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dormain of HI V-1 gp4l or of H V-2 gp36, respectively, are al so described. 10
Backgr ound Hilmapredentinmodiohirditestoythaflingnosi¢ pf MJV indectiors. Hgenstialbf tearbeputhe ed

| mrunodef i i gr@NctioRHR e kQHBe retBVifilsurfacCQPBPdtYn- 1 & tednkBembran dylydoptadg) ONym
AIDS, There A Berbi, m;‘gl N andYhd atadivann% (e)fustum. 5t ci:hrauesr(’) ege%ge%n%tm%?exHésvéclalland

H V-2, The H 9 Us T8 Aoladays w aely —di sser nated and constitutes a
serious t hr elitthe geteceian phaniihedictea HIh ISy I UIRREYS Prefereblngrcanding b hiedonllal t h care
systens t G sffigen tbiidge rReast, a0 NS indthuibgae yTHeomvéhien dil@gavdoesss edlublell V and

treatment of gggegbﬁjhgprgfnigtahsﬁm% 28V 11054V bf 2harRRE 68GNV-8 oh e rdpRBRAHSI on of

i nfected bl oo d oducts., M.rtually all industrialized countries,
1S el | s iy GeBEPBpIRgG B RYOR B e b ot SRy bas s
testing of atdmprisogdpaditamimnzid ubyiteticanin thhd-Helical hamaig pf HBH1 gf4ltdrio 20

virus. It i smmggyékespgcﬁ@w,argmmﬂ)g& met hods in the field to diagnose the
infection with H fromblood as reliably and as soon after infection as

possi ble. Basically, three different nodes of diagnosis are available: (1)
di agnosi s%f Ogenonic material from bl ood by sensitive nucleic acid

di agnostic |41 i tion (P . t he
et 2ot on_of il il dtfah” VAT ARG ST el AQB G thundBnbdley {10 0
agai nst H V PPEFodrigh i comaenly peffirstytor Weltt supwa 6PSadbae s Mfe®eiosn,
several di agstosdsi cfathisyvidiss tesigottenBidv di a@nHﬁY&th{: ¥l-vired svaenadphasidelyar e
known. I n - anigaidinatdnamiecdbtithtef £Gdal thddtYioReAH hAls wllth PRGHIWIERS fsleihl ved
;Lff”bggle egs‘,' . ai;’"éﬁh‘f gae@g%aggg;t%gg g>5s(per‘1’d La8ME. PUASEL or WAIET €855 DG 800 - V

HIV and treatment of AIDS.

One of the routes for viral spread is the transfusion of infected blood or blood products.
Virtually all industrialized countries, as well as many developing countries, to date require
on a mandatory basis testing of all blood donations to prevent the further spread of this

20  virus. It is the task of all diagnostic methods in the field to diagnose the infection with HIV
from blood as reliably and as soon after infection as possible.

Basically, three different modes of diagnosis are available:

(1)  diagnosis of viral genomic material from blood by sensitive nucleic acid diagnostic
procedures like polymerase chain reaction (PCR),

25 (2) the detection of viral antigens from blood, and
(3)  the detection of antibodies against HIV from bodily fluids.
During the course of an HIV infection, several diagnostically distinct and diagnostically

relevant phases are known. In an early phase of infection only proteins or peptides derived

from the HI virus may be found (“viraemic phase”), whereas no anti-HIV antibodies are
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sw tches to wfesddimunogl obulin class G (1gG, which tharyigblds up t he
majority of the antibodies directed against H'V. During the further course
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formation in the host and thus be used as antigens in diagnostic procedures. These are the
envelope proteins (encoded by the env gene region), viral enzymes or regulatory proteins
such as the reverse transcriptase or integrase (encoded by the pol gene region) and

25 structural core proteins (encoded by the gag gene region). The viral envelope proteins both
in HIV-1 and HIV-2 are glycoproteins that are synthesized as polypeptide precursor
proteins (gpl60 for HIV and gp140 for HIV-2). These high molecular weight precursors,
after synthesis, are cleaved to result in gp120 and gp41 (HIV-1) or gpl10 and gp36 (HIV-
2), respectively. The larger polypeptides (gpl20 or gpll0, respectively) form a surface

30 subunit that is associated to the membrane spanning smaller polypeptides (gp41 and gp36,
respectively) via loose contacts. In many hosts (patients), envelope glycoproteins are
preferred targets of the anti-viral immune response. Ratner, L., et al., Nature 313 (1985)
277-84 have demonstrated that especially the membrane spanning of these envelope
proteins, i.e, gp4l or gp36, respectively, bear the most immunogenic potential among

35 these viral proteins.
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combination with other HIV antigens to measure anti-HIV antibodies. Nowadays, assays
are known which independently aim at the detection of both HIV antigen and/or anti-HIV
antibodies. In WO 93/21346, a “combi-test” for the simultaneous detection of gp24 antigen
and antibodies to HIV-1 gp41 and HIV-2 gp36 is described. In this assay, a solid phase is
25 used to which the recombinantly produced gp41 is directly coated.

posi ng
may be

It is also well established that the use of extraordinarily high or low pH values is one way to
keep gp41 (or gp36) in solution. Recombinantly produced gp41 is known to be soluble
around and below pH 3.0 or around and above pH 11.0.

Unfortunately, however, both HIV-1 gp4l and HIV-2 gp36, respectively, are essentially
30 insoluble under physiological buffer conditions.

Immunoassays in general are performed at physiological pH. Due to their insolubility
under physiological buffer conditions, retroviral surface glycoprotein antigens in many

immunoassays are used directly coated onto a solid phase material. Direct coating of
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As mentioned above, immunoassays according to the bridge concept have proven

advantageous in a wide variety of different assays aiming at the detection of antibodies

20 reactive with pathogenic organisms. However, due to its insolubility, it has, e.g, not been
possible to use the e-gp41 molecule (i.e. “ectodomain of glycoprotein 41”) of HIV-1 or e-

gp36, respectively, in such an assay setup.

In order to compensate for the disadvantages of direct coating, a variety of assays have been
designed, which instead of using the e-gp4l antigen, make use of synthetically or
25 recombinantly produced partial sequences thereof, more or less spanning the
immunodominant so-called loop region. Examples of such assays are given in the patent

literature discussed below.

The loop region in the extracellular part of gp41 is the non-helical apical hairpin of the
molecule linking the N-terminal helical domain to the likewise helical C-terminal domain.
30 A significant part of antisera reactive to gp41 comprises antibodies to the apical loop motif.
This disulfide bridged hairpin or loop structure thus represents an immunodominant
region of gp4l. One bypass to overcome the problems associated with recombinantly
derived gp4l therefore is the chemical production of peptides representing partial
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20 EP 396 559 relates to artificial peptides bearing an amino acid sequence that corresponds to
a naturally occurring amino acid sequence of a HIV. The epitopes again are derived from
sequences corresponding to the loop structure of gp41 or gp36, respectively. They further
have been refined to contain a disulfide bridge formed by a chemical oxidation step
between the two cysteine residues of the immunodominant loop.

25 A quite significant percentage of antibodies as contained in anti-HIV antisera of HIV-
infected patients, however, does not react with the sequence motif or its variants derived
from the immunodominant loop of gp41 or gp36. Whereas these peptide antigens can be
used in combination with the advantageous bridge concept, antibodies reactive with
epitopes outside the loop region of HIV gp41 are not detected. Not only is the very early

30 diagnosis of an HIV infection crucial, it is also extremely important that as many subtypes
of HIV-1 and HIV-2 as possible be detected. The more epitopes, especially of the correctly
folded conformational epitopes of a rsgp, are present, the less likely it is to miss an infected
sample due to a false negative diagnosis.
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Sci ence 291 (2001) 884-8. This inhibitor conprises three stretches derived
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o el “nSTHSEIAR oJFLLG0L AT S d0- SRk A0Sl IRSLLRNRNES O]
engi neer ed c&ﬁgltbm&fraqt@e»e&mﬁawﬂeﬂm H%P %ﬁﬂ“ AegRdl-ant i geni ¢ epitopes of the
native nolecule, and it especially does not contain the so-called |oop

gg:) i fe ; \Ag 5 Cgil &;&ﬂﬁ&@g ghQn H&ﬁ{ﬂhﬂfr opﬁr\t ueru}yaﬁtbyargéwan@agseaa&rpdeva@emp@%m( see
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retroviral su
Especi al | {5  thsd¥-&rmmp qliéaédoinélln WedPﬁgaﬂsil}Uﬁ SgﬁFhbeéﬂlezﬁlterfg'éﬁsheb@hprl si ng
gp4l from H Yerbainrrogp8s mblennléll Nevidyver| ebspgeadticaldl snginkared daBtridl latks nadg

therapeutic a§m§ﬁﬁ4 Qndaﬁarg" &9@8{%& éﬁto?gmf 'ﬂ?e%a'h@@ﬁmle!:the,%ﬁ 1taes{9§:§ahy Qbestdae Present

invention to I nvestigat et her ossi b e)
cont ¥n g) aﬁed oop motif, wh1ch is' known to ar or F%)artl ar?y unmunogemc

epitopes (see above).

20 A tremendous need therefore still exists to provide as many retroviral surface glycoprotein
epitopes as possible in a soluble form. Especially, there is a need for providing such soluble
antigens comprising gp41 from HIV-1 or gp36 from HIV-2, respectively, for use in various
therapeutic as well as diagnostic applications.

It was a task of the present invention to investigate whether it is possible to provide more
25 retroviral surface glycoprotein epitopes or even the e-gp4l molecule or the e-gp36,
respectively, in soluble form.

A further task of the present invention was to investigate whether it is possible to provide
variants of gp41 and or gp36, respectively, which are more easy to handle and/or which,
especially under buffer conditions as required for performing an immunoassay or as
30 required for immunization, are soluble in form of a complex comprising the variant and a

chaperone of the peptidyl-prolyl-isomerase class of chaperones.



25 retroviral surface glycoprotein epitopes or even the e-gp4l nolecule or
the e-gp36, respectively, in soluble form A further task of the present
invention was to investigate whether it is possible to provi des Deeamben80%f
gp4l and or gp36, respectively, which are nore easy to handl e and/ or which,
especially under buffer conditions as required for perform ng an i munoassay
or as 30 requh [deEPr 1 nmuni zation, are soluble in formw@5RIRI eX
conprising the variant and a chaperone of the peptidyl-prolyl-isomerase

cl ass of chaperones. 15 Decenber 2005 W0® 03/ 000877 PCT/ EP02/ 06956 7

Chaper ones, which are known as cl assical "folding hel pers”, are pol ypeptides

that assist the folding and mai nt enapgce .of . stryctural integrity.of other
proteins. Th aﬁ%‘g?%é"?“g A% kapYy i’st%f‘ssr" ffejlfi‘(?ﬁﬁglgerf h&<p %P’%ﬁpﬂées até}? bfhﬁpept i de
both in vi vofddidg ind mdintempnceGd pewctirplyintegray off atleer hrokeixesy 'Shey apssess thsdbdlityded i nt o
fol di ng cat abysidie Blrdolen@ped tideO ol POvimadndliy 56, GGeRlIgHAlRg HBRekat e 5
11" S1 ot S a4, bl 06 e ML LA B0 e
of catalysts_are ur.ﬂer 8% cribed be QRL 1aper ghes ‘are known to bind to
denat ur ed %rhﬁ%ﬂ@ﬁ&PFylPH@W&?@?@dmﬁ&Pﬁﬁgﬁ??ﬂ@%gaﬁwntﬁﬁ@ﬁﬁﬁﬂﬁcﬁﬂwﬁémﬁature
protei ns. Theasthetidesckibed bdlal.nGhapatoaksy steSknowaih@pdindnes dexernrrtd ar ngrgallpi ndi ng

function ( Buq.gﬂ%{red golypegt?d@sey]d%&s%e%%%%@.Latm—pl&lms. G?'HQQ%EJQQQéIdﬁ:"g%atHI%t%‘“ tous
stress-induced proteins 1nvplved._ In protelin ur at | faolding, 1

transl ocat i oA EESFEYRETF B‘Hdt“éé‘l’ﬁflﬁb&u%?“ef}?P%’ﬁ%a}ég%P@o@fl%. , Nature 355
(1992) 33-45). Although al so present under normal growth conditions, they
a(rj e abﬁndanh daﬂe?&i&&ﬁé}miq&ﬁﬁ% stEebsf iBGEce € PidebirsiidFed ihIprSteih diatii@tions Ebm?,t s the
i dea t hat i I Sj . . e tions.
To dat e by Bey i B BkAla] RAGHER b 2nd MEHGRRSY Mkl 304 A58 BSIEL
chaper ones af¥bough dsQapraepteindep goryal tgrarth capdifonsy thep 2 pRYodHIt) iaderedr

parti al | y unfoddetdesprotdéions Taikdurtay sumpophiheiideh dgit dalir pghysidogiah fnbiddn iss | 1 nked
to the corregd Jpplfth ek QbndfiOfsei ns or the renmoval of denatured or
aggregated protéin. Well-characterized exanpl es of chaperones are nenbers of
so-cal |l ed heat-shock famlies of proteins, which are designated according
to their rel dpidate noiert diffatentyiimiles ;of fchiperopanpre dnown M 00 chapsioges, athsp70,
gnd hSEGngaShMtdriz&Bbyt their sihigab bed SHsPs despailally befldes pagknimdtiives) as g
escri bed by ' . . . i SSI r. M an
Buchner, J., P @%@d&éﬁon?@%?&%&%% g%%g I%Ct @%ﬁ%?ﬁg&qg% a%%f%@gﬁﬁfke
chaper ones, 48%tEed 18G5 BY et cel erating defined rate-limting steps,
t hereby reducing the concentrati on of aggregation-prone folding
i nt er medi at esvellQhGracterized examples of chaperones are members of so-called heat-shock families of

proteins, which are designated according to their relative molecular weight; for example,

20 hspl00, hsp90, hsp70, and hsp60, as well as the so-called shsps (small heat-shock-proteins)
as described by Buchner, J., Faseb J 10 (1996) 10-19 and by Beissinger, M. and Buchner, J.,
Biol. Chem. 379 (1998) 245-59.

Folding catalysts, unlike chaperones, assist folding by accelerating defined rate-limiting

steps, thereby reducing the concentration of aggregation-prone folding intermediates. One
25 class of catalysts, the protein disulfide isomerases (alternatively designated as thiol-

disulfide-oxido-reductases), catalyzes the formation or the rearrangement of disulfide

bonds in secretory proteins. In Gram-negative bacteria, the oxidative folding of secretory

proteins in the periplasm is adjusted by a cascade of protein disulfide isomerases designated

DsbA, DsbB, DsbC, and DsbD (Bardwell, J. C., Mol Microbiol 14 (1994) 199-205 and
30 Missiakas, D., et al., Embo J 14 (1995) 3415-24).

Another important class of folding catalysts referred to as peptidyl prolyl cis/trans
isomerases (PPIs) comprise different members such as CypA, PpiD (Dartigalongue, C. and
Raina, S., Embo J 17 (1998) 3968-80, FkpA (Danese, P. N,, et al., Genes Dev 9 (1995) 387-



25 class of catalysts, the protein disulfide isonerases (alternatively

desi gnated as thiol- disulfide-oxido-reductases), catalyzes the formation or
the rearrangenent of disulfide bonds in secretory proteins. lhDecember2005
G am negative bacteria, the oxidative folding of secretory proteins in the
periplasmis adjusted by a cascade of protein disulfide isonerases

desi gnat ed wW&s&AwssbB, DsbC, and DsbD (Bardwel |, J. C. ,echalpoddssstobi ol 14
(1994) 199-205 and 30 Mssiakas, D., et al., Enbo J 14 (1995) 3415-24).
Anot her i nportant class of folding catalBysts referred to as peptidyl prolyl
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4939-48) , anﬁu&%@rwﬁl@&ﬁﬁwﬁs{eque&@ Dﬁfmeﬂl:s , J Biol  Chem 272 (1997)
15697-701). Anopngst these, FkpA, nd trigger factor have been found to

be rel ated based on sequence ali gnrrents 5 The peptidyl prolyl isonerase
FkpA has eefihd prptidyil pedyl tisomictres Frehibpt besmiasalizgd tmthn eerirtlismeof Grarotnegatie |t has
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t?gltre ﬁggfoggﬁtérﬁ@dlatéegawr%endn tmsag EatidR)] §el:$r¥11yt a Ha?éﬁtabﬂﬁgf: t%geic?ﬂﬁ%' \r/rg1

p [ possi i es y
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conpri se botmuélb@atnafvlglttbewgtegatabfmme domain as well as a chaperone (or

pol ypepti de bi ndi ng) domain. Representative exanples are, e.g., trigger

factor (Zam X a ai X c C. and
Tsou, 3 aselgﬁ% h%gf‘?é%ﬁﬁ"'} ig@“& @t%t %‘ZJ;L ;}fﬁ%&%@ e%\%zvegzg h\‘{&gﬁ%?éégﬁ (2001)
20(1), 285 _ orelypeptigrinsing dp PF‘@cI#Pfeef-maﬁéf examples grgyeee. riggqrfactord &yt do st og) |
Accor di nglst caloiMobBeE2MAL TN 827-17heN sane. Gradd Tagu, St LuEatscbrIe? @@%51597)%
realized in g8 (Bair@fﬁ%saf@pﬁoaﬂdoo‘iiy@i) Q@ﬁiﬁ?tahH@sNA (Plr&chh@Setba?eEbbo]

denpnstrat ed nt _in endent sys nced e essi on of
20 chaperonelsg %5?55 Accf) rdgl{gqo oF Obseﬁ%%nnshg"% S?%%ﬁ@?@%rr?{}% 5 Seeo ?g{éptl de. An

exanpl e the‘feé‘ﬂzég@e{-he%Pela?ebihi’éapﬁsv@rWF@S@lz It is also knovvn that an
i ncreased production of proteins can be achieved by using a gene

It has been demonstrated in different independent systems that an enhanced expression of
20 chaperones may facilitate the recombinant production of a polypeptide. An example
thereto can be found in WO 94/08012.

It is also known that an increased production of proteins can be achieved by using a gene
construct comprising a polypeptide coding sequence as well as a chaperone sequence. This
fusion concept, for example, has been shown to result in a significantly increased

25 production of the human pro-insulin in the periplasm of Escherichia coli by using a gene
construct comprising the human pro-insulin gene and DsbA (Winter, J., et al., Journal of
Biotechnology 84 (2000) 175-185).

The approach to use chaperones for increased production of native-like folded
polypeptides is mainly due to the binding and thus solubilizing function of chaperone
30 proteins. After recombinant production of a fusion polypeptide comprising chaperone and
target protein, the chaperones are customarily dleaved off from the resulting polypeptide to
yield the desired polypeptide in pure form. In contrast, the present invention is based on



construct conprising a pol ypeptide coding sequence as well as a chaperone
sequence. This fusion concept, for exanple, has been shown to result in a
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protein of H \RrotelsofdhlValgr anyaegregation pisae taggely@rotein ¢neifkpAmd othep KKBPs &t her
FKBPs as sol ublubllityyeontefihgthaperoasaper ones. 15 I n addition, we have found
that certain well defined variants of H V-1 gp4l or of H V-2 gp36,

respectively, are.especially suited to fqorm.a sol.uble | ex wi

chaper ones %f I?‘ﬁgdltl?fglwecl}aﬁ%é‘m fhat ey ‘%eﬁélgﬁrbefi gpets 8%%%5@0‘? O})Pﬂ\é'&% and
FkpA, for exargaP® respectivelpari dspeciaby sititee to foum g solublademplghyih ehapefonsilof the
conditions, thmp-ckan be easily |abeled in convenient pH ranges, and 20 they
can be used to great advantage in the detection of antibodi es against gp4l

or 36,
gp The complexes of gp41 and FkpA or of gp36 and FkpA, for example, are readily soluble,

e.g., under physiological conditions, they can be easily labeled in convenient pH ranges, and
20 they can be used to great advantage in the detection of antibodies against gp41 or gp36,
respectively, of HIV (1 or 2, respectively) and therefore in the diagnosis of an HIV

infection.

Brief description of the Figures

Figures 1A and 1B Far (1A) and near (1B) UV CD of the HIV-1 ectodomain gp41 (535-
25 681)-Hiss

Folded gp41(thick line): buffer conditions ( 30 mM sodium formiate, pH 3.0) were set to
induce a native-like all-helical conformation of gp41; Denatured gp41(thin line): buffer
conditions (50 mM sodium phosphate pH 3.0, 7.0 M GuHCI) were set to completely
denature (unfold) gp41. Due to the high molarity of the chaotropic salt, the reference
30 dichroitic signal in Fig 1A (thin line) cannot be reliably monitored in the wave length
region below 215 nm. The spectra were recorded on a Jasco-720 spectropolarimeter and

were averaged nine times to lower the noise. Path length was 0.2 cm for far UV CD (Figure



respectively, of HV (1 or 2, respectively) and therefore in the diagnosis
of an HHV infection. Brief description of the Figures Figures | A and 1B Far
(1A) and near (1B) UV CD of the H V-1 ectodonmin gp4l (535- 2356B8tymbgrsX905
Fol ded gp4l (thick line): buffer conditions ( 30 mM sodiumform ate, pH 3.0)
were set to induce a native-like all-helical conformation of gp4l;

Denat ur ed gg%gjtﬂ{msmllne) buffer conditions (50 MM sodicyp p}mgghate pH
3.0, 7.0 M@HCI) were set to conpletely denature (unfol d) gp4l. Due to the
high nmolarity of the chaotropic salt, the-reference 30 dichroitic signal in
Fig 1A (thin Iine) cannot be reli any rmnitored in the wave | ength region

bel ow 215 nm ectra rde ol ari neter
and were avéth b’&]ﬂsﬁfrﬁeforﬂeﬁfe tctr?e&o ﬁ?)hghe r(?fp§‘euveﬁé 'ﬂn Ic‘grhC tha% Y852 cmfor
far UV CD (Flgusd angd Dedénieits o008 cv\eness' OO0BRTR REie Eﬁ@&t%@%havelee | A) and
0.5 cmfor n@@{en%gzgx(cﬁﬁgufr@ 1B). The respective protein concentrations
were 1.5 pMand 29 M Units of the ordinates are nean residue ellipticity

and have the dinension deg x cnm2 x dnol-1. Figure 2 Aggregation of

"unchaper on gpal in si o buffer .5 Sho UV spectra of the

gp4l ect odong’igﬁreozne %f%“‘(’t%%ﬁtal’?ﬁg?edaﬁ%“ pPhsie %b“ffﬁ‘pper line) after a

pH junmp from3.0 to 7.5. Aggregating nolecules lead to stray |light effects
' f I I | ead l'i gh ff

and cause ﬁhgh&ﬂpﬁEWsﬂQﬁfoﬁhé gu1 heyandaid be MiRutel NewdrilgHy d ® AB@ARE j ust to

denonstrate e e i 0 en e not.e rthythat
the aggr egak p%n i écr:rgésjrsa Fajlgg% ﬁ%{om ?0 tg% f\%egs?%%ﬁec%ﬁséeﬁi 38 %3 upper
line. 10 Fi geffests ag Ay tpAnpRiSAL gftfpluteptl .b@@edt?’ﬁ%nglp%e é&tredbﬁﬁtq«t jagt t?leutral
pH gp4l and dahonseattkipA enereus aggrgptibattadenty dfogp4pHit ais choswtoethyvakasthehi f t ed

to final buf & QRS 3F M sRdiddmeiesab igH 7.4, 50 MM NaCl, 1
nmv EDTA. Aftgegg&?tga s lMgle%)s m&r?%t Setglpat OV\sgél‘% altlnd upg}gﬂrH %.S%‘el respectively) W

spectra were recorded to assess the extent of aggregation in the sanples.

Fi gure 3A shows the sug}gresm on of a gregatl on by a 15 two-fold nol ar excess
of the chipeFigHEs 34 Jp4 pefikiligen Bicgptlerctodgmail ap paytrak il d excess.  The
final concentration of gp4l was about 1 M Since stray light (leading to an

apparent  abgofiphi ettat}eyp@mdwéggo A bAARIS:t [RAE ©CH drRrvihr 9 SHIREW B fidaShr i S
conpel |1 19 SDSCHLSREPR) oy Suhdenoe oty EDS S{/ ke LAY eSPL Uik hasg the
10 minutes (lower and upper line, respectively) UV spectra were recorded to assess the
extent of aggregation in the samples. Figure 3A shows the suppression of aggregation by a
15 two-fold molar excess of the chaperone, Figure 3B shows the effect of a four-fold excess.
The final concentration of gp41 was about 1 uM. Since stray light (leading to an apparent
absorption beyond 300 nm) was reduced to a minimum, there is compelling spectroscopic
evidence that FkpA efficiently solubilizes the gp4l ectodomain in a dose-dependent

fashion.

20 Figure4 UV spectrum of FkpA-gp41 at pH 2.5

UV-spectrum of the fusion polypeptide FkpA-gp4l after dialysis against
50 mM sodium phosphate, pH 2.5; 50 mM NaCl. Surprisingly, the two-domain construct
remains completely soluble after removal of the solubilizing chaotropic agent GuHCI.
There is no evidence for the existence of light-straying aggregates that would be expected to
25 cause a baseline drift and significant apparent absorption at wavelengths beyond 300 nm.



20 Figure 4 CV spectrum of FkpA-gp4l at pH 2.5 UV-spectrum of the fusion

pol ypepti de FkpA-gp4l after dialysis against 50 nM sodi um phosphate, pH
2.5; 50 mMM NaCl. Surprisingly, the two-donmain construct renmilhPecemipdre085y
sol ubl e after renoval of the solubilizing chaotropic agent GuHCI. There is
no evidence for the existence of |ight-straying aggregates that woul d be
expect ed towipi;hanse a baseline drift and significant appgfepslosipsorption at
wavel engt hs beyond 300 nm 15 Decenber 2005 WO 03/ 000877 PCT/ EPO2i 06956 -
11 Figure 5 Near UV CD spectrum of FkpA- éblll at pH 2.5 The spectrum was
recorded on a Jasco 720 spectropolarinmeter in 20 nM sodi um phosphate, pH

2.5; 50 mM NaGguats ZOCmMN\/@Bsp&&uﬂildfakﬁd%paﬂmepHiwes to lower the noise.
Protein concentration was 22.5 pMat a path length of 0.5 cm The aromatic 5
ellipticity shows the typical signature of gp4l (for reference see Fig 1B).
At pH 2.5, Fkppe isBectrpgy §ay yecpided et Upsel 7R dPeraBolagpeteioft £ B lesad ™ he
signal in thepiepatd WHCDS5;:00 @M NaCliag0°€ dReds akinDtsipecd times of lokkpe gp4l  at
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sodi um phosphat e. . b ) apd was ac ine tines
ot mpr ove T pAHGE e BE R ERT 5ot T PR R RE R B PO RS 5 M at
a pat h- | engt hlaggelyOumstriegtyredigne dopsnok eratraftutexp thegsiggal 20 the NeargoV 41D atella | ar gel y
helical structure of gp4l in the context of the fusion protein. The
spectral noise below 197 nmis due to the high am de absorption and does

not report OI’]F%{]%(,StI’U@Lmbpfsgé&huﬁ]%?p}aﬁg_%élﬁa{bﬁb_@n protein. Neverthel ess,
the typical helix-maxi numat 193 nm can be guessed. 15 Figure 7 Near UV CD

of FkpA-gp4l under physiol ogical buffer conditions. The spectrum was
recorded on aThaspestramowepaepideponat iJaee €20 i specopelprndei 0 prdspdire, pH
7.4; 50 mM Naghosphat2PI€ 2e560 W NaCICa MOACAdnE dvak iait@miniated SiifeQinhed W fmprbee thaoi se.
Protein copce 1 : . - ) trl kipngly,
t he aromaﬁ: cﬂélﬁ?irtdptg{ﬁgéll\fﬁﬁo'o rot?eﬁg%g%trﬁtel&ftg %Zl%n'%gt %%ag?leelﬁﬁtﬁggpgic%{é kﬂh? g41
and FkpA (conﬂl%ﬁl&&gz@@nﬁ?%ﬁmipgmmszdgar QY sl piroes g OF gP4 1t e BT P{BEt | ons
of native-| i k&s@hlprdteini Tz spegid] naase bplbiw3 90 nm(ib dweto thakibieamide aksprpgind ande
contributi onsdeds nok RPoRtonRidy ftrdktfrtl FRREredFIRE thsibh PEtein. TiyvSrthel il U(é&?qﬂ&al t hat
the carrier FEQ&—:@%E&%&%&&?&&P@E& j.-e. two distinct functional folding
y ana g

units) refold reversi uasi i n ebendently when |inked in a
pol ypeptide fusion protein. 25 Figure 8 Far UV CD of FkpA-gp4l under

physi ol ogi cal buffer conditions.
15 Figure7 Near UV CD of FkpA-gp41 under physiological buffer conditions.

The spectrum was recorded on a Jasco 720 spectropolarimeter in 20 mM sodium
phosphate, pH 7.4; 50 mM NaCl at 20°C and was accumulated nine times to lower the
noise. Protein concentration was 15.5 pM at a path-length of 0.5 cm. Strikingly, the
aromatic ellipticity of the covalently linked protein domains of g41 and FkpA (continuous
20 line) is made up additively from the contributions of native-like all-helical gp41 at pH 3.0
(lower dashed line) and the contributions of FkpA at pH 7.4 (upper dashed line). This
indicates that the carrier FkpA and the target gp4!l (i.e. two distinct functional folding
units) refold reversibly and quasi-independently when linked in a polypeptide fusion

protein,

25 Figure 8 Far UV CD of FkpA-gp41 under physiological buffer conditions.

The spectrum was recorded on a Jasco 720 spectropolarimeter in 20 mM Sodium
phosphate, pH 7.4; 50 mM NaCl at 20°C and accumulated nine times to improve the
signal-to-noise ratio. Protein concentration was 1.55 uM at a path-length of 0.2 cm. The

strong signals at 222 nm and 208 nm, respectively, point to a largely helical structure of



The spectrum was recorded on a Jasco 720 spectropolarineter in 20 mM Sodi um
phosphate, pH 7.4; 50 nM NaCl at 20C and accunul ated nine tinmes to inprove
the signal-to-noise ratio. Protein concentration was 1.55 pMlatDeaember 2005
path-length of 0.2 cm The strong signals at 222 nm and 208 nm
respectively, point to a largely helical structure of 15 Decenber 2005 WO
03/ 000877 - (s0kst/ EPO2/ 06956 gp4l in the context of tRerkpslgds construct.
The noi se below 198 nmis due to the high protein absorption and does not
reflect any secondary structural propert ies of FkpA-gp4l. Figure 9
FkpA-1inked gp4l is both soluble and highly inmmunoreactive in an H V- assay
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10 presence of detergeRpkay Whereas the naked ectodomai n al nost conpletely
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Sux 200 col un@ltﬁgﬁvpgngbﬁl@ert(&nrtanﬁné’ Bigh Y1009 96k erfde ngVe )erEb

described in the es, section. Fi ’@ tha

sol ubl e and agP‘lilr‘?ﬁtﬂ&?ﬂ‘% Aloat precéfélﬁ)glélsfeE’J’éfrB&hatH&I%ﬁgﬁ% 881 J(f"’étﬁmrtg?'lat uring
gel filtrati omtramhbculgfcomdbdOﬁkpﬁﬁ\sgrpﬁdoteirusmms 1prh¢ﬁhemmuebn9t6@slt)mvgmnyh<sol ubl e
20 and shows peseagdrdFgatte@t! Qﬁlﬁﬂaﬁl@)’ché nnatkbua dddspaat 'élrl{ﬂst( L&A@ tel

assessed in a, €0 et erj ment CORE with
HTLV- posi ti ve' _ seroﬁ?ra]cg‘gé%géé/%g, %&fnaf %éfegn - ma Serprflnu Ejr@rns ouf %o

possess excel fiBienofk?h81 ogi cal propertles (11/2) Detai |l | ed description 25
The present invention relates to a nethod of producing a sol uble conpl ex
conprising a target protein which is essentially insoluble and a

pepti dyl - pr ol Figudegoner B¥espedtamsof FRIEeOfBaturing gel filtration

The spectrum provides compelling evidence that the gp36 fusion peptide is soluble and
15 does not aggregate when refolded on a Sux 200 column according to the renaturing gel

filtration method as described in the Examples section.

Figure 11 (1 + 2) FkpA-gp21 is both a soluble and an immunologically reactive fusion
polypeptide

After renaturing gel filtration, the refolded FkpA-gp21 fusion protein elutes highly soluble

20 and shows no aggregation tendency in the UV-spectrum (11/1). When assessed in a
competitive-type immunoassay experiment in the COBAS CORE with HTLV-positive
serum 858893-00 (1:10 dilution), FkpA-gp21 turns out to possess excellent immunological
properties (11/2).

Detailled description

25 The present invention relates to a method of producing a soluble complex comprising a
target protein which is essentially insoluble and a peptidyl-prolyl-isomerase class chaperone
comprising mixing said protein and said chaperone in a buffer wherein both, the protein
and the chaperone are solubilized and adjusting the buffer to physiological conditions

wherein the protein-chaperone complex formed is soluble.



conprising mxing said protein and said chaperone in a buffer wherein both,
the protein and the chaperone are solubilized and adjusting the buffer to
physi ol ogi cal conditions wherein the protein-chaperone conpl % Dasember 3095
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of 20nMM sodi um phosphate and 150 nM sodi um chl oride. Preferred target
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BSE or Creutzfeldt-Jacob disease), and retroviral surface glycoproteins,
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t such
as HTLV, |nf Cﬁ%‘ﬁ‘f%‘“{}‘ilaﬁfﬁé“ aro@saf@@ P%Srguuéﬁf-l kglff@ée% aéldf?%léﬁ w?acsprot ei ns
t hat nedlategbgmhﬂ@eimkeﬁﬁ%dhnéhﬂﬂaddwﬁ@n@nawewﬁmbhbnﬂwiwsQoﬂsénMEthese

functions, abhichi3@eRermy rﬂ‘o@&m PEIVPAQIcRicA HeBHitaRi 1A L¥lefeRr® biibdtidephobi C
segnents r endklge]r Ierggeh%fel?erabq H’fé’haéer%r%, h%@e%. tg fI 0 VI (;lubq? cﬁx&nﬁex co&?:fl?iﬁ%r egat i on,

and maki n eng in Vitro re In a
further pkef é‘i"}’lé'é‘)%ﬁiﬁd’é]‘i’tﬁlﬁﬁtl thec @efﬂnésT@rsfear ?‘Fb’é‘ﬁt‘gedﬁd‘r"e?oét C?Ibb%.us§‘il)| ubl e
conpl ex corrprn siamyg diffefePl irahapesaneraptira. Pslrdbiyc aich|ay comprled Biwedin am

envel oped vi ExHﬁundaEsaF&Q&@ln@lté e UG £ etn(%rltiglﬂ.ecoHcceEt of a conplex 25 conprising
a PPl chaperone and a surface gl ycopro%eln of an envel oped virus in an

i mmunoassay for the detection of antibodies to the surface glycoprotein. HAD
is a well-knbhh aadmpier cavdapad giruse \sufh pseBTL bninflpenze) givey priseBbdlpy vigst el ey, M |
et at supraexpidst Surfa@Sghe6proteinshat thiag bt celd BEABMBIQNA GyembHAP filsfonVES Y

simlar tgt E@ves&gﬁghﬁm%ms, all these surface glycoproteins contain extremely hydrophobic
segments rendering them difficult to handle in vitro, prone to aggregation, and making

them challenging targets for in vitro refolding attempts. In a further preferred embodiment,

the present invention relates to a soluble complex comprising a PPI chaperone and a

surface glycoprotein of an enveloped virus. It especially relates to the use of a complex

25 comprising a PPI chaperone and a surface glycoprotein of an enveloped virus in an

immunoassay for the detection of antibodies to the surface glycoprotein.

HAD is a well-known complication of HIV infection. As described by Caffrey, M., et al.
supra, with respect to histological phenomenology, HAD is very similar to the spongiform
encephalopathy called Creutzfeldt-Jacob disease. The etiology of Creutzfeldt-Jacob disease

30 is generally considered to arise from the amyloidgenic accumulation of plaques comprising
a modified prion protein (Prusiner, S. B., Proc Natl Acad Sci U § A 95 (1998) 13363-83).
An analogous pathogenesis for HAD involving high molecular weight aggregates of e-gp41
is very likely. It is noteworthy that the neurological lesions in HIV encephalopathy share
pathological and radiological features with Binswanger’s disease.
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solubilizing buffer condition, i.e. froma buffer wherein both, the target

protein and the chaperone are 15 soluble. An_ appropriate buffer, which may
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buffer condi f cirg‘ﬁ%refri’ag% (ﬁ'bﬁ physi ol ogi cal to physiol ogical conditions is
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the chaperone binds to the target protein, and a change of the buffer conditions from non-
physiological to physiological conditions is possible without precipitation of the target

20 protein.

An appropriate (non-physiological) buffer, i.e., a buffer wherein both the target protein
which is essentially insoluble and the PPI-chaperone are soluble either makes use of high or

low pH, or of a high chaotropic salt concentration or of a combination thereof.

In case of the production of an intermolecular complex comprising a PPI-chaperone and a

25 target protein which is essentially insoluble the non-physiological buffer preferably is a
buffer with rather a high or rather a low pH. Preferably such buffer has a pH of 9 to 12 in
the high pH-range or of 2 to 4.5 in the low pH-range.

In case of the production of an intramolecular complex comprising a PPI-chaperone and a
target protein which is essentially insoluble the solubilizing buffer preferably is a buffer
30 with rather a high concentration of a chaotropic salt, e.g., 6.0 M guanidinium chloride at a



buffer with rather a high or rather a |low pH Preferably such buffer has a
pHof 9 to 12 in the high pHrange or of 2 to 4.5 in the |low pHrange. In
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PPl - chaperone and a target protein which is essentially insoluble the
solubilizing buffer preferably is a buffer 30 with rather a high
concentrati @ @fpp@r;chaotropic salt, e.g., 6.01vl guani dipgirippa@bdseri de at a
15 Decenber 2005 WO 03/000877 PCTI EP02/ 06956 - 15 pH of about 6. Upon
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buffer conditjio a efined b val ue. between 5.0 .and 8.5 and a total
sal t concent?%to?gbnouggl‘g%mgﬁﬁa Won%gg%g PIRsStmorRer —1%8%5115%? 3he
i ngredi ents thatragplbpedmElexfayshe present in the buffer (e.g. sugars,

al cohols, detergents) as long as such additives do not inpair the

sol ubi ity of, §De, GQIpt &% iGRGA ﬁﬂyaglogm%u&ércgs&iﬁ&fsq}ee&eﬁn@dm} 4 hi¢ vahaper one.
nbodi ne t he

In a further preferred e present 1nventign relates_tq a nethod
of produci ngPer¥eeB oty #des r 8¢ 8P aﬁaltgmcrlaea&m@9188pﬁ%8tﬂéﬁnlﬂﬁwaﬁamﬁegﬁbnp| ex
conpri si ng nomxsattgngredients état oytiorally say bapesqgl yr dproifler (e.ganetas, plegtolsdy |
prolyl i sonejasgenkd)adohtsis€eh MG E UN nBQEBait e solftsitity QFdhE @d_mgsé*rcm@ﬁsin%
gl ycopr ot ei n,an ihe epe%t’#tg%l ?er oleyl i sonerase are solubilized and forma

5 SR oK e e

conpl ex, and 87"t o physi ol ogi cal conditions wherein the
complex is soluble. The term™"retroviral surface glycoprotein” or "rsgp" as
used in the pref@ghér préfeedt dnfhodsieat the preben€ bngitios @elgpdd a@dettdd \éf prodadngp36 of
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rsgp as outdmié, hed edjdﬁlﬁ% tBb $0ff& AT PhS&odlal Uslitions Aot theGoaplewal | as
synt het i call%gl%?egl neer ed O variants of a rsgp. It has been found that
tble:

certain well- ined substitutions of amno acids within the N helical
domai n of gp4l or gp36, respectively, bring about further advantages in the
overal |  prope teire Sreabvitah esfacaghicemuteds oasSrsgpdap aseddn the ppabnt frepthticheshathavi ng

the Wl d-{ypgSeAbeRset ofHrEP4ndokp3gPFOHIVESRECHY S YorrdP&iRifhgY aiveRPL S
represent a gr eferred enbge};rrrent accordi ng 25 to {16‘352 Fr esent |I%vfen Clon.
Especi al |y aSVAPIATRS SF NS \EI™gRAT EHMMIER A MtPoPaiieryoNe s HEr5ti d
subst i t ut i onresradirahsuriass tglycerretempriarroside | fprs FHY I t2pdd fam HiV-dredap2hof e
posi tions HTLV. Especially preferred rsgps are gp41 of HIV-1 and gp36 of HIV-2. The term rsgp as
outlined here does also comprise naturally occurring as well as synthetically engineered
20 variants of a rsgp.

It has been found that certain well-defined substitutions of amino acids within the N-
helical domain of gp41 or gp36, respectively, bring about further advantages in the overall
properties of these molecules as compared to polypeptides having the wild-type sequence
of gp41 or gp39, respectively. These variants represent a preferred embodiment according
25 to the present invention. Especially a variant of HIV-1 gp41 comprising at least one amino
acid substitution and at most four amino acid substitutions at one or more positions
selected from the group of positions Leu 555, Leu 566, lle 573, and Ile 580, wherein these
positions are the positions known from the HIV-1 gp41 wild-type sequence (SEQ ID NO:
1) or correspond to the positions known therefrom, characterized in that the substitution
30 amino acid is or, respectively and independently, are selected from the group consisting of
serine, threonine, asparagine, glutamine, aspartic acid and glutamic acid, or a variant of
HIV-2 gp36 comprising at least one amino acid substitution and at most three amino acid
substitutions at a position selected from the group of positions Leu 554, Leu 565, and Val
579, wherein these positions are the positions known from the HIV-2 gp36 wild-type
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singl e reconbi nant protein corrprl SI ng both a variant HV gp4l or H V-2
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I mrunogen,Qr gagnﬁ% an antigen. In a preferred enbodi nent the present
invention is directed to the use of a

The fact that the novel variants of gp41 or gp36 are more easy to handle as the wild-type
polypeptides renders them ideal for various purposes like use as an immunogen or use as
an antigen. In a preferred embodiment the present invention is directed to the use of a
variant of gp4l and/or of gp36 according to the present invention or of a complex
25 comprising a PPI chaperone and such variant, e.g., as a single recombinant protein, in an
immunoassay.Most intriguingly, a fusion protein comprising both a retroviral surface
glycoprotein and a PPI chaperone can be solubilized and renatured under appropriate
conditions and has been found to form a soluble intramolecular rsgp-chaperone complex

that enables convenient labeling and reliable detection in an HIV-immunoassay.

30 The soluble complex between a retroviral surface glycoprotein and a chaperone can be used
to great advantage in an immunoassay for detection of antibodies according to the double
antigen bridge concept.
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chaper one f omotiified dgt mdtingonsesofde fiche rchapecbnt rfamtldi dofik pbme ssjpeqides secdbdIt i s

now possi bl e 8RR fPIHLANINGRS 3aNSd 86 AlrdicRBptGst he bridge concept
enpl oying a | abel ed chaperone-antigen conplex. It is also possible to

produce a chaperone-antigen conplex wherein solely the chaperone is
| abel ed, Hakitignetpessibliae perfemammugetssdys agserding m)aie%rié@r: oncepeeaploviet ¢
i nfl uenced (®&bgled kimpb@hérBntiRén canpler. Matsi A¢0) pdagibls U Prodaked digerohbiantigele and
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pol ypepti desi_@aﬂo El [ n% %gg st [ é Fargretslmp% - SHA .- gIEQS Oféla- C‘:&) residues as
well as the %8{1?)‘:?5‘1‘ {pigencpd e e alegpationd Bhsusk 12RF0Ei di nes, or the
het erocyclic imno groups of tryptophanes are at hand. Several appropriate
coupl i ng chemhétkdde Snarseratégyo¥cHeticab a6ilpling can be selected as required. In case of
20 polypeptides, coupling chemistries targeting —SH, -NH; or ~COO" residues as well as the —
OH group of tyrosines, the imidazol group of histidines, or the heterocyclic imino groups
of tryptophanes are at hand. Several appropriate coupling chemistries are known for each
of these functional groups (Aslam, M. and Dent, A., supra). Routine protein coupling
chemistries require a protein to be soluble under the working buffer conditions, e.g., within
25 apH range of about 5 to 8.5. As, e.g,, gp41 is not soluble in this pH range unless denatured,
e.g., by SDS, native-like folded gp41 has hitherto not been amenable to chemical coupling.
The gp4l-chaperone complexes we describe here provide a convenient means to produce
soluble labeled HIV-envelope proteins for immunoassays irrespective of the detection

format used.

30 In a preferred embodiment, the present invention relates to the process for the production
of a soluble rsgp-chaperone complex comprising the steps of mixing a solubilized retroviral
surface glycoprotein and a chaperone selected from the peptidyl prolyl isomerase class
under non-physiological buffer conditions and thereafter adjusting the buffer to
physiological conditions thus forming an intermolecular complex.
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W, Proc Natfactacedodksi E.ldng Wicigur, Wi.0IB3§ NetP Agrd 201 UStPoM @P87) 5136;20e8toldr, , Enbo J
14 (1995) 4989et48)Embo J 14 (1995) 4939-48).
20 The peptidyl prolyl isomerases are subdivided into three families, the parvulines (Schmid,
E.X., supra, Rahfeld, J. U,, et al., FEBS Lett 352 (1994) 180-4) the cyclophilines (Fischer, G.,
et al., Nature 337 (1989) 476-8, and the FKBP family (Lane, W. S., et al., ] Protein Chem 10
(1991) 151-60). The FKBP family exhibits an interesting biochemical feature since its
members have originally been identified by their ability to bind to macrolides, e.g., FK 506
25 and rapamycin (Kay, J. E., Biochem ] 314 (1996) 361-85).

Prolyl isomerases may comprise different subunits or modules of different function, e.g., a
module exhibiting catalytic activity and a module exhibiting the chaperone or binding
activity. Such modular members of the FKBP family are FkpA (Ramm, K. and Pluckthun,
A., ] Biol Chem 275 (2000) 17106-13), SlyD (Hottenrott, S., et al., J Biol Chem 272 (1997)

30 15697-701) and trigger factor (Scholz, C., et al., Embo ] 16 (1997) 54-8). In a preferred
embodiment the invention relates to a soluble complex comprising a retroviral surface
glycoprotein and a chaperone selected from the peptidyl prolyl isomerase class of folding
catalysts.
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assays based n{bﬂ\ﬂ'ésb&rhd:hts&ld?pd)s@dﬂs e réquiredabiities Heidhiesibns nby ils t@lsal WO known

and appreC|a§§q3 it is not necessary to always use the conplete 10
sequence of a ecular chaperone. Functional fragnments of chaperones
(so-called nDduIes) whi ch still possess the required abilities and functions
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obtained fr Omlt%@s,ie%., from “SWISS-PROT” under accession number P 45523.

A close relative of FkpA, namely SlyD, consists of a structured N-terminal domain
20 responsible for catalytic and chaperone functions and of a largely unstructured C-terminus

that is exceptionally rich in histidine and cysteine residues (Hottenrott, S., et al., J Biol

Chem 272 (1997) 15697-701). We found that a C-terminal truncated variant of SlyD

comprising amino acids 1-165 efficiently exerts its solubilizing functions on gp41 and gp36.

Unlike in the wild-type SlyD, the danger of compromising disulfide shuffling is successfully
25 circumvented in the truncated SlyD-variant (1-165) used.

Variants of the above-discussed chaperones, bearing one or several amino acid
substitutions or deletions, may also be used to perform a process according to the present

invention.

Appropriate chaperones from alternative sources, and appropriate fragments or mutants of
30 chaperones, can be easily selected by using the procedures as described in the Examples.
They can be used either in free form or covalently linked to a retroviral surface glycoprotein

in order to produce a soluble rsgp-chaperone complex. In a preferred embodiment
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sol ubl e conpl ex etween S nown as H M ssi akas, D., et al.,
Mol M crobiol 21 (1996) 871-84) and a retroviral surface glycoprotein. Yet
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stabl e conpl %Kr@éerex‘hh “RUGR-like” or “native-like folded” gp4l, according to the present
20 invention, is characterized both by a high helical content in secondary structure as assessed
by Far-UV-CD and by tertiary contacts as assessed by Near-UV-CD, which are reflected in
the typical “gp41-signature” as shown in Figs 1B and 5, respectively. Furthermore, the UV-
spectrum of “native-like” gp4l, according to the present invention, does not show
significant absorption at wavelengths higher than 320 nm (which would point to light-
25  straying particles such as aggregates).

There is a wealth of information on complex formation between model biomolecules, e.g.,
between an antibody and an antigen (for review see Braden, B. C. and Poljak, R. J., Faseb ]
9 (1995) 9-16). Usually, complex formation and dissociation occur in parallel, the complex
and the binding partners coexist in free equilibrium. Likewise, the same seems true for
30 complexes between PPI chaperones and amyloidogenic proteins as described in the present

invention.

The formation of a complex, as described in the present invention, is an especially
important property because complexes between the PPI chaperone and a protein which is

essentially insoluble, e.g., under physiological buffer conditions have been found to be
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of a retroviheatopsuf thapesgl invepioot ein. Only for the sake of clarity, the
di scussi on and description predom nantly focuses on gp4l of H V-1. However,
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The amino acid positions of both the N-helical as well as the C-helical domains involved in

20 helix-to-helix contact are known from the literature for HIV-1 gp4l and can be
extrapolated to the HIV-2 homologue gp36. It has been found that mutating these
positions influences the properties of gp41 or gp36, respectively, especially in the context of

a fusion protein comprising this variant and a PPI-chaperone domain.

The “a” and “d” amino acid positions in the helical wheel projection of the gp41 leucine

25 zipper are preferred targets to create a variant according to the present invention. Amino
acid residues in the “a” position (numbering according to Chan, D, C,, et al., Cell 89 (1997)
263-73) are Q552, 1559, L566, 1573 and 1580; the respective “d” positions are 1548, 1555,
Q562, T569 and L576.

In order to improve solubility without compromising the helical integrity of the zipper
30 motif, it is preferred that the mutation positions are separated from each other by more

<« 7)

than one helical turn. This prerequisite is met, e.g. by substitution of the consecutive



t he scope of the present invention. 15 The present invention in a preferred
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positions are separated from each other by nore than one heli cal turn. This

prerequisite is net, e.g. by substitution of the consecutive "a" 15 Decenber
2005 WO 01' 00&F7ise@TeERO2 I0Be 536 ccpdompin of HIES VSR prishBly, forsb® yaeltla 1573 as

galz :rs]d %g5eadﬁ>,ysoﬁfstes£dom§daﬁﬂprgteu; h@in;fg@g@fgs?ﬁﬁgm{ He‘r@%&edueﬁoskﬁj%r Ohfggm
other by at P¥a %510\531??41&\@?}%52 \;r?P %&“ngf:}ie Sr%?inﬂﬂ%ge?%ﬁugssgb(ﬁ%gﬁ%g 1é‘:§<act ly

the heptd&d 15 f. It is also possible to nutate both "a" and "d" residues
within a variant under 5 the aforenentioned condition that substitution
positions ar ted fromea nore than ne helical turn.
Li kewi se, ?é‘%ﬁ&%ﬂsml%a{’%" o]) 65‘% (g(%ﬁéthﬁ 8§ P -pfs Pe C%WIBWS+ﬁgI y
found to vyi elpdsﬂabns R34 1959, 1566, 1B el 58k Edfildisbra P63 T649% and Mtie nf HiYskeegb4 or S1yD or

FkpA. Here, "d?;§1 ‘@558PQ§65t T8RS VHHoe 14501554V ef381, "11&65andTi§250f\¥517/92 g?zﬂsd the "d"
pOSI tions ar 6 am no

e and 75. Preferably, 1
aci ds sel ect éedp?cpwﬁ Trﬁé‘i@?%g%ﬁi‘srﬁggf ?rlr?)(ﬁgl}% MY atcﬁjre posi tions QB52,
1559, L566, 1573, 1580, 1548, L555, B62, T569, and L576 of HI V-1 gp4l or
B51, V558 pRERably] W2ame /Rid porflibns koobé subdafitkd afO &fectedNGork RSO Rhouploy- 2 gp36,

positions consisting of Q552, 1559, L566, 1573, and 1580 of HIV-1 and from the group
consisting of, 1554, Q561, T568, and 1575 of HIV-2, respectively.

In a preferred embodiment the present invention relates to a variant of HIV-1 gp4l
comprising at least one and at most four amino acid substitution(s) at (a) position(s)
20 selected from the group of positions Leu 555, Leu 566, Ile 573, and Ile 580, wherein these
positions are the positions known from the gp41 wild-type sequence described in SEQ ID
NO: 1 or correspond to these positions known therefrom, characterized in that the
substitution amino acid is or respectively and independently are selected from the group

consisting of serine, threonine, asparagine, glutamine, aspartic acid and glutamic acid.

25  This preferred embodiment of the present invention is based on the surprising finding that
variants of wild-type gp41 can be provided, which represent significant improvements as
compared to the corresponding polypeptide of the gp41 wild-type sequence. The amino
acid substitutions leading to the variants of the present invention are described based on
the amino acid composition and numbering of the gp41 wild-type sequence as known from

30 Chan,D.C, etal, Cell 89 (1997) 263-73) and given in SEQ ID NO: 1.



respectively, are substituted by a smaller or nore hydrophilic am no acid.

15 Preferably, the amno acid positions to be substituted are selected from
the group of positions consisting of @52, 1559, L566, 1573, @Endecknfd@r 2605
H V-1 and fromthe group consisting of, L554, 61, T568, and L575 of

H V-2, respectively In a preferred enbodi ment the present invention relates
to a varian V51 gp4l conprising at |east one and feodcour am no
acid substle r% at (a) position(s) 20 -selected froﬁ?%HgR%fgﬁp of
positions Leu 555 Leu 566, lie 573, and3Be 580, wherein these positions
are the positions known fromthe gp4l wild-type sequence described in SEQ ID
NG 1 or corpespomd danileRR smawubgmesmgm tﬁiﬁss@ﬁtnmhn&h@mgs 6Lhegd in

that the substitution amno acid Is_or respecti.vel g endently are
sel ected fr off Yh#itye gupEo 2edint icar SaeRdyts %@FPW@OSIPWSMW‘“ fﬁg GPYIR,
gl ut am ne, as:pﬁyett u@-iddhitiedaHIV -g lidotasl Theteintl ‘co2iaspbhdisg pr £ bedtioad iendddo ment  of

the Present [aventhon e ased, g SURLLS 0 LUNGLIGANAL okaiants of

wi | d-type gp can be provi represen ficant rovenents as
conpar ed tho edeprisingrddifiensiimigo %@Waﬁmﬁ@nw agi¢rewly qumsp(dlew igetience.

The ami no ag SEGUHNO:11Uedutth§ 4 edRicAQatisBlutefimber for HeScopkspbAdin P bR &1E
invention are described based on the amno acid conposition and nunbering

of the gp4l ﬁﬁ’tﬂmﬁ;ﬁeﬁgu%aﬁ]@&te as known from 30 Chan, D. C., et al., Cell
89 (1997) 263-73) and given in SEQ 1D NO 1. 15 Decenber 2005 WO 03/000877

PCT/ EP?Z/ 069%8e ma&p@ugmt%ﬁdcbﬁpar@ah 0Pa g}%n %q?éi{@@tvitﬁ ultewa&y&@&gfeh&eﬂ in the
present inve so_.be stitute n

cor r espondi ngé(gce@ugﬁcé lf)Bgrlf(frfn(S %Itl}}ﬁl ne gpEfoeE" {ﬁgb %‘?gv%nq; X0k

un-i dent i ¥4 e{Gddetes Compyten tGagup, Tivd. Pidalin ¢reatas renptiple saggertce abgnpmfgt mmma is used
to indicat eghBalicaibYoltht PRIALSR ARhMA mhYdSor e BoF, D@dhtt?e' fOpbeMgpund or
generated 5 oogerlf?ﬁgﬁ E%dﬁsltl opal am no aC|efds or Ilac Ln no_aci .ds, which
upon sequenc Pd P fepriRomatyXpseiar fdprgicplsim ifr ?rf APt A ut e
nunber for t had eoidnespoddinplacedinglycEhis postst begins ovithsbepends aipirnént oThe

nul tiple ali %%Ghoémnﬁ?%ﬁédc&oProqﬁc.gg zgaééter%?%eﬂl d%&d@néeberhw Alﬂfe}ype
sequence of SE he Pi EJ )gne ram of _GCG

Package Ve sf irbbefhﬁ’ﬁf (t‘diﬁ é‘f"ftd‘%ostﬁ S%‘l”e‘@s Shffustyr ARWEScHEAt es a
mul ti pl e seqdestere ofdeijgpneee tin hesligigd &y a S exfengat of the pafrwish dignmegr &sso ve

al i gnment  meffaghaf seE@éﬁges ’Hle ifral Q%Q}n'eﬁtt it Qahléaed ll):y a selllew progysg lve, %él rles987)

351-60, and the scoé('}jflt trixes denti cal sim | ar, fferent am no
3t M

aci d resi duedIERFENY & RSN lm’gf"r‘ilsgquﬁrl‘cﬁ%@éls‘ ‘HE"@%‘ H%tﬂv%iutsﬁq”teﬂ"ées pai rwi se
al i gnnment of havelieer involudadsih tisd fifal asirdecligneas., THeradne adid) pesitivins 9f ehoed t WO

al i gned Sﬁﬂ“%ﬁ%solaﬂ%r%f ergﬂi%grgcﬁ gp41 molecules which correspond to the positions 555, 566,
573 and 580 of the wild-type sequence thus are easily located.

A preferred variant of an HIV-1 gp41 polypeptide according to the present invention is

characterized in that it comprises an amino acid substitution at position 555, wherein Leu

555 is substituted by aspartic acid or by glutamic acid, the substitution by glutamic acid
25 being the most preferred substitution.

A further preferred variant of an HIV-1 gp41 polypeptide according to the present
invention is characterized in that it comprises an amino acid substitution at position 566,
wherein Leu 566 is substituted by aspartic acid or by glutamic acid, the substitution by
glutamic acid being the most preferred substitution.

30 A further preferred variant of an HIV-1 gp4l polypeptide according to the present
invention is characterized in that it comprises an amino acid substitution at position 573,
wherein Ile 573 is substituted by serine or by threonine, the substitution by serine being the
most preferred substitution.



15 can then be aligned to the next nost rel ated sequence or cluster of

al i gned sequences. Two clusters of sequences can be aligned by a sinple
extension of the pairwi se alignment of two individual sequencé$sDetémbdri2oab
alignnment is achieved by a series of progressive, pairwi se alignnents that
include increasingly dissimlar sequences and clusters, until all sequences
have been inRgl pdgg,4 n the final pairwi se alignnent. The RfigpeRskd POSitions
of a novel 20 H'V-1 isolate or of engineered gp4l nol ecul es which correspond
to the positions 555, 566, 573 and 5802t the wild-type sequence thus are
easily located. A preferred variant of an H V-1 gp4| polypeptide accordi ng
to the present invention is, characterized in that egggri es an am no

aci d subst i t &it{PEATARTe[5HES (ARt D550 Hhet &Pht II_’B]OIPCP%@S aF‘é‘r ubPEFHy
aspartic aci sivariobys dphtattarided imthiadit cnygisss dnstninel hdid pubsyruggdnat gosicormsddd 25

bei ng the rmaﬁeraﬁqfeesrsbqsis@u@cﬁwwtagﬁarhc Aid W b eitaphi i, iedsupdth@t bpf an
H V-1 gp4l g %e q)e a ord;t gqe dsuE% Lﬁ*resent invention is characteri zed
PR R B! LR

inthat it c °Ution at position 566, wherein
Leu 566 is substrtut ed by aspartic acid or by glutam c acid, the
subst i t ut i50NTiYpresghtuhRAtién Airelatharb AgarddiCoiHIVL g36tanpthgtibst odeliiinn. 30 A

further pref ?JJ&@st‘{%d haplfno&rruéé' afiido ﬁsllbaﬂwo%gra B8ACREDE Rml Qe t he

pr esent invention 1s ar acteri ze rnses an am ng, aci d

substi t uti on8QEP B@%’FFP%%?%‘ Lelb\?‘?éraéfw aﬁ 378 ‘S}?Be“i‘ glegelyﬁgfl?qs dtede BRYIUOBY i ne or
by t hr eoni nekndwrefreu st HIVIR igp?s wijd-yee bageersei(SER IMNO: D st cprepardrtedhe

subst | tué i on,, os;ltﬁ,trp%swmrﬁelrvzfgg@ Aﬁeagt@rlrleQ§7&a§@;e7ﬁBaamﬁ9mm 241 ifAof Ur ther
preferred varian n e accor. resen
Pivent | onld st sbiead Fbbearoed Rt Roea BB b ebu BERRER DR B e el Lt s on
at position ®8&agingplatagipe, pipartic gad ¢ns! ghfdsnic peidit ed by aspartic acid or by
glutam c acid, the substitution by glutamc acid being the nost preferred

SUDSTI t Ut i ONgy, num)% iR RGN thé W@%L &gu&cégEbEIbé}tI@sz)%f?bl@he\ﬂ%g'@%deprHI V-2
gp36 conprrsrn f

¢ substj t.ut ree
amino aci d sfisth "ttEFﬁ 6%@9%9 682 Erdt\éli“f‘? Eﬁ’fi Rosftigps '@’(ﬂhlf‘lgm*?r“fhﬁce‘ Coﬁ?SBB’bCf‘iS’f‘L%osr tions
Leu 554, Leupr®6®ns mrdm\imim Bikgequare pidatetrhisgbasgesiibddahevedargptlne positi ons
known fromthe H V-2 gp36 w | d- type sequence (SEQ ID NO 2) or correspond to

the —posi{d 18 brd erQ‘H”vaElQr&’tr? v 2@8% ﬁ?gccoﬂh& htﬁ %Egseﬁé‘f%%&{t{?%tl'so” gm no

acid is or ctively are rom
consi sting of aﬁf’éFeFlFFél in it édﬂlinﬁ’é*es %?)‘8? Ao pridstitytien aietidon Wépuhearsip La‘ér d and
gl ut am c aci b4 if wbstiturddéyiasgrticodcidomsytgheamic lacid} $hp sulseqtienteglaGER ddd NO. 2)

publi shed byp&y@egost pMferred substitution.

A preferred variant of an HIV-2 gp36 polypeptide according to the present invention is

20 characterized in that it comprises an amino acid substitution at position 565, wherein Leu
565 is substituted by aspartic acid or by glutamic acid, the substitution by glutamic acid
being the most preferred substitution.

A preferred variant of an HIV-2 gp36 polypeptide according to the present invention is

characterized in that it comprises an amino acid substitution at position 579, wherein Val
25 579 is substituted by aspartic acid or by glutamic acid, the substitution by glutamic acid

being the most preferred substitution. In a preferred embodiment the variant gp41 or the

variant gp36, respectively, comprises substitutions at two of the amino acid positions, as

described above. Variants comprising three amino acid substitutions are also preferred. In

yet a further preferred embodiment the variant gp41 comprises substitutions at the four
30 amino acid positions discussed in detail above.

In a preferred embodiment, the complete sequence of gp41 or gp 36, respectively, (i.e., the
ectodomain lacking the fusion peptide and the transmembrane segment) or of a



et al., Nature 326 (1987) 662-9. Ami no acid positions w thin gp36 which
correspond to the positions known fromthis sequence are determ ned as
described above for gp4l. 15 A preferred variant of an H V-2 gpBBecember 2005
pol ypeptide according to the present invention is characterized in that it
conprises an am no acid substitution at position 554, wherein Leu 554 is

substitutedyRy;asRartic add or by glutam c acid, the subgtibisibp by
glutam c acid being the nost preferred substitution. A preferred variant of

an H V-2 gp36 pol ypeptide according to 2he present invention is 20
characterized in that it conprises an amno acid substitution at position
565, wherein Leu i S substi Lute bé/ aspar 'er Cled Oeln gdzg % rgc aci d,

t he substi tufc?rfﬁﬁ:p%g 81 DRl “81““08 N 08t BSrEP & &F st i Tt i on. A
preferred vaHTaib ivpsedrio If‘FPfVLQC@fEBIGX yéhyg'?étchﬁ@r%c Y ilppycangeitahls tBrisg ent

i nvention i Sfraghatsacht £ rétzRtlali mrfa&aglydopro&ﬁﬂpfdﬁﬂ&haI’bnarfbn’lgpélacﬁ'cdn SHiyst i t ution

at position Gddunbpig epglvérgxg%u oo BRI SRR vRSRELIGI Alcd, O DY

gl utam c aci t bei ng the nost preferred
SUbStItUtISOI’lwe]'H’f lteé'F‘é'F‘i 8ﬂ’15‘6 Pla’il?‘i‘étci?éﬁ lant gp4l or the variant

gp36, respectively, conprises substitutions at two of the amno acid
posi tions, ag d{igxﬁﬁﬁ qe1@a9vegp4f/%h@ﬁ;1§g Gk Ngidt B!Ssﬁfon@r@?ﬁotoa%i}ﬂ

substitution are r t fe nb |rrent t he
vari ant gp4| T%%?'%ﬁ%%ﬁ ﬁotcﬁﬁaf’ (éris 5?131 ﬁ%l 49351599?%@%21 %Eea%mg“ ‘ngtl ons

di scussed i nradembinint sdsbuigues peropdipg tofstapdasd prontsbietsrdydescribpdindignst éP%LLSequence
of gp4l or gp 36supFespaBidri iMeleyting( gp4€ molectle spaae tiadmiab Acillasdki -ngoot dfahé usi on

peptide apgd 8o bl-ansreigi.gre segnent) or of a 15 Decenber 2005 WO 03/000877
PCT/ EPO2/ 069%1%l Eegﬂ corréspondl ng mammal i an i mmunodeficiency viral envel ope

protein (e.g., gp2l from HTLV), is used to forma conplex with a PPI
chaper one. | 8s rgypidak examplecier v atiteirdlgurfe glyfapagtrienths soikll anvelope prdteimbof sur f ace
gl ycopr ot ei nl—ﬁu(iheﬁr%n{ei?edlﬁ@ﬂt ® hagiHhnd é@mthlqvmlunﬂaﬂcgrb&eﬁ%s bys hikeag al,

fﬁgr ﬁl— t gll:l(r:nhn];ﬂr a%orreg' t one ?lherglgsl? cymca.? FFtﬁlfes i Ehbaee g%tlﬁ ?‘rliorlré Pl% is 1ts mso)iub%sttrl Ca\|N|E|y| as
rel evant gp4pP %@W#@Pﬁﬁ prbﬂ%zm Ifféora@rlﬁlﬂpi@sthlmslrgg‘i%lshotbéolslﬂian ddivincl at ure

accor di ngli oa @atve;likBstrityreet pdl 3.0 a@éllow BHid &88gth. H6Bevéd)evernyt this gif,dduced by
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exanpl e for detpibhetoyyiticen (agaimlfbg ceulpylized Gip denagired foffh)ebYsChmtTOPéﬁg@lt&ape protein of

Physiological buffer conditions usually are understood to correspond to salt and pH-
20 conditions found in plasma or serum of animals and are defined by a pH value of around
7.4 and a salt concentration of about 150 mM. The rsgp-chaperone complex according to
the present invention is readily soluble under these buffer conditions. The rsgp present
therein is immunologically active, thus pointing to a native-like structure. Whereas gp41 in
the absence of, or without pre-treatment by, an appropriate detergent is essentially
25  insoluble under physiological buffer conditions (e.g., 20 mM sodium phosphate pH 7.4,
150 mM NaCl), the described complex according to this invention is readily soluble after
refolding according to the appropriate protocol. The gp41 ectodomain, as comprised in the
inventive complex, is soluble at least at a concentration of 100 nM, preferably at a
concentration of 1 pM and above, most preferred at 10 pM or more. Thus, solubility is

30 substantially increased from sub-nanomolar to about micromolar concentrations.

For a better understanding of the scope of the present invention, it is necessary to
emphasize that the buffer conditions applied for solubilization and renaturation may be
modified as required and appropriate and must not be understood as an undue restriction
of the invention, which is carried out successfully over a broad range of buffer conditions.



HVis extrenely difficult to handle and exhibits quite unusual properties.
As already nentioned, one of the nost critical features of the e-gp4l
molecule is its insolubility at physiological buffer conditildn@ecember 2005
Reconbi nantly produced gp4l is both soluble and displays 15 a native-like
structure at pH 3.0 and low ionic strength. However, even at this pH, it
remai ns seng,@(;{,sy,gost,p the salt concentration in the buffeisReRengent on the
salt used, gp4 precipitates in the presence of nore than 100 to 500 nM
salt. As will be discussed in nore det2 | below, it can (again) be
solubilized (in denatured form by chaotropic agents. Physiol ogical buffer
conditions usual |l y.are understood.to, correspo ta salt H .
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invention is readily soluble after refolding according to the appropriate
protocol. The gp4l ectodomain, as conprised in the inventive complex, is
sol ubl e at | BesProgess srcerding énthe presen ipyentiqrp theiphysighosiqebbudist pappe garied to
concentrat i ohavefa plH Milanih tb@ange offBStto Br5ehokd pdfesttd, ke Mngd of ke buffdrus,
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appl i ed for swofered,|thezat ofsnchaphosiolegicel burftet isbetwaens.Jorad 7odi fi ed as required and
appropriate and nust not be understood as an undue restriction of the
invention, which.is.carried out,successfully over a .broad_ran of: buffer
condi t1 ons. R ipar Pisths WASPERTE A e ahuPultcl et AU el O
salt concent EstoPeieinfs tohblised sndr sgndaysitieniabpufes copditions; the (chrperrne|ipng as
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present invention, t ySi I ca r-may be varied to

In case of the recombinant production of gp41 in E. coli, the recombinantly produced gp41
is obtained in the form of inclusion bodies. This material is solubilized using a highly
chaotropic reagent, e.g,, 7.0 M guanidinium thiocyanate. The gp4l polypeptide is largely
unstructured under these conditions. By changing the buffer int appropriate steps to 30 mM

25 formic acid at pH 3.0, the gp41 in solution assumes what is perceived as its native like all-
helical structure. One easy way to monitor the status of correct or incorrect folding of a
protein is to analyze the corresponding CD spectrum in the amidic (185 -~ 250 nm) and the
aromatic (260-320 nm) regions. Besides, information on light-straying particles (like
aggregates) can easily be obtained from standard UV spectra.

30 What is important to emphasize here is the fact that the retroviral surface glycoprotein
within the retroviral surface glycoprotein-chaperone complex, according to the present
invention, does adopt what is considered to be a native-like fold. On the contrary,
retroviral surface glycoprotein, which has been solubilized at neutral pH by chaotropic

agents, is largely unstructured, thus losing ordered conformation epitopes. It is also



have a pH value in the range of 5.0 to 8.5; nore preferred, the range of
such buffer is 10 between pH 5.5 and pH 8.3. Even nore preferred, such
physi ol ogi cal buffer conditions are defined by the salt conceht Patentmrs 2035
gi ven above and a pH val ue between 6.0 and 8.0; nost preferred, the pH of
such physi ol ogical buffer is between 6.5 and 7.8. According to a process as
descri bed i Ryd f@oRELSeENt invention, a retroviral surfacecr@byeerEotein is
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On the contrary,  retroviral sur?ace,g coptotein, \A%l_caﬁ as b_eéjr_l
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an i munoasha¥kpoepd et profingh Figade7bodi es to gp4l. Furthernore (as

di scussed above) such 5 i nmunoassays preferably also detect antibodies to

conformational epitopes of 4], and it
20 Ina prgflerrecp embodimgne according to the present invention the native-like fold of gp41

in a gp41-chaperone complex is assessed by analyzing the near UV CD. It is preferred that
this near UV CD is used to demonstrate that both molecules gp41l and chaperone are
native-like folded.

Production of the soluble chaperone-gp41 complex starts from non-physiological buffer

25 conditions. In the case of complex formation between free chaperone and free target
protein (e.g. gp4l from HIV-1), the “non-physiological” buffer has to meet two
requirements, that (a) gp4l is present in its native-like acidic structure, and (b) the PPI
chaperone is at least partially functional (i.e. binding-competent). Starting from such
buffer conditions, the chaperone binds to the amyloidogenic protein, and a change of the

30 buffer conditions from non-physiological to more or less physiological conditions is
possible without precipitation of the amyloidogenic protein.

Whereas chaperones usually bind to denatured proteins and act upon them, thereby

facilitating their correct (re-)folding, the situation on which the present invention is based



cannot be excluded that detergents do partially abolish conformational

epi topes. Preferably, the rsgp-chaperone conpl ex according to the present
invention is characterized by the rsgp being native-like fol dédec@imber 2005
native-like folded rsgp within such a conplex, e.g., exhibits the required
i mmunol ogi cal or physical features. 10 Native-like folding is preferably
assessed by \ng@ohd¥; CD spectroscopy, which reports on tgiddpiddoONnt acts

wi thin conpact globular proteins. It is known that gp4l is readily soluble
at about pH 3.0 and a salt concentratiensof |ow ionic strength. Near U/ CD
data denonstrate that under such buffer conditions, gp4l exhibits a

characterlstlcell t.i hth i cal nature.o
native-Iike f%f lgldlgfg{ffl rThﬁrggfugis?JlV\g g%f}égwpfi‘ft dlrog %SI%OgKF‘LBu 4| part
of a fusion perpilmcdne seEmpY besprnsgngpm natived ey (@&ﬁlgmeﬁ sAehd &8 Wlmt Shear

CD smas/t rcg m imff@&itqhioﬁa @Mfcflﬁéma REERT ofthypetdak cﬂgicﬁgﬁs buﬂl%eﬁveﬁmdﬁém&ln@m t he
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Figure 7. 20 In a preferred enbodi nent according to the present invention
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at | east par M@l pryfefrethic the@hapleropt FlpA. bi ndi ng- conpetent). Starting from such
buffer conditions, the chaperone binds to the anyloidogenic protein, and a
change of th Obuffer copditions from pon- Si 0 re or |ess
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and act upon nidieRant Aeviediyg mbade,| it isajréfgedt digi shclceagm&s d{tNe&st) oalpdid@e t he

situation,en i r
03/ 0008771%01b ghi %g{@ﬁﬁggselﬁg&g%}%ﬁl ﬁlleﬁg%ﬁgﬁgger ent. ﬁﬁg&% coﬁ‘%grgléllg\ﬁ)bl i zed
under appr opr? “ﬂ?ﬁdﬁli‘?%‘l ol ogi cal buffer conditions seens to be present

in a native-like form(cf. Figures 1A and 1B and Figure 5). Different from

t he cust omar R8P EWs Af huehia REEEe of WRCIIBPEmily shd Asntiflyeddtdpyie:s MRt Aad+t he

isomerase domain of a PPIase. Since it lacks an additional polypeptide-binding domain, it

displays significantly reduced binding affinity towards unfolded or partially folded protein

20 substrates as compared to other members of the FKBP family. It has been shown that
unfolding and refolding of FKBP12 is a reversible process (Egan, D. A,, et al., Biochemistry
32 (1993) 1920-7; Scholz, C., et al,, J Biol Chem 271 (1996) 12703-7). We find that
refolding and unfolding of FkpA (25-270) and SlyD (1-165) are reversible either, thus
fulfilling a pivotal requisite of the process described here.

25 In a preferred embodiment, the present invention relates to a soluble complex comprising
gp41 and a chaperone selected from the FKBP family.

As described above, such soluble complexes comprising gp41 from HIV-1, or 2 homologue
derived from another mammalian immunodeficiency virus, can be easily prepared by
mixing the PPI chaperone (e.g., produced by recombinant techniques) and a recombinantly
30 produced gp4l. The complex then is formed between two independent molecules, i.e.,

intermolecularly.



chaperone appears to bind to the native-like folded protein and to stabilize
this protein at 5 buffer conditions under which gp4l is otherw se insol uble
and precipitates. In a preferred enbodi nent according to the pié®eatmber 2005
invention, the PPl chaperone is selected fromthe group conprising FkpA,
S1yD and trigger factor. It has been found that especially FkpA or SlyD

i nprove the @?»L,%[,,bi,ty of gp4l and form rather stable cQualpEXRSsst herew th.
A further preferred enbodi nent therefore is 10 characterized in that the

chaperone is selected fromthe group conprising FkpA and SIyD. Most

preferred is the chaperone FkpA. As described further above, also fragnments

of chaperones maé be used tq bring about the, K desired function. In case of
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reversi ble process (Egan, D. A, et al., Biochem stry 32 (1993) 1920-7;
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conprising @§phirerad nreferablp Sk & refernldy such mixigrn qoRtins ERP fim folay excass aglescr i bed
above, such sehplibetCgap! @xesreeaadtiasBng 10 piles topdFiiAVis Ipresert. arean®s: ogue

derived from,apather remmyaltan & puneseldtisgney virus, can be easily
pr epar ed bymprri X|eng 0the PPI %E‘atpg?%ne (e.eg., produced by reconbi nant

techni ques) and a reconbinantly 30 produced gp4l. The conplex then is forned
bet ween two ilinthe beqnckdsn tfound|thas theeformdtiog of an infremplenilarcoinglek\e.., b&wBacthaber 2005
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and (rsgp to chaperone) is sufficient to form the soluble complex if both domains are covalently
linked.

20 A soluble complex comprising a retroviral surface glycoprotein and a chaperone in a
recombinantly linked form represents a further preferred embodiment according to the
present invention. Most preferred rsgps comprised in such a recombinant polypeptide are
gp4l from HIV-1 and gp36 from HIV-2.

For a recombinant protein comprising at least one rsgp domain and at least one PPI-
25 chaperone domain the transfer from non-physiological to physiological buffer conditions

can be accomplished in different ways. Soluble intramolecular complexes between gp41

and FkpA are easily obtained by adjusting the non-physiological buffer conditions to

physiological buffer conditions by dialysis, rapid dilution or matrix-assisted refolding. The

mixture comprising the soluble gp4l-chaperone complex can be directly used for
30 modification.

A soluble complex comprising, e.g., gp41 and a PP chaperone according to the present
invention, can also be produced starting from one polypeptide comprising both protein
domains (gp41 and chaperone) obtained by recombinant techniques. The gp41-chaperone



gquantitatively precipitates froma physiol ogical buffer solution,
concentrations of both 5 partners have to be chosen which ensure that only a
non-critical or non-aggregating concentration of gp4l in free IbdPerember 2005
present, and that the vast mgjority of gp4l is bound and stabilized in form
of a gp4l - chaperone conpl ex. Dependi ng on the chaperone used, it has been
found necessgyysdofs77 X on a nolar basis at |east 2 ti Mg @)@ Chaperones
as conpared to gp4l nolecules. In a preferred 10 enbodi nent, the invention
therefore relates to a reagent conprising-a mxture of gp4l and a
chaperone, preferably FkpA Preferably such m xture contains FkpA in nol ar
excess as conpared to 4. 11 is preferred.that 3 to 10 tines nmore FKkpA is
present. The MR gﬁf"é’? g‘lrof“éﬁmf’rﬁf‘ﬁarr af‘%t‘breoﬁre% ths r@ﬁ)ﬂlbl??t 15’86'%%” €4 and 6.
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(rsgp to chaperBo@)efadsufficient to formthe soluble conmplex if both
domains are covalently Ilinked. 20 A soluble conplex conprising a retroviral
surface gl ycoprotein and chaperone .in a .reconbipantly |inked form
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condi tions cartipalnalee s seastisdniopmerionsfar enephigpEite geRtidis kenieddsrsk-ed ul ar
conpl exes bepwaterd §pstfor lagdscikpddartion ebsich yrechttanane thsiby packinistE wf. t he

non- physi ol ogi cal buffer conditions to physiological buffer conditions by
dialysis, rapid dilutio r ri x-assi sted refolding., The, mxture
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t he reconbi n&rwt reg@’pyipgpt pdweptide lacks any export signal peptide (of the corresponding
precursor molecule) and corresponds to the mature PPI chaperone. Since in this preferred

20 embodiment the recombinant protein lacks a functional signal sequence, the gene product
accumulates in the bacterial cytosol.

A striking feature of gp4l comprised in a recombinantly produced FkpA-gp4l is its
exceptional solubility as compared to the “unchaperoned” gp4l ectodomain. It is
interesting that the “chaotropic material” (i.e. FkpA-gp4l in 6.0-7.0 M GuHCI) can be

25 refolded in different ways, all resulting in a thermodynamically stable and soluble native-
like form. Refolding is achieved at high yields, both by dialysis and by rapid dilution, as well
as by renaturing size exclusion chromatography or matrix-assisted refolding. These
findings suggest that in this covalently linked form, the gp41-FkpA fusion polypeptide is a
thermodynamically stable rather than a metastable protein.

30 The recombinant FkpA-gp4l polypeptide comprises two protein domains having different
folding requirements. Since the purification protocol includes an initial denaturation step,
it is mandatory that the folding of the chaperone be reversible. Indeed, there is compelling
spectroscopic evidence for the reversible and independent refolding of both FkpA and gp41



according to the present invention conprises gp4l and a chaperone or gp36
and a chaperone. In yet a further preferred enbodi nent the present
invention relates to a reconbinant protein conprising at | eadts avembegi05
domain and at | east two PPl -chaperone 5 domai ns. Reconbi nant pol ypeti des
conprising one rsgp domain and two PPl -chaperones are also preferred. The

reconbi nant Q8|%9Epﬁlde used to obtain a sol ubl e gp4l - chppgFRREsOMP! ex
according to the present invention is expressed, applying standard

nol ecul ar bi ol ogy techniques. Preferably €+he chaperone gene is placed in
frame upstreamthe target protein gene into an 10 expression vector
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sequence. A Ipsbdeefouad thieseversitle eithege- scal e production of such a reconbi nant
fusion proteinis E. coll. In a preferred enbodi nent, the present invention

relates to a }ﬁgg %gtl ?ecf: g qpxje%nb%?agpéblﬁ B c%Pq%}iSJB Qaﬁoﬁmaﬂ %gfsykc}??&)ém and a

chaper one sel'ect romt PSPl |so rase
chaper ones. 1424 % cBaggropg thafeadd ’é‘roé r‘roé’d’nfeﬁai‘fl RFPriEts) EﬁBP@ Isécklei‘g an

i ntranol ecul dretweenmipkeswo polpfeptiddtigmaims. Surthr apeptide Uinkar seprpdeax seléctddi o a
reconbi nant %LMP%P&&Q%U&Q&EUM;@'aEEQQQQf}lonEe ap3onangd c@afePAneqhaﬁﬁr&@@ Most
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achi eved at hlg yFe ds, both by dialysis and by rapid dilution, as well as
by renaturing size excl usi on chromat ography or matri x-assi sted refol di ng.
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treatment with a Ehaotropm agent eg., guamd.mlum c or1
solubilized material over a gel filtration column, equilibrated with the appropriate
physiological buffer, a fully re-natured protein comprising the covalently linked protein
domains can be obtained (cf. Example 2.3 and Figures 7 and 8).

25 The soluble intramolecular gp41-chaperone complex exhibits yet a further striking
advantage: it is rather stable against the denaturing effects of detergents. This effects
becomes even more pronounced, if the fusion protein contains two chaperones and one
gp4l or one gp36, respectively. Most immunoassays are performed in the presence of
detergents in order to reduce, and at least partially avoid, problems caused by non-specific

30 binding. In the case of HIV diagnosis, rather strong detergents are used because of the
aforementioned reason, but also to desintegrate and disrupt virus particles and thus to
facilitate detection of viral antigens, like gp24.

The recombinantly produced gp4l ectodomain solubilized by SDS (sodium dodecyl
sulfate) is not immunoreactive in an assay buffer routinely used, e.g. in the detection of



- 31 wthin the covalently Iinked protein conplex. Refolding of a
Ctermnally truncated SlyD has been found to be reversible, either. Al so
preferred is a reconbi nant pol ypeptide conprising a retroviral5$®ecémba 2005

gl ycoprotein and a chaperone that additionally conprises an appropriate
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detergents are used because of the aforenentioned reason, but also to
desi nt egr at e Aanduble sotplex comyssiganttivelliks fadd gi3ESrdro HIVar ahd hathepaeteect i on

of viral antigens sbhk@ 1998%'1 prdNE idoRERDINRAG dh¥p R AAHERAIRY refladamai n
sol ubi |'i 2%8 by SDSf (rsodl um odef%ﬁ/l . :
ery preferred embodiment of tHe present invention.

In terms of therapy, the progress made by providing a “soluble and native-like folded” gp41
or gp36, respectively, is quite obvious. For the first time, e.g., gp41 is now available for
injection under physiological buffer conditions.

In a preferred embodiment, the soluble complex as described is used to produce a

25 composition of reagents for use as a medicament. The composition of reagents comprises
the gp4l-chaperone complex together with physiologically acceptable excipients and,
where appropriate, suitable additives and/or conventional auxiliary substances.

It is known that peptides derived from the gp41 heptad repeat or from the gp41 C-terminal
helix possess antiviral activity (Wild, C,, et al., Proc Nat]l Acad Sci U S A 89 (1992) 10537-
30 41). They hinder virus entry by specifically interacting with a so-called “hairpin-
intermediate” of gp41 (for review see Doms, R. W. and Moore, J. P., J Cell Biol 151 (2000)
F9-14). We have found that a rsgp-chaperone complex according to the present invention

O



sulfate) is not imunoreactive in an assay buffer routinely used, e.g. in

t he detection of 15 Decenber 2005 WO 03/000877 PCT/ EP02/ 06956 - 32

anti-H V-anti bodi es or p24 antigen. cf. Figure 9). Under the sdfddeamber2005
conditions, however, the gp4l, which is part of an intranol ecul ar conpl ex
with a PPl chaperone according to this invention, is strongly

I mrunor eact i ¥g.3M9s5an be seen from Figure 9, under thepSHBLRASFAY
conditions and wth the sanme patient serum this nmaterial yields 5 excellent
conpetition curves, which can only be expl-ai ned by the presence of a
native-1ike sol uble gp4| which in addition is stable in the presence of

t he detergent te ortant f ature .of .t he Q

accor di ng to® g%prrg.rgg ac]c1v1ven Io%mpci a{l o? reaﬁen%s c?rhatmn the gpélﬁ perone

r sgp- chaper orfemelskpt e&PﬁGSChH&fqﬂ@éQmPIR’eOITQ?Ffd’@d ttrrrer@,quﬂﬁﬂsysffeetn@glp&eap arﬁrrtf er

condi tions, e@rgerredaherpfuidc dpplicutidd isrivkdoto ge@amtE Vinby s HOd sprendotithin ihde
buffer. Thrs t ke tage for therapeutic as well as for

di agnostic aglgﬁr o trrgn(sﬁ%%qgl{rﬁjlrle@e{??ed enbodi ment, the present invention
relates to a conposition of reagents that is soluble wunder physiol ogical
buf f er condi tli oapsgsercoapithirnyefamed therapeutiorapplivaiiont ef a woinpesitioar ofceagshex
conprising a bRbk %5@&41&!&5&%&&@1&9@%@5 sﬁl'cl@a%l’ﬂp&ﬁ@ﬂ@&%h&ﬂ% Saheaied from
the pepti dyl Si%rol){ Eigl%e a} dof 1cha erongsDl $Q UPI £ tconpl ex
conpri si ng ndfFPVESTT kEFSIed® 6P2 “F T oM R U1 & emH nelrro e8¢t ed from
t he pepti dyl tbrrmnyro&resbfﬁérra@en%rraesmef e PRI Ak %Wértéhedr%elrrémueeem s a
very pref er riedeferehioabeesdtto idudehenyeh saddr imavedtesponse. A sol ubl e conpl ex
conpri si ng nati ve- Iike fol ded gp36 fromH V-2 and a chaperone sel ected from

t he peptrd 1 ol i sonerase cl ass of ch ones t re al so represents
0 20 Ver 8 pr B et B G Ren OB TR P BL GO R Ry BhE FOREL PP BERFOTRY

t herapy, t he pmplgx egrorditgtie tbyprpqemvihmnngn are; @alth@inereandjst#ahtv véa fdtiogirdlol ded"
gp4l or p3Qurf5c@3%ﬁ61§ﬂotéﬁi , Youch 8 gumtead@byhﬁwﬁoglcﬁosuﬁeheoﬁdlﬁ@ts bdd®, tR. g. ,
gp4l s now avala dﬁaﬁegstlc setngh\%@t %Eqr edlr?gre er}lyn%m%l Ig%lfgo cg%g ﬂntgndl tions.

In a preferreﬂcr ex as descri
produce a Zgrtééfﬁp@é(qfﬂtﬁi’oﬁf ttlé@gj’é%ﬁlt’éa ﬂGFOIE%CQYg’édCQI%&‘r‘%%ént The
conposi tion of reagents conprises the gp4l-chaperone conpl ex together with

physi ol ogllealx}wu mt&maﬁe Ieafgergroeptéee&%r rat(@set&e@m B¢ biddiBg ¢ t§b| e
addi ti ves anq bst.anc

cQ i a
pepti des derr?)’é&d géft hé&P %Ef’roﬁ pta f SPEET R tpﬁefe"eléﬁr\é\%dﬁr@?% nal
hel i x possessﬁc%?ﬁ‘tmgriorth‘fpfa%tl‘i191’@{190*‘(WI d, C et aI , Pr oc Natl Acad Sci U S A
89 (1992) 10537 30 41). They hinder virus entry by specifically interacting

with a so-calpg (fiab'eln%i gl}cmpr&in be selected from any known detectable marker groups, such as dyes,
luminescent labeling groups such as chemiluminescent groups, e.g., acridinium esters or
20 dioxetanes, or fluorescent dyes, e.g., fluorescein, coumarin, rhodamine, oxazine, resorufin,
cyanine and derivatives thereof. Other examples of labeling groups are luminescent metal
complexes, such as ruthenium or europium complexes, enzymes, e.g., as used for ELISA or
for CEDIA (Cloned Enzyme Donor Immunoassay, eg, EP-A-0 061 888), and
radioisotopes.

25 Effector groups comprise, for example, one partner of a bioaffine binding pair. While
performing an assay, the effector group interacts specifically and preferably non-covalently
with the other partner of the bioaffine binding pair. Examples of suitable binding pairs are
hapten or antigen/antibody, biotin or biotin analogues such as aminobiotin, iminobiotin or
desthiobiotin/avidin or streptavidin, sugar/lectin, nucleic acid or nucleic acid

30 analogue/complementary nucleic acid, and receptor/ligand, e.g, steroid hormone
receptor/steroid hormone. Preferred binding pair members comprise hapten, antigen and

hormone. Especially preferred are haptens like digoxin and biotin and analogues thereof.



i nternedi ate" of gp4l (for review see Dons, It. W and Mwore, J. P., J Cell
Biol 151 (2000) F9-14). W have found that a rsgp-chaperone conpl ex
according to the present invention 15 Decenber 2005 WO 03/ 0008Y Pecember 2005
PCT/ EPO2/ 069~6 - 33 exhibits antiviral activity. The conposition of
reagents containing the gp4l-chaperone conplex or a gp36-chaperone conpl ex

or both in gyéhepapeutically effective dose in a first Rialpeliced
t herapeutic application is used to prevent HV entry and H V spread within

the host organism ("virus entry, inhibBti-on"). 5 It represents a further
preferred ther apeuti c application of a corrposi tion of reagents conprising a

gp4l - chapero use _such _a camp tion for.eli n. i pmune
response in ggﬁﬁglnﬁf" COTREX Corr!rleISl?(g dségc?ﬁl be I nakes ava 5 RE a‘éb%%flmné?e gp4l
epi t opes t hammapgassy Herr depotion rat ansbrekies KA 3k rssef Pre Eéab& gp‘ﬁﬂeo@{ld/@{ 8810, supra.

The novel | mup@@aacorﬁmecreeiren&dus aezxxpeacetfeddteﬁxbbdhdmmeaabatudsdmhibreaaﬁhprexl nmune
response. Mﬁglhsu{ e%ﬂ‘?%ldté)#ﬂl a4 r%‘hls Gs B£e9clﬁd:H{ fRmulNLPYS: ad¥aot ages of a
né‘

soluble rs ero ex . acco resent ntion are,

e.g., the @ﬂt%ﬁﬁ‘ﬂr Wpypfsrferra téf aggif‘i armp %Bf@c@trw@ﬁgﬂmwﬁx such as
gp4l under phwthinol reginbatanbpdlfpeptideenuprisingrile, PR ld#peront led gpidhcr ease i n

di agnostic sensi tivity, and/or the increased nunbers of conformational

epitopes present, and/or e i abe orrectly f ol ded
rsgp, like g Hfrungass 1rFW]Er1g“m %ﬂﬁsme&rymsan Ero‘h%/f(%carmnrg f Yect B’ gr oups,

li ke solid phagel st peichgl gpRiigpions And [Praseduasy %lsmmérl%eégﬁ ghigh dpheeke onpl ex
represent s a Ekatripllsesf rplael eettiedke afedljsser k., Prpaatch ofjedzgmiantbqdy @8 eidier

LQYEQP Sp 1 gfaﬁzylrébﬁdcmw&m%n gﬁeﬁg fgngics&t &th ﬁ{e&qa @Mz%ﬂ@mmqma@sqysabl e
Themt ] il o aPT1aed Tl AR SRR . BT B e OB VRT ST Y o0,
fluorescent dywasis veuges of Tijssern éxs BNséthods ebEJmmlpgy" (198R)aRdsn® P. 6xlewickel. O.
resorufin, yplahnad and. dgeddealcl meﬁ;) t&b@lh@omguhﬁfun%ﬁlwlﬁ&cﬁﬁn atyglid, ng

groups are Iu such as rutheni um or europi um
conpl exes, ;[} %J?%l’ﬁhe%% 7ﬁ§g?afaor LISA or for CEDI A (Cl oned Enzyne

Donor Immnoassay e.g., EP-A-0 061 888), and radioisotopes. 25 Effector
groups conpr ithe nofedsoleamgb &Pl ohapepac tomplexotanabebuwedftd iimprose mukdyndorpdher . Whi | e

per form ng arae@aﬁﬁmartnhﬁnﬁmtss&@srm&@ma@nﬂma{em os@&&héﬁ g@l La%d%o@sﬂg) E "
oaf f1.ne bl ndi ng

preferably non COX amee rem noassa elec rochemﬁurmn@s%gr}cn ass et é OF assa
pai r. Exanpl é5*Bf €N tag?(le Bi P{’d 8 palrs are "R ’f"é 3 AR PEERIAAR body
biotin or bi desricshitep wﬂe%ané‘@é%asﬁ’ %fr}(‘ioﬁlégﬂn@‘ﬁslaﬁﬁa)’»lefﬁ)nobl otin or
dest hi obiotin/avidin or streptavidin, sugar/lectin, nucleic acid or nucleic
aci d For the reliable and sensitive early detection of an HIV infection, it is essential to measure
20 both viral antigen as well as anti-viral antibody in bodily fluid samples. The soluble
complex according to the present invention enables the detection of anti-gp41 and/or anti-
gp36 antibodies, at physiological buffer conditions. The detection of anti-gp41 and/or anti-
gp36 antibodies is a valuable part of such combined HIV detection systems. In a preferred
embodiment, the present invention therefore relates to HIV detection systems comprising
25 the detection of anti-gp41 and/or anti-gp36 antibodies based on the use of a gp41 and/or a
gp36 chaperone complex. Most preferred, the detection of anti-gp4l and/or anti-gp36
antibodies based on such complex is carried out together with the detection of an HIV
antigen, preferably the p24 antigen.

As known from the art, antibodies to infectious agents such as bacteria, fungi or viruses, are

30 preferably detected by an assay performed according to the double antigen bridge concept
(sometimes this assay concept is also termed double antigen bridge concept, because the
two antigens are bridged by an antibody). In such an assay the ability of an antibody to
bind at least two different molecules of a given antigen with its two (IgG, IgA, IgE) or 10
(IgM) paratopes is required and used.



30 anal ogue/ conpl ementary nucleic acid, and receptor/ligand, e.g., steroid
hornone receptor/steroid hornone. Preferred binding pair nenbers conprise
hapten, antigen and hornone. Especially preferred are hapt end5DekembirgdQ n
and biotin and anal ogues thereof. 15 Decenber 2005 WO 03/ 000877

PCT/ EP02/ 116956 - 34 The sol ubl e conpl ex conprising rsgp and a PP
chaperone iswphehRsably used in an inmmunoassay for detegttpmzdos@nt i bodi es
to the rsgp. Preferably gp4l- and/or gp36- chaperone conpl exes are used. In
a very preferred enbodi nent, a | abel ed-s8l-ubl e conplex conprising gp4l and
a PPl chaperone is used in an i munoassay for detection of 5 antibodies to

gp4l . Mst prg n o
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In a preferred embodiment the present invention relates to an immunoassay according to
the double antigen bridge concept, comprising: a first antigen comprising a first
chaperone-antigen complex, and a second antigen comprising a second chaperone-antigen

complex

25 In a further preferred embodiment, the present invention relates to an immunoassay
according to the double antigen bridge concept characterized in that a first chaperone-
antigen complex is used as capture antigen and a second chaperone-antigen complex is

used as detection antigen.

The chaperone-antigen complexes as described in the present invention not only bring
30  about the solubility of various polypeptides that are otherwise difficult to handle, but they
also allow for a very advantageous immunoassay according to the double antigen bridge

concept.



As known fromthe art, antibodies to infectious agents such as bacteri a,
fungi or viruses, are 30 preferably detected by an assay perforned
according to the doubl e antigen bridge concept (sonetines this ladf3agmbentidpst
is also ternmed doubl e antigen bridge concept, because the two antigens are
bridged by an antibody). In such an assay the ability of an antibody to

bi nd at | easyobhiRe@hfferent nol ecul es of a given anti genpWidphdshs two (119G
lgA, IgE) or 10 (lgM paratopes is required and used. 15 Decenber 2005 WO
03/ 000877 PCT/ EP02/ 06956 - 35 Detectionsoef antibodies frombodily fluids
according to the bridge concept may be perfornmed in many di fferent assay
setups. A sinple setu rlssthe dlrect coatin nI:hlgntoa
solid phase g aflheép‘iﬁgg il aftﬁé LTS OF fighgih iprpunoags ’béﬁc
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a pol ypept i dehaperspe irsd thgs aight BdussL£iRE pbsittpisigagiesilimay foba austide didifeeédty or
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there are nmany oubl'e ant e assay fror mat. - Such
variants conpPf ¥ 2 seend shapfisneantispecompi et fem @di iy of an antigen to a
solid phase. Preferably, a specific binding pair, nost preferably the

bi ot i n-strephay g c(hgﬁerorﬁe\ﬂ}g{ :ﬂ') be%iyéltalecl@?eniea h'év%qgeﬁ i@olitgﬂjﬂr&ﬁﬁch%cmar&% an
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20 detection, S‘d;gg clgantlb%xpﬁ lspp(?EfErQJdr‘E‘Sqlsé’M l@astlonQ?FPgla bre &h@e‘ax&dln gnti body.

Inapreferr r ntlon re to anJ assay
according to IS’E“P'Fé %f{)‘iﬁgﬁ@e%‘ﬁtqr‘@fp bb? ﬁc?@btpre ‘Efﬂ)bﬁrl*b F%li‘aﬁf;mn%ls Pt V§ anti gen
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conpri si ngy a,@gﬁ@,ﬁdqqq;ltya@@azgmnaméﬂg@nherﬁ@ﬁmjugx 25 In a further preferred
enbodi ment, the present invention relates to an inmunoassay

The use of a chaperone-antigen complex in an immunoassay in general, and preferably in
an immunoassay according to the bridge concept, also provides the possibility to derivatise
the chaperone of such a complex and does not require the modification of the antigen
itself. It is generally accepted that the modification of a polypeptide by a second chemical
25 moiety, for example, the coupling of a label to that molecule, includes the risk of negatively
influencing the polypeptide. For example, the epitope under investigation may be
compromised, or non-specific binding may be caused by such labeling. According to the
present invention, it is now possible to derivatise specifically the chaperone within a

chaperone-antigen complex.

30 In a preferred embodiment, an immunoassay according to the double antigen bridge
concept is further characterized in that the first chaperone-antigen complex used as capture
antigen comprises a solid phase binding group.



according to the double antigen bridge concept characterized in that a first
chaperone- antigen conplex is used as capture antigen and a second
chaperone-antigen conplex is used as detection antigen. The 15 December 2005
chaper one-anti gen conpl exes as described in the present invention not only
bring 30 about the solubility of various pol ypeptides that are otherw se
difficult touhanrle; but they also allow for a very advaphageadsssi Mmunoassay
according to the double antigen bridge concept. 15 Decenber 2005 WO

03/ 000877 PCT/ EP02/06956 - 36 It is an3especially attractive feature of
such an i munoassay according to the double antigen bridge concept, that it

is now possibhle _tqg use_different chaperones for conple ormation wth the
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be reactive to a chaperone and thus m ght cause a fal se positive signal,
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preferred to .a n 0 [ rom.a . disting
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i s derived5 fNhirag@erenophilic bacteria, especially of the group of bacteria
conprising Thermatoga 20 maritima, Aquifex aeolicus and Thernus
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general | y aceepiwfcitbatoliblecdimlixicb@pdsiton. Bfithin hebippepithditedyt ivengsnad

chemi cal 20 suitable number of doses includes any number required to immunize an animal to soluble

complex.

A second administration (booster) of the soluble complex composition may be given
between about 7 days and 1 year after the first administration. The time between the first
and second administrations may be 14 days to 6 months, 21 days and 3 months, often
25 between about 28 days and 2 months after the original administration. A third
administration (second booster) may be given between about 14 days and 10 years after the
first administration, e.g., between about 14 days and 3 years, often between about 21 days
and 1 year, very often between about 28 days and 6 months after the first administration.
Subsequent boosters may be administered at 2 week intervals, or 1 month, 3 month or 6
30 month to 10 year intervals.

Typically, the amount of soluble complex will be administered to a subject that is sufficient
to immunize an animal against an antigen (i.e., an “immunologically effective dose” or a

“therapeutically effective dose”). An amount adequate to accomplish an “immunologically



25 noiety, for exanple, the coupling of a | abel to that nolecule, includes
the risk of negatively influencing the polypeptide. For exanple, the
epi tope under investigation may be conpronised, or non-specifsGed2hibei Pa)STRY
be caused by such | abeling. According to the present invention, it is now
possi ble to derivatise specifically the chaperone within a
chaper one- ant n conplex. 30 In a preferred enbodi nent oassay
accordi ng to' @ﬂ@“@%bbre antigen bridge concept is furtherrk haraoterlzed in
that the first chaperone-antigen conpl exgused as capture antigen conprises
a solid phase binding group. 15 Decenber 2005 WO 031000877 PCT/ EPO2i 06956 -
37 In a further preferred enbodi nent, an, i noa sa% aﬁegé %ng tQ the
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bridge conceptiedtize dasey il derend Myparton the weightand gene thh sybjegh ¢ he
second chaperadereanigingernt deppdsaibing Sedciasorddteegtalified @sbngn conpri ses a
mar ker group. |In another enbodi nent, a sol uble conplex conprising rsgp and a

PPl chaperon, h .as and/ ar rone |.exes,. may al so be
used to eli c&heﬁ eYRiigee fgﬁgﬁlfflﬁlgéorflﬁe’é‘%gg% Ogﬂ‘glatpgﬂlcaﬁmﬁag”é F}frﬁaaﬁhlgvre ﬁon- hunan
ani mal . The sodushbdre of ormplimmeige mspobes; saehi fastar &d te5d atos udslist toptipize

conposi ti ofs ,adﬁluﬁhraa&u {ohRsAné hatd MEhiGahal A Rk @nwaﬂme kweeg abdut @ . Such

conposi t1 ons iy, alap14dIc) UE: PRl KRN pe BXAIRLESoPl, ngraé/sreén Aen

adj uvant s i nch eund' s

conpl et e, Msraékutllmgesd abogt 50 g ppdrtsuaiy herwrgrrbans Qg aad aPr‘i’LHéP - Gerwes uch as
al um num hydrembiodiejen@rible dseis bameersabbinlefg subaioani®e $ig perdiy salgedt yesdylveeight, hi n,

Elelrjnr) 23;;:" pol ?ﬁégl?bet{}@n)éﬁwtqr}%’an@%w&(i@ﬁ g, Blole of@%é@k&%o?ﬁ%@ﬁh%gﬁd?@g?e o
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CD40ligand, IFN- r , IL- 1 IL-2, IL-3, IL-4, IL-10, I1L-13, IL-18 or any

cyt oki ne or H&ekanblahompl& damlrfuﬁgagﬂmhtlo@w d&qﬁen{ladmay’lbshdrﬂhisefk)i inh a

sol ubl e Comlvgg rng’cggﬂntd'lQOug)%Xfo%s 9A¥ Thle W&%Bm\?\;%n #f cﬁud%‘lﬂln@s“ ration

may be foll owe g ses g times or
Tore. The. nurfBeEXORieTo 855 25 bR SRR EER raaneﬁblf B’é’f61%feb‘§m8“45ﬁ of ijart by
t he response acid§ sechsusbglpte, eaticxidgotsubdceeriogsp| drlatingpgssist fwwpendifgtdgems,t he

scope of fhe tmaeeaﬁrgtagén&vaeardr %seraat&& Frhted a@sl eahﬂymeronefaqd&ae&meel ddes any
nunber requi r loso L%UOHS) 6’1% Earmac%r?%afl% accgﬁ%ﬁile auxﬂla(éggggstfmces as re§11u egdto

adm ni strati érYC?rBoos e given
bet ween aboutaPFrogimpee pvitolagicab spndiffqngrsugihes buffpring agent ipaieivadjusing Eprist i e
bet ween t he fwektilg agents, etc.. A conventional adjuvant may also be incorporated into the

composition.

20 While any suitable carrier may be used to administer the compositions of the invention, the
type of carrier will vary depending on the mode of administration. Compounds may also
be encapsulated within liposomes. Biodegradable microspheres are convenient in some
instances as carriers; for example, such as those described in (Tice et al., US Patent
5,942,252, 1999).

25  Sterilization of the compositions is desirable, such as that accomplished by conventional
techniques, such as sterile filtering. The resulting aqueous solutions may be packaged for
use as is, or lyophilized.

The soluble complex compositions of the invention may be administered in a variety of
ways, including by injection (e.g., intradermal, subcutaneous, intramuscular,

30 intraperitoneal etc.), by inhalation, by topical administration, by suppository, by using a
transdermal patch or by mouth.



and second adm nistrations nmay be 14 days to 6 nonths, 21 days and 3 nonths,
often 25 between about 28 days and 2 nonths after the original

adm nistration. Athird admnistration (second booster) nmaybelfDeesmbzefie®en
about 14 days and 10 years after the first admnistration, e.g., between
about 14 days and 3 years, often between about 21 days and 1 year, very

of ten bet wegf, gagut; 28 days and 6 nmonths after the fi rstpcch_mz%%gratl on.
Subsequent boosters nay be administered at 2 week intervals, or nonth, 3
nonth or 6 30 nonth to 10 year intervabs- Typically, the anpount of sol ubI e
conplex will be adm ni stered to a subj ect that is sufficient to immnize an
ani mal agai nst an ant.i i "1 munol ogi cal e ve dose" or a
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and about 501§, %saRbad B &> gﬁ@ﬁfo ifg'e“ﬁ‘beﬂ?ﬁﬁ té.‘b]gﬁﬁoﬁ%o’ﬁ@‘ha’}en some
enbodi nent s, carbe dogée wryﬂtmemméln gah dutthelcafepf arpdesaivioed aeiB0), g dpswge kit subj ect
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formulations may be powders, capsules and tablets; suitable excipients include fillers such
as sugars, cellulose preparation, granulating agents, and binding agents.

Methods of producing polyclonal and monoclonal antibodies, including binding fragments
(e.g., F(ab)2) and single chain versions are well known. However, many antigens are

25 incapable of triggering an adequate antibody response. In one embodiment, a composition
comprising a soluble complex of the invention and an antigen is administered to an animal,
thus eliciting an immune response in the animal. Polyclonal or monoclonal antibodies are
subsequently prepared by standard techniques.

The soluble complex comprising rsgp and a PPI chaperon, such as gp4l- and/or gp36-
30 chaperone complexes, may also be used to inhibit viral entry into a cell, such as by
inhibiting membrane fusion. The cell may be in vitro, in vivo, or ex vivo. The
compositions and methods of administration are similar to those described for
compositions and methods used to elicit an immune response. If inhibiting viral entry into
a cell is accomplished using vaccination, then adjuvants may be used. For in vitro and ex

35 vivo administrations, one of skill in the art will choose appropriate methods based partly



be encapsul ated within |iposones. Bi odegradabl e m crospheres are conveni ent
in some instances as carriers; for exanple, such as those described in
(Tice et al., US Patent 5,942,6252, 1999). 25 Sterilization of5Deember 2005
conpositions is desirable, such as that acconplished by conventi onal

techni ques, such as sterile filtering. The resulting aqueous sol uti ons may

be packaged as is, or |yophilized. The soluble conp05|t|ons
of the |nveﬁ%§gﬁmﬁ§? be administered in a variety of mays |n&?ud|ng by
injection (e.g., |ntradernal subcut aneaos, intramuscul ar, 30

intraperitoneal etc.), by inhalation by topical adnlnlstratlon
suppository, by usin tran dernal patch or enber
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sol ution, hosphat e 1150 .nM sodi um chl ori de ff
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sol utions,,g§l;s suspensions, and the |ike, as are well
known in %eqért 191JOQS&EPJO?Err%hc]“la(ﬁrnsnts 15 adm nistration is by neans of a
transdermal patch. Suppository conp05|tions may al so be- fornulated to

cont ai n convé&kpA enadlorsdpepsisedand padiesaccdiiing taBothmiasd, HatahdAlutlshwr, Al, ] a
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| act ose, ﬁ@§¥%h¥@ig565 ‘¥5¥t£§“§6$§ é%g¥ (Bﬁa%¢% b#834g§#g n of
t abl et s, pllkgmanﬂﬁﬁaéégghﬂdéﬂﬂﬁ -es, I|qU|ds, gels, syrups, slurries,
suspensions etc., for oral ingestion. Such fornulations my be powders,

capsul es qg]d F‘bﬁg)‘(&toﬁc e@lf]ésgi@rgltﬁe Fm-wdﬁx@téqdeﬁ]&ldfqge fiové @)Ep?essclbjr? bector was

modified to lack the sequence part coding for the signal peptide and to comprise instead

2005 WO

only the coding region of mature FkpA.
1.2 Production of gp41 (535-681)-His6

gp41 (535-681)-Hiss was cloned and expressed in a T7 promotor-based expression system

20 and accumulated in inclusion bodies in the host cell. The isolated inclusion bodies were
dissolved in 6 M guanidinium chloride. The His-tagged protein was purified on a Ni-
chelate column, followed by gel filtration in 6 M guanidinium on Sephacryl 100. The
protein was refolded by rapid dilution as described by Wingfield, P. T, et al., Protein Sci 6
(1997) 1653-60. The final buffer conditions were 30 mM sodium formiate, pH 3.0. Status

25 of folding was assessed for both buffer conditions using near and far UV CD. As can be
seen in Figures 1A and 1B, both Far and Near UV CD spectra suggest that gp41 adopts a
native-like fold only at pH 3.0 in the absence of chaotropic agent.

1.3 pH-shift of the gp4l ectodomain (HIV) from pH 3.0 to physiological pH in the
presence of E. coli FkpA



as sugars, cellulose preparation, granulating agents, and bi ndi ng agents.

Met hods of produci ng pol ycl onal and nonocl onal anti bodi es, including binding

fragments (e.g., F(ab)2) and single chain versions are well kifolecentien20@r

many anti gens are 25 incapable of triggering an adequate anti body response.

I n one enbodi nent, a conposition conprising a soluble conplex of the

i nvention an@o%gmgp%lgen is admnistered to an animal, pEESpShdesd tiNg an

i mmune response in the animal. Polyclonal or monocl onal anti bodi es are

subsequent |y prepared by standard technigues. The sol ubl e conpl ex conpri sing

rsgp and a PPl chaperon, such as gp4l- and/or gp36- 30 chaperone conpl exes,

may al so be 9&?9 #ﬁ &ghlblt V|ral entry into a cell, such as by inhibiting
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the present |asgweationnf the melegule proesedsfer hsvongtihastiss indisated bthe WpHenlindie appended
claims. It is 5 understood that nodifications can be made in the procedures
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Exanple 1 Pro uction o | ecul ar conp ex conprising gp4l and
a PPl chaperone 10 1.1 Production of E. coli FkpA FkpA was cl oned, expressed
and puri filed Bcesrfdi fyg sblobiBring petamtjal b thandoléldac Kidpenope BkpA, Jhe eBitcuiIom@hnem 275

(2000) 17100- 4Waﬁichp @rmreml&@d inodbhi &ab bpmmde&fta@meormtake@atw

P et
sol ution was dial Z%gdi%a ico— cobaiip'g mlnu{e 'nglg_%‘ pesulgne%zdmda%ex V\Eagmnly%g and

concentrated ¥8
FkpA- codi ng steqgesd @Hdw 12Hield dieticn @S@d?”éf%‘io@ﬁmﬂ?@cﬁfép wbééodlhmbmpéaew | ack
t he sequence @Ea),t50andiNuL{ atM EDFAS Thnfidal pepéntdeomnd thetbiading paraersiin siieead

only the godipg (WA m g}gﬁq:[ lel\@arﬁ(P}ﬁd FkpA, respectively. All reactions were carried out

at room temperature. After 1 and 10 minutes, UV spectra were recorded to test the gp41

samples for aggregates. From Figures 3A and 3B, it is evident that FkpA substantially

reduces the aggregation of gp4l in a dose-dependent fashion. Comparable data have been

obtained with trigger factor from Thermatoga maritima and with a C-terminally truncated
20 SlyD from E. coli.

Example2  Recombinant production of a covalently linked gp41-FkpA

2.1 Construction of an expression plasmid comprising FkpA and gp41

In the first step, the restriction site BarnHI in the coding region of the mature E. coli FkpA

from plasmid of Example 1.1 was deleted using the QuikChange site-directed mutagenesis
25 kit of Stratagene (La Jolla, CA; USA) with the primers:

5’-gcgggtattccgggtatcccaccgaatte-3’ (SEQ ID NO: 3)

5’-gaattcggtgggatacccggaacaceege-3’ (SEQ ID NO: 4)

The construct was named EcFkpA( A BamHI)[GGGS]s,



i

1.2 Production of gp4l (535-681)-Hi s6 gp4l (535-681)-H s6 was cl oned and
expressed in a T7 pronotor-based expression system 20 and accunul ated in
inclusion bodies in the host cell. The isolated inclusion bodi d$ Deember 2005
di ssolved in 6 M guani di niumchloride. The Hi s-tagged protein was purified
on a N - chelate colum, followed by gel filtration in 6 M guanidi ni um on
Sephacryl 10Qqo o3fi@s77Protein was refol ded by rapid dil uti egrasd0scri bed by
Wngfield, P. T., et at., Protein Sci 6 (1997) 1653-60. The final buffer
conditions were 30 nM sodium form ate, -pl -3. 0. Status 25 of fol ding was
assessed for both buffer conditions usi ng near and far WCD. As can be seen
in Figures 1 bot h Far L. u that p4|
adopts a tl?\?esefonEeStQbe §erb mg{% enﬁ%ﬂ’goar?mo fhe’ %s@hgreogrgﬁ%\zzhaoﬁl

agent. 1.3 plar@ﬁmtas ghplifisd by freetﬂeed@nfétwqt qEErample -3 HsippHbgpiimerg

physi ol ogical pHin the presence of E. coli FkpA 15 Decenber 2005 WO

03/ 000877 - 41 L ntr Lment P PQ2 a control

experi ment, Ls%ofgﬁgoﬁccégt%g-cg pcﬁ gcg%ﬁ'gﬁgévgggﬁt\ﬁ%é%ﬁ? %écggg’l-{sgégégqm(%g diluted 100 fold
into final buffer conditions of 20 mM Sodi um phosphate (pH 7.5), 50 mM NadC ,
1 mm EDTA. ‘Bhegqidga’gaiccapnmtaetkmt-témmN@t6)on was about 1 M UV spectra were
recorded after 1 5 mnute and 10 m nutes. is obvious fromthe UV spectra

oh shiT1 1o MBLFEE ML B E@ﬁ?@%ﬁﬁ@@?@ﬁlﬁg BRREn T "

aggr egat i on trestiéféineyiteef gp4l; the spont aneous aggregation of the mol ecul e
proceeds far beyond the stage indicated by the upper line. 1.3.2

Prei ncubati onyof,, ﬁ?t gtr?J;JmEte%e fihk 'ée% ch t'tttrﬁtreerttswhaﬁeveg\té 10 TO

test for the solu c1 ar c Eerone Fkp
ectodonai n  GpAer Orxwgﬂ BP9 IPRiRG 95 ghn 2 and 14 (. h 30
nmviformate at a pH of apprOX| mately 3.5) and co- |ncubated for 1 mnute.

Then, the reguk tdstiging QHo X widsquehdell hetifout roRBLHde @le dBdite®¥roledr.f 0l d dil ution
into buffer conditi ons of 20 sodi um phosphate pH (7.4), 50 mM NaCl,1 niM

EDTA. The final concentrations of the binding partners in the 15 test tube
were 1 M gpa? 2V wifirationefthgfpsion efsiict i vel y. Al l reactions were carried out
at roomtenperature. After 1 and 10 minutes, UV spectra were recorded to

test the gpdlg .sespliesnd Hirb&}Q:%rtﬁQéEp?éslorF'bﬁEHuE'\Qééé Ex%wﬁ@o%”@Dééﬁof by, dngt evi dent
t hat kaA subst ant i al dose- c()Jlfependent

|
f ashi on. &%lf gvﬁg%j’?éessH%tgas brédélﬁedeby aggmg 9 P IP(II‘G a(t:]E growth temperatme

7°C Four hours after induction, the cells were harvested by centrifugation (20 min at

5000 g). The bacterial pellet was resuspended in 50 mM sodium phosphate pH 7.8, 6.0 M

15 GuHCl (guanidinium chloride), 5 mM imidazole and stirred at room temperature (10

min) for complete lysis. After repeated centrifugation (Sorvall S§34, 20000 rpm, 4°C), the

supernatant was filtered (0.8/0.2 pm) and applied to a Ni-NTA-column (NTA:

Nitrilotriacetate; Qiagen; Germantown, MD), pre-equilibrated in lysis buffer.

Unspecifically bound proteins were removed in a washing step by applying 10 column

20 volumes of lysis buffer. Finally, the bound target protein was eluted with 50 mM sodium

phosphate, pH 2.5, 6.0 M GuHCl, and was collected in 4 ml fractions. The absorbance was
recorded at 280 nm.

The resulting acidic and chaotropic solution may be stored at 4°C for further purification
steps or in vitro refolding experiments.

25 Starting with this unfolded material, different refolding methods, such as dialysis, rapid
dilution, renaturing size exclusion chromatography or matrix-assisted refolding can be
used and carried out successfully, all of them leading to virtually the same native-like folded
and soluble protein.



obtained with trigger factor from Thernmatoga maritinma and with a

Ctermnally truncated 20 SIyD fromE. <coli. Exanple 2 Reconbi nant

production of a covalently linked gp4l-FkpA 2.1 Construction df5 evember 2005

expression plasmd conprising FkpA and gp4l In the first step, the

restriction site BanHl in the coding region of the mature E. coli FkpA from

plasm d of Exanp k g74- 1 was del eted using the QuikChange gigsdifoect ed

mut agenesis 25 kit of Stratagene (La Jolla, CA, USA) with the priners:
-gcgggt gtt ccgggt at cccaccgaattc-3' (SEQ3I-D NGO 3)

5' - gaatt cggt gggat acccggaacacccgc 3 (SEQ ID NO 4) The construct was naned

EcFkpA(p Ban1—||3) [ 5 WD 03/000877 PCT/ EP02/ 06956 - 42

In a second sztep, %{’a&Eﬁé‘"‘f a{@’@fﬂan He §o%hni no aci ds 535-681 from H V-1
envel ope protein was anplified by PCR fromthe construct of Exanple 1.2

USi ng the priv®Esl, solubilized as described above, is transferred into physiological buffer conditions

5' - cgggat ccgqt c C t cgct g- ccag-3'" (SEQ ID
NO 5) & -c% gg@% agg %a‘g%é%%gg %glﬁq%%%g&&("géégﬁ%ﬁ%?g%n%he f ragnent
was inserted into EcFkpA(ABanHl ) [ GGGS] 3 using BanH and Xhol restriction
sites. The comoinsudeatfoldingCifnie sdddonainl (titkgnl peit W e dokjldutiatidkel- g@ddndwer e
I nserted \MSt H: ﬁgﬁﬁﬁ%ﬁdor@%h%u}& wagl'e%'v&gfr&xfl dﬁl%%d &eﬁﬁ"bkaa%g 5%“ rer
for cloning o%( e’r su I N s..seque und to
encode the dé%Mrs%‘g“ﬁrP(]j‘Pﬂ%hﬁte’ I%Y}ﬁ%?f@a%ﬂflahc ‘df')ng“f ﬁéﬁ‘&ﬁ ?‘lﬁ’t‘
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protein a3 %i}éhﬁgdi%rggmﬁgecm%wws the method of choice to assess both secondary and
tertiary structure in proteins. Ellipticity in the aromatic region (260-320 nm) reports on
tertiary contacts within a protein (i.e., the globular structure of a regularly folded protein),
whereas ellipticity in the amide region reflects regular repetitive elements in the protein
backbone, i.e., secondary structure.

20 The near UV CD spectrum shown in Figure 5 provides compelling evidence that the
ectodomain (in the context of the fusion protein) displays native-like tertiary contacts at
pH 2.5. The spectrum of the covalently linked gp41/FkpA protein domains almost
coincides with the spectrum of the isolated ectodomain under identical conditions (data
not shown). The typical signature of gp41 was found: a maximum of ellipticity at 290 nm,

25  acharacteristic shoulder at 285 nm and another maximum at 260 nm reflecting an optically
active disulfide bridge. It is important to note that FkpA does not contribute to the near
UV signal at all under the respective conditions. In fact, the aromatic ellipticity of FkpA at
pH 2.5 virtually equals the baseline (data not shown).

In agreement with the results from the near UV region, the far UV CD of the fusion
30 construct at pH 2.5 points to a largely structured gp41 molecule. The two maxima at 220
nm and 208 nm make up, and correspond to, the typical signature of an all-helical
ectodomain (Figure 6). From the conditions indicated (50 mM sodium phosphate, pH 2.5,
50 mM Na(l), the FkpA-gp41 fusion polypeptide can easily be transfered to physiological
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condi tions ( d‘én’e darget protein gp4l contribute in a 1:1 ratio. Most fortunately, gp41 displays tertiary

structure at neutral pH and is evidently solubilized by the covalently bound chaperone. In
other words, the chaperone FkpA seems to accept the native-like structured ectodomain

20 gp4l as a substrate and to solubilize this hard-to-fold protein at a neutral working pH.
Thus, a crucial requirement for producing high amounts of soluble gp4l antigen for
diagnostic purposes is fulfilled.

The far UV CD of FkpA-gp41 at pH 7.4 (Figure 8) confirms the near UV CD results in that
it shows the additivity of the signal contributions of FkpA and gp4l, respectively. As

25 expected, the spectrum is dominated by the highly helical gp41 ectodomain (maximal
ellipticity at 220 nm and 208 nm, respectively).

The data obtained with the covalently linked gp41/FkpA protein domains solubilized at pH
7.4 under the conditions mentioned above indicate that FkpA and gp4l behave as
independently folding units within the polypeptide construct.
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The gp41-FkpA antigen, in a dose-dependent fashion, strongly quenches the signal in a
competitive type assay, whereas the SDS-solubilized gp41 is essentially unreactive (Figure

20 9). Fifty percent inhibition is achieved at an FkpA-gp41 antigen concentration of 0.1 pg/ml,
corresponding to a molar concentration of 2.2 nM.

It is remarkable that FkpA-gp41 retains its excellent immunoreactivity after pretreatment
with diluent buffer which contains 0.1% Triton X-100 as a detergent (helper detergent) for
disintegrating intact viral membranes in the test. This is in marked contrast to the gp41

25 ectodomain alone (gp4l in SDS), which in the presence of the helper detergent loses its
immunoreactivity almost completely (Figure 9).

It was a major concern in the development of the covalently linked gp41-FkpA construct
that either the FkpA would mask crucial epitopes due to insufficient binding dynamics or
that the test-inherent detergent Triton X-100 would destroy the test performance by
30 inducing aggregation of the gp4l antigen. The experimental results of many competition
tests on the COBAS CORE platform provide compelling evidence that crucial gp4l
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Several representative anti-HIV sera containing mainly IgG (immunoglobulin G) class
antibodies tested highly positive with the covalently linked FkpA-gp41 protein domains. It
also has been found that the background signal approaches the intrinsic gadget
20 background, even at antigen concentrations as high as 500 ng/ml. The signal-to-noise ratio
turned out to be excellent. Moreover, there is no evidence that the carrier protein, the
molecular chaperone FkpA from E. coli, causes non-specific binding of antibodies

contained in these human sera.

As discussed above, the early detection of seroconversion is crucial to the reliable diagnosis
25 of HIV. During the course of infection, antibodies of the IgM class appear first. In order to
detect HIV infection reliably in a very early phase, it is therefore mandatory to design an
antigen module with high epitope density for IgM recognition and binding. Indeed, FkpA-
gp41 is well recognized by typical anti-HIV, IgM-type sera. What is even more important is
the fact that samples that are difficult to test positive, like the B and C sera from the 9003
30 and 4009 seroconversion panel as supplied by NABI (Miami, Florida), tested positive with
the fusion construct accordiné to the present invention. This is a major achievement since
gp41 antigens on a peptide basis are not reactive at all when tested with these IgM sera.



disintegrating intact viral nmenbranes in the test. This is in marked
contrast to the gp4l 25 ectodomain alone (gp4l in SDS), which in the
presence of the hel per detergent loses its inmunoreactivity alfbstember 2005
conpletely (Figure 9). It was a major concern in the devel opnent of the
covalently linked gp4l - FkpA construct that either the FkpA woul d mask

cruci al epi y,rpgraxe to insufficient binding dynam cs olpcrfh@osdshe
test-inherent detergent Triton X-100 woul d destroy the test performance by
30 inducing aggregation of the gp4l amnt4hen. The experinmental results of
many conpetition tests on the CCBAS CCRE pl at f orm provi de conpel | i ng

evi dence thaﬁ rm al ‘8@1 1 15 Dece %005 t03/ 000877 PCT/ EPO2/ 06956 - 46
epi t opes ar e WEIPE 4 c¥ FHPSTANG R f:o "HES EVal ently 1inked protein

domai ns. Moreover, the inmunoreactivity of gp4l within the intranol ecul ar
chaper one- gpélffereﬁogﬁamnapeﬁme @l s@innRekein wtib @ssRE&ISBNERIr Abilifab ﬁkﬂﬁbldHI\e-llgent S

like Triton X ?]]1 thmg%ﬁraﬁi BSibh %%g'%g%”‘;’segeﬁa SEQrQMéP%}’CERé {EH&%\?gélfla S in the

according to the doupre an ormat ‘are o g\\]

serol ogi cal BRPEESHHEGRS &F%ﬁ%@@%ﬁ%@erw&ﬁeémﬁﬁw fRBAgpuind agesest @f ng to
the presert TitriepaitleroR-gabicoeitasbheiviry agobrding 0d biiseakt duviradogyo@etd) 28462)s, it has
been possi ngsr;/tﬂmﬁé{&&twe&%&ve PRELDRE il BoBRL Rk Jit I@rilgea';ﬁlﬁ‘@ln?thfe?n% use in a
Getection praier pYEEReD R etEr Lo GREm, Sp B b B Mnshiy DEntapd it

Rut heni um | alfel o <7Awdl.not been successful. Since, however, FkpA-gp4l is
readi |y sol uble under physiological buffer conditions, coupling of this

material to fiyds 8931@%1%3 Hoi AR 00 el o%epgmnﬁlw%él L}d}éivsz cewor t hy

that even the 1 scr ed remai ns
sol ubl e. 1h reewea%wt Eildp?sP?HS’ldﬁerrH]é -igeracsgse Ghaperpae EP%%%‘%’GFS)&“ i8g prapgeicem (Roche
Di agnosti cs @itbHespdd tGewhbillyy) andlcpifonipdibnabhastefitpt thaty hllwtwe tbr ahel desigrnefiyl at ed,

respectivel yimapRdhfS Y ah@ody tMMRRIIRACIhMbAM dpBli@sgaubl e antigen bridge
assay. Several representative anti-H V sera containing mainly |1gG

(i mmunogl obulin G cl ass ant| bodi es tested highly positive with the

covalently || ka rotein omal so, has,been found that

t he backgrou “3’? %&B& Q@I‘fgﬁpef% :bhesgpég'@‘é Ela“‘Z’GaMUF%nd even at
antigen concedmeatldedhacalseaml}gbrrafsldﬁd)@ vwfgg.m . The signal -to-noise ratio
turned out to be excel | ent. Moreover, there is no evidence that the carrier

protei n. Loy, SALSCUbAL, GRERR! A% EERANLOMLE) 68l by folGs-0RNeRA 1 ©

active form, we cloned a construct termed FF36. This fusmn polypeptxde comprises two
FkpA units and a gp36 unit, each linked by a flexible glycine-rich stretch. To facilitate
purification, the fusion construct was tagged with Hiss C-terminally. The protein was
essentially purified according to the aforementioned protocol: After chaotropic lysis, the

20 protein was bound to a Ni-NTA-column and was — after excessive washing with 50 mM
sodium phosphate pH 7.8, 7.0 M GuHCI - eluted by lowering the pH. The eluted protein
was then refolded by passing it over a gel filtration column equilibrated with 50 mM
sodium phosphate pH 7.8, 100 mM sodium chloride, 1 mM EDTA. The native protein
resulting from this ,renaturing gel filtration® method displayed satisfying immunological

25 and spectroscopic properties (see Fig.: 10), thus corresponding to gp41 counterparts such
as F41 or FF41. The purification and refolding protocol as described here was carried out
with FF36 bearing three point mutations in the N-terminal heptad repeat region of gp36
(for sequence see SEQ ID NO: 9). The same protocol was also successfully applied to a
fusion construct comprising the wt gp36 ectodomain, albeit with lower yields of soluble

30 protein.
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sts and

the described protocol. The biotinylated and ruthenylated fusion proteins were then
assessed in the Elecsys® E2010 system. The results are strongly indicative for improved

properties of the FF41 construct, containing an additional chaperone domain.

Background signals with negative sera which are decisive for signal-to-noise-ratio and
25 reliable measurement of low titer sera were found to be reduced by more than fifty percent,
when FF41 (about 1600 counts) was compared to F41 (about 3800 counts).
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Background signals with negative sera which are decisive for

signal -to-noise-ratio and 25 reliable neasurenent of lowtiter sera were
found to be reduced by nore than fifty percent, when FF41 (abdhDetg0ier 2005
counts) was conpared to F41 (about 3800 counts). 15 Decenber 2005 WO

03/ 000877 PCT/ EPO2/ 06956 - 49 Table 1: Conparison of F41 and FF41 F41 FF41
R1: EMHR220EM#R3A30s5F5S i n R F-41- Bi (UE) 25FF- 41- Bi - UEEK OGAkxpEQegE M 750ng/ m
R2EMHR221EMHR222 ESS in R2F- 41- Ru( UE) 25FF41- 2Ru- SK( 4)

(3(AL) 500ng/ M 750ng/ M Average counts Wit h 7 3,768 1,589 negative sera i _
Simlar positive results have been obtained with a SS41 fusion protein, ie.

a fusion pro#()g(iargnC ‘i??t aining two S1yD domai ns and one gp4l domain C-term nal
to the chap ins. 15 Decenber 2005 WD 03/000877 PCT/E1' 02/ 06956 - 50
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Decenber 2005 - 52 dCains A nethod of'p&pgucing a sol ubl e conpl ex
conprising an anyl oi dogenic target protein and a peptidyl-prolyl-isonerase
cl ass chaperone conprising mxing said protein and said chaperone in a

buf fer wherein both, the protein and tI@imhaperone are solubilized and
adjusting the buffer to physiol ogical conditions wherein the
protein-chaperone conplex forned is soluble. 2. The method of claim1,

wherein the physi o c So er & ound

concentratlog ofAlalgbcg86?h§§wnn g“% lﬁ? ﬁ%%n T%ﬁgg? sHand%ﬁﬁﬁ targe%00
nM 3. The met hogr@tinched m eptidhiepwilyl- 1ts¢meltaaer glets qdn@tmnn ¢@nprigdgoeiting said
reconbi nantly. 48“;[{@1% mtﬁmcﬂkel%h@' ana]buff‘ép%@ﬂe& lgchﬁ t@i%%trbg%ll aRd %eyclhaf)eron%e

i sonerase is protiuced ~ reconbi hant | laim 1, where
target protein aftf ﬁﬂéb$é%¥P@%@de8P9HhF§6ﬁ%Fé@é*WﬁP@gﬁﬁbéaé@@oﬂédﬁﬁﬁﬁ%éh@Iy

6. The nethod of gh@hmﬂﬁpemmee@hpk&h@nﬁaig@@upkote|n is aretroviral surface
gl ycoprotein. 7. The method of claim1l, wherein the target protein is H V-2

gp36 or H V-1 gp4l. 8. The nethod of claim11, wherein the peptidyl prolyl
i sonerase is2a bﬂhdim@ﬂﬁdnpékﬁnm.lfndgmﬁntﬂﬂfph%ﬁﬂ@ﬁpﬂimyﬂnptmhpﬁxhsmdﬁﬁhse.

compound in a concentration of 10 to 200 mM and a total concentration of salt of 20
- 500 mM.

3. The method of claim 1, wherein the target protein is produced recombinantly.

4. The method of claim 1, wherein the peptidyl prolyl isomerase is produced

recombinantly.

5. The method of claim 1, wherein the target protein and the peptidyl prolyl isomerase

are produced recombinantly
6. The method of claim 1, wherein the target protein is a retroviral surface glycoprotein.
7. The method of claim 1, wherein the target protein is HIV-2 gp36 or HIV-1 gp4l.

8. The method of claim 1, wherein the peptidyl prolyl isomerase is a binding-competent
fragment of the peptidyl prolyl isomerase.

9. A method of producing a soluble retroviral surface glycoprotein-chaperone complex
comprising: mixing a retroviral surface glycoprotein and a peptidyl prolyl isomerase
in a buffer wherein both the retroviral surface glycoprotein and the peptidyl prolyl
isomerase are solubilized and form a complex, and adjusting the buffer to

physiological conditions wherein the complex is soluble.



9. A nethod of producing a soluble retroviral surface egcoprotﬁ%E;ch eagsf
conplex conprising: mxing a retroviral surface glycoprotein a &° %8
prolyl isonmerase in a buffer wherein both the retroviral surface

gl ycoprotein and the peptidyl prolyl isonktase are solubilized and forma
conpl ex, and adjusting the buffer to physiological conditions wherein the
conplex is soluble. 15 Decenber 2(k)5 - 53 10. The nethod of cIain19
wherein t; t I g o] n 0 nj

The met had apecrthod of MAF . YHRPAEDIEL rasu bl SHEEC:. ARGRIBIAATE Yrodieed
reconbi nant oMY nmnhe met hod of claim9, wherein the retroviral surface

gl ycoprotein and the peptidyl prolyl isomerase are produced recombi nantly.

13. The thod of cla ein the retroviral surface oprot inis
My gpa6 r 1 amethda dF Ghizs sutirstindhe SFafidiaro i B ari Re HRMER IS BRI
i somerase conprises a binding- conpetent fragnent of the peptrdyl prolyl

| sonmer as 82. JI%e metﬁga Q)q 1?1fn f r delfgllnn&eq'eﬁ%k'lr.% s%rf &l r]ﬁf&%ﬂrﬁ eln 4 élal’?ngvpelpgfiyl prolyl

gl ycopr ot'éi n-chaperone C
surface glycﬁopremitseranepmdallcmelcqmblmk!eld to a peptidyl pr onI i sonerase in a
buffer wherein the retroviral surface glycoprotein is solubilized, and
adjusting|3 the buffer to physiological conditions wherein the retroviral

y

surf ace dopmsthedotdaige?.ovfereinshp rexovizal senfas plycoprgteirieti¥ gpad ongpHl- ai m
1, 9 or 15, wherein the peptidyl prolyl isonerase is a FKBP chaperone. 17.

The neth cl aim,16 erein the FKBP ch rone.is selected fromt

ot oup. condi Th Rt &F ISy Avictfiny 1oe, pePCRBC O FRTeRve o BPE Bofp T Bsing:
conpri si ng: campetenvtfragrabntofithepsptglyl popyloseenerasend a pepti dyl prol vyl

i sonerase. 19. A soluble conplex conprising: a retroviral surface
egcoprotern and a peptid prol yl |sonerase wherein the retroviral
surface dgbydomeshed nofampio erelaoépﬁﬂuyle setseyrali snfee ycopsotsiecharerane complex,

coval ently tbmgasin 2&1uﬁhﬁng9rrm&xraq)ﬁmcfi@lg_rlycbgmwmbwwhdﬂﬂmumlae;mpkmyl prolyl
er,ern

| i nked conprrses c l,ed | ex

e coval enisPPTIAIEA Lot WHERL MEcismsHahtpcr EfRugorets i sohBligch anthediting
claim 21, \Aﬁerlmfferttb@hye:olngtnaheundmom whextirc trepretrewisalgupfept ghyeopiotéinrchapésone
Decenber 209§P ﬁ&xs&%ubﬁhe conpl ex of claim 22, wherein the peptide |inker
conpri ses at Bast am no .aci ds.

16. The method of claim 1, 9 or 15, wherein the peptidyl prolyl isomerase is a FKBP chaperone.

17. The method of claim 16, wherein the FKBP chaperone is selected from the group consisting
of SlyD, FkpA and trigger factor.

18. A soluble complex comprising: a retroviral surface glycoprotein and a peptidyl prolyl

isomerase.
19. A soluble complex comprising: a retroviral surface glycoprotein and a peptidyl prolyl
isomerase, wherein the retroviral surface glycoprotein and the peptidyl prolyl isomerase

chaperone are covalently linked.

20. The complex of claim 19, wherein the covalently linked comprises chemically coupled.
21. The complex of claim 20, wherein the covalently linked comprises recombinantly linked.

22. The complex of claim 21, wherein the recombinantly linked comprises a peptide linker.



24. The conplex of claim 22, wherein the peptide |inker conprises at |east
15 amino acids. 25. The conplex of claim22, wherein the peptildPssember 2005
conprises at nost 50 amino acids. 26. The conplex of claim22, wherein the
peptide linker conprises at nost 40 ami no-&ids. 27. A conposition
conprising the soluble conplex of any of clains 18 to 26. 28. A nethod of
detecting at | east one antibody to an envel ope virus surface glycoprotein in

a sanpl g3 [RRhSENSf clﬁiam%qme?alntth@paﬂm!1&1@%@9@&3&%&6 QUrRRRIR! Ng a

conpl ex conprising the surface glycoprotein and a peptidyl prolyl 1sonerase
chaperone, and detecting bound antibodies. 29. The nethod of claim 28,

wher ei n pheTkeddin@sier 6cliith ZRMhtetiadhe pelsded ke édrapfise3RP [l lisadninofaRids.

bi ndi ng of the antibodies to the surface glycoprotein. 30. The nethod of
claim 29, wherein the detecting bound antibodies is indicative for the

pr esence2®fThentomplex of cl@int 22odieeainithe péptidedimbrecoBfriseAnt musuddantayacids.
according to the double antigen bridge concept, conprising: a first antigen
conprising a first chaperone-antigen conplex, and a second antigen

conpri si ¥y Thesompiek ofdlgipe? b wheneinithe peptutedinksr c3aprises et mustiHdaméenyaads. cl ai m
31, wherein the first chaperone and the second chaperone are different

nmol ecul es_derived from one species. 33. The i munoassay of claim 31, wherein
the firs?’-dhegrapesidonrempHangdhesriubls spaplarof apkof daimy byt 3tom di f f er ent
speci es 34. The immunoassay of any of clainms 31 to 33, wherein the first
chaperong is derived froma her mophi Ii c, bacteriu 35. The,i noassay .of
oy ot oTbimaegod 6 deeCiib e lens G SRR o MEI e G GEU DL e i a
t her nophi | isemiphe; t @mhpiritingt Scdieaetivipe th@ Gampléoand6a cdmapositiom oass@ysing  aC lcampiekl
or 33, whergj LI qEQ% P der .
fromther nﬁghﬁrl}sgﬁoagf %trf?c%. &)p%le I nn%ﬁ%a{g@gg%&lqg@gﬁ% é}%ap OZ’re éﬁd %fﬁgctmg
first anti doundempbesiesonpri ses a solid phase binding group. 38. The

i mmunoassay of claim 31, wherein the second antigen conplex conprises a

mar ker roup. 39. A method of eliciting an imune response, conprising: .

i nj ect | n%? i egmethedgfclaim28; yehereia the saptacdng f&“ﬁ‘&F‘iﬁgl‘E‘dﬁéf? HPa$ aRRfOPHAte
gl ycopr ot eifer bindiafy sike nffudies tohhe airfacelglyeoprongdn. anti bodies in a subj ect
that bind the retroviral surface glycoprotein.

30. The method of claim 29, wherein the detecting bound antibodies is indicative for the

presence of anti-viral antibodies in the sample.

31. An immunoassay according to the double antigen bridge concept, comprising: a first antigen
comprising a first chaperone-antigen complex, and a second antigen comprising a second

chaperone-antigen complex.

32. The immunoassay of claim 31, wherein the first chaperone and the second chaperone are

different molecules derived from one species.

33. The immunoassay of claim 31, wherein the first chaperone and the second chaperone are

derived from different species

34, The immunoassay of any of claims 31 to 33, wherein the first chaperone is derived from a

thermophilic bacterium.

35. The immunoassay of any of claims 31 to 33, wherein the second chaperone is derived from a

thermophilic bacterium.



40. A nmethod of inhibiting virus entry into a cell, conprising:
admnistering to a cell a soluble conplex of claim9. 41. The HePrgsenbss 2005
claim40, wherein the inhibiting virus entry conprises inhibiting nmenbrane
fusion. 42. The method of claim40, wherebh-the physiol ogical buffer
conprises a buffer conpound in a concentration of 10 to 200 mM and a total
concentration of salt of 20 - 500 nM 43. The nethod of claim40, wherein

t he prot gt nry,S; [ t : ' '
the pept [ oyl orapHfbgs BCAARPLT R ot whdhin BACRAPLRAR: e SAEWE fond URhT: By
cl ai m 40, v#edeniyedframghermeophibigbadteréa. pepti dyl prolyl isonerase are produced
reconbi nantly 46. The nethod of claim40, wherein the protein is an
anyl oi dogeni.c protein. 47, The method .of claim40, wherein the proteipn.is a
retroviral- Sif FRRENgasto PSR ‘gweeﬁh&ﬁéftn?mmn cpRRPlER CABPTSES 2158lighphgse
wherein thebiﬁdi@Fg'mup',s H V-2 gp36 or HI V-1 gp4l. 15 Decenber 2005 -56 49.
The nmet hod of claim40, wherein the peptidyl prolyl isonerase is a
bi ndi ng-conpetent fragnent of the peptidyl prolyl isonerase.

38. The immunoassay of claim 31, wherein the second antigen complex comprises a marker

group.
39. A method of eliciting an immune response, comprising: injecting into a subject a vaccine

comprising a soluble retroviral surface glycoprotein-chaperone complex thereby eliciting

antibodies in a subject that bind the retroviral surface glycoprotein.

40. A method of inhibiting virus entry into a cell, comprising: administering to a cell a soluble

complex of claim 9.

41. The method of claim 40, wherein the inhibiting virus entry comprises inhibiting membrane

fusion.

42. The method of claim 40, wherein the physiological buffer comprises a buffer compound in a
concentration of 10 to 200 mM and a total concentration of salt of 20 - 500 mM.

43. The method of claim 40, wherein the protein is produced recombinantly.
44. The method of claim 40, wherein the peptidyl prolyl isomerase is produced recombinantly.

45. The method of claim 40, wherein the protein and the peptidyl prolyl isomerase are produced

recombinantly
46. The method of claim 40, wherein the protein is an amyloidogenic protein.

47. The method of claim 40, wherein the protein is a retroviral surface amyloidogenic

glycoprotein.

48. The method of claim 40, wherein the protein is HIV-2 gp36 or HIV-1 gp41.
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49. The method of claim 40, wherein the peptidyl prolyl isomerase is a binding-competent
fragment of the peptidyl prolyl isomerase.





