uRESOIH BB the ségh@k@s&s&ﬂ&%uw ock

interactions between the surface of e pro ein. [0088] Bifunctional

L ﬁ%cﬁ@@ggﬁe@wwa@wtﬁbﬁt&w Rar'e
e {31% st fth%ﬁﬁ%e%qhéhc%Bﬁachg%%%@heséﬁﬁw et a8 %w{kﬁ‘*

25 anal og of hCGthat is known to bind both LH and FSH receptors was

pr epafugace o he pieesin. (%esgyg@ﬁhattwqugisqrqyglg@heysteme on the tail portion from reachmg the cysteine

on the surface of the protein include residues that would cause the sequence to fold into a separate domain

that would sequester the cysteine on the tail portion, residues such as those that contain a signal for the

protein to become attached to a cellular membrane thereby sequestering the cysteine, residues that contain a
20 signal for the protein to bind another protein thereby sequestering the cysteine, or residues that are highly

charged that block interactions between the surface of the protein.

[0088] Bifunctional analogs of the glycoprotein hormones can be prepared by interchanging parts of
their seatbelts. (U.S. Patent No. 5,508,261, Moyle et al). To further distinguish differences in the interactions
of lutropins, such as hCG with the LH receptor, and follitropins, such as hFSH with the FSH receptor, an

25  analog of hCG that is known to bind both LH and FSH receptors was prepared. The hCG B-subunit residues

22



WO 03/ 040695 PCT/ US02/ 35914 101-114 were replaced with their hFSH

[ 3-subunit counterparts, nanely hFSH [ 3-subunit residues 95-108 (Figure 8,
SEQ | D NOw0o38)40685 done earlier in the case of the hCG anaChRSkR/a¥ad ogs,
serine residue 38 in the (3-subunit carboxyterm nus of this anal og was

replaced with cysteine (Fi e SEQ .1 D NO, ; \

expr 9t waie @&9@‘1 ikt ther f\‘ﬁ%@'é@%“ﬁ&@%ﬁfﬁﬂﬁw I%ﬁ%ﬂ%&%b%ﬁ R%%‘a%égtr?é \zg/?%ed a
substituted cysteine. 5 The heterodiners that were produced,in COSg cells
ver e (Fiyae8j SHRID NRiasy As doaadadierin thewwase obibe ByG a@dﬂﬁ%@m@@g%ﬁﬁfins(ﬁ%ﬁ'déé?’ & the
a- and R-subunits of hCG Many were found to be crosslinked by a disulfide

bet “ﬁ%ﬁ-&ﬁb@niﬂcar@ﬁﬁe&rﬁn@@m@ dnslo@Wad rbsiaded viitls cysteitel{EigureiBnS @ AXNQG 3. albel i ty at
| ow pH." Sonme of these analogs had significantly different interactions

\(/:\na£ B Og'@%trﬁ&gﬁag ggpréggc? @t(%§-' c n@émgf?%%gg@* &s%ﬁuhi?aﬁérl@é iﬂgat ¢dhtaiMall & Bubstrgtet Byshdidruni t

rossl i a- subuni t ue cysteine 37 interacted

well with LH receptors and poorly 10 with FSH receptors.(Fl 2 - 14).
T s Teheeiodgrstha wersripHge ﬁé“tog%‘“é’ﬂ? ‘N?rﬁﬂ%ﬁ'%id@ng@ Sﬁ@'%@rﬂmﬁéﬁs@ ceptors
differed significantly fromthose of hFSH with FSH receptors angjé@f( ovi ded
consi eeiging entbudiesiethesagnd fi-subtits DHEG. ibatg MerepguUNAHY bhcrassbikedby 3 e

hornones interact with their receptors. Results 15 hCG a- Subunit Anal ogs

and B her 1N iaMg g RGGimRs ShipeBhdis thel FeteBscastb ity RAPH. G0Fe 6f thedel analvgratadwer e

it ! .
co-transtected WIPh vectors encodi ng nost of the a-subunit anal ogs and

of | asSeWBRINGeHG MAaKiBroling] A fardhePbrs kgt PEnPR e pRATIE ey HERRYGEAT! ©

(
Het erodi mers secreted poorly or not at all included those contai ni(&g‘;ﬂthe
3- subesntiokytermihuawasitrossliokediabsutunit residie evstelne 8y dxasaciesl wrllavith b Fecgkiprs @nd PRAJY

for residues Tyr37, 20 Pro40, Asn52, and Y89C (Table 1). The poor secretion

ofo aNGRFIH redBmird BlduReti2LHR), This esiiencainet fndindthiat thés mteractionsobqG atth hhresépjoral
normal 'y found at this position of hCGthat is required for efficient

|
e G Sy SRR ol i b B B g et
of het e(ie?sg)lygv%{c D Fed nSiEohss inthra@ R ﬁ\%ﬁ?e%e%rrsh the indicated subunit

const M

Results

15  hCG a-Subunit Analogs and Either Native hCG B-Subunit or hCGB-S138C
[0089] COS-7 cells that were co-transfected with vectors encoding most of the a-subunit analogs
and either the native -subunit (Table 1) or hCGB-5138C (Table 2) were capable of assembling the
heterodimer and secreting it into the culture medium. Heterodimers secreted poorly or not at all included those
containing the B-subunit and o-subunit analogs in which a cysteine had been substituted for residues Tyr37,
20 Prod0, Asn52, and Y89C (Table 1). The poor secretion of aN52C/B may reflect the absence of the N-linked
glycosylation signal normally found at this position of hCG that is required for efficient secretion of the

heterodimer (Matzuk, M. M. & Boime, /. (1988) J. Cell Biol. 108, 1049-1059.)
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10 15 transfecti onAnount of diner in the mediumn /50ul meanSEM

aG22C+l 39. 0340. 414 aY37C+130. 4640. 052 aP38C+131. 7100. 026 aP40C+130. 5880. 093
alL41l C+13W0elBRA0#AS8 aR42C+p0. 9620. 135 aS43C+(33.5710. 156 aAaGH13»17880. 358
akK45C+131. 0900. 093 a%@é JI3§ 0440 ﬁ% al\/l470+1%(§§é% §4 alL48C+131. 4970. 170
aV49C+132. 5790. 297 a $(3 %‘i ¥81 aVv53C+136. 1080. 356
aM/1C+06. 1530. 332 aG?Q@Sf%Lﬁe%W%thfga igatebeubugif consiicti?7 aY88C+137. 9300. 290

aY89C+(3Not Detect ed aHIOCFIZ0 9710 T AT Ak IASAd FnORAH 55
aS92C+132. 5950. 106 transfection (ng/50ul) meantSEM

aG22C+B 9.034| + 0.414
aY37C+B 0.464| + [0.052
aP38C+ 1.710{ + [0.026

5 oP40CHB 0.588] = (0.093
oLA1CHD 7.617| + [0.438
aR42C+B 0.962 + |0.135
aS43C+p 3.571] + |0.156
aK44C+p 2.788| + [0.358
aK45C+B 1.090] + 10.093
aT46C+B 7.044| + [0.229
aM47CHB 9.491| + {0.524
alA8CHR 1.497| + 10.170
aV49C+B 2.579| + [0.297

10 aQ50C+B 1.985| + (0.153
aN52C+B 0.615 + ]0.081
aV53C+B 6.108| + [0.356
aM71C+B 6.153] + |0.332
aG73C+B 2.849| + 10.194
oAT86C+ 4.973| + {0.027
o Y88C+H 7.930| + [0.290
o YB9CHB Not Detected
oHO0C+B 0.971{ + |0.170
aK91C+B 1.049] + {0.055
aS92C+B 2.595 + [0.106

15

[0090] Most of the a-subunit analogs tested were detected in heterodimers that contained hCGp-

S138C (Table 2). hCGB-S138C rescued the formation of some analogs that were secreted poorly when
expressed with the native B-subunit, including Tyr37, Pro40, and Asn52 but not Tyr89 (Table 2, Fig. 1). Many
of these heterodimers in Table 2 appeared to contain an intersubunit crosslink because they were readily
20  detected following a brief treatment at low pH. Heterodimers containing the native a-subunit or the aG22C
and oV53C a-subunit analogs were destroyed at low pH suggesting that they lacked an intersubunit disulfide.
Only a fraction of the heterodimers that contained the aQ5C, aQ27C, aP40C, aK51C, al41C, aM71C, and
aV76C a-subunit analogs appeared to be stabilized by intersubunit disulfides, however (Table 2). The
cysteines in the a-subunit analogs of analogs that formed little or no crosslinked heterodimers are at the
25 subunit interface or are far from B-subunit residue Asp111, the first residue in the carboxyterminal extension

on the B-subunit. Consequently, the cysteine at B-subunit residue 138 appears to have been prevented from
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[ 0090] Mbst of the a-subunit anal ogs tested were detected in heterodiners
t hat contai ned hCGR- S138C (Table 2), hCH 3-S138C rescued the fornati on of
sonme analw@3hmps wer e secreted poorly when expressed w PRTIUSE2/85%14 Ve

[ 3-subunit, including Tyr37, Pro40, and Asn52 but not Tyr89 (Table 2, Fig.

1). Many of these heterodiners in Table 2 eared . T :

i emeatingrinesc st e Ee Ryt SidedRme) 5t WEEAPL YRR qossinks,
brief treatment at |ow pH Heterodinmers containing the native a-subugit or
the RRRRAGHeARS sEMmAOHAT ssbminiéd intarehetmedimensimideistatioshed tabCEodNHRNE Ry ng
that they | acked an intersubunit disulfide. Only a fraction of the

het ef%g%f@_ @Eﬁ{auﬁaﬁezﬁﬁ‘%gﬁ%@%%ﬁ ﬂm@fztﬁ&hoaﬁat%uma&aiccqs-saﬂsmmo@tainawm o

and @ peared to be stabilized by intersubunit

di sul fi des, however (Table 2). The stei ngs.in .t - i of
anal cigsreAPaRORIGEES) W ToMionB BrsCirpricd ufhe d e T hioatt) B9
subunit interface or are far from 13-subunjt residue,As?I 11 he figﬁt

r 8si deleted or dhargedao besiduee otherriean ayxteias witet disiypingdefespdingh (rnation dgRCEh R v,
the cysteine at (3-subunit residue 138 appears to have been prevented from
24 \\P,R31040B 4F9PTHNKHOR3BRAM 60,0485rG5) replseing theulprasing WHly 9o ipies May A
phenonmenon suggests that nost intersubunit disulfide crosslinks forned
after, | | ' | it t [ 990 W6]. Eridbdrinalr 6,1904-91%)uct ure to
hCG.d§h§§8§#@ﬁgygﬁﬁg%ﬂwﬂ§§%gﬁggq%tgiggg?%gt {ailgg to forma heter%diner
with either the hCG p-subunit or hCGR-S138C contained a cysteine in place
of Tyr89. Wiile this tyrosine is not essential for folding of the a-subunit
because it can be 5 deleted or changed to residues other than cysteine

wi t hout disrupting heterodinmer formation (Pierce, J. G & Parsons, T. F.
(1981) Annu. Rev. Biochem 50, 465-495), replacing the tyrosine with a
cysteine may have disrupted folding of the a-subunit (Chen, F., Wang, Y. &
Puett, D. (1992) Mdl. Endocrinol. 6, 914-919.) 25 5 10 15 20 WD 03/ 040695
the indicated a-subunit constructs and hCE 3- S138C.
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PCT/ US02/ 35914 a- Subunit Het er odi ner

Crosslinked Seatbelt Latch

Anal og(ng/50 I)(% a(Bl 11B 110)b Native a26.2 0.8-6.5+2. 6Not Done a(®Cl4. 3

1. 317.

WOIR08BING22CI. 1+0. 4- 3. 1+-1. ONot Done a@@7C3. 30. @®2T/us42/250103

aR35C6. 0 0. 098 ifticateP- s%urﬁ%%?x@@u&s 4 PBOGREB138C18 aP38C0.3 0. 04Not
Test edNot Done_aP40C2.1 0,0452

aR42C22.1 5.3
1. 30. 84 aK45C5|
2.00. 82 alL48C1
ap000. 80. 166.
aV53C6. 10. 44. 32

10

15

20

30.64_al

1C3. 2

0 n4137 2 0.60.49

K44C4.0 0.155.4

176B180B6P) 14 ama7C4.9 0.872.0

0. 270. 63. 90. 88

6% $ub1511t30.%1a®48‘1@2 0. @ros&l_nt]ssd 3 SeatbelLg ‘Q
8 Q\nkfsd 96.@H5BB) aTheC21%¥ 0. 4
A RivEe0 528210086 aVAGE6: 0.6 0./ 57NobDoe 10. 76
P fa s ol ?#«Eﬁ kg tLoar Lot ¥o anpgen. 3
GGG 91204 T 31510 77 NotDone
aQ27C 3.3+0.0 21.1+42 1.03
aR35C 6.0+0.0 98.4+49 0.97
aY37C 54+1.2 80.2 £ 0.5 0.18
aP38C 0.3+0.04 Not Tested Not Done
oP40C | 2.1x£0.04 52.8+4.3 0.64
al41C| 3.2 £0.04 37.2+0.6 0.49
oaR42C | 22.1£53 67.7+5.3 0.48
aS43C | 29.7+1.4 81.3+1.9 0.60
aK44C 4.0 £0.1 554+1.3 0.84
aK45C 58£0.1 829462 0.85
aT46C | 214£0.4 76.8+ 0.6 1.14
oM47C 49+0.8 72.0%£2.0 0.82
al48C 143+ 0.9 88.5%2.1 0.86
aV49C 6.0 0.5 70.5 £ 6.1 0.76
aQ50C 0.8+0.1 66.7+74 0.82
oaK51C 4.1+1.2 275+ 14 0.86
aN52C | 6.3£0.2 70.6 £ 3.9 0.88
aV53C 6.1+0.4 43+29 1.01
aS64C 44403 82.5+8.9 0.85
oM71C 6.2+0.3 14.1+£32 Not Done
aV76C 43+£0.0 41.9+49 1.10
aT86C 7.6+0.8 88.4+£93 0.66
aY88C 7.4+03 83.0+6.2 Not Done
o Y89C | Undetectable Not Tested Not Done
aH90C 72+1.3 79.2+1.0 0.86
aK91C 99+5.7 69.4+3.3 0.91
aS92C 15.1+0.8 140.7 £ 14.4 0.98

a) This value was calculated as the percentage of material that
remained in the sample following treatment at acid pH as
described in the text.
This value was calculated as the ratio of activity determined in
sandwich assays employing A113 and 1.B111 relative to that
observed in A113 and '*’I-B110 after low pH treatment.
Detection of any B111 binding indicates that the seatbelt is
latched. The low values observed in some cases may reflect a
steric influence of the B-subunit carboxyterminus on the ability
of B111 to interact with the crosslinked heterodimer.

b)
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aMr1C6. 20. 314. 13. 2Not Done aV76C4. 30. 041.94.91. 10 aT86C7. 60. 888. 49. 30. 66
aY88C7. 4+0. 383. 0 6. 2Not Done aY89CUndet ect abl eNot Test edNot Done 0190C7. 2
1.379. 2 IWOO38E6aK91CO. 95. 769. 43. 30. 91 aS92C15.1 0. 8140. PCTAHOZE:998 a)
This val ue was cal cul ated as the per centage of material that remained in

the Gﬁmle fol 'Slmsﬂgvénro?é‘ytls@@t %guﬂﬁﬁt RSiduckas Bt Q%d'oﬂlxtag:‘??a‘rq%menc

Thi s e was cal cul ated as t t| 0O Oof activity eterm sangw ch

assay, Al tLv bserved in Al 13
ond. 1a RGP herden sied om0t @5@%&1@3 of%&%éif@fﬁ%ﬁ& AR erieEns cusdpuinTghdues
indicates that the seatbelt is |atched. The | ow val ues observed in sone
casesoMetd7 (Teble 8cltig.c2) asd elkyist! (Girfstaing i &.inp V., tesdanatdiuBuh & tMayey WoRy e rExmBiobn
the ability of B 111 to interact with the crosslinked heterodiner. 26 WO

03/ 04060 226, GH/ 19802 36 2 lne[ l@@&bh t@l&ﬁmllyt Mtthé)ﬁet@rﬁdn‘ﬁh{rsh%rfb%gféhﬂ s"@é‘llﬁg assays
a-subunit residues in oo had only a small influence on

r%ce élg{ vg?? ﬁgf&ﬂgggﬂl\ﬁlﬁl l'r?gﬁsaﬂ d@@ﬁl@ﬁ’ﬁfé\{sﬁgh%ﬁ%ﬁﬁé@g@wgag@ aisﬁgigg&pgggrablg
E| I

( "3 gy s B0y Eitn 16 7 A berodind G B W R P0G IR 228 R
| n b| ndi ng@and Si gnal ing assays 5 relative to that of hCG Wiile an anal og

i n wii%h he@ywdsy Aharansiogin wigh aldeld? bgd bdeaméprasedibs@artredvasoesilychsr atiteyas HCEsis
activity than hCG (Einstein, M, Lin, W, Mcdonald, G J. & Myle, WR

(200 IothEaesaysBITshle 3)beﬂh|s 2hfest&Bthat tﬁ@@ﬂeserﬁ@@f 8k fHdnind it @%‘bﬁmt r’eﬂdd’ém?c\nasat%t 47

had been replaced by alanine was nearly as active as ot h assays

g-erglb e"hﬂa} fJJ‘@é% @E%ﬁsﬁﬁg sﬁe@% rct)IQ %f %crl_ys%efnlr? erecep’[or mp‘raac cl)nopelm%ﬁ]s 0 be dseetr)rr%llﬂé .
10 Based on the finding that a heterodimer in which c-subunit residue 51 is crosslinked to B-subunit residue 99

by a disulfide is more active than those in which aLys51 is replaced by cysteine or alanine, it appears likely

that replacing the alys51 sidechain may alter the conformation of the heterodimer.

15
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essential for hCG activity. The specific role of alLys51 in receptor

I nteraction remains to be determned. 10 Based on the finding that a
het er odi &0 30408 ch a-subunit residue 51 is crosslinked PET(Bozssvuni t
residue 99 by a disulfide is nore active than those in which aLys51 is

r epl gf;?%? ﬁé(riscte%f W ﬁfﬂtaﬁ!n’?snlhr&gsuﬂ it%’ﬁgaﬁdé M{lhﬂennﬁrhﬁtonﬁﬁ%r@(ﬁhﬁg t he
aLys ) §$?|n may alter the conforndtion of the heterodiner. 15 27 WO
PS/O 8@§:§ 38802/35914 Table 3. Influence of the nutations in a-subunit
oop Z-and carboxyterm-nus-onheterodi-mer—ytropiaactivity. o=t 152
a- Subyni to-PduEngi e OYS‘PCieN%ft}fa\:ég E(?Wﬂﬂ?gts An J%“d@ﬁfg %‘Sgbl\é hFé%éB Capdps
hce(s-s;LsaéBﬂEﬁe,u_oﬁs Anat SYPere et hoc —980ch(Per ?»& 5?,;%9 Y —Ret
t of - Bilndin_aSi-ahaReosntorBindiy} ; ;Sl,g I;gﬁ}sfcfil\cngnsl & e&ep?o;;—B'fndhl;g ;*l g%gﬁai. duclidn
SRR s OS5 B 1 TU MM 72 A 2
(50- 110 1 7@PB0E) 4337 G003 Ky 4 HOCHN S50% ffd—s'%@ 250t zw(i&%‘ o1
(5L48- 247)_HEHABL (PN ot | Fr aHat ect Bkl et XS B
(54- 61y 42 PRISE (ot GEIULL ool cngt Franstepted 2 S (B7L00) o3
(71- 1 1ABBBRER D oo GAAN 5ol oa i Chadcas (o BIEEG LN Thndoted, )
(43 64y aNEBREE 7 (70RO " T L G L RIS o M8 (D
(71-9 \szcﬁﬁghgfecﬁgﬁﬁ 2 Tra«sfeﬁé@ﬁ#a SEUESY) 1 SEE)
\ aMA47C 8.7 (7.4-10) 23 (16-32) 4.1(2.9-5.9) 2.4 (2.1-2.7)
oM47A 83 (71-97) Not Transfected Not Transfected
al48C 60 (54-68) 147 (96-226) 66 (60-72) 99 (81-120)
aV49C 70 (64-77) 133 (102-174) 71 (65-76) 99 (84-119)
2Q50C 81 (76-85) 216 (163-285) 308 (241-395)
oK51C Undetectable* Undetectable™®
10 alN52C Not Done Not Done 61 (57-65)
aV53C 149 (137-162) ‘ Not Done Not Done
oS64C Not Done Not Done 89 (78-101)
aT86C 95 (84-106) 444 (354-555) 2.2 (indeterminate) 0.18 (0.16-0.21)
aY88C 141 (128-156) 74 (64-84) 0.05 (indeterminate) 0.12 (0.09-0.16)
aY89C Not Done Not Done Not Done Not Done
oH90C 30 (26-34) 65 (48-89) 3.1(1.8-5.4) 1.0 (0.96-1.1)
aK91C 41 (38-45) 56 (46-68) 2.2 (1.1-4.4) Undetectable
oK91E 4.3 (3.4-5.5) 1.1(0.1-2.2) Not Transfected Not Transfected
oK91M 68 (36-144) 66 (45-140) Not Transfected Not Transfected
aS92C 100 (91-110) 38 (31-47) 28 (23-34) 13 (12-14)
9 a) Based on the concentration of analog determined by sandwich immunoassay. These values were calculated from the
IC50 values from experiments summarized. Several analogs were not tested in these assays due to the fact that only
small amounts were produced by transfected COS-7 cells. As also shown in Table 1, we did not obtain any stable
heterodimer following acid treatment of a/hCGB-S133C.
20
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alL48C60 (54-68) 147 (96-226)66 (60-72)99 (81-120) aVv49Cr0 (64-77)133
(102-174)71(65-76)99 (84-119) a®0OC81 (76-85)216 (163-285)308 (241-395) akb
1 CUndet ewDabloelsbidet ect abl e* aN52CNot DoneNot Done61(57- @&/ sy 358149
(137-162) Not DoneNot Done aS64CNot DoneNot Done89 (78-101) aT86C95

(r2ab88) 74 &honive bouByiHART aTRIOHE o & oo b o RID s 158,
DoneNot DoneNot Do HO0C30( 26- 34) 65 (,48-89)3..1 .8 0.96: 1.
aKglewi\EiW 3604789 éwq&éﬂ'ﬁ%z@@n&.@ﬁtz@mm e Eclosiio (éﬂqdf%ﬁ%;%)gfh %éhes‘j@'.“é)
(0.1-2.2)Not TransfectedNot Transfected aK91M68 (36-144)66 (45-140) Not

Tr anghteeileitiyoiLySatamafsecdra cheaB 2GLDMIreddued O)iBecBhedm) 2BICR BSssflueaca on hA§ a)
Based on the concentration of anal og determ ned by sandw ch i nmunoassay.

Ihesé'cti\Yl 'tl(%jb‘?vseéﬁ‘@c'ié%i GRIEY! Dulkl pdreNah Rfrelated@udy & gt prddictionsanuierabot tescharge

umrari zed. Several anal ogs were not tested in these assays due to the fact
t hat I LI . , . . |
houdt Pt e oy St B s IRty ey 37 s R o 1B E g
t t t of alh 3-5138C. 28 WD 03/ 040695 PCT/ USO2/ 3591 092]. [
. SR ol sl Encbebplati. A1-p8amn Ko i e RS EERHAPER GNd abTITelin JARLO O
activity 100-fold or nore (Xia, H, Chen, F. & Puett, D. (1994) Endocri nol.

134, tha TisBed Z83idiksud, ant 46, kipedively, wahprepareth(heSiait4BIKFEAN (Fighee Ko wERAP Me&ar by
a-subunit residues with cysteine had nmuch | ess influence on hCG activity

t ha”s@?@%ﬁé&%&@ﬁ%%ﬁal@ heﬁ%i RGP RHothUssy a41d REGrd4A (Rigle 15 SEQSD NO: 51)

pr edi e about”™ the "charge 5 on the tip of a-subunit loop 2 on

subunit conbi nation I o, \Van Y. H.. Mers, R V. yl WR

(1958) NER-Redt 10 docsttad R0t 53, apaloBaat ian Hebiab i o s s S

glutamate and glutam ne in place of .

10 (Table 3, Fig. 19). The high activity of the latter analog was expected based on the fact that the equine -
subunit has this same substitution (Pierce, J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 465-495;
Pierce, J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 465-495.) These studies were consistent with
observations made by replacing these residues with cysteine. These observations were contrary to earlier
findings (Xia, H., Chen, F. & Puett, D. (1994) Endocrinol. 134, 1768-1770), suggesting that neither of the highly

15 conserved positively charged lysine residues in the small helix found in c-subunit loop 2 are essential for LHR

interactions.

Elimination of fCys26

[0093] It was found that pCys110, the cysteine that latches the carboxyterminal end of the seatbelt to
20  the B-subunit core, can become crosslinked to the cysteine that was introduced into many of these o-subunit

analogs if the BCys110 is prevented from forming a disulfide with B-subunit residue 26 (Xing, Y., Lin, W.,

Jiang, M., Myers, R. V., Cao, D., Bemard, M. P. & Moyle, W. R. Alternatively folded choriogonadotropin

analogs: implications for hormone folding and biological activity. Journal of Biological Chemistry 50, 46953-

46960, 2001.) This finding changed the position of the seatbelt and eliminated the epitope for antibody B111.
25 To lear if the seatbelts of these crosslinked analogs were attached to BCys26, their abilities to be recognized
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the lysines at residues 44 and 45, respectively, was prepared

(hCG aK44E, K45Q (Figure 15, SEQ ID NO 52). Unexpectedly, this anal og had
hi gh act iwbDtog/oksobot h assays as di d hCG aK44A (Figure 15, PEEQ@SMIBNG 51)
and hCG ak44R (Figure 15 SEQ ID NO 53), analogs that had al anine and

ar gi ndyntitody B RICd B BR0RE cdfbatelpbn éhtigodfy'ﬁﬁﬁrecég%)zes 3 areldhohsdahit apitépe. @5 the

| att er anal og was expected based on the fact that the equine a- subunit has

this - i i (Pier - qq T ) ). ARy, V.

o1 oc HONT 53 405 2céeh BB ipEseBbuipkr b i BRER 14 ok diith s AR 4.8

Bi ochem 50, 465-495.) These studies re consistent with observations
made 3POPRAlLR I ﬁbsuﬂﬁfﬁégeé thiﬁ}eée&ﬁww\?@\y&%@%% M EBME HRABPY 26 L éria hler e
contrary to earlier findings (Xia, H, Chen, F. & Puett, D. (1994)
EndocWhiteae, cat®t exchidé e bogdility thatdigeBCysht) is ithedieiticaysteiné titahikeadieghinyodiited
conserved positively charged Iysine residues in the small helix found in
a-ssu i } : tihs ; alnteer i el Lim i s26
[ SoodBiie aBRpiEeRge ARIRELS xI T EAEIRES: it s LR 2l o5
carbaoxyterm pnal end of the seathelt.to . 20 the [3-subunit, core,. can becone
cr oot TrRethd conlh ayiiahe il Yot S b eiehiol mibe of St calis
a-subunit analogs if the [3Cys| 10 is prevented fromformng a disulfide
wi t h the seathslifo becerag erosslinked %@@ ¢ygteing introdycad infpthe gisebitit ragerdlagy elrtegir Iezation. | Cao,
D., Bernard, M P. & Moyle, W R Alternatively fol ded chori ogonadotropin
anal d¥sm, Y., iV adiangn®., MeershRiviy@ae, D.oBetharg Murds Wogleodi R.2lfemativielyifélded Jour nal
of Biological Chemstry 50, 46953- 46960, 2001.) This finding changed the
posi tdh@ﬁog@hao‘oﬁ@)iﬁ@@bgﬁ |i/ﬁpl@§!]§én§fok RO r8keSBling SndBom b frPadtivy. M/Fdahﬂ@ibloﬁééll- 25

To learn if the seatbelts of these crosslinked anal ogs 'were attached to

O T S0y NI S0 s e e b SRR b e 7 e e

different R-subunit epitope. As shown in Table 2, each crosslinked
het er/éengiied logss by Bl guY ¥éd of§0Q.34.41C, afi4B6i anded 86G) inasaseshthed ! 1 biedingisita 10,
an observation that suggested that the seatbelt was |atched to RCys26 in

t he S(aag.m).rmm@@m%@gs it thécrbsslifkeRay havbbthisiza@pesribnetthe BSUBER chbsyRAmRIsE | 1ty
that the pCysl 10 is latched to the cysteine that had been introduced 5

into = [y ; [ i ; i kely for two
reasghggE@ﬁ@#ﬁwgE%WBEF%?ﬁgﬂ%g@M@gﬁﬁﬁégggggﬁ??ﬁt*ﬂg%%&gﬂﬁgies contain a
cysteine at residue 26. Elimnation of this cysteine at residue 26 is
required to cause the seatbelt to become crosslinked to a cysteine

introduced into the a-subunit regardless of their location (Xing, Y, Lin,

VB JiGargoxykarminal/ercsof The oxSubugifo, D., Bernard, M P. & Myle, W R

Al ternatively fol ded
[0094] The carboxyterminal end of the a-subunit is thought to be essential for LHR interactions
(Pierce, J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 465-495; Yen, S. S. C., Llerena, O., Little, B. &
Pearson, O. H. (1968) J. Clin. Endocrinol. Metab. 28, 1763-1767.). The presence of cysteines in the
carboxyterminal end of the a-subunit also led to a small reduction in activity of the heterodimer (Table 3, Fig.

20 3), a phenomenon consistent with the putative role of this portion of the hormone as a receptor contact (Pierce,
J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 465-495; Chen, F., Wang, Y. & Puett, D. (1992) Mol
Endocrinol. 6, 914-919.) Nonetheless, these analogs were much more active than an analog lacking the five
carboxyterminal o-subunit residues (Pierce, J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 465-495),

an indication that no single residue in this region is essential for hormone activity and that each makes only a

25  minor contribution to the total binding energy of hCG for the LHR. It was surprising to find that the heterodimer
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chori ogonadot ropi n anal ogs: inplications for hornone fol ding and bi ol ogi cal
activity. Journal of Biological 10 Chem stry. 2001.) And second, the

| ocat i on WD oBlereas subunit cysteine in the crosslinked analPegaisotratoiner e
recogni zed | east by Bl11ll (aY37C, aP40C, alL41C, aR42C, and aT86C) i s nearest

2?3&%%%@3%@@5{3- tﬁféd?"'f;f@f%e e egr ?@ﬁe@%‘%“th”?@ e e
Car boSRUEHTOR STATGHOrRS (Paubohi 400841t Bl 26 Wﬁimﬁfadus#?he

a-subunit is thought to be essential for LHR int eract| ons  (Pi e H]
Par s opativarcongact thatdiguakepwittuan aepartic rid tasidug N4, trangmemlygne daapin (d, / geng; & J/
Llerena, 0., Little, B. & Pearson, 0. H (1968) J. Cdin. Endocrinol.

Vet abr, f2$1993)7§fﬂ1017(§)§m) 268] IZB@?prZQQBﬁ)C Eheofinding dtae hO@=KOMC tréteinedaubiiontipk afficatynial
end of the a-subunit also led to a small reduction in activity of the

het er pelinTRlen AN ndnoshl. Shs PIhsctl nCB.-JNITEARPROCKOMR vitkErepapd dhdthik d24RS ] VE

Ol’tl t'he rhoné as a recept OI’ cont act PI erce,

Pt Lebes eﬁggﬁésle?% of i e WBTE0aE MR 4o oy 5 i%ﬁf@?f & hEdE R fos

were nuch nore active than an anal og | acki ng the five carboxyter ah
a- subBinl Cheras266uET41-PI7d8.4 s owain Bowar §3RY), anfqiogq:hact %’@8@5‘“% cy, papugh the

Bi ochem 50, 465-495), an indication that no single residue in this region
i s esswiigicahtahing theaiutanmte mteractadtwithdhi® withapprexivatelrdRéad tomeyaffnitp Hanh@Gr This
contribution to the total binding energy of hCG for the LHR It was

surpr bb%'eﬂlgtlén% Edn@l@teﬁm%h (SH%@W&I%? hi2gé WRén é’e@s@”ﬂv@@é&ﬁ&’fe@ﬁo REHiNST2hIS 3 Hid. 3)

contal ning akK9lC retali ned nuch of the efflcacy of hCG (Fig. 3), since

(Wo, g R gep R e eBa BoR PTG Real iR b S 98Seh WERAHERL T

ohol AP PR B Lo B oot T s g restave n the

268, 22971-22974.) The finding that hCG aK9l1l C retai ned substanti al
efficacy is 5 inconsistent with this proposal. As a result, hCG aK9l E and
hCG aK91 M were prepared and their activities were tested. These anal ogs

have bemaxytsmmsasfTh@stamnwencyalmmftcoopaa:y (Yoo, J., Ji, I. &Ji, T. H
(1991) J Biol. Chem 266, 17741-17743.) As shown in Figure 17, both

o ool SoP AL T BOLAERE bt b IR beie E%?‘?Lﬂ? 4es

than hCG This observation is consistent wth observatl ons rraé:i
all§s9troagiskedotaviesideed i ooveyrinileep 21haE| @nsiderghley actyjfies in receptor-binding and S|gnal-

fransduction assays (Table 3, Fig. 4). These include those in which it was attached to a-subunit loop 2
residues 35, 37, 40, 44, 42, 45, 50, and 52 (Table3). Attachment of the carboxyterminus of the -subunit to o:-
subunit loop 2 residue 47 nearly abolished receptor binding activity and coupling it to residue 43 and 46
reduced the activity of the heterodimer by half. The sidechains of a-subunit loop 2 residues in nearly all the
20  most active analogs project towards B-subunit loops 1 and 3. This suggests that the surface of o-subunit loop
2 that faces B-subunit loops 1 and 3 does not contact the LHR. The sidechains of o-subunit residues 43 and
46 project towards the seatbelt and that of residue 47 faces the small seatbelt loop formed by the disulfide
between Cys93 and Cys100. Therefore, the loss in activity caused by linking the carboxyterminal portion of

the B-subunit to these sites may disrupt interactions between these portions of a-subunit loop 2 with the
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10 and may indicate that this lysine residue is not as inportant for signal
transduction as has been reported (Yoo, J., Ji, I. &Ji, T. H (1991) J.
Bi ol . ChewD 030616917741-17743). Car boxyterm nus of The [i - Saurso/3zand

a- Subunit Loop 2 [0095] Many of the acid-stable anal ogs in which the

o bRt %, bR hleutEbos 2 FolS et PETEe: Be” ST tegone t

signal - transduction assays (Table 3, Fig. 4). These include those in which
it wadlRY WEHBIreEPIY- subunit |oop 2 residues 35, 37, 40, 44, 42, 45, 50,
and 52 (Table3). Attachment of the carboxyterm nus of the R-subunit to a-
subuni009joop 2 Theslenpile oftiie fesabinit catbokyiteshieas suggeste that rosidwdi 188 cadl by bttachedid
coupling it to residue 43 and 46 reduced the activity of the heterodiner

by haldsiqud® SEBashBbES. 1 paasig Bipia. re i r n20
nmost agtiuve anal ogs p‘?oj C;%eé%l@gimg\?égg SPUb @ﬁg% |$t1 %gcd)%gﬁ% g'ngﬁ%’. {h}léﬁlgﬂgb)gﬁegg'gélts
t hat sur,f ace of. a-subynit | Qo 2 that faces R-subunit, | oops and 3
dobs ROTorcdelesueh Mol Hobory i onate IdParodiecaipen:oos duitloa Saad Srsubunis
project towards the seatbelt and _that of residue 47 faces the small

seat bioPRs 1 G6p 3 ibrams Pl Bhese rwalaps ulToistisy theetcliies Cfyas®yarial whiek 169 portitreokther e,
the loss in activity caused by linking the carboxyterminal portion of the

R- s ubcarbdxytemnitchgsonsf the-subynitticsupiestthis qrose ?éhbio%l%c@? S[y@ﬂﬂ)nit RegRs NME-13504mg Of
a-subunit loop 2 with the 31 WD 03/040695 PCT/ US02/ 35914 receptor or alter

t he cosn i a j i t e abili of
the nos nasartftpdled. Bt ntob % ey Befs B8 od NG b A Rlnaltt o2
13-sub ni.f car boxyterm nus suggests that residue 138 could be attached to

- osi depan 7Sies b orb 2 DS PaSTRD Bieda B TeerEbUNS GG ni Resp Gbeos had sebSEEN(i .
13-‘}9 Thus, the carboxytermnal 5 portion of the 13-subunit mght not occupy
t s@@wéeq in LHR dingling and sigadling @psags &b Yhiproviding mdditienatisypPers o thei dondepbipst thisand
3 in any of these analogs. To study the activities of analogs in which this

por t i partianfof tsabunit iwop @xivesriortaradct L HRON of the (3-subunit occupies this
groove, anal ogs | acking R-subunit residues 116-135 and 121-135 were
prepared. In these anal ogs, the R-carboxyterm nus was too short to forma
crosslink with a- subunit residues in loop 2 without passing through this

i nter ni. rogve. . These anal ogs had substantial 10 activities in LHR
bi ndi ﬁﬁﬁ%@\%&g‘m% 99%1&'/5“@% g, 4), providing additional support for the
concept that this portion of a-subunit loop 2 does not contact the LHR
R- Subl9f9f] and aFSedraifif-suboritresidueatdd c8uld become crosslinked to other portions of the a-subunit

15 core, hCG-BS138C was expressed with several ai-subunit analogs containing a cysteine in place of a residue
in loops 1 or 3. With the exception of the heterodimer that contained a cysteine in place of «Ser64, only small
amounts of the resulting heterodimers were crosslinked as revealed by their low stability at acid pH (Table 2).
The cysteines of many of the a-subunit analogs in these heterodimers were located much further from the
carboxyterminal end of the seatbelt than those of analogs that participated in intersubunit crosslinks and, may

20 have been beyond the range that was capable of being reached efficiently by the carboxyterminal region of the
B-subunit (Fig. 1). The aS64C/hCG-BS138C heterodimer had considerable activity in receptor binding and
signaling assays (Table 3), showing that this o-subunit residue does not make essential contacts with the
LHR.

[0098] Crosslinking the B-subunit carboxyterminus to residues in the o-subunit carboxyterminus had

25  a much larger influence on the interactions of the heterodimer with LHR than substitutions of cysteines in
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[0097] To learn if R-subunit residue 138 could becone crosslinked to other
portions of the a-subunit 15 core, hCG 1S138C was expressed with several
a- subuni tweraloenss cont ai ni ng a cysteine in place of a resipdoaSon3isoops 1 or
3. Wth the exception of the heterodi nmer that contained a cysteine in place

of aSgp64 | ; t t : i.ng.het ' S re

cr ossri et o T2 e oBBR Baeie b B S BT el e s
cystejnes of many of the a-subunit anal ogs in these heterodiners were

| ocat BEH FRGR OPRPA Prased oR SiflipheeroRRadses Vel 23 Years 28R b he. & Basael T i HARY)
those of anal ogs that participated in intersubunit crosslinks and, may 20
have Be&#hRplepisaibn. 198, F&rdPs.) t Menethaless, & isnabsilgle dtat Blédchigg theanatheryteminalsind of the by
t he carboxyterm nal region of the R-subunit (Fig, 1). The aS64C/ hCG RS138C
het er pautait torthisl region Sitete tratstractae of 1k haterodimeesreptses tHai ghdiontie Bsdbuntt taab hew
assays (Table 3), showing that this a-subunit residue does not nake

ess enbhgl nofigr Ahk foMhdnB t a@@ontdt“ﬁﬁée[c%&sl Crosslinking the 13-subunit

carboxytermnus to residues In subunit carboxyterm nus had 25 a nuch
| arger influence on the interactions of the heterodinmer with LHR than
substitutions of cysteines in 32 WD 03/040695 PCT/ US02/ 35914 either subunit

(Fig..5). This s ted that the a-subunit carboxytermnus is near the LH
recepPU’%‘e'?HP%l?sf‘a{ggg'giaCt%%sebeen proposed based on studies performed nore

than 25 years ago (Pierce, J. G & Parsons, T. F. (1981) Annu, Rev.

Bi ochf@99]50, 46HeddStujiedNonwitidedneiderablé suppsrt fop #eiidbacthathedst @bitias i @Sutiuil loop
carboxyterm nal end of the R-subunit to this region alters the structure

of the JhebepRHpaR! in UssGANIEP réc@&o%ﬁta&% fh@%tﬁe%%uﬁﬁgﬁeé{llg(ilegtﬁiﬁ%%@ﬁfy tha R Ner

portions of the hornmone that contact the receptor.

0 BT RE Rty Bike e R Ee R e Roer oGt Titue RS A tunt aiogs ™

essential LH receptor cont acts. The studies do not exclude the possibility
t hat inihish Bdagtemese, crgletular preteinorimitania size ta(3, wak attachee jotspecificrsites dnaioeg-subunit
however. To address this issue, hCG (3-subunit analogs in which

[ 3- | agéramRpared ThEl WRAUARBMPREEY fushdTB IRtam:a8e ﬁiJéé%%e{%Sﬁgggd‘g’g%gﬁﬁqu?gﬁg%Ct

specific sites on the a-subunit” were prepared, btg

ho ?e%eﬂéé'eb?@ifio?%@aﬁ@ HEASES e RAbsdemdeluplic e . rks el spcsiaog

had a "spacer" seven residues between the cysteine that was to be

cr oss$aveikiesidyes betweemthe gisiging thalrupstihbe cipdslinkee tortheyassubdnitadd 16 dminoteaminsseof B-

Co- expression of these 3-subunit anal ogs with a-subunit anal ogs aT46C,

al5 48factamsRACo-e@hdbsion of these B-subunit analogs with or-subunit analogs o.T46C, L48C, :S64C, and
aS92C led to the formation of acid stable heterodimers (Figure 6). This showed that the presence of the B-
lactamase did not prevent the B-subunit residue 138 from becoming attached to the o-subunit.’
[00100] These hCG-B-lactamase analogs had much lower biological activities than the corresponding
analogs that lacked the B-lactamase (Fig. 6).

20 [00101] In conjunction with results of earlier studies designed to identify portions of the o-subunit that

are not involved in key receptor contacts (Xing, Y., Lin, W., Jiang, M., Myers, R. V., Cao, D., Bernard, M. P. &
Moyle, W. R. Altematively folded choriogonadotropin analogs: implications for hormone folding and biological
activity. Journal of Biological Chemistry . 2001.), these observations expand the present knowledge of the

surfaces of the hormone that do not appear to contact the LHR and suggest that the groove between a-

25  subunit loop 2 and [-subunit loops 1 and 3 does not participate in essential LH receptor contacts, a key
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aS92C led to the formation of acid stable heterodiners (Figure 6). This
showed that the presence of the R- |actanase did not prevent the 3-subunit
resi due 188 oBioepbecom ng attached to the a-subunit.' [00PQAJUSIHEDe4

hCG R-| act anase anal ogs had nmuch | ower biological activities than the

cor r eafaBeém af a@@@l@g@odblhmxroy/baw/kﬁdcm&eﬁl kact rapseN( Vi ayadN. G2Be@@1ALP, | n
conjunction with results of earlier studies desi gned to identl fy portions

Of t h@@ﬁvw%ﬁg \KA('@I%J i), gp%'zwgazyz@dngm Mweé@gsggd% tﬁé)svana@é éf rﬁaﬂoasnal \

fdof g ‘%?éq%h%? foE BEE PRSP B %%%Bﬁ%”‘%téﬁ‘ﬁ?%aiﬁfy ¢ fe”%%?ﬂie
hor noRe: bk, 1o ratOoh R el ErBe oLt {éﬁ%ﬁqﬁ%éﬂ@tﬁg&e{?&/ﬁ@ es%ﬁégfhﬁ@d,e

between a 25 subunit loop 2 and 1i-subunit loops 1 and 3 does no

pdr t i ehimsaasdo bind b8 éGamphiell L K, dsepEwmig, B dvtGaldo)de, 144 R<é1993)3°m©NetB/A@ad;§915(USA)
PCT/ US02/ 35914 requirenent of an earlier nodel (Myle, W R, Campbell, R
K., Re&760564NCarkphell A3 a6, BéxgertsE, RB&fangryt], Movtis, B. C. & téaple, W. R&NWW daturé. Biotee?%)
J. Biol. Chem 270, 20020-20031.) Indeed, based on the abiljties of

nonocy N AL 4438Cvos R ER., tS@deMIQM' we Waﬁ@ fanD/a@Qanmarcms& W@thabt@ llgﬁgp)ru the
y e,

surface of cells (V\ang, Y. Ber nar d

Cel | . fyh 5
chi meReIRgl prR st e %@ Cé@%eﬁ‘%'e Wéfs R éﬁé}m@%“ﬁ%@?@ﬁ
1991 tl Gl U 60- 7 be , re,
1991} Fal el spp e amrbifSly BPngf %aemfa %@éﬁa%%w@feswo%sa%w?ef%,
%%?\éﬁ%faﬁﬁ%gg%gg%%k heygﬂsezg%a%%iﬂ@%hcm&ﬁ\g gefipty ai%géééedﬁagmes’ é]thn&kﬁb@ egén’/mgs?t "
Campbell, R K, Mers, R V., Bernard, M P., Han, Y. & Wang, X (1994)
Nat ur & 556 carzse_anezfsd ong-by-enepwithost distegting éwmnmawp@cri lﬂﬁ6tactmsmwcaa§1a@arfewd®l¢at e
in essential LHR 10 contacts. Residues that have the greatest influence on

hCG afHah VY.t Beradrd, Mocatgetojley Whe. $1966)bdit CelbBndeoringl. mRdst151-061.)t IB2s&d omrthdse
al tered one-by-one w thout disrupting hornone-receptor interactions nore

t han @osérﬁﬂoﬁs()'tﬁje flr((h'?nthath oBQEtAR, ﬁes (’)Ylthé? recipPYhe aerfﬁJenéelﬁ@@-)_!-lﬁghtera%né

Endocri no 124 161 Base on these " observations I ng that

t dj

er nap it B: Wik o YO SRR roRhBRRherk . 330 LT 58 hURh bt BaddieA e

611-617, d the f [ t 1 t ct th h
OB St il e LRSSl ot OB ek S it i e

hornone, it is proposed that interactions of the glycoprot e| n hor nones and

t hei thfréQj’@plt ispsoneped that intasatiionaoilbie glycoprotein hormones and their receptors are not dominated

by relatively few contacts, such as those found between growth hormone: and its receptor (Clackson, T. &

Wells, J. A. (1995) Science 267, 383-386; Wells, J. A. (1996) Proc. Natl. Acad. Sci. (USA) 83, 1-6.)

Example 2 - Protein Knobs to Study Docking of hFSH to FSH Receptors

20 [00102] A cDNA coding sequence for the hFSH B-subunit was obtained from Christie Kelton, Ares
Advanced Technology, a division of Serono, 280 Pond Street, Randolph MA that corresponds to the translated
portion of the mRNA. The amino acid sequence of this B-subunit lacking the leader peptide is illustrated in
(Figure 8, SEQ ID NO: 40). The hFSH cDNA was modified by PCR and cassette mutagenesis to create a
construct termed FC1-108B (Figure 8, SEQ ID NO: 41) that encodes hFSH residues 1-108 and hCG residues

25  115-145 in tandem. The amino acid sequence of FC1-108pB lacking the leader peptide found in hFSH B-
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by relatively few contacts, such as those found between grow h hornone; and
its receptor (Cackson, T. & Wlls, J. A (1995) Science 267, 383-386;

Vel ls, J.wAo3pi898) Proc. Natl. Acad. Sc!. (USA) 83, 1-6.pCEAmopb®I1L -
Protein Knobs to Study Docking of hFSH to FSH Receptors 20 [00102] A cDNA

wes @@an?%‘?”vé@%%%iﬂefgé}w AT TR 1 YR BB S8R b SR el B e b,

MA t hat correi%o to the translated portion of the nmRNA. The ami no acid
sequerftes PEPares Py re cwﬁ%%hohﬁ@alkfras@emtwéthee@a@rucb@pter@@dasémqermaéw At ¢hat of
(Figure 8, SEQID NO 40). The hFSH cDNA was nodi fi ed by PCR and cassette

mut agdita<D8p toocreate #C4-188 SEEACH (Figate 8, SETRD RCL4A0GHS-1(0BISY8ICH Bas Sbfestdd WH
41) that encodes hFSH resi dues 1-108 and hCG resi dues 25 115-145 in tandem

nes 357 b ORICEE IR YRS BRI 0RO %%é%%%ﬂﬁw bure

8. tAn g of FC1- 18% mélh ﬁ\gﬁrefl due Ser 132 was converted

prgpar ﬁll@ﬁsgg?l’ﬁtg Vng‘e)@ﬁ Inta g cURYre, BgRiA wetsr Measired ypiag ?rﬁ'EleecshPéﬂ:” éﬁ*ﬁ:gﬁes
hCG 8138013 with that of FC1-10813 to create FCl1-108, S132C13 (Figure 8,
SEQ | 5% The dgrmerie e poBhody BHTs owpelsiinapd the datier isiat honoslena ertlbodyfthat IidetoshAistni t
anal ogs shown in Figure 7 in COS-7 cells using nethods described in Exanple

1. 5 Prsbunitt Pansidll RESIS was aseat8 @ sbyiddrdn eF(ﬂlﬁ\Mh%adldWFr@atrﬁé?ﬁ tofddsheiatSariBfh &ro :@ﬁlﬁ%

measur ed using anti bodies A113 and 1251 he former 1s ant

the a & ha b|nd to hES
13- subanetel 7 s 1 fo Jssé@ge i35 2 e s B g
to di sso i.at.e Ccro ked  het er odi the material was_re-assayed
wth ROSTGH G Pl SEREE . gB Eouinociutss e doss i lped o he cBliss ket

r’rﬁ erial in the sanple. The resulti ngi: crosslinked anal ogs were tested for

t

i r Cylig AR ?%Wl@“@l in §HO celipthatypupress FANPeceptotsul ati on in CHO cel I s t hat
express FSH receptors. [00103] As shown in Figure 11, the influence of the

knob #0188]subunis shasi idFiguRb1 T, dmuhfluesteiof teringb at o/suslR% tresitRE B8 A&EItddNn bhIG 3
activity of this FSH anal 0g. Addition of the knob to a-subunit residued 92,

Sé‘t. ﬁﬁfé}%reﬁfeéges g'\“ﬁe t th(ﬁ“&‘ﬁ §19|o bb[utoﬁgg g kﬁ‘ob"@gg!%ugﬁﬂforgs‘?%ggﬁi téﬁe‘“ﬁ@@' og

recept {3 gt %rfac ajhat several ot her resjdues appear to be near the
recepford 1 § n@r@r te 19 Raoregsive joss BraRaley aiyitefl h'ﬁ@KQWﬁﬂﬁh@t he e-subliniteresiqueor |
the presence of a knob at residues 42 and 43 were nuch nore inhibitory to

t he bihinoynedr then ESIH Seteptualintgrfatoaid thatr swoerl aher [@¢idies rapyealtebt hdwrthd Reeptor
surface of

15 interface. Unlike the interactions of hCG with the LH receptor, the presence of a knob at residues 42 and 43
were much more inhibitory fo the binding of the FSH analog to its receptor. This revealed that the surface of

part of c-subunit loop 2 was much closer to the FSH receptor than to the LH receptor when FSH and hCG

interact with their respective receptors. The finding that attaching a knob to o-subunit residue 86 of both

receptors showed that this portion of both ligands is near the receptor interface.

20 Example 3 ~ Protein Knobs to Study Docking of Bifunctional hCG/hFSH chimera to LH and FSH

Receptors

[00104) A cDNA sequence encoding a chimera in which hCG B-subunit codons for amino acids 101-
114 were replaced with their hFSH B-subunit counterparts was prepared by standard methods. The amino
acid sequence of this chimera termed CFC101-114p is shown in Figure 8 (SEQ ID NO: 38) minus the leader
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part of a-subunit loop 2 was nuch closer to the FSH receptor than to the LH
receptor when FSH and hCG interact with their respective receptors. The
findi ng twetozasdeaxhi ng a knob to a-subunit residue 86 of mmmSOZ/we@tors
showed that this portion of both |igands is near the recept or interface.

o Lnediie s oRal B EEPE 5a dh i chilecibin e BB %J"Q%Sné?ﬁo%r?@ﬂb”” :

whi ch hCG 13-subunit codons for am no acids 101- 114 were replaced with
et rTeiFang s XEolil Fausisaholchp ekl proepareh-BIAEcpahal orseRads! 4fte

am no acid sequence of this chinera termed CFCL01 -11413 is shown in

Fi gur g@edle CREAQ1I1RU NS 388B(Figtier8) SEQNE NOe agle rCFC381-1ARS31308 O3 e xpredsc /PR s3] 4
resi dues. An anal%\g’]of 0190101 11413 mgbvvhl ch resﬁ%ve Ser 138 was converted

nar S4B R By R RSO 7S el (A OB | BRI e

oxcor oREEEHIGS FPSRRN EIE e B oAl v i 060 ARoaAIbleEig b 8 A tos. 7

cells using nethods described in Exanple 1. The 5 heterodi ners secreted by
t he cBlellgmeris an aniibodyip thercesubbioli and Werlatteris aguanedonss antigodyrifat biodh te SCAPEBIbamitl
1251-B110. The fornmer is an antibody to the a-subunit and the latter is a

nonochwifid heBt wandyed 8ta Bianesd.t OFdNGkang Jachiubediinknt toPdisdobibe daryChoni@sssliriked as
a standard. Following acid treatnent to di ssoci ate any non-crosslinked

het er%rdﬂﬁﬁer thd fafRbISds F- a%Zedrvﬁth@ﬁ $33afﬁﬂd25l"131t16 a@a%@ﬁ@d&%e%n?&tr@#ﬁvﬁ to

determ ne t he concentration crosslinked materi a

resul oY i_nhi
bi i S B BB AR 5B 3 Y%u@ze Fosbite g et BRL LK a'rtahﬁ’qeﬁm BRbt ¢ e
b' i .of -hFSH t o CHO cel ressing FESH r tor 12

g o5 PECe00 CUIP (obs crmronho Hbiacrhipaand B aibihe g@@@@ B io Cho el
accunulatlon in CHO cells that express LH receptors and in CHO cells that
expr exxpressBly Feidgpeaptass (Figwa o). Adeytvein aisn Bstedifer their abiliies pip ealicih cgcliofANP
knob at a-subunit residue 35 did not interfere with the ability of the

chi megceuntutatibh mGHMceald tapexpfess bidlreoeptsts Bt ie CHOGS!Ohatrexptess REM racdpies. hFSH t o
the LH or FSH 15 receptors, respectively relative to a bifunctional

Ch' go5pcki ”%s@%&vn?fﬁ%ﬁ %7 I e%eﬁééb&f J@no[?%tr &9 W‘E%ldpéf*‘% did 6 Iﬁ)tél?liﬁ?%ﬁ of

knob at” a-subunit resi aITB.tIC erent res

2‘8.“% S e Ol e ek 0P B poisaethy MBIl P st e B P R

Eﬂ% i grgqugg ;%Egca{gﬁ?} ?elqtlgt%cﬁ tgn%r?c?lgncaleoh?r];)erg laléﬂl(r))g? m%gt oaf1 tt;seuthan btsubruﬁl? Icgrlﬁlc?xzte?rr%m?snd
The presence of a knob at a-subunit residue 37 led to a dramatically different result, however. Thus, this knob
had very little influence on the ability of the chimera to bind to LH receptors but nearly eliminated its ability to
bind to the FSH receptors. The presence of a knob at a-subunit residues 43 and 46 reduced the abilities of
the chimera to bind both receptors. As was found for hCG binding to LH receptors and hFSH binding to FSH

20 receptors, the presence of the knob at these sites was much more inhibitory to FSH receptor interactions than
LH receptor interactions. This showed that these residues were much closer to the FSH receptor interface
than the LH receptor interface. The presence of the knob at a-subunit residues 48 and 52 had much less
influence on interactions of the chimera with either receptor, indicating that these residues are further from the

receptor interface. As had been observed in examples 1 and 2, the presence of a knob at a-subunit residue

25 86 was very inhibitory to binding of the chimeras to both receptors. This showed that this portion of the
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the chinmera to bind both receptors. As was found for hCG binding to LH

receptors and hFSH binding to FSH 20 receptors, the presence of the knob at
t hese sitwe ms@asoeptich nore inhibitory to FSH receptor i nteragtisonssdthan LH
receptor interactions. This showed that these residues were nuch closer to

the H@Hndr@%ﬁgaﬁfhe'lrﬂérﬁcééﬂﬂe chimén w'itl'i‘@othl‘écé@t@@pu\%ﬁmﬂaﬂﬁe@lﬁlﬁv@a%%bsé\%@ vathesekep of
the knob at a-subunit residues 48 and 52 had much |l ess influence on

i nter chinmera with either receptor, indicating that these
resi 0‘33 gugﬁtr%f'dutte@zr fromthe receptor interface. As had been observed in

exanples | and 2, esepnce of a at a-subunjt residue 25, 86 S
very OF96bi t or A% @ﬁnD@eh%eﬁ@ gureHES errd< @eﬁﬁspr@wnwfr@ ok & eedstﬁe?ﬁti@y ohBoRa
that this portion of the 36 WO 03/040695 PCT/US02/35914 hornone is near the
i nt erdhilegasoin Lithescepipm@ndaF Sl rasepar signak estentien agsays. ning amorialsti|redugkion dfed ved
with the knob at a-subunit residue 91. [00106] As can be seen in Figures

13 anihwaver, debendimgesethe cedtoravitk mbioh thedanelegl was beiag tested. tRor efamplasthe prdsemoeroda i n
LH receptor and FSH receptor signal transduction assays. The anount of

red UCI%n'oB’Qt Abdbufit Rdidue 37 RAVWRNS %oréiﬁ’rﬁlﬂﬂﬂﬁ IR P tedddr élﬁ:ﬁ&lﬁﬂyﬂfc A‘MF’i é&cﬁ’fﬁﬂléﬂan tag

anal og was being tested. For exanple, 'the pr esence of a a- subuni t

o ounth it e R g TOOE AN g ttﬁatﬁaﬁ?@{aﬁﬂh iﬁ‘? i Ry @%}%M%/ {15 I

Overal l, the relalvelnfluence of th n the abilitijes

chi metf dfie ghanesas fpjeliciba E%'P'Iameéﬁonﬁee%%ﬁ@@r% eig ?*H’i'“ﬁ%uto% CltRePlor ggﬁrqqtleqsethsg
affect receptor interactions. These studies led to the conclusion that the
i nt ersiueisdwg todthe Icanatusisn kat dhecinterstion®df liremnsLwch @ dptovity Lkeieeentas wiereyreadily

di stingui shed fromthose of follitropins such as hFSH with FSH receptors.

Thus, disgiuguishet dughthdsat of dgitosinsasdh ab diFBH twith (HSRsrebepiees, Viding, esermihbagh lstropinstand es
and even though their receptors are quite simlar, the manner in which

thesefolhthﬂﬁ‘@(ﬁﬁve\’%ﬁﬁs%ﬂéﬂ@ﬁ‘ucttd?ed éhH%K/é}Pﬂwou’g‘httﬁblﬂr%pfofécﬁ%mfe&‘slrﬁiﬂf @ne"ﬁ@énnbldliﬁffO\?hlcﬁal
This exanple i1llustrates the power usi ng the probes of the present

i nve [
navi ngcRIpale ﬁm%hﬁ%@“?ﬁﬁff%? i ﬁ‘8§f°§§ gt BAFERG Bl el B ites 0RRr
have reI atjvel S consi urroundi ng Ser 138.
Theses e bt Probes aia el §ien8 ThdensBiho ity kARl BBeRkER "t he. | Poand and i ts
receptor that are relatively small. However, these knobs are too small to
be useful for detecting the proximty of resi dues that are further from
t he receptor This limtation can be circunvented by increasing the size of
the ExaBwie 4:Knahsdhauipe S-Igtamassi ng R | act amase. [ 3-1actamase was chosen for
use as a probe because its crystal
15 [00107] Analogs containing hCGP,S138C B-subunits have relatively small knobs consisting of
residues surrounding Ser138. These are sufficiently large to detect distances between the ligand and its
receptor that are relatively small. However, these knobs are too small to be useful for detecting the proximity
of residues that are further from the receptor. This limitation can be circumvented by increasing the size of the
probe, as was done by adding B-lactamase. [B-lactamase was chosen for use as a probe because its crystal
20  structure is known and because its aminoterminal and carboxyterminal ends are on the surface of the protein.
Thus, it is useful for generating fusion proteins at either end of the hormone. Another advantage of B-
lactamase is that it is an enzyme with a high turnover number that cleaves fluorescent substrates (Zlokarnik,
G., Negulescu, P. A., Knapp, T. E., Mere, L., Burres, N., Feng, L., Whitney, M., Roemer, K. & Tsien, R. Y.

(1998) Science 279, 84-88), a phenomenon that would be useful for detection of the fusion protein. In this

25  regard B-lactamase has been used as an efficient reporter (Moore, J. T, Davis, S. T. & Dev, I. K. (1997) Anal.
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20 structure is known and because its am noterm nal and carboxyterm nal
ends are on the surface of the protein. Thus, it is useful for generating
fusi on prwDaeBnseat eit her end of the hornone. Anot her advaatrarpe2/sfoid 3-
lactamase is that it is an enzyrre wi th a high turnover nunber that cleaves

Nbr o BT 347,202 208 ook o L Gereh oo oS oS oro HEORLTERS a) pbiec
(1998) Science 279, 84- 88), a phenonenon that woul d be useful for detection
of t g apotdimihatdingsdd i (Stynadkais C25lensegas.&. (Lhnsa Kt SfeaehardhHs Pege . UdatagnasA.an
efficient reporter (Moore, J. T., Davis, S. T. & Dev, |I. K (1997) Anal. 37
VO 0Fdde} Q6015 & BEMES TN A, 3B94)NBire 8662 @57—2690, TRG3it 209) be abstsiblet toiincreasey the gize of
different context than is envisioned here. [3-lactanmase is also inhibited

by a iLel f ; iy L N. C, Jensen, S. E, Johns, K.,
Bl andil %abmage%&bR‘HH&SS"MMWM"%MW%@ere 3 M & James, M N. (1994)

e, AR, arms R Al ohap b SRS Ve Pl g Rt BERets g6

derivatives of hCA 3, S138C were prepared that cont al ned a R-|actanase
f usi @meﬂmowehthG@Sé:}S&ﬁthng)éS&Q:@ BOSK3eOMpEISRINOIHYYC, (cortans Brlauamage jused

nore sinply LONG contains [3-|lactamase fused to the carboxyterm nal end

of X3, RidRferntal SRPWNhCOB, Elfﬂ@rﬁs drfown TRIFRURS 3. ETRis \p@‘fenrpmmre@dre@mym

mut ageneS| S usi ng pUC18 as a tenplate. The ot her probe known as

(3- 1 RokReRes PO SO o Zoiie o ey B HBRr e uRe PRl A e

Figure 15 The SHORT protein has only one amno acid between the coupling
cyst ddha naotel simhly Sd-tQRE corftainsh@-lamtamise usadele @, trugratert veysionadl he B B&G amshO(Wﬂ in
these could be nmade in which a different nunber of residues are placed

D@t WeRrel 1*59 Tﬁé’ QHbR'TQbr&éf‘ § h?é dh?y oAB @mﬁn'@%cra bb%é@fﬁ@%&iphrﬂg‘ cy§t€i@lé‘ et b §i@rt Iéﬁthe B-
recogni zed that one ski | i'n the art of nolecular rodeling and mol ecul ar

B Sl et

t he coupl ing cysteine, a 15 phenonenon that vvoul d ho/d the R-| @gt anase knob
in a bateen Wp@p@h&q)ws@w.aa%th@& lediamasr gehould alpeheecacniard hale gkiksd ihBESTteS e
using a tail. [00109] Five different acid stable heterodinmers were produced

cont aotdcolgr ibalihdObid moldcuRinGTogRcowd destynt snd eRbiaser anveanelogrefip-ldctamaed @rwhichea t he
relative proximty of a-subunit residues 46, 48, 52, 64, and 92 to the LH

AR RSP RO 55 el S BN B o,

p1r Ob% eryt\)‘?nre%oncf?luto WOlﬂd foid th E lacta%%gel gno% in‘a rInore rigid connection to the target cysteine than
would be possible using a tail.
[00109] Five different acid stable heterodimers were produced containing the LONG and SHORT f-
subunits. These were made to determine the relative proximity of ai-subunit residues 46, 48, 52, 64, and 92 to
the LH receptor. As shown in Figures 16 and 17, none of these analogs were as active as hCG.

20 Heterodimers in which the LONG and SHORT B-subunit knot probes were coupled o-subunit residue 52 [i.e.,
aN52C+hCGR,S138C-BLA(long) and aN52C+hCGPB,S138C-BLA(short), respectively] retained much of the
activity of hCG in signal transduction assays. Changing o-subunit residue Asn52 to cysteine disrupts a
glycosylation signal and results in the loss of an oligosaccharide on a-subunit loop 2. Removal of this
oligosaccharide from hCG causes it to lose approximately 60% of its efficacy (Figure 18). Thus, addition of the

25  B-lactamase knob to this site can offset the loss in efficacy caused by removal of the oligosaccharide from loop
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aN52C+hCd 3, S138C- [ 3LA(1 ong) and aN52C+hCGR, S138C- (3LA(short),
respectively] retained much of the activity of hCGin signal transduction
assays. ONengiommoR- subunit residue Asn52 to cysteine di srupTassa2/35914

gl ycosyl ation signal and results in the |Ioss of an oligosaccharide on

a- subunit |00 . Repoval, of  thi i Lde, | {
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-lactamase knob to this site can offset the |oss.in eff.i
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The relatively high activity of both these LONG and SHORT anal ogs ;s

t hat rolevo$ thewligésacenaiidiui GS-nduced sighal traheduckisne pthsr adtiviiesr ¢f e O%&n@f‘é J

anal ogs have high efficacy, these findings have inplications for the role

of thg gld HASAS aRakicdRlel i thCHybedteate sh raburit laos Aisctol distort Tieepaaitionsvoftthes

oriége L hG agd SHORT anal ogs indicate that the role of the
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bet ween %heﬁ&lL osaccharide and either subunit, [00110] The activities of

%ze ﬁ@ﬁﬁ”ﬁL r@ G and ﬁHORT anal ogs show that a-subunit residues 48 and
are much closer to the receptor than would haye been determ ned. fr

acti 00§16k of Theceisliss o e BT ANAEPEEIECT 2eoe S el HoUBEI Ty Rase "

i nportant consequences for nodels of 10 the hCG LH receptor conplex. It

al So H@NE4 raf nudR @6t iterthd ire@ptogthanhabuld- lswbureen detesidee STosb thenactyitiesrcd

close to the receptor interface. Exanple 5. Knobs having a coupling

cyst qjd&?ﬁ&%?%@@&@@aﬁ@%??HSTB%@&QGhG?fThfs hscaveRUinsNinbortahO8Ghddduendes ifer mualels of

necessary he coup cysteine to be at” the carboxyterm nal end of the

50t e e O PRPRERB ako GG bt et Ting koS RABbe B AR B k5 e

such analog (Pi 0 1 - 14 5, a) is illustrated below. This anal og was

pr epato ¢ rbgepideintetfacey hCG 1i - subunit residues 3-100 and fusing the a-subunit

to the end of the remaining R subunit using standard PCR and cassette

nmut agenesi s methods. It has a free cysteine at residue 12 that serves as

the coupling cysteine. 10 20 30 40 50 60 20 (3101-145,a (SEQ ID NO 54)
Example 5: Knobs having a coupling cysteine at the aminoterminal end of the a-subunit.

[00111] It is not necessary for the coupling cysteine to be at the carboxyterminal end of the protein
and analogs have been designed in which the coupling cysteine is at the aminoterminal end of the protein. The

15 amino acid sequence of one such analog (3101-145, ) is illustrated below. This analog was prepared by

deleting hCG B-subunit residues 3-100 and fusing the a-subunit to the end of the remaining B-subunit using
standard PCR and cassette mutagenesis methods. It has a free cysteine at residue 12 that serves as the

coupling cysteine.

10 20 30 40 50 60

20 p101-145,0 (SEQ ID NO: 54)
skggpkdhpltcddprfqussskapppslpspsrlpgpsdtpilpqapdqucpectlq—

70 80 90 100 110 120
enpffsquapilqcmgccfsrayptplrskktmlvqknvtsestccvaksynrvtvmgg—

130 140

25 fkvenhtachcstcyyhks

Example 6 - Method for Producing Site-Specific Protein Knobs
[00112] A protein to which a knob is to be attached is selected. Then, the specific location to be

labeled on the protein is determined. Using mutagenesis techniques known in the art, a construct capable of
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skggpkdhpl t cddpr f gdsssskappps! pspsr| pgpsdt pi | pgapdvgdcpectl g - 70 80 90 100
110 120 enpffsgpgapil gcngccf sraypt pl rskkt m vgknvt sest ccvaksynrvtvngg - 130
140 25 f kwermhbvawbtst cyyhks Exanple 6 - Method for Produci mgT&isoz3Speci fic
Protein Knobs [00112] A protein to which a knob is to be attached is
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o 3 03/ 040695 P US02/ 35914 ' ] i
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at the specific location of labeling in the encoded protein. |In addition,

t he SPBRrSE M \8heetien whish condainson sysieite reaiig ataghedhiorone epehsf ithseprateinapnd pdpeli on
whi ch contains a cysteine residue attached to one end of the protein, and a
knob attachedioHkalertdof thedaibpudioof Théreonstaick isplmntinseried Mo et fos expiession sesultirgin the
inserted into a cell for expression resulting in the 5 production of a

p6ot @fodustibll bf Ppriteiavitakesbhdidchat at thesgrpified §ifeed site. [00113] Addition of a
knob to a protein involves introducing a cysteine onto the surface where

the gﬁt‘(g?ﬂ] IS o dfor cg%%ébqo @B%te%lﬁ‘ﬁé{r}]dg%gﬁitrt@ﬁgﬁg% stt&hé"cﬁlt@ﬁnﬁ@lérﬁbé fihdr8 the/kRob

am n nal or carboxyterm na rotein suc at the cysteine
in tk . i 0 for . Qi sul.fi.de. W t .
added PEF gt B PRARHA o R Ehe R oGk U o PRl e RE B TERE s
ill c e the end of the protein, containi he 10 cysteine to, be
St absiots B te Cisanes sl OB bkl e Al i echakizs Heeg aieogy the
[00114] In order for the knob to be created, the end of the protein that
cont aHisetfivemalips pea disulitledaivgen hesoivosisteines iheausehgend obthg protein containing the
cysteine to forma disulfide with the cysteine at the site that wll

dont aysteinete be kiabilized Bhihs suriaye creating & &nebdad tHis site (8 Fgured).] portion such as the
carboxyterm nal end of the hCG [3-subunit as was the case for addition of

a prgoeaid] knob | Grdérfiithe KhoBtoosrapedd! ihe Bnd®bf thd\Grofeifitat BSMAinsRe HBRINEGhAAT beed
extensively 15 and need not be limted to that of the hCG 13-'subunit. The

™3] Ot Sfgh BFRDSph OB SioHel 1o R IR Sy orbine S ol e Hchhgh oy | Y

|l ong t0o reac e on the surface o rotern ef1nes

s T e e i R S SRS USRI b v

transnmenbrane domai ns and residues that create sites that bind to other

pr ot derasefor eddition wh e protein knob to hFSH. The composition of the tail portion can be varied extensively

15 and need not be limited to that of the hCG B-subunit. The major requirements of the tail portion are that it
should be sufficiently long to reach the cysteine on the surface of the protein that defines the location of the
knob and that it lack residues that prevent it from getting to that site. These would include residues
characteristic of transmembrane domains and residues that create sites that bind to other proteins or to a part
of the protein distant from the cysteine on the surface of the protein at the knob.

20 [00115] The residues on either side of the cysteine that is in the aminoterminal or carboxyterminal end
of the protein form the knob. (See Figure 9). In general, the greater the number of residues at this site, the
larger the knob. The smallest knobs would consist only of a cysteine. (See Figure 10A). These would be
created by incorporating a cysteine at the end of the aminoterminal or carboxyterminal end of the linker and
adding a cleavage site immediately adjacent to the cysteine. (See Figure 10A). The cleavage site should

25  contain an amino acid sequence for a protease that is not found within other parts of the protein. The size of

the knob can be increased in at least three fashions. First, @ protein can be fused to the end of the protein
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of the protein distant fromthe cysteine on the surface of the protein at
the knob. 20 [00115] The residues on either side of the cysteine that is in
t he am nowerogiommbs or car boxyterm nal end of the protein fPamrasoiasokfnob.
(See Figure 9). In general, the great er the nunmber of residues at this

site, ; - v

Sy P ek P REFouR RO AP ol oo
cysteine at the end of the am not rm nal or ca,ragoxfy @rm nal e d 02

| i nkerotaind HosgvarnBrlastamagsisaprt the ory pietalyihat isisyitaalg) Rt BYS: PYrersen Ce. &:
(See Figure 10A). The cl eavage site should 25 contain an am no aC| d
sequdattamdserasa ol waskecilthiatl by its wtystaf siunidreyivhibh showeti dirat itaeminoterminaieend was
protein. The size of the knob can be increased in at |east three fashions.

Fi 1 StlocafedinGts 8iirfhcs,apdaftlorf 1ag&@ebld for tdietr@tich 6ffa flidivd fasteih e Secoh, NavAYR/ & #HediAker
PCT/ US02/ 35914 used to construct the knob. (See Figure 1 OB). As descri bed
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bF ¢ HbS TumigE ! 365 205, A8 Sess b e heTautls 1 e @Cﬁﬁ@u?gfegr%?értrﬁ@mfiqndaer
and its contribution to the knob. And third, th di_ st ance betwee

coupl fiofonsyastialy rilse dnthetfand ta diresvigidoneuemepls ahtbe kaeb. Jhis\kept el kagp ?'9?@!’ @a@e ng
or reducing the nunber of am no acids, As seen for the hCG exanple, a
shorﬂﬂeﬁﬂbibhmaeMeamHedeamUhebH&meMmduction in hornmone activity due to the
fact that it restricted novenents of the knob. This kept the knob closer to

tfe o8] f ace Reshomede bm@enm%rﬁrplg@reatodt i st ésé‘énf&%‘&lﬂie%ouplﬂq@ ck Ibe PResent

should be evident from Figure 10, I's not essential for e coupling
t
Y S RSP e 406 P B O ey

f h houl d h
f82F‘o%nﬁqrmtaecfwﬂﬁaw%@a@em gﬁ%weoa“* Sér&é@%bg‘;’ﬂdtc%u? 18 885 Bolelc newaTever
to be probed. (See i s_nmet hod can al so _be used to control

the ofieatitaie éwfaesfa ot theprpt@m taﬁe Bﬁoé%. (ﬁeet Figyre 14C) pahlﬁ methog igan RIsRBE Y56 19 GAtrol

When proteases are used as fusion 15 proteins, introduction of cysteines
i nt o the tierftaior ofiithst fasion protsin thakis apsrti of dheskrok paition. Weapproteasescare weed as 8isioft
the fusion protein fromthe surface to which the knob is being attached.

Exqanpireteifs, iMeeusibn dhoystemae thtd aisurfaerdistamb frevg thehastiar siteewill kedhlthd botivd dité obihe of
knobs to proteins permts the estimation of distances between two protein

fusion protein from the surface to which the knob is being attached.

Example 7. Use of shortened tail portion as the probe.

[00117] Addition of knobs to proteins permits'the estimation of distances hetween two protein
20  surfaces. As shown, substantial portions of a-subunit loop 2 of hCG do not contact the receptor. The location

of the coupling cysteine at amino acid 138 of the hCG B-subunit places relatively few constraints on the

positions that can be occupied by B-subunit residues 111-137 that link the coupling cysteine on the knob to the

core of the hCG B-subunit. The tail portion itself can also be used to probe the surface of proteins and there
are several instances in which it would be desirable to constrain its position to particular portions of the
25  molecule. These include those in which it would be desirable to cover a portion of an active site of a protein,

thereby rendering it inactive until the tail portion is clipped by a protease.
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20 surfaces. As shown, substantial portions of (x-subunit [|oop 2 of hCG do
not contact the receptor, The |ocation of the coupling cysteine at am no
acid 138 wD 0Bloeo6bCG P- subunit places relatively few constPcaiusoy3zom t he
positions that can be occupied by P-subunit residues 111-137 that link the
coupling cysteine on ob . . GO, fiads okt il
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are several instances in which it wuld be desjr et onstrain_ i

posi pariion to the gepove baiwean opahuniblaep dand Brsubyat W%fc%ﬂ%gy Rl SRR hretdrtna |,
which it would be desirable to cover a portion of an active site of a

pr ot gisiyroové REM&DY keyeaeetor agitact. Thease ofte taihpariiontdeecribed earksoulB Remy AP PRed
by a protease. 41 WD 03/040695 PCT/US02/35914 [00118] In studies of hCG LH
" eCCRfoRn Y BAT df MRS hornbne iR HRGUIA Allferod © (e benecatad therch®uede is jeopihothe tale
tail portion to the groove between a-subunit |loop 2 and p-subunit |oops 1

and 3, .1n order to & ' Shunitibtips 198 dnablee® idotk eaupling
receptid '3‘8&5@3? Pasf%(ggi‘fggﬂéo?ﬁ?%guhg%%f?@Pllmgr@gescri bed earlier woul g
permt it to pass  through this portio f .the. hornon i

f or ceysteinetto raseh Vasions evgteinge that hag eeep 6“?58@%%%&%{?’9? e ‘?‘éﬁlﬁ'ﬁﬁ ?Oéam‘ét%f%m
have passed over the convex surface of R-subunit loops 1 and 3 to enable
the knpln&OHtl ertiorrddred il fass thecagh the ardoveisetugentoesuiyait b antBrsyiwihloops
substituted for residues in a-subunit |oop 2. Therefore, we shortened the

tail 424 éi&@g,h{afgep%ggqis%mtaegr&ﬁg&%ééars%&a{mtédh& rSHREY 82 S onBR bf the Agbibunitt Theoop

2 an en targeting the cysteine that had been

substituted for residues 42 he a- ' Al ikon
anal dﬂj@%@@@%@@%ﬁﬁ@éé@@%&%@ﬁwiZﬂ%—.) a@W@%@%@S@EQQB@' é@% ID
NO 46) 10 (Figure 15) were too short to enable the formation o&ia .

dos ulfigule 1Bjeeredo shvet taeotblathe fommsation pigedisyidst ketween fhg Kb andehe Srget PN on
anal ogs passed through the groove between a-subunit |loop 2 and R-subunit

| oop 1 Borti SERRUEH BEYibE Het@ah bissublmieopi 2nanBifegubenitd®pahdnd4,
het or ?%gtsa"g%rﬁﬁ?rﬁ?gsgpﬁ%%c uir, érHcc;p 8116- 135, S138C or

hCG&p, 6121-135, S138C had substantial fece r by, ndj | W il

et ordodinih b8 o 15 BEABCIRHA e 2hd 24 HhBBuREls Erdpe Basc and
receptor binding activity. Much smaller 15 anpunts of aci d'StﬁIEwl% di

het ermOGEYHIN6-486)S t386i anCEBASEZI-A¥iS 1HECIRaB suistan (b resapi GindigacH By nibg feterodimer
indicating that the shortest tail portion tested may not have been of

suf figienhgleaet ind KEGH BE21kmels 18801k Ral @yisiderablersteptorrbinalily actudy.thuchemaller
cystelne oﬂ the protein. Since it was not necessary for the tail portion of

HbsuosBagt SeoBTaels bl s e o5 NESHETE A3 erd BRfRdznacéing
that the shortest tail portion tested may not have been of sufficient length for the knob coupling cysteine to
reach the target cysteine on the protein. Since it was not necessary for the tail portion of these analogs to
pass through the groove between a-subunit loop 2 and B-subunit loops 1 and 3 for the knob coupling cysteine
to reach the target cysteine at o-subunit residue 42, this analog was used as a positive control.

20  [00119] Taken together, these dbservations showed that the groove- did not participate in essential
receptor contacts. It also demonstrated how the position of the tail portion can be manipulated to enable it to
pass near specific portions of the protein. This would permit the tail portion to be used to obscure a specific
site, a property that when combined with cleavage sites that have been introduced into the tail portion would

be useful for preparing latent proteases, toxins, or other useful analogs. Tail portions that obscures a protease

95 or toxin site would permit preparation and use of reagents capable of entering cells where endogenous or
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to reach the target cysteine at a-subunit residue 42, this anal og was used
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-aCT6116f 135, 138C fgSEQ I D NO K 57) i S, was Co-exp ressed in COS-7 cells
wi t h PEeS§aes G CBaTgRsHI tIdU&ﬁae@fdh%awﬁ@, OHh%%'fj@Srﬁéﬂ\feﬁ ffﬁﬁ‘d&%acﬁ”bwt nd the(Bsgeunit D
NO 58), Arg95 (SEQ ID NO 59), Ser96 (SEQ ID NGO 60), Thr97 (SEQ I D NG
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part 0

This was co-expressed in COS-7 cells with a hCG B-subunit analog having a cysteine in place of Arg94 (SEQ
ID NO: 58), Arg95 (SEQ ID NO: 59), Ser96 (SEQ ID NO: 60), Thr97 (SEQ ID NO: 61), Thr98 (SEQ ID NO: 62),
and Asp99 (SEQ ID NO: 63). All of these proteins formed acid-stable heterodimers and as can be seen from
the data in Figures 26, 27, 28, 29, 30, 31, and 32, these studies revealed how this part of the B-subunit
20 interacts with LH receptors (LHR). The presence of this knob at residues 95 and 99 eliminated LHR interaction
and biological activity. This knob had much less influence when present at residues 96 or 97 as these analogs
had substantial activity in binding and signaling assays. The knob reduced receptor interaction more when it
was attached to residue 98 but not nearly to the level seen when it was attached to residues 95 or 99. This

suggests the latter residues may be located nearer the receptor interface.
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20 interacts with LH receptors (LHR). The presence of this knob at residues
95 and 99 elimnated LHR interaction and biological activity, This knob

had nmuch wess/ikwsbi uence when present at residues 96 or 97 pag/usams®ianal ogs
had substantial activity in binding and signaling assays. The knob reduced
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suggests the | atter residues may be | ocated nearer the receptor interface.
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residue 95 faces in an opposite direction fromthose of residues 94 and
96, aNMerebiendnhEGAHReigragtions than attashing Aéndbeet tesidkies SdeandeabhThigsuagdstediinat the
this site was nmuch nore inhibitory to hCG LHR interactions than attaching
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protein, anal ogs were prepared that conhtained smaller kno ese were
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with the activity of the heterodinmer in LHR assays. Thus, both acid-stable

cr osskéankia dFigures t3randi 32p these emalien dmbbs diag intbel b @bity tto Vitdriegs witth the Qaclivitg 9 the
assays. This showed that the sidechain of P-subuni t residue Arg95 is
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receptor contacts is also showed that the location
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car boxgéferm nus .is needed for full ycoprotei n hornmone activity, as is the
ol i go¥ et bligRot gipededs J‘Hu?ﬁsﬁntlabcﬁ?ﬁthothOWitﬁSZThlsl flsqueshowed jthat sheedacatiop efethe

determ ne how changing the position of 15 the a-subunit carboxyterm nus in

t he heareaxpidinmieat endrof theensubdnit i seditied sogl setbeli tbp wftérihe MIMerdhtogctowittisLHR,
a-subunit that cannot be glycosylated at a-subunit |loop 2 due to the

changg9s2) ASNS2sh ths B- S%Bﬂwttclaﬁ)%)y@ﬂ%?ﬁ nBeied fok lelggcc%pgtg% fﬂﬁﬁéﬁé 5&8@? £Nofet ©

P- subunit "resi dues 92 94, 95 was prepar

Co-expression, of t cells with P-subunit anal o
cont aB’WP% harids At} s ”gf é@?’ﬁ%‘gg @3 ogipterego Sﬁ%gﬁt@"ﬁ"ﬂeé@wtfﬁangﬂrﬁéhefR@ﬁ'ﬂ%ﬁ #fon
of acid-stable crosslinked heterodi ners.. The activities of these anal ogs

afd athe foi-suburit cBrbexytenmintis BOheshreddradtimerirditiencethitsaioteyibabactivityt A arealdgif G Gesulnit
Argo6 (SEQ ID NO 66) showed that the carboxyterm nus of the a-subunit can

be at fhacdhfcbtbe g?@bﬁﬁét@ﬁ aBé588unlt hop PRUEHPMRhe of AAHBERMAPAnd BB ndalie ufifAL' N
is not constrai
add a cysteine knob to B-subunit residues 92, 94, 95, and 96 was prepared (SEQ ID NO: 65). Co-expression
of this analog in COS-7 cells with B-subunit analogs containing a cysteine at residues 92, 94, 95, and 96 led to
the formation of acid-stable crosslinked heterodimers. The activities of these analogs and a chimera B-subunit
20 analog that contained a cysteine in place of Arg96 (SEQ ID NO: 66) showed that the carboxyterminus of the
a-subunit can be attached to several sites in the B-subunit, indicating that its location is not constrained
unduely (Figure 33). Further, the finding that the efficacy of the chimera analog was low showed that the

conformation of this portion of the hormone has an influence on signal transduction.

[00123] One skilled in the art will readily appreciate that the present invention is well adapted to carry
25  out the objects and obtain the ends and advantages mentioned as well as those inherent therein. The
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5 10 15 20 25 Cainms What is clainmed is: 1. A conposition conprising, a
protein portion, wherein the protein portion contains a substituted

cystei ne woeasdwe9nt a desired location to be tagged; a t&cCI/ysorsivon at the
term nal end of the protein portion and a knob, wherein the knob is

| ocat ed at_the term f 4t |17 por Wrep andpueantia) feng L.,
cyst WHAY F%si 86“”5‘%(8 %é\? Ze? epcf}ételdr?g residue of the knob is capabl e

of formng a disulfide w't h titu teine in the protein

por t Waitne)2 -Tﬁ@%‘nﬁo@i@ieﬁnk %é?%?f’zcﬁ%zgég\yﬁt he tail contains a

prot ease cl eavage site. 3. The corrp05|t| on of claim1l, wherein the knob
conprises an epitope ta 4. The co ai.m 1, y\/nz%r t he knob
conpfdisek3@ poMppepti ﬂe%m%Sﬂlé‘"QEJ it ]i9§fn>2 ’%F’Z?%lﬁ‘fhrﬁﬁyvfhe;zdr? t he knob
conprises a protein. 6. The conposition of claimb5, wherein the knob
cysteine is located on the surface of the ein sition of
ci ai (0182] sher eSayrdukapNoCaiJengaor i En Jodng Iﬁoﬁz’r‘%fl‘i”’é %4 % %ﬁcﬁ']%n@? t‘ff?{l A,
conmposition of claim1, wherein the protein portion is a nmultineric

PE Ot @i J 94 HJBRENIE M. 990 0Ging 348pFTt&ith at a specific site conprising,
a) selecting a desired protein; b) locating a specific site on the desired
protein to be tagged; c) selectlng a desired knob, wherein the desired knob
contains a cysteine residue; d) preparing a construct encoding the desired

protein, a tail portion and the desired knob, wherein the desired protein
has a cysteine residue substituted at
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the site to be tagged; 49 5 10 15 20 25 WO 03/ 040695 PCT/ US02/ 35914 e)
inserting the construct into a cell for expression of the tagged protein,
wherein wba3soywbei ne in the knob and the substituted cysternsoz/ssothe
desired protein form a disulfide bond. 10. The nethod of claim9, wherein
t he Egﬁ@ gonprises an epitope tag, a signal sequence or a protein. 11. The
nmet h claim 10, wherein the knob protein is a protease. 12. The nethod
of claim9, wherein the desired protein is nononeric. 13. The nethod of
claimwg_ wh rei$.the desired portein is multineric. 14. A protein

puri f 59?8 et od conprising, a) inserting a construct capable of
expression in a,cell, .wherein.the construct encodes a protein, wherein the
prot ei n corpri seSORPRYEPREMBPHIS jue substituted at a desired site to be
tagged, a tail portion at the termnal end of the protein, _wherein the
tail portion cohPiRfsisPtipr.oveisia the piieiypogion sontaing aguRiibwed cyyieiae esistue gt
the tail portion, wherein the knob contains a cysteine residue; b) lysing
the cel | ; ayespad idcpiiomtothedaggedt ei n based on the characteristics of the
knob. 15. A nethod for tagging hCG conprising, a) preparing a construct
capabl e of expreadipogionadt iwetelkind Berdr o k& Hrdtehl g&€on; anld) preparing a
construct capabl e of expressing native hCGa or hC& cysteine substituted

anal ogs; a knob, wherein the knob is located at the free terminal end of the tail portion and
10 contains a cysteine residue, and wherein the cysteine residue of the knob is capable of

forming a disulfide with the substituted cysteine in the protein portion.

2. The composition of claim 1, wherein the tail contains a protease cleavage site.
3. The composition of claim 1, wherein the knob comprises an epitope tag.
4. The composition of claim 1, wherein the knob comprises a polypeptide.
15 5. The composition of claim 1, wherein the knob comprises a protein.
6. The composition of claim 5, wherein the knob cysteine is located on the surface of the
protein.
7. The composition of claim 1, wherein the protein portion is a monomeric protein.
8. The composition of claim 1, wherein the protein portion is a multimeric protein.
20 9. A method for tagging a protein at a specific site comprising,
a) selecting a desired protein;
b) locating a specific site on the desired protein to be tagged;
) selecting a desired knob, wherein the desired knob contains a cysteine residue;
d) preparing a construct encoding the desired protein, a tail portion and the
25 desired knob, wherein the desired protein has a cysteine residue substituted at
the site to be tagged;
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c) inserting the constructs of step a) and b) into COS-7 cells for
co-expression. 16. The nethod of claim 15, wherein the construct of step
a) furthewoospebses fusing a protein to residue 140 or PEF/ush2/BOG(3. 17.
The met hod of clain116 wherein the protein is (3-lactamase. 18. The

met hod of cl ai E > l)é‘)élaﬁé?é the cﬁﬁstggg%t(f%@{\Igb?ggﬁgggérgé%gg?%ggh%g%n,%ﬁmin

selected from

PCT/ US02/ 35914 19.
nol ecul es conprisin

ne il e irle FRES iiee 8B O

P ot Betq bR forhg

a second protein nDIecuIe wherein the first protein nDIecuIe and the

second protein nol ecdigl ﬁﬁ?h?%t
wherein each first protein mol ecul e

c) producing first protein nol ecul es,
produced contains a knob |ocated at a

di fferent Mite Themétbod pf deimpp owbemin thelknqhr cdiprisegant ¢retope tagrd signel seijwence

nol ecul e;

e) using the proteins produced in steps c¢) and d) to anal yze the

disst ance bet weejt apréieirf. i rst protein and the second protein. 51

11.  The method of claim 10, wherein the knob protein is a protease.
12.  The method of claim 9, wherein the desired protein is monomeric.
13.  The method of claim 9, wherein the desired portein is multimeric.
14. A protein purification method comprising,

10 a) inserting a construct capable of expression in a cell, wherein the construct
encodes a protein, wherein the protein comprises a cysteine residue substituted
at a desired site to be tagged, a tail portion at the terminal end of the protein,
wherein the tail portion contains a protease cleavage site, and a knob at the end
of the tail portion, wherein the knob contains a cysteine residue;

15 b) lysing the cell;

c) purifying the protein based on the characteristics of the knob.

15. A method for tagging hCG comprising,
a) preparing a construct capable of expressing native hCGp or hCGB-S138C;
b) preparing a construct capable of expressing native hCGo or hCGa cysteine

20 substituted analogs;

C) inserting the constructs of step a) and b) into COS-7 cells for co-expression.
16.  The method of claim 15, wherein the construct of step a) further comprises fusing a
protein to residue 140 or 145 of hCG.
17.  The method of claim 16, wherein the protein is f-lactamase.
25 18.  The method of claim 15, wherein the hCGa cysteine substituted analogs are selected

from SEQ ID NO: 1 thru SEQ ID NO: 35.
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19. A method for mapping the distance between protein molecules comprising,

a) selecting a first protein molecule;

b) selecting a second protein molecule, wherein the first protein molecule and the
second protein molecule interact;

c) producing first protein molecules, wherein each first protein molecule
produced contains a knob located at a different site on the first protein;

d) producing the second protein molecule;

e) using the proteins produced in steps ¢) and d) to analyze the distance between

the first protein and the second protein.
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