15 Decenber 2005 WO 03/000877 PCT/ EP02/ 06956 A sol ubl e conpl ex conprising a
retroviral surface glycoprotein The present invention relates to the

di agnosis of HI 'V infections. It especially teaches the produd@ﬂbﬁe%$e%¥005
soluble retroviral surface glycoprotein- (or transnmenbrane glycoprotein)-
chaperone conpl ex and the advant ageous use of a chaperone-antigen conpl ex,
especi ally wododdiggfetection of antibodies to HV in i muneesssays,
preferably according to the double 5 antigen bridge concept, or as an

i mmunogen. The invention al so discloses soluble conplexes conprising a
variant of HI V-1 gp4l or a variant of H V-2 gp36, respectively, and a

chaperone sel ected fromivieo %&L(q;(lgﬁsﬂ{gglrygré‘jiﬁgmgé%g,cﬁrgé& of chaperones.

Variants conprising specific amno-acid substitutions in the N-helical
dormain of HI V-1 gp4l or of H V-2 gp36, respectively, are al so described. 10
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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)
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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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2 present yet. In the subsequent phase, which is ternmed seroconversion,
anti bodi es against the H'V antigens appear, while the anount of viral
antigens (viral |oad) decreases. The mmjority of the antibodlePefambeed0dn
the early phase of the seroconversion belongs to the immunoglobulin class M
(1gM. Later on the inmune response against H'V switches to the 5
i mmunogl obulwg osbdeass G (19gG, which then builds up the negFdoiyoef the
anti bodies directed against HV. During the further course of infection the
| evel of anti-HV antibodies may decrease whereas the viral |load (the
presence of viral particles or viral antigens) in bodily fluids may
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by the poi gene region 25 St tur core proteins enc y the gag
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t hese envel ofmaperpindhghost andethus hgwaqd ag antigensin diagnestic progesiuges. Thesgrare the nost
i Mmunogeni ¢ piteRpE blteid@AGded 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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35 these viral proteins. 15 Decenber 2005 WD 03/000877 PCT/ EP0O2/ 06956
| mmuunoassay net hods, such as, e.g., ELISA (enzyne-|inked inmunaosorbent
assay), enploying polypeptldes encoded by the HI virus, havéS Bsgpmber 2005
extensively used in diagnosis and screening. The viral pol ypeptides are
either directly prepared fromviral material, or are derived fromin vitro
or in vivo axpirss&ron systens using reconbinant DNA t eclrealeegywsysd Bot h ways
of antigen production suffer fromsevere limtations. Polypeptides derived
from viral preparations may be cont am-rfat ed by viable virus or infectious
genetic material, thus posing a hazard to personnel using the material.
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is known to be soluble around and beI ow pH 3.0 or around and above pH 11.0.

Unf ort unat el y however, both H V-1 nd H V-2 gp36, pectively, are
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i nsol ubi | by lindAE&H, REIuddagidead: aRi e intbelei. hdpp41 & ekHepVied dbnsSsrihace
gl ycoprotein Sh J A Swit o1& Py 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.

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



i mmunoassays are used directly coated onto a solid phase material. Direct
coating of 15 Decenber 2005 WD 03,' 000877 PCTI EP02106956 -4 antigens to
solid phase materials, however, is detrinental in many cases afibecashdr2605 n
di sadvant ages |i ke conformati onal changes, nol ecul ar unfol ding, change in
antigenicity, instability, and in background problens (cf. Butler, J. E. ,

et al., J. LguRQls,, Methods 150 (1992) 77-90). 5 Altho%I@,Elpgzmgwosa ble to
sol ubilize a retrOV|raI surface glycoprotein (rsgp) by neans of strongly
chaotropi c reagents or appropriate detengents, the material solubilized in
such a manner is of Iim'ted use as a diagnostic tool. The insolubility of
retroviral surface gl roteins hys; o] ogi cal  buffer ngl ti ns in
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significant part of antisera reactive to gp4l conprises antibodies to the
api cal | oop APthdntoneihuloveli SithfidARaRr idgemighal mei Bride donept Hatdiptsee thus

represents a dvlemI ItlaIgLeI BS’sd M vnac‘letvarlety 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



regi on of gp4l. One bypass to overcone the problens associated with

reconbi nantly derived gp4l therefore is the chem cal production of peptides
representing partial 15 Decenber 2005 WO 03/ 000877 PCT/ EP02/ 069 Decasti@noss
of gp4l. It is inportant to note that gp4l or gp36, respectively, as
referred to in the present invention is defined as the so-called ectodonain
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fusi on pept gvoée&%(l d’the C-termnal transnembrane segmnq’%gggggg{}?d

fragments of a variety of H 'V antigens.are disclosed in the rel evant patent
literature (Australian Patent AppI i cation No. 597884 (57733/ 86), and in

U S. Patents No. 4735896 _ and 4879212). In particular, these three
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further hav SB‘@&‘??V?ré‘PPHe‘iﬂ“fIBP&"&?ﬁfsal n a disulfide bridge forned by a

chem cal oxidation step between the two cysteine residues of the
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reactive wi tll?mm?rmdte&%\?yﬁfﬁts%bgﬁs aépﬁed ROR dieIhQiaRhalldh VpdR¢! are not
detected. Not only is the very early 30 diagnosis of an H V infection

crucial, it is also extrenely inportant that as many subtypes
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.



of HHV-1 and HI V-2 as possible be detected. The nore epitopes, especially of
the correctly folded conformational epitopes of a rsgp, are present, the
less likely it is to miss an infected sanple due to a fal se lAd¥eeinber 2005
di agnosi s. 15 Decenber 2005 WD 03/ 000877 PCT/ EP02/ 06956 Conti nuous efforts
have therefore been undertaken to provide |arger parts of a retroviral
surface gl yg,p(p{;] Ab&yn ol ecul e, especially of gpdl from BYeleyssisSol ubl e
form The biophysical as well as the biochem cal properties of gp4l have
been extensively studied in past years.glu, M, et al., Nat. Struct. Biol.
2 (1995) 1075-82) have partially elucidated the 5 trineric structure of
gp4l . Since p41l under physiological conditions forns an insol uble
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Sci ence 291 (2001) 884 8. This inhibitor corrprl ses thr ee stretches deri ved
from 15 the N-Haetetdnfd@bednebhfirdeddyMNR sfetteistdphéCgfrdy] Mo alt, WBic Chehehigs of t he

Ctermnal h d0§31|9877dé9 amienfametehﬁ;r @pfahﬁsatrpﬂe&%nmm% héSpreRehiecal |y

et Cieﬁrﬁf’eﬁ‘é?%ﬁ Kt @gm%?ffémo%@Eﬁﬁwrw%?ﬁe%%%%%narE't°@f oop

moti f, whi&hoiientdieomwn t o harbor particularly inmunogenic epitopes (see
above). 20 A trenendous need therefore still exists to provide as many

retroviral %@}ﬁa@c@ia;zgggg%gg&gwgpﬁm TRE2e20005 8.8t b gaés%w?'l& orm

Especi al |y, [ ovi suc ens conhpri si ng
gp4l from H \fpr&lbesﬂnt@rﬁeenpfeﬁfwa&eeap%lg%wwe sy41 for use in various

therapeutic as well as diagnostic applications. It was a task of the present
i nvention topgj El\eeem de3i3h,&n WIBLIRR bf HEV-1 $ntRASS ikih® 419 nEYHRMI @&d@&aey Réet,

S ops6, 1 oobhitt ety e pe o aptsEP PRI it el P ey, 7 11

e-gp36, res
i nvent i onli/vaéhetf‘btqrmmfslmhgaétdemme‘f%ﬂw gp4] apdgyye siresrhes p&ﬂlsrfow@eal ReBd ant s of
gp4l and or dpdfin fioas Pecmoleally, Howdvahthisr gnealy @giyertd chratddtdacnelaay whi ch,

especial l'y Uﬁgx‘ﬁ{lm@&i{dfx%nyc&@igérhé 9;5?1% &%f rtl&%%'u(:@ﬂlofeaﬂe,%ﬁ toésElcl}Qy agesldpgunoassay

g:)n‘gfl g?née?h‘%{ %‘Iélﬂfeaﬁ)t Iang.l 1%‘85 airtlclm whic rg ksngwg to %arbor pgrrtlrc?ﬂgr gnr?n?n gemc

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.



chaperone of the peptidyl-prolyl-isonerase class of chaperones. 15 Decenber
2005 WO 03/ 000877 PCT/ EPO2/ 06956 7 Chaperones, which are known as cl assi cal
"fol ding hel pers", are polypeptides that assist the folding &hDeeemilbrer @8@hce
of structural integrity of other proteins. They possess the ability to
pronote the folding of a polypeptide both in vivo and in vitro. Generally,

f ol di ng hel S30067€ subdivided into folding catalysts girgphaResones.

Fol di ng catal ysts accelerate the rate 5 limting steps in protein folding
due to their catalytic function. Exanple&s-of catalysts are further

descri bed bel ow. Chaperones are known to bind to denatured or partially

denat ured pol ypepti de t hus tur,,e t ei Thus nl i ke
fol di ng cat apégqegone&@ﬁ-ggéﬁﬂ&ﬂggn %ng"fg E'L ?H\g‘rné Fﬂﬁi?‘f P%W@????ﬁha(%ﬁ%ﬁ‘ .
Faseb J 10 ( {9463 anmdondi@nancivd plevctinelsntagrity efvitlepn brogrirs. They passess Habikity tpr ot el ns
invol ved in pf&ﬁ&é ﬂlermalug 8t d plypep@dediot®in vikantl i W&b.0Cakialy) faatg elpeadat i on

(Gething, M ate sugcﬂvxfie%a' np v@ﬁ'ﬁlg %l’yfti\latci‘jgh% 3§x§es (Fgo?d%gocag%sés‘%deleﬂtg Blg.u h also

present unde I ons duced . under
stress cordi Hng steph i“sPrP‘iﬁlr“t tRidinedyp o el Cf‘ ig @I‘é‘éflo{lhg’faf‘tﬂlf’équ HRYES ¥Fogi cal
function i s firthet Gleerivédt belot.r Ebpevaesdutei ksvn Tobmdt ®, daaueedlor dpairfiadly ent

famlies of ghARGL PP e Ea%sm Jo LRSSk ﬁ&@ﬂ?'{ﬂﬁ(&éﬁgﬂe%m&g c&Qg;técte“ zed

by their ab|I|t t un oI rtlal roteins and have a

physi ol ogi caf al*’ﬁ‘iﬁ’&‘fﬁ%ﬂ“l‘ﬂ%ff ’i“gmﬂ 8thr’r‘?é C%F"E’égb Jfi%gof proteins or

the renoval of denatured or aggr egat ed protein. Well-characterized exanpl es
of chaper ones:ha;seeorfwﬁbers@n@hs SfsCiadledploeatsisonekinfpastiih n@Surdfon, PIRALI NS,

whi ch are,de t r I ;
exarpl o 4 Feligef onha%%%og‘%ﬁ%%%w 38 Sy ML sops
(smal | heat - éﬁg% ALt PR undgs ngredt Wy ditsonsn ey afeJabuné%f*é]ébméqué (1996)
10- 19 and by uBédrssess gaidjtiodd. Tamdurchhm;@p;ts the idea Blaomelr@lhgmologc'?agﬁ(nﬂ:@ﬁ&} 245-59.
Fol di ng cat aky&fps with tkdsk@n&haner ones, assist folding by accelerating defined
rate-limting steps, thereby reducing the concentration of
aggregation-prone folding internmediates. One 25 class of catalysts, the
protein di sullpidie, isevorridisient faailicerofighipersings eredingwimt &1 these chdpglones are

di sul fi deiDdXikiRadt@debames ibiliab dindz@Folliddeorf fardany uffolded pidieény @driaangement of
di sul fi de ?gg%légﬂ?lsﬁﬁ&%hﬁéf iPERLE D Fre cLHec@fcﬁ&Ihé; eYn% Jags Feg'lo@al dhe

oxi dative fo 1? secreg ry . proterns int asmls adjusted by a
cascade of pABRATH ofigerdid8r9'EBner ases desi gnat ed DsbA DsbB, DsbC, and
DsbD (Bardwel |, J. C., Mol Mcrobiol 14 (1994) 199-205 and 30 M ssi akas,

D., et al., W@Qh&ra@t@rdea-%&ble?’éﬂcﬁap%@nes Ao RlhBErs biYPRANedRtat GhekTariliesod! di ng
catalysts r eE)Iethu?sg 2n 3t cPe?E altecciiyalccoqgli%,lg ¥A th%fr Srf/:lgtlrvg‘rﬁ;solecular 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-



i somerases (PPls) conprise different nenbers such as CypA, PpiD ,
(Dartigalongue, C and Raina, S., Enbo J 17 (1998) 3968-80, FkpA (Danese,
P. N, et al., Genes Dev 9 (1995) 387 15 Decenber 2005 WD 03/ b‘stwmbeﬂOOS
PCT/ EP0O2/ 06956 -8 98), trigger factor (Crooke, E. and Wckner, W, Proc Natl
Acad Sci U S A 84 (1987) 5216- 20 and Stoller, G, et al., Enbo J 14 (1995)
4939-48), aRng Sloyos (Hottenrott, S., et al., J Biol Chemr2pagd®o7)
15697-701). Anongst these, FkpA, SlyD and trigger factor have been found to
be rel ated based on sequence alignnents8 5 The peptidyl prolyl isonerase
FkpA has been localized to the periplasmof Gamnegative bacteria. It has

been specul t ha I S.o50aRer 908 IS, WPRL Qe df .

transl ocati g%lﬁgtflg%égafgeo?i(gﬁ 8%0?’& 8%&5‘?3%’ prr %FI&? ﬁggsﬁa%gna‘s%%.%%gggg%fuckt hun,
A., J Biol vehSorst Gaobd) Eaba bbtd%yp) ﬁ%%?é*%ﬁﬁ&ﬁ@ﬁ%ottﬁr{ﬁs& Sesthilp] B9li t s
beneficial efhee7D(19eDr 15621-701f.CAmiongst thése,pilpteblpl and ttigger fictet hmetbeway's.

First, FkpA {0h@fAfkldatth bReLH dyichQlafid®nd0 I ntermedi ates, thus preventing
their aggregation. Secondly, it has the ability to reactivate inactive

protein, possibly also by binding to partially unfol ded species that may

exi st in SeqUid peptidyl prokyl isemetree Bgdrhegbrer tpchlizedrio Bo periflasindif kgarhelegrsive

compr i se. 30tE@c&riﬁa&aﬂla}étﬂe@@'sb&uﬁﬁﬁitHz& GQNBaPerdse vseilnhpoatsmafoe hepgsoeneand or

pol ypepti de bi ndi n, Repres e e s ar : ger
Pact or " ( zam Terocid 8% oERuRRGRAN - ERE, Kol Buulin, TBIAOE
Tsou, C. L.,Chuser (3000) 11963p) hayq shopn that &lp i exhibits its henefigial gffect opgmesy . (2001)
20(1), 285- 20Ming ahchridsinA if Fvec HistirCt | wags. Eitst,, Flipibdntdractd Svithl 86%) fd@ag 98) .
Accor di ngyof OjnQuie ARSE IMA Ik QB ing G &%@ti@@.@&&{ﬂﬁ §THAE EHATaBili§ LB actifatb e
realized in Ih%iPPlases K Aagng ﬁlﬁ , .respe t|%§¢¥ | t. QE% been. . .
denonst r at edPHEPIFEPRES P hd8h ShaEHts 45 &2 pHalfed fpedfnaH BT &8 ssion of
20 chaper onesauiidyivinagit the eggeegatpforreconbi nant producti on of a pol ypeptide. An
exanple thereto can be found in WO 94/08012. It is also known that an

i ncreased pr @oqyﬁc%%lg'lgth?%eg I&Qrg?r'hsg %otﬁ%'}atggti&ff)hicﬂvie%rMn }ﬁ\ie b aachgﬁé?gne GPN struct

conprising a poly € CO sequence as well ‘as a chaper.gne sequence.

This fusi onPEBIEEGsLINGigy daspainpRepresepiative examplen gy -8 Grigeerdeqter (Eamy To et

si gni ficatst|al, i Mot Babzdl 237ps1dirctWar, 6fC.tahd Thomr&nL pFaebi IisUP92n 1615-Dhe

Eer i pl asm of sfeaqbeairédht a, g@iyobﬁ;m\f\?m{w), @s§m¢, atna @|3§A (pjssch, @.Qfmﬂ.,:c &hpgy t he
uman pro-in 16,8 nter.. f... et al. ournal o

B ot chnal ool Qﬁ&@%%é;)- B el bl dliElaniohs, heithm o hHhARE sine cp e

i ncreased prodired indhe Bflassabippend Sikld. regpdisely- pol ypeptides is mainly due to

the binding and thus solubilizing function of chaperone 30 proteins. After

recombi nant pEANUET HORoREaBd USHPOt RREYRERE SRS R LA SiHISk8RARELBASF and

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



target protein, the chaperones are custonmarily | eaved off fromthe resulting
pol ypeptide to yield the desired pol ypeptide in pure form In contrast, the
present invention is based on 15 Decenber 2005 WO 03/ 000877 PCiDEpoRrba@988
-9 the beneficial solubilizing effect of an appropriate chaperone while

bei ng associated with a retroviral surface glycoprotein. To our surprise we

found that fvp(l)glj,(mf;”hel pers, e.g., many nenbers of the pearidylossol vl
i sonerase (PPl) class, especially fromt hg FKBP fam |y, not only exhibit

catalytic activity, 5 but also bring about drastic beneficial effects on
solubility of anyloidogenic proteins, or nore generally speaking, of
prot ei ns t endi thgbénefidy §d1 el Rt Odffect DA @Y af@opsiate Riaeindiwhge Be&hgiBbRiated arifhlae X €S

wi th such protgj rwise (i.e. in an unchaperoned, isol ated
form prone trglr%rﬁgsggéactei%f ﬁ?p(%g%%h proteins that are otherw se hardly sol uble

or insoluble under physiological conditions turn out to be sol ubl e under

m | d physi ol ogicair scxprick ¢ fnsd (hat é:ldiﬂg)halgetsh@gl,t magetiehbers sithe pedtidgli prglyl .
addi Itl ves fUCpﬂcﬁﬁerggmflgeﬁk%,%s;%fglaﬁﬁﬁ%rt&OFI@P%%%H},%)ut Qﬂ(}%ﬂ{im?%altalﬁg[&%cm,ng Ina
conpl ex wi e r.opr,i a C rone. us... were abl.e to. produce,
For exanpl o3 SOf bt BT tied fretirhsar Do FONER S HR YT TR cPy s o g oa
protein of H \mdregeneratly snygfriegyaf proteing tavdias tosaggresation.olihey do soiey friepng whubbt her
FKBPs as  sol Udidplekd-vEduel brgeisshper OntB&wisd f.el i addichiperonedysoltdofpund

t hat certain VB"OIIIE tged% r@%q %{.%rulcl?‘?;&%&sfthyla}/e_ (;]thg&ﬁle QIrdfyogolqueV_r%nsoHlBQdeer
respectively, ‘are espec af_)_y suited to forma solub (_:(i)rrp(f ex wmth

chaper ones of Rigiologss| condifidas turg QU ik lble L@fiergraﬁ‘# PEYF&P placopitiges 536 and
FkpA, for eRanpitteut sgeé forealibiliying addifilegsuch as. dptergentyche chphppicalants) onde they

condi tions, theybe@d Rea @epley WiPBE &FprbplifOPVEMaBlon® HHuRNGE Fereaibtt R0 t hey
can be used to gy eat ad}\c/aantlag@ 1 t(t)}e plcg ection of anti bogl es, agai nst, gp4l
or gp36, resppercilg ey Pl ukfpérmﬁ, PESPecPTVERT) CaRd thedaf of €21 n t he
di agnosi s of airoteim\of FlYFbas poegreatient pyas trgehPrassin ¢hd thkeA pr gthee §KBPydres 1 A
and 1B Far ( 1Aplubties-¢vaétring dBperovesCD of the HI V-1 ect odomain gp4l (535- 25
681) - H s6 Fol ded gp4l (thick line): buffer conditions ( 30 nM sodi um

form ate, .0),,.were set to .induce a native-like all-heligcal rmation
of gpal Dﬁﬁaﬁara)gikﬂafbme(l st e 1 S Biarydl b vttt et BB v s st
phosphat e pH 386, r@pGtiktlGaFGspeciaby euitséto form e selpble cehplex wish shaperengs whthsl d)
gp4l . Due to tim-chssgh nolarity of the chaotropic salt, the reference

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



30 dichroitic signal in Fig 1A (thin line) cannot be reliably nonitored in
the wave |l ength region below 215 nm The spectra were recorded on a

Jasco- 720 spectropol arimeter and were averaged nine tinmes to lPd¥sembe¢re2005
noi se. Path length was 0.2 cmfor far UV CD (Figure 15 Decenber 2005 WO
03/000877 PCT/ EP0O2/06956 - 10 I|A) and 0.5 cmfor near U/ CD (Figure 1B).

The respectiywgugkei n concentrations were 1.5 pMand 29-dMpydRbdss of the
ordinates are nean residue ellipticity and have the dinension deg x cn2 x
dnol -1. Figure 2 Aggregation of "unchapetoened” gp4l in physiological buffer.
5 Shown are UV spectra of the gp4l ectodomain one m' nute (lower line) and 10

m nutes (up fter nol ecul es
lead to stra ?’&Ihc?segrg Fretees 6%255 guéﬁrg%h%)hgﬁ rﬁB’ﬁ?tg ?3%5%%9&9%0%@%% 310
nm The fi gunle M ard 2%t LhluYnity of thdeardingtes are emeanaesdisr s taaet &gt then

t endency of g@{lénmll,aglxsmﬁguglwlrthy that the aggregation process does not
stop at the stage indicated by the upper line. 10 Figures 3A and 3B FkpA

sol ubilizes the gp4l ectodonain at neutral pH gp4l and mature FkpA were
co-incubated_at | ow pH and aft rds shi, d to fina fer conditions of
20 M sodi unfigHEIphat é‘ggrfﬂgin?nﬂﬁ R&Cﬁl’ff“ﬁlm ’I‘:’bﬂ& bR#I‘E 1 and 10

m nutes (|l ower and upper line, respectively) UV spectra were recorded to
assess the exdvaNire OV aR@rEGah gfmieetotimmﬁeﬂph@;ﬁne &bwnﬁeﬁﬁdsmuwee

suppressi on o) [ ex C erone,
Figure 3B shg\%}e?ﬁnsqgé }?H ”)f(mg ﬁfogju% 6\?%7% Q%QP e m?%%ﬁ lead g Er‘?’cg%‘?r ation
of gp4l was &Fstitand Cﬂﬂlse@fh%i@a"seﬂ aiporptign peyeongd 49 ﬁ@‘ ffge éﬁ“ﬁﬁ%%@ﬁﬂ““éﬁsorptl on
beyond 300 niymovasgate etleleedntons aggregation mendehgr & grel;cvnipelokawoghp plet thescopi ¢
evi dence t hat,FlobdGfrbieGi BRIy stoPhe WM dido? BRichBELIRELpREfiQdONRI N 1N a

dose- dependen %glr: fasfﬁ{ror? 20 |gl Stulg)e 4 C\% specctru}?ntﬂof 15|33kpA-gp4I at pH 2.5

WV- spectrum of the fusi on poI ypept| de kaA— gp4l after dialysis against 50

nmM sodi umophosphat e, Surprisingly, the two-domain
const ruct 10 r EigHrenda é‘?fﬁ?ﬂ tFé‘P9S%IB\"H%fPéheﬂ’f‘]eﬁaofdéﬁﬁ‘%}éW%‘th% sol ubi li zi ng
chaotropi c agent GQuHCI. There is no evidence for the existence of

Lli gm - st (r]I ayi pgu 1:&%%@@@ M&E cmmtéaeat Exﬁﬂaﬁteﬂvagat% HRES & ﬁlab@%fgelr' ne 15
Decenber 2006 BSPGUDB Bl ERvrBetaq 4 0 A iy En EORk oMy DR
spect rum of Fk)migies (leyer }g]z.qi pppgr 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.



The spectrum was recorded on a Jasco 720 spectropolarineter in 20 mM sodi um
phosphate, pH 2.5; 50 nM NaCl at 20C and was accunul ated nine tines to | ower
the noise. Protein concentration was 22.5 pMat a path | engt hS dfec@nber@f)5
The aromatic 5 ellipticity shows the typical signature of gp4l (for
reference see Fig 1B). At pH 2.5, FkpAis largely unstructured and does not

contribute 4R, §h6ssi gnal in the Near-W-CD at all. Figurn@tfefakestV CD
spectrum of FkpA-gp4l at pH 2.5 The spectrum was recorded on a Jasco 720

spectropol arinmeter in 20 nM sodi um pho’sﬁhéte pH 2.5; 50 nM NaC at 20C and
was accumnul ated nine tinmes to inprove the 10 signal-to-noise ratio. Protein
concentrat i onpigas 52. 25 Nvhral v @DRpdcHum@figkgn-gf41@t e,y The minima at 220 and
208 nmpoint to a largely helical structure of gp4l in the context of the
fusion protein. The spectral noise below 197 nmis due to the high am de
absor ption andhe dBREEUMotaY &5581ded O AdeFCR 7R CPERFAPOLITERLtE s 2 MY hed Ui on
protei n. Neveplidighas pH 2.5e50t yipi Hall at BeAG aodneasiapanmuditeddBe timec@nobe heessed.
The. spect rum fag Pedcrieac aRadiRg sHESRI b QAIClengh KR oDt The SRR od um
phosphat e, - pHATRE SO SPBERoAl e R T dE OB Rt R 2 NS o1 over
the noise. Plegeliwmstoentaehindzdopsoret wadribuse 5 thevigaal imtheMetr-Vehdgt Habf 0.5 cm
Strikingly, the aromatic ellipticity of the covalently |linked protein

domai ns of g41 and FkpA (continuous 20 line) is nade up additively fromthe

contri buti onspgfyetat | V@;,IIﬂy{x@mbécﬁng,lgf@SéA_%lat@qggH 3.0 (lower dashed Iine)
and the contributions of FkpA at pH 7.4 (upper dashed line). This indicates

that the carrier FkpA and the target gp4l (i.e. two distinct functional
folding unit$he seacom vay escaided wnandasguas? -sperrepderiresier] in dhemM| padied in a
pol ypepti de f pkdsphate PH@LE MMM NaEll G 00°€ fhdhak addmGlted fnidekiides G #hprovdibe

physi ol ogi ¢al .huffer .conditi C K 720
Cpoct ropol o1 itk Fhafogs, paLE ﬁ%@&tﬁﬁ&pt*?%“%ﬁaéfﬁa?ﬁ %Sﬁh%@&zcc}*@“fg%oc and
accurmul at ed nfAREmRRRED ang Z?W(B%t ﬁgarg T Bt SEets P4 MG 6?"’15?"698' h
concent r at i onfus@s ptotsis. Pid satctral pasepelowrig? hmas d@e 2 thahighTbreide shsorptignsngnal s at
égz nmgw ango(z)gsoda Mot fe@SﬂQﬁtahyeﬂrlydurﬂQEdﬁﬁre% g/tgeGiétlgiféﬁl%%Tiﬂ._Qhév@ﬁ{de@i mécxweaqu of h15
cenber ) 03/ - gp4l in the context of the

fusion constr}ﬁ%?[g%lg{?%%?gggnb%‘%&?ﬁ%g%ﬁm is due to the high protein
absorption and does not reflect any secondary structural properties of

FkpA- gp4l. Figure 9 FkpA-1linked Igp4| is both sol uble and highly
i nmrunor eacti vEBighss 7an H%garUVCD 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



assay 5 FkpA-gp4l is a strong conpetitor in the COBAS CORE H V Conbi assay.
Shown is the inhibitory potential of the sol uble FkpA-gp4l polypeptide
(filled circles) after pretreatnment with diluent buffer (contlaiDdacagbdrd006n
X-100 as a hel per detergent) in conparison to the gp4l ectodonain al one
(empty circles). It is evident that the gp4l ectodomain (within the

i ntranol eculgy,;eapl ex of the fusion protein) retains ibperRb@EReoss

i mmunoreactivity even in the 10 presence_of detergent, whereas the naked

ect odomai n al nost conpletely | oses i mukor eact i vi ty. The H V-positive serum
tested was internal serum nunber 21284 in a dilution of 1:3000. Figure 10
UV- spect r um of, 4 k3 @headchneskt bematildioh Rensgalt. Thd hdiRtie@R KRens Rafk tolMePEigY i des
conpel | i ng evidenc thgt tlgied %03§ fu§| on pept | qreu SraIS(r)l ur?ilf:eof%ﬂdA- 15 does not
aggr egat e wheRrOFe&t B FRECMHILE ROt HHE 2% ST U ST A § P Y TrRNER H i ng gel
filtration nethod as described in the Exanples section. Figure 11 (1 + 2)
FkpA-gp2l1 is both a soluble and an i nmunol ogically reactive fusion

pol ypept i de AFiger 9r enaFkyrA-ligked gh41fis Hoth siubbrand higblyrimfrahdedtiFkipAndd¥t f usi on
protein elutes highly gglyuble 20 and shows no aggregation tendency in the
UV-spectrum (11/1). \Wen assessed in a conpetitive-type inmunoassay
experiment in the COBAS CORE with HTLV-positive serum 858893-00 (1:10

di | ution), SFkPRAgEAL it aﬁ%gdempetéorpegéeeggB&@@BﬁéHiv Garrhi eshio §hew is the
properties (libhbjtorylpeteatihlloftheddstie Fipial-gpal RAypebedgifibsiaittled) afte pidtennieat at es to

a met hod of pyodyghAehass ALddRhfinLAMBA §%108 AR hEISi W efrent) & EfipaRESH Bl e WHI Ch

is essentially insoluble and a peptidyl-prqlyl-isonerase class chaperone
compri si ng. m H4HGTSATREIR ABpe ce Clégilalséﬁ’gﬁé%g‘eigﬁ“a“&?f’%w WEBRh bot h,
the protein atdmpkeilgiramelenntthafusosprotei) ritznditsdigh imdjunseteicigintdvenipuhd er to
physi ol ogi gal pe@Rel tdfORstergISHeRtad NBe PhARERI dRtBBARET AIMRSC ABRbRYEL a62Bd i S
sol ubl e, 15 Doeenber, 2005 Y0031 000811, BCILFRA2L00088 o5, byl hALOE!
protein" accord ng 16 tRe prese? I'AVeNnt i on may be any protern Ichis
essential |y i filticBnf E3G98- an aqueous buffer solution with pH 7.4 consisting
of 20mM sodi um phosphate and 150 nM sodi um chloride. Preferred target
proteins for exanple are anyl oi dogenic proteins, surface glycoproteins of
anyl oi dogeni CFigiteus es, UVedpkdintint GfIFF3ddffepe@atubingidey/flapticai ei ns, especially H V-1
gp4l, H V-2 gp36 and HTLV gp2l. One inportant group of target polypeptides

r h - I | oi ni r i,ns qr
are the so Ca{"heeg)ecatr m %rcgv?d%se corr(fpe ingte\(?idensée 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.



pol ypepti des. Such anyl oi dogeni c proteins have been found in aggregated form
in bodily fluids or conpartnents. Well-known exanples are serumanyloid A
(sAA), the so-called R-A4 or A(3 (a polypeptide of 42 or 43 dAilesembpid05
known to formthe characteristic 10 amyl oid deposits in brains of

Al zhei ner's Di sease), the so-called prion proteins (the PrPs” form

accunul at es Wdsag@regates in BSE or Creutzfel dt-Jacob dipggeasewsysand
retroviral surface glycoproteins, like H V-1 gp4l, which is found in

anyl oid-like plaques in the brain of paiients suffering fromHAD (H V

associ ated denentia). In a preferred enbodi nent, a chaperone, preferably a
PPI chaperong, «lS tusetd. t,0 form .S I ublet;ltcovrggtlienx %o(r]g%rgsi ng..an_. 5ch is

anyl oi dogeni & [PEF SRR FERENE HAET SFE T eqr at™advant age such'-a ‘Conpl ex
can be used essentipfyriysoliiblefie propuepunbufigaelatsn Wioeid ddcessistipg ef 28mdbiodignch a
conpl ex is ugksphde afd 150MAMORIRAY cHELAH Prdigredotatdae pelaelhd foradxbinglenarbr i dge
concept. HV : r el i .as HIL. j viLrus and
Ehol & vi rus, " PSS pe K <0PE0 Ng#”%%%%%f?éﬁmgf‘éi’ Wl SRS EREReRI

at t achment® a#dCoRENBRsafBeFAE o1 erdh V‘§§P§}5émfl%§§ #dhctions, all these

surface glycoproteins contain extrenely hydrophobic segnents rendering them
difficult t om@ml%&tahngﬁshﬁ loP tar 2 9&@;@9@9&@9@5-@% aﬁ?l@id@?éﬁicrtgoteﬁl@%m
chal | engi ng talhgeetig fsor inovijtro. re to.I Q%ngbaetntt‘gﬁ)d[is' @a?edffgrrt& [ referred
enbodi nent, PYREPRIESERE *PHVESRFPST PEPAPUE F B kol JBFE S P Iek céiﬂf)ri sing a
PPl chaper on8uigher @mpsrimerteVell-kropr semples 45¢ scarm emyichp deha)] the so-called

especi al 'y r@glst &SAB 0a bhigpdpEée of 400 @NRIEY a2hls Cao its ifdreh the RRAra@brsgier one and

f | . f ; i i f sct h
a surtace;gi y§ &iﬁ%t(% sits @ brﬁg%mﬁ'}e ?g D\@'&Jsé&,sthle o-&Hed 'pﬂl_gﬂr'DBfB?e%ﬁ?%elP?l? €

Lot oS 4 oo B PSRy SR Py o B ek
with respect gyophitdtolibgHEG! grébnorensifogy, in Hapldidlikeplyqus in tharbrain of he
spongi form gaeephalreRatthyn call adivQisshel dedtnthdqal, gleeaasembddigest h ol ogy of
G eut zf el dt - c@aggr%nedi PFIaT §?Pi 96080 Al So0s 96489, %o%? L) 8G.hkgMm.4 he

anyl oi dgeni c "accunufati on,yo fagues’ conprrsing a nodi 58 p|P| one protein
(Prusi ner 13 S?mBPI,dosﬂmserwap|ans1x§§&h@érone g geapyivantegsgychaggpleggn be prd

anal ogous patrheagenésfesenf dnmidddasdan pedcedung. Biefphabiypbel tl ermplexd ghisedafigaegat es of

e-gp4l s Vﬁﬁ%uljlciaksg)h%corkﬁngk&&@@&@@nﬁ&%bgihgetco}lkb?t.n_eur ol ogical lesions in
H V encephal opat hy share pathol ogi cal and radi ol ogi cal features with

Bi nswanger's di sease. 15 Decenber 2005 WO 03/000877 PCT/ EP02/ 06956 - 14
Preferred anfilBiadégdrer enyrlapeediviraseacsedy i LY oinflieazp vissernd Ebpleeritisonll ar e gp4l
derived fromexprlisy/sutfaceid@bprdeeins\ied niedambbih\tel att@hmet2hd dekibyad fdstodnTHTLV,
respectivg|y LRt 8hBideS, aPms d. " tibal b YD Coalfnk.a buffer
consi sti n? o?eréo&r%\/l R%ER ljlm p%gﬁ%%ee iﬁg(%’?ﬂ“hlgo t?rlk}] éN%&'ﬁ%?wid}Ofpgg chbI eina
concentrati Oﬁeggllentgéenﬁmqﬁ, thrngs 11c t 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.



5 A conpl ex according to the present invention conprising a PPI-chaperone
and a target protein is considered "soluble" if under physiol ogical buffer
conditions, e. g. in a buffer consisting of 20 nM sodi um phokpPetesmbst2G04,
150 mMM NaCl the target protein conprised in the PPI-chaperone conplex is
soluble in a concentration of 100 nMor nore. W devel oped a net hod

conpri sing ty§geou@ps of mxing the target protein and therehightaperone in a
buf fer wherein both, the protein and the chaperone are solubilized and
adjusting the buffer to physiol ogical coaditions wherein the

prot ei n-chaperone conplex fornmed remains soluble. Production of the sol uble
chaperone-target protejn conplex starts froma solubilizin huf f er

condi ti on, | Peleriel sRVIARER O GALFETAE G e Prefret PEPiet afﬁﬁ%‘g HYSHftP™ he
chaper one ar BIYS, gdb dbived frgm HHE s opapl htleivedifrére A TLihiestectivaly. be t er med

"non- physi ol ogi cal™ or "solubilizing" buffer has to nmeet the requirenent
that both the target praotein and the « Ghaper one ar n d tured or at
| east not ir(fe‘x \/rgtre g’i lf)f(pm érrel%teﬁsreg ._Y,§%58E‘Ee_n§“% fgglﬁ] %.&8‘#‘%‘&% 1Eejéro r@%%’ldf%ns, t he
chaper one bi HH@P]B%‘?EIE%AU&?P@MNﬁ@df'é?%‘}bl%md cgneepizatign b0 nMher Isf f er condi ti ons
from non- physiol ogi cal to physiological conditions is possible w thout
precipitatd o . F el bba = .ol ogical)
buffer, 1.2, %%L@P?é%ﬁaﬁ%}f’eﬁhg%°9%“ﬁ‘1‘?hﬁh°€§‘?“gf§*ﬁé’EEE?F?‘P&%@%{%“%&*@Eem ally
i nsol ubl e anBrott%“F‘lgf‘s-“E%%?pé?lBﬂ dBds Fpieece] PHET crAdiags s & 81 HEGR or | ow
pH, or of a bimitimghabeP gpMcsodaint pbospbetntptat7ideri 5o mMf NaClc tettkrget proteit her eof .

In case of tb&npisedihahd BN-Bipertfhe cthSENPIABM Ak c6QRBETH8%n 601D hMSdrgbra
PPl -chaperone and a 25 target protein which is essentially insoluble the

non- physi ol ogi cal buffer preferably is a buffer with rather a high_ or rather
a | ow pH. Pr &eefaBlepeds o apetings saspprising the sieport ouifips i fapget praseimiagh Bet r ange
or of 2 tm 4clmpedont hrea boffer piereanigeh, the poade aod tHehdapraated sadubilirkd and

i ntranl ecul 4, GRRRLEY AP PFHySbREIA HilinGhangfaN e %Meiﬂ—chﬁp@foggtcoxﬁﬁlﬁi ein
which is ess nt'gelﬂé'nﬁqollu I'e the solubilizing buffer preferably is a
buf fer 30 wi tH™FatHEF* A hi'gh concentration of a chaotropic salt, e.g.,

6. 01vl guanidi nium chloride at a 15 Decenber 2005 WO 03/000877
PCTI EP02/ 0695fductia offthk 68lulilé @hidpefone-tihgsh praeatiomplek fartt Moni arsgabilipht ei n
assunes its . ve-1.ike. struct . ! r x forms. In
t he cont ext ggﬁgtr ﬁ:&}sd“]ilér%l\’/lée?\%rf)%na %f@rs‘?lgﬁg%%%% &IEE# % gplj"%éﬂn%‘udtjﬁ%%’ﬁ?%? aggafi ned by
a pH val ub BRlERIR &R 2BPIePHAtbHies Wah may P teamed Rop-phgRlesl f | WHPBRINgw 500 mM
i rrespecti vebuffer besremest thoreqeiadrbent thgt bath énttarsétipadteinphd the&P1 shapaynde pr esent
in the buffepof®nBuredégaligast Rt GRERIsDly delRLRA MRS @S shANMAFASonsiGhaddi tives
do not i npai lE.hetci:'ae(lapersocr)lle gll%ldL éottMe t%ge{ pqgteﬁlg)aq;}%ll aec)ﬁar?gce) TPt BLfAS 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



the target protein and the chaperone. In a further preferred enbodi nent the
present invention relates to a nethod of producing a soluble retroviral
surface gl ycopr ot ei n-chaperone conpl ex conprising: mxing a 110 Petembei 205
surface glycoprotein and a peptidyl prolyl isonmerase in a buffer wherein
both the retroviral surface glycoprotein and the peptidyl prolyl isonerase
are sol ubi |l iwegegpsh forma conplex, and adjusting the Qgffrps ke
physi ol ogi cal conditions wherein the conplex is soluble. The term
"retroviral surface glycoprotein” or "r&gp" as used in the present invention
shall 15 conprise gp4l of H V-1 and gp36 of Hi V-2 as weII as correspondi ng
envel ope gl ycop derlv dfro | ian |enc
viruses. Pr e?clg ¥Ob {Es‘g °6lvr|elr]%1 ratécﬁ]r Pege?Progg ORI g rléiltrwee Fom H V-1
gp36 from H|thezltralmlcgb2&orwlexfmw EspeC| aIIy preferred rsgps are gp4l of
H V-1 and gp36 of HI V-2. The termrsgp as outlined here does al so conprise
naturally OCHME wgaéaf e lhveﬂaoé :gl&lbsg\eﬁ%hff gAY 6}{%‘% EfbinalbyVPhi 3RS of a

t

rsgp. It has been ef i ne tytutions_of am no

0 ‘H@i ha cer
aci ds wi t hi nPqWEnR0 %éa{l adnial 5?ncaﬁmﬂ°% 1@15 SHERES B8 oS i ng
about f ur tShenomashitangradjess ithat tohgomelyemay be ppsanp dr thieetmfiof (¢ghesgersmkamls, es as

conmpared to @é?ér% 8 hd 1985asREN AQitikdd Qo Vot ifhphiY (€ s QA REGe cMipl&RSMpALing P39,

respectively ari s .represent a preferred enbodi ment according 25
to the pr eseﬂ‘Ftai 5?\358??}/ C{%%Eg%ly a variant of H V-1 gp4l conprising at

| east one anino acid substitution and at nost four am no acid substitutions
at one or nNDIe fahertprefised Gttoddeatlht pRant Meengibo ugates to pastiod @firddedn55, Leu

566, Ile 573, eI e  suler p ops known
from the V2 %41 T RIS BRI BT RS 2B BB o e

posi ti ons %n&wﬂ %8}: £$ 03@ EpUdy Pf ‘P‘Hﬁ‘frasteh‘éa LYPEER P8 188 ani no
acid is or, regopetdtiried gyapptdmaaierriendil yroldisemsmicact etibilieamndiienygs oup

consi sting Ofomp&: hA® adfulti@ORE Beifer &6 PAFAEbIAI cGH AR TWIRreindhp abiplexasi d and
glutam c aci d, Qr a variant of HIV-2 gp36 conprising at |east one ani no

acid SUbStItUtlI on and at nost three amno acid substitutions at a position
sel ected fromthe group of positions Leu 554, Leu 565, and Val 579, wherein
t hese posit i Oisteat Eretrbérap 0sfatd ghspristamivor fisgprhat hedlifl YheDrgad mventich-shylpe 15

Decenber ?ﬁoé)n%sQWpQPQWﬁI\P@TJnEP%O@ﬁ@v2 16 éﬂegéJ%&%%p&ﬁE@ EReEE 2) or

correspond tq the Dosl tlos her ef r.om. char eriz

Cobsti ot oGP PR GPm Pty SrTLR, RS ETA SRPFY PEFE el ct ed
from the gr mweaéﬁgllfgmglwgomte@erarmwl tfrm@éﬁi\’ e ,8p3 fFamall'hé angd| gzt hef ne,
aspartic aci HTBVOEsgécillf Beferred @ighls aré §p4aPPHOY iaal gpicmfHIVIZE TR tepatdgpab | y sol ve

the probl ems,kpownfd 958 LIRE cgﬁlﬁrise 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



5 The novel variants of gp4l or gp36, respectively, are |less prone to
aggregation, better soluble and nore easy to handle as conpared to their
correspondi ng pol ypeptides of the wild-type sequences. The i dipDseenber 2005
solubility becones especially evident once attenpts are nade to provide for
a reagent which under physiol ogical buffer conditions conprises gp4l or

gp36 in sol yph oM |1t has proven especial |y advant agaeugphsegnbi ne t he
favorabl e 10 properties of the novel variants with the effects rendered by a

chaperone sel ected fromthe petidyl-prdbyl-isonerase (PPl) class of
chaperones. Therefore the invention further relates to the use of a variant
of gp4l and/or as described.in the resent Lnventihon in
the product | 8ﬁqu8?ceg§ﬂsd’;{ﬁ BI?erZ)qgr colrressyong o ch gosqlonss 1é]i10 t§r el éor{x charé)‘cterlze?llaper one
of the pept i@{abthe pustitntionsypiap a§é lwrdg@ewelﬁH&déé@ﬁ@dfnﬂmr%d%?ddmr@ conpl ex
conpri sing aﬂVeag"rmq:rHondrﬂu\{e of yenp Het@ie, apdagnePitanimsapotiapsl odelutsnic
preferably ohtgl; §p§ phgez\t@at%aa 2Rl PORA e @ﬁfﬁmmﬁg@ﬁ ﬁomﬂaa;ra sing both a

variant HV gp T 2 gp36, respecti y and a PPl cl ass chaperone
Thus a preferred errbodl msnt is a reconbinant protein conprising a variant
of H V-1 gp4Ihemokil Varangp3ogrda$ odeppdt irkrpettivaly, atehkessppresetd aggreggivni betteand a

chaper one Selsa%l@qné Refe etan,e(ome&alb qy&o%,plafealta/thehsce 8§<ﬁn§{; ptﬂifes of2Be
chaper ones. fact that re easy

V.
o handle: as 'R eh A Faftons ?1*%%%%? T UG e B
pur poses | i kanagséo previ or mﬁ@gy rmdfséhva@ ogig# bafricgeditions sormpreendt r ed
enbodi ment t he gpseiassiuble Myt 189 prSrefliedpeddlie ddiaptapdo@s us eonttfinetthe asrblat  of

gp4l and/ g5 qf, Fgg oﬁﬁé’%@! Eg*t?w&ﬂ%e%ﬁgﬁqmdefeﬁ\ﬁ?qtch rSHe séPJc o8 FoRMLex 25

conprising a erone riant a sin r ecombi nant
protein, in &f4 yil 88’§’§’3§F C&jals%‘ffl‘ BEORG! ?her%"rle ‘i‘SHenﬂJ‘P‘b?"é&FF Hpri si ng

bot h a retrou thglusesfip fazet ofghb4icamdfon e sirntd @3 aPR¢scritied frethe presepbinvdngon

sol ubi | i zed am%a;&a&ka&edws&@dl acnﬂ;slemd@mng e dirtanoRsd avhphase be@n found
to forma sol ubl ErlnLha f c&haperone conplex that enabl es
Il ye iiSS Odc%g

conveni ent | A58 rdﬁ som raseBl ¢tion in an H V-i nmunoassay. 30 The

sol ubl e conpl ex betmeen a retroviral surface glycoprotein and a chaperone
can be uses A mlmg:ﬂeeainpmiv(ﬁmlpamg h I'vadant HiVAglycasstaiy ahdra Pgtdast ¢haperade is

\e;\gbg?gbgg7gcp%9£ PGB 0 69 éﬁcorasﬁangﬁgtﬁgfeo%ggﬁgwQnanagxﬁqi@re@g[rﬁgr95205
isi

fromH V-1 or" @?g ﬁ?sﬁﬁ veby ?nsd ﬁge%fsgcgf ronge@’é‘ﬁ? 1%; O‘fqﬁg "4t ect i on

of anti bodi ege@g@msttprpﬂem jorppziping a riyanp piaB Y - bBp41rdrdElVi-H ap36 apdeshribed 4wl ubl e

chaper one- gp4he gresaili@éntion @d achapatde ediafee Fomnehgdtdytopiplybisomerhseicss op0Ssi bl e
to perfor %aqhgﬂmg@assay, preferably according to the bridge concept, which

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.



5 allows for sensitive and early detection of antibodies against HV in a
bodily fluid sanple. The fact that chaperones can forn1conp|exes wth

ot herwi se insol uble proteins can also be wused with great adv %Pﬁ@%nVﬁZBP%er
to nore generally inprove i munoassays, preferably imunoassays according
to the bridge concept. The bridge concept allows for the use of a

chaper one- anvo granosoonpl ex as a first antigen (nostly a smroRbi/@dsscapt uri ng
antigen on the 10 solid phase side) and a second chaperone-antigen conpl ex
(nostly a detection antigen on the detédCtion side). In order to minimze
backgr ound reaction probl ens caused by binding of chaperone-reactive

anti bodi es, sHehpRblloseas5a %oﬁ?ﬂs&%#ﬁg orhimayaRseasausty, i pdidied by

maki ng use of i rst,chaperone ase Si econd
chaper one f ofd'PREEYWE Bbihleglﬁte?io&e"fc%?l??ﬁéed a?%ﬁﬂ%@. f'f &p §raf?y %haéec f’g et s
now possi bl eWith perfublenshaprensaé’s agmplax Coradiohdla dlapﬁen%sﬁélgf@m?éﬁﬂicépts

enpl oyi ng a p&sallaﬁlteqaeﬁfmpﬂ{ R Rudatshy) Pref& P R¥rdink tto itlge BHdEO cHhHass bhﬁht 0

produce a 5Ch%P NS S{Lﬁ,e o R ﬁtgxoéa’ﬂ%o%ief ag%%'st xx/ ah%o@d}%aﬁ{sgm

| abel ed, rfaking sure en Is negat i
|nfluenced (e. g in terns of confornatlon) by such Iabellng The nDde and
strategy of Chefitiahit chapafnesign fam dmpkedsedhethendserisgliblegtoteinncamate bef 20

pol ypept i desuseq%m et a&&mgéﬁ]rareé th m@gen@m mrove%&aass&%eféﬁﬁ dues as
well as the |, rou or the

S Z
ot er ooycl | TGS GRAEIRG 7 551%5;5%%2’“&?%%5% Hocabatties bt S8R or at o
coupl i ng cheriaperonesntigee chmpensfadirst @plidgen (wpstly Regealfed nepttizdngaantiggnoampike ( Asl am
M and Dett, sdhd, phsiepida) andlaquctohaeh@el@helaﬁnge@uphplmmo@mem&&ﬁb@snt{geﬂUhr e a

protein to bgbsd%{ Utgdn SJﬁggﬁgrd%gMMe%c@}&x ea&%”gk eb Scausgd?)hl o p hin 25 a

pH range of g range
unl ess denat OF &pgaperogegeactiygya r@bgdwsﬂaitwf\/ rlﬂaekéssafymcaléofwgbw be, 3dveRtagsdily o not

been anenabl ewotlified hgninddhg ceugl 4 ifigst chaprengddd thehsajid phine stienpidex ascond

describe her g, pLoUE ff R dERIME SHEAvEERAR dif@reRf Qelice sol ubl e | abel ed
HI V- envel ope protelns for i mmunoassays irrespective of the detection fornmat

used. 30 In a preferred enbodi nent, the present invention relates to the
process fHr ftHenpy persibleite perfosh immympaiyeaccerding th theridercosesphrmRloragmr i si ng
the steps of labtlxd Bigaparosehitigen z@dpleelt Bvilsoagossitieltd pdugd ¥ cippenhekitigand a

chaperone selggf lgpwilérgxm sfoﬂ tH@l%A e BY Blaé{éd ' [ BREhE &%%nu%'ﬂidfs‘rnot

non- physi ol o gﬁ% fer c ditions and t g ust buffer to
phy5|olog|cag1 8Pf?§ﬁ§df ¥ gn@tgﬁwo ?@ WE@E %?KEEH%W§X. 15 Decemnber
2005 WO 03! 000877 PCT1EP02106956 - 18 A chaperone and a retroviral surface
gl ycopr ot ei nTB@&lda@tanarstryte%eoﬂJaﬁdu@s c&BR @zlrﬁ‘be Pdchpeptlegleed. We caurqgpri singly
have Obsefovegolwe%lldés, coua.mg cl\{ean[ﬁgtaigsetgrlégtmg =S rikh-lzbocr)t EOE)r tsﬁues 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.



covalently. Such coval ent |inkage is possible by conventional chem cal
cross-linking procedures; preferably, however, the covalent |inkage is

achi eved by producing a 5 reconbi nant polypeptlde conpri si ng alxkeseoiber 3005
surface glycoprotein and a chaperone. In a further preferred enbodi nent, the
present invention relates to a process for the production of a soluble

r sgp- chaper @igy:wedkpl €x conprising the steps of sol ubili acp@rezoksiger
appropriate buffer conditions, a protein conprising a covalently |inked
retroviral surface glycoprotein and a tthaperone protein selected fromthe
peptidyl prolyl isonerase 10 cl ass and thereafter adjusting the buffer to
physiologice#ﬁ&ondltlo S way. an, ann ecutar df Slg obt ai ned.
The present &t Sn? eééﬁ‘wuﬂh%16§eg8?P? ap&tbies OQErlvé 1 S e cl ass
of folding peineptides.tWe sudrisieaht hat posprved (e it issidvansageous sohnl kot Srqiemg s)  (cf .
Dar t i gal ongu@waléatlyaRdcHR@bvARNt liGkHGE 39 posW:lel bk RewventemalMPleaficaDkrdshiigkihgm |y are

nmenbers cal |l ed rtiha e a o J 17
(1998) 3968-5 Ce%‘%ﬁnt’t??er%ly’i‘ Wﬁ% ‘%%{ 18 ?dgcea‘éﬁig}ﬁ@ﬁt’egfdd%‘eggﬁ e of
proteins (GLoBgImiGEnt Belgt’ePEéeconmrlsmgallrvﬁteraéwafac@gv@ﬁretemraa% aperpiker | n.
New Yor k), FkpA (Danese, P. N., et at, Cenes Dev 9 (1995) 387- 98) and

trigger facfor ﬂ(r@[epgke@erréé en%%@n%? KH@EreseW invERtn MRkl txf‘(a‘ oc%gs' e A 84
(1987) 5216-20; Stol 20 The

peptidyl pr oPyfusied TS P BB Y GE PR EG APEA™ S0 7, %O?Jbﬂﬁeg:
parvul i nes (Sulenipbropriatecbuttes genditionRatifretetd, comprising aepvalently BeiRg reteeviraBs2
St %ggg) 180- :@urﬁa&egl beﬁﬂo%hiuldl N@fpdririegabiein, selated fréth tiad peptidypotyd 15331381661(9§8291)
an )
q)h eg%f(EfE§ thel%r@tér X(ﬁt!rsggf the\buPr to Eh)%lol 1cé 5 ‘atu%hﬁ '&D? Way Van

151-60). famf S an Inter stln i ochem ca ure since
its nenbersmﬁavékﬁﬂﬁgPWB jyoblaigpdj dentified by their ability to bind to
macrolides, e.g., FK 506 25 and rapanycin (Kay, J. E., BiochemJ 314 (1996)

36 flf gf)em P][ St}yét Iﬂg&%ﬁ{vé%ﬁw% t@i%ﬂesctﬁggge;ifﬁclhg%ezrgrﬁg QRtved tﬁtstuﬁgtesdaesr \c;{rgﬂﬂllégﬁz gf

i

nodul e exhi b % eﬁsgte’t”?teg Pgﬁ%‘}tg?f8&§‘§?a“6f58tﬁtet%§s tﬁait??gga%’ﬂé AR e mber s
of the FKBP fuard)| yWdlrlnomiap axqomesref Khis o fenilp| arek tkambers  pelled JCHA| Poiiem 275
(2000) 17106¢3igalobdyd)( bid Reifs, o, tEmbS. J, 172t19%8),3948-B); Gkhriiem R 7 Rlolet@9y) 30
;__Sgrggf Z\?rl)eda&q rr)llleggt?{hefh ctgﬁ! of é%?l?LEQS)gé’l -388, E@E A Erﬁ?r?( ]YGG()JOQ?@&?A' 8). In
conprising a Dg ‘RBVEQQ%OQQ ﬂﬁﬁygaﬁﬁ%9e|ﬁneﬁﬁvaieﬂéﬁﬁt8§@3@ét%eted from
t he pepti dyl fagoo(@tboltesbrmdé@elmta sProf NathAchdrigi U Sat 84 (18873 5216520D8toberber 2005
WO 03/000877ngILERQ%hQ@Q§@5)M3Q4@CT cour se, the present invention is not

restrict eﬂ) t'Phet ;Qle:ualﬁ %ro%]:l istorl‘h%ra%o & sflllvtﬁ%deant ?rﬁglges, 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.



menbers of the peptidyl prolyl isonerase class, but can also be perforned
using chaperones stemmng fromthe sane class but derived froma different
species of bacteria. Preferably nenbers of the FKBP fam |y ofl5DeecB®ir 20Dass
of chaperones are used. 5 In a further enbodinent, it is preferred to use
honol ogues derived from eucaryotic organisns, and it is very preferred to
use PPl ases \f¢ ofgiran ori gin because these PPl ases shoggdppfisodee
recogni zed by anti bodi es from human sera and thus should not interfere in
serol ogi cal assays (i.e. assays based om9the detection of human anti bodies).
It is also well known and appreciated that it is not necessary to always use
the conplete _10 sequence of a.no]ecul ar, chaperone.. Functonal fragnents of
chaper ones (S§<euie B PRSERI RSt @/t ?fqlftfyﬁotglg&%es‘)ft eeSpre‘é}Efﬁﬁ’F g‘(ﬁntécﬁ’igiii ties
and functi onsiemhgrs adf sthe breptid dprolof isom@yaseQgass.3h@Gyan Riop benpertomed uBikpA is a
Pﬁri Bl atsm'p Eiﬁberbﬂatstlehﬁqiggfﬂmaﬁé A8( RS bﬁﬂdéma@%bm d?f;f@éilﬂrsﬁe@i!és oﬂm%ngwl e i ?h

e bacteria sol .an r cat ed..a ) cyt opl asm,c nmenbr ane. e
15 active fohﬁ?%%b?yr—‘ﬂ%wefso%ﬁ?ﬁ%&ﬁﬁyoogmﬁg%?% sggtﬂ%%%p nﬁ 3re Se‘fg'ks t he signal
sequence (amno acids 1 to 25) and thus conprises amno acids 26 to 270 of
t he precursoln Atth&kdl | enbodiRehgvieiis pefeered BE @sd Rbraslogies derived! fadn Rcaby@tiEKPA can
easily be obt, b, DI RER ok fecr @ BR3BRSes 68 phumal 0t bk BRFB s nder
accessi on nunper, P 45523. | ose relatiye o Fk%é, anel SliéD’ cqnsi sts of
a struct ur ed S1HERAEPRHEFO ﬁﬁm%dﬁ“e ﬁ‘é’i"b‘f &3 t(l}'éstS:S‘P's‘z‘ﬁiHBt fffereiRper one
functi ons ancerdbgial dssayg@leyassayrsiasedoneatiteGionef himarsantihadies)s exceptional |y
rich in bistidine and cysteine residues (Hottenrott, S., et al., J Biel

Chem 272 (1997) ,15697/:701). We found that a Cterminal tru ted ri ant of
S'yD conpr i S haRaRr B g D aRE e i Bt S0 Rt YR el AL

f unct i onsi®nsegsence phcr gpREular (ghppekane; Funchenahj fFagmests eofsthpperonen dsersaligér of
conpr om si ng nabidsled) fwthit@ sglhpdskdss thg réquiradidbiresind fuyctioASmay dlebaused @AW t he
truncated Sl gg}ly‘@g)i' ant (1-165) used. Variants of the above-discussed

chaper ones, bearing one or several amno acid substitutions or deletions,
may al so be used to performa process according to the present invention.
Appropri at e Ebrapetranse EkifA dne detiplpmzit iPVE thao iy exathesizaddasapp roptive atrecufsoagment s
or gut ants giqokaﬁe GhAp BEAARAS cyt6saNadderAasdatedl a5@bsehE e,do;b;énufinagbr%h@ TRE Ocedur es
as descri : . rd rm or

coval ent | ?fe I flér] %g%g%%{f%%e}gﬁ Xgﬁ%?l ggg?lgﬁﬁcczg‘]?%{]%f rsllgH?l ﬁgqggntfee?ar?lgo pr oduce

a sol ubl e r sgpdschépétlots BghpsPBRIISes Amipopis r878 RS dBF RERESISIPEEETher 2005
WO 03/ 000877 REERAERQR¢1(36 9bformatidd reldoptd Fhgh tcan telpdy heeshesitedi fivrenpubiin, a

bi ndi ng- conpaigntes PR, 88 SNAPLPRO®” huftler 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



reconbinantly linked to a retroviral surface glycoprotein to yield high
expression of the gene product in the bacterial cytosol. A

bi ndi ng-conpetent PPlase as referred to in the present inventild®ecember 2005
enconpasses at |east the functional unit that nediates binding to 5 extended
pol ypeptide substrates (i.e. the substrate binding or chaperone notif),

i rrespectiveygfsidsscatal ytic PPlase activity. W have ajsgribagiyved that
some chaperones not belonging to the PPl class of folding catalysts can
forma soluble conplex with a retroviral2surface gl ycoprotein. A further
preferred enbodi nent accordi ng to the present invention theref ore is a

sol ubl e conpl ex 10 between aI so _kno ak et al.
Mbl M cr obi oP“2i° & 986 87"165@'2) TVEHE™ 4 r\é\@ncg\iﬁ ?:O;F)Pegeﬁlrv:‘g%%segaﬁ Srﬁ%tlesl n. Yet
a further pr effcembedn trentetiogirg sgibica lglyeoprateinyip éb@ldc]@}alpﬁpsﬁsﬂgﬂ af et r ovi r al

surface gl yc‘éﬂ{eoﬁr@ﬂ&t ﬂﬂdle @51@5&1 @ﬁoé@ﬁrﬁl EmEhIﬁQ-rc@ﬁlf:etent ChrapeiORREredMid Ghthar e
honol ogous t o Sk

, supra)
t hat modul ar P IB‘F ef’ cénr éﬂrlﬁongﬁses q le%j& gﬁ c{ur e tqmt Tgcﬁﬂl!s Pl%g’ln? N
denat ured pr Giffélilcké peimenddes S‘I%’t%teﬁwdw b@éns‘#’é}{ﬁ’ﬁ‘ﬁ b(%il%\f’é E}*?Eergltwr iRty
property of meéspafileofiatadlyieiPRlsd haevifyol di ng of proteins, but also of formng
stabl e conplexes with such prot eins, thereby confering solubility.
Sur pri si ngly th Pl a died (such as TF, Sl a o and
thus, e.g., Iai\SQé’ f’?é.‘fe t SpRE RABFRPBE ‘foég’FIB#?gaTo E‘ﬁrpggﬂ‘@ c8If 8‘8§r ot ei n.
"Native-|i ke'tat@hysté' ot foym-d sokublef oingidek’ wighp 4| retrepitelb sudfapry sly ptdtein.ph derther 20
i ?Venz ion, | ré?&?eﬁaeﬁ{b%ﬂxhﬁﬁﬁacaﬁmﬁg Ry tiR ﬂ?és&h 1{?@11!{1&?-{11@‘2%% @ﬂ%f)h'ﬁk&%ﬁ@ﬂﬂar yd b
structure s es rti ssgssed by
Near - UV- g‘?gal?o%ogctasgvpﬁ%ﬁ?dkaf)biega M’i‘l%& Qm?ﬁ (? Zaﬁaéﬁshom in
Figs | B and 5nd rae@be‘exal tefage glpepraser-nist @, tthf'é Mferr@p@elfqdumnéfls arsglublge- | i ke"
gp4l, accor dicagpleo &h@nﬁﬂi@sef&hohmyemtfwanglycﬂpxesamahd ShoBL &i gattsf theadot.

absorptl on atq Y&le?@ﬂ ﬁ'&eﬁbrﬂ&‘é %%&gdgme( Wi ch would point to |ight- 25

straying particles slch as aggr here 1s a wealth of information on
conpl ex formati on between nodel b| onol ecul es, e.g., between an antibody and
an anti gen (fiosknaexi (ew Sbelz Braddwepra) Bat @dléand’PE@IrifaknﬁaR' bigd to feagtmbedbr 9

(1995) 9-15) pakﬁugaaénynne@ WilﬁsXPf’l@&ETBi\ﬂeQBw@% fmrﬁ&@ﬁh@tth@d&ue ptbpéra; graral l el ,

the conpl ex o0 ?rﬂ{lca%afl}l%mg r%gld{%ar Ereoliesfrgcl%)%)ﬂsg f;ﬁmlnﬁqeblg Clt)rneplexes suclil kew se,

the same seeils
any! oi dogeni @3By éh%%’)’é%“fﬁ%éﬂub@ﬁ’ PWrEiRaetpthe SEFses SF%R'Fér{ﬁ‘iCBr?S TFhelyPor nat i on
of a conpl ex andsFikgpas dinded dnd thue pp.esehbilia vieteHike, foldsd atr@se Guffhdey

i nportant pr ec exe8y. ot Plec el protein
Wi oh e gt%ﬁré’texlﬁ RUSR-IKOMR): €% 8 8v IRk VBRI %541'34 SR {b@%f g?&'ergndl ti ons

have been?{ ob‘h"g%tlf%l‘l Bé !‘I%Sel%é%g’r?ﬁé ﬂ%é%h#\fﬁﬁ%qt n%%’rﬁm PF GEHEES
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



- 21 readily soluble, e.g., under physiological buffer conditions. Antigens
whi ch are sol ubl e under physiological conditions are of trenendous

advant age in diagnostic applications. They can be directly useDecemb@r 2065
standard material. Furthernore, they can be conjugated to appropriate

mar kers or to appropri ate bindi ng groups. 5 As di scussed above, gp36 from
H V-2 serves, s 9M$ﬁ5 functions (i.e., menbrane fusion ang.. Mmrhs . entry) and
is of simlar |agnost|c rel evance as gp4l fromH V- 1. ny tec nlcal

probl ens are discussed in this applicatippn using gp4l of HV-1 as a
prototypical exanple of a retroviral surface glycoprotein. Only for the
sake of claritg t he di scussion and description predom nantly focuses on
gp4l of Hi V- 1eadilfosqlithlas e.gsiumideraphysiphagiFad drer %éltlaﬂblfymﬁ%ﬁs vhidhetre sefublet rovi r al
surface gl ycapdetphisidogi@b patiithink yref drtregpa@ous radvankigh/i2 dagebs@ospplip2ibnd. r om
HTLV. 1t is lfﬂﬁwsa ﬁgga&eaaghwdaé yasgtqgam @grlmsmr%ffﬁor@fmyl N Be Bfnjdghtéa2 may

conprise varia orlg ated and descri'bed am hG aci d
sequences. SHHIPPFRREAT FIAFrLREd ?H’PF‘?Pé t§§ r\%}glgmu&é synt hetical |y engi neered

vari ants of mammalian i mTunodefl ciency rsgps are also within the scope of
the presery mugaisseeabo&%Eb%o&rHﬁemewewﬁmﬂ RActiods aephﬁfnﬁfah@ﬂlsﬁﬂhﬁﬂ“ ment

relates 10 VAKLANS, Ol LG 3D Bhc bl ANSTRTLE 808 I GROLONALD QfaLhe human

i munodefi ci elnus € Speci fl ¢ am
substituti ongrab n’{sme Wh&%ﬁ ig alis Ipheation wngrawl qf P&ﬁm aSGrPfQS?fYPIFHI vcazlpbfpées are
di scl osed. Theetﬁmrﬂ@ma@b gly@@sdtéin. @ity fof thbedkh of dieithiadiiceaion asd dwtriptias t he

C-hel i cal gpe'd daHrY;pﬁo&f%Qsadr% 4?—9&5‘1‘%}' 1. )Hotwgvéf'es &R‘%Qﬁﬁd% tiofd'a g}ylg %e}r om the

literature f 1 can r ogue
gp36. It HhAs r?ﬁ’é’éﬁxf‘brf?ﬁgﬁﬁ?af"tﬂ%ﬁ %TP?CHBY éﬁ@%’é%oﬁbg the

properties of gp4l or gp36, respectively, especially in the context of a
fusi on prot eis kRIVRI thed M@urhly citAhd BlitePsFAIIF - PR HDN2RAY 0stEpriio WBiaAts ofhe " a”

and "d" am n%e%rlégla@q%l}té&)%% de&aggaeann%l e!c?d%lequ\mceeg lSuEH JQJU%EI}}J 0 {Lrﬁ{lﬁ: n9Y p41

| euci ne 25 zi a varian Ing to

the present Pﬁ%ﬁ*ﬁl“&%}’ ewﬁeﬁsd Yegfs Pferg?ralaélsmulwntuﬁedeﬁ&m%m %ﬂsqwﬁ%er i ng
accor di ng t otlehrerpe obthe Greseneinvadtion. Cel | 89 (1997) 263-73) are (B52, 1559,
L566, 1573 and 1580; the respective "d" positions are 1548, L555, (662,

T569 and k57qne p?esQ{tOEﬁ{’renEQn AR %ﬁrr@@'ehhbbcidn%ﬁ{t maftéaoddtvaﬁmﬁyplﬂ&ests o he
helical inte I‘Ité%e e nutation

referre
positions ar ’FﬁQB‘%\E)eé’h(?ﬁ%bet HD 'F‘arb)}mf%‘f’%&ﬁﬁﬁl?fy ofEs (kjpélﬁ Ca\far%tfn Thi's
prerequi sit e corspisgtg, SPeclﬁ;; ango snirbsbititutione im e Nelrbicad dowaio 0f HiAe 1'gspdl arf Decenber

2005 WO 01' 09V 5 63 ARRARILQEI56 - 22

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



resi dues ®52, 1559, L566 and 1573 as well as, e.g., by substitution of the
consecutive "d"- residues 1548, L555, 62 and T569. In other words, the

nmut at ed resi dues are separated from each other by at |east 61%iDederhlyg005
am no acid residues, thus follow ng exactly the heptad notif. It is also
possible to nutate both "a" and "d" residues within a variant under 5 the

af orenent i orw(gm(;oﬁ&% tion that substitution positions are, sgpanaied fromeach
other by nore than one helical turn. Likew se, alterations In the gp36
ectodomain of H'V-2 were surprisingly found to yield a readily soluble
reconmbi nant protein when fused to SlyD or FkpA. Here, the "a" positions are

@&B51, V558, V579, t 1" idi . ar »_ (P61,
T568 and 10%@3?6-%?21? 5egr’ g?ﬁ% a,n ﬁ?%t%pg’e%%i %%’Oﬁcs%%%ﬂ%gﬁggggﬁé%ﬁ%dnn??ﬁde group of
posi tions comgsiduesiTath, LpRS, Qpbkind B8 lnpier weghothe myged fasidyes apsgparated4g.
L555, 662, %ﬁgeac}aﬂdleﬂ-@?ﬁtdl@ist HHM];thy}gapéﬂlin@bcid B hilies, ‘ﬁﬁﬁ&oﬂd&?@m{aa{ﬁﬁﬂe V579,
1547, L554, 1, T nd L of Hl \- 36; « pf €Shect |.v.e . a
substi tuted B uad FeBiporplad e P 80 o BB BB ey | e
am no aci & p&wiafdrementipeediyenditions that bsiutipnPosigons aresapar¢tedhirotn eadgradhep b f

posi ti ons CORgHSthhichedbliEbRz, 1559, L566, 1573, and 1580 of HI V-1 and from
the group consisting of, L554, (61, T568, and L575 of HI V-2, respectively.
In a preferred enbodi nent the present invention relates to a variant of

H V-1 gp4l &idvayisé, sltquggions in e gp3cosstedameln of HGS twekoswrprasirighoornd ¢ yield a

subst i t uti one&YiPdolbR)Ired@HidahOfofeln whknSRl8 & S9D fof PRPA. heergRUR” phsitR@si tions
Pt

posi L1 ons. kndi FORboyAAT T8 0y i Schiebva0ed: DoRd s BB N |

positions knd
or correspbnd515% these positions known therefrom characterized in that the
substitution amno acid is or respectively and i ndependently are sel ected

fromthe gro nsi sting.of serine hr egni ne, aspar agi ne l ut am ne,
aspartic aci :'}Peéﬁ%’?@lsluﬁoa 'agmé?c?c S % Cf‘f‘?‘litﬁé’mp&‘fgfgé?t%peﬁfse?ﬂf%@fl%ﬁ&gfngttﬁé present
i nvention i s pbated 55, 1338, 1566, B773 1o By [F4B.AGPH @561 P69, wrad LaALEHION L gydll dr t ype
tglo4lt hcan be léfs@l’,'d@;%@; LWF', %7{,?@57@,5?51:7,h§m02 SBE?"P%GS,![ R4 Q¥ESE V-2 3hs<,:ormar ed
o the correspondi pol ype e o e Wi | d- e sequence. e am no
acid substitd SP?‘}H‘ée?Yggéﬁfbﬁ'gm eslbi’ﬁém'\‘}]ﬁ??réﬁ?qghﬁfol’thﬂlé aﬁg’gosaéﬁt i nvention are
descri bed based on the am no acid conposition and nunbering of the gp4l

W | d-type;seauangasdy, age Krﬂ&%clglgdﬁtiogp tdD@Bubstute® are Sdlecld: frorRhd %I%gp 62997)

265 70 o GBSO i e MR TRl

PCT/ EP02/ 0695823 eH{T
present i nvenrtisptingefil5at,$56bd56% end L3176 oSldilys2, r¢specEvelii no aci ds at
correspondi ng sequence positions within gp4l of other known

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.



and yet un-identified H V-1 isolates. The term"corresponding to a position"
is used to indicate that H'V-1 isolates and variants thereof may al so be
found or generated 5 conprising additional amno acids or | ackinQe&mben2005
aci ds, which upon sequence alignnent to SEQID NO 1 results in a different
absol ute number for the corresponding sequence position or sequence notif.

The mul ti pl j nt and conparison of a gp4l sequenc w | d-type
%@E&Q%’? ePé’i‘/EtPGZ/&(ng% BOG

sequence of NO 1 is perforned with the PileUp program
Package Version 10.2 10 (Cenetics Conmputer Goup, Inc.). PileUp creates a
mul tiple sequence alignment using a sinplification of the progressive

al i gnment  mebBed, g, iHeSRtho alad sEbsumghé &egérﬁed B thdpresent 1m5t1orféé9|alsg§e 4sL@87)

351-60, and the scoring matrixes dentical, sim|lar, 4‘ ferent am no
aci d residue® S&P%“%Féﬁ‘inﬁ’@daé%‘tfé?fd?sﬁﬁﬂ}“g Wegcemoataeeéﬂ%gﬁpﬁé OW o XPAE" pai rwi se
al i gnnent of andm uhVilenfiiat HBV-Midokikes SEGURTIE EQrrefpoaditie tong pasithintidt ededad t wo

al i gned Seque 1ca e’ pl}ﬁVCll }‘slglg,tg‘ a.ﬁi? &ggntg %e@eot?emg !ﬂ%)n%g frb C{ %? %gé%tegroSt

rel ated sequence or “cluster sequence us er sequences
can be al ignexmprping addifipnabargine e%%qqs%ﬁct?flg frRiEo pEdss \xlinsleueﬂnn segasesetaligimeniio

i ndi vi dual seAsENIBNO: ‘ﬁh[esuits B4 difede@NEBBlutel andeNiof HRCoB¥spBn&iff bRGeet

pr ogressi ve, agalrmﬁse Fgents that include increasingly dissimlar

sequences an étfol?s‘)créerqémncﬁﬂ]t al| sequences have been included in the final
pai rwi se alignment. The am no acid positions of a novel 20 H V-1 isolate or

21‘7 3engld ngg(r) ethgpditip rmlllgﬁxwhd e&d\@hingmls@@bfaegpmoeaué@e Hﬂl@th@@ﬁlﬁ&?ﬂ%@qtﬁﬁ&off566 .
an t e s are ea erre
vari ant of agﬁ(ﬁllgelf gp4f P qni}l g?ﬁdtg‘ ftﬂg[g]? arsg ™ SPFF%" %arc $en erSI?‘PVE(S ionis

characteriz eéanntntsr@tmnuter Comp xos Pida pagreatay aao'llldpls s enice glignorenbtsip®si ti on
555, wherei nsdn%ﬁﬁcaﬁ% of fhe %kﬂg%dnte%gx%é}ﬁ n?eﬂﬂﬁrJf ireng2Di €. B6o1RY, 8l Bt ANIE acid,

t he substi tug og:} 2%982 #jl}ﬁ‘ |d .25 bejn {51 refe ed suhstitution.
A further YRrP Ll 208 %?foi—ﬁlﬂ/mi“&ff Pr 8‘?%&5’?‘ Ye B‘F’&ﬁ Y %o the
present i nvecmdl roduessare tefined 4ceoridingly. This prvatss béging ovithrthe parvase aipimenta€i d
substi t Ut | ONiRtD ARJst éuﬂﬂhr §e§1§ence RURk zl—@h'sté@@t&osah?ﬁ@assfed&h@egf@thYchﬁ§Part 1c

acid or gl ut he su stl I on id being the npst
pref er r ed™ sufﬁ@fm‘m ge é% thg nefRgsbre a&#éfef?féaraaﬁi G ELEBE SAES: wYp41

pol ypepti de dogeos df aguences tindepligadhy a simpleentendom éfsheqghawie tlgninzetbfitwo t hat i t
conpri ses an;amidil @ghddcs Uﬂﬁtﬂrfapmg%eﬁtt is B@SvEd BPa £ids of M’G@Es@w dalr®ise 73 18

substituted by serine or threonine, the substitutio serine being the
most pr ef er r dEnapsthat &Rcl“&ﬁ mcieSS“ESéYc@ﬁsb‘é\larzman’ﬁ?}‘ﬁ%%?Pf“llj&f?fE’PBC?f 06956 -
24 A furt hehavprbeéreincladedviantheafirial pdirveise dghmdntgTidlantind yqid pbsitibas at e abddl ng t o

the presep HIV-1 isolate or of engineered 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.



invention is characterized in that it conprises an amno acid substitution
at position 580, wherein Ile 580 is substituted by aspartic acid or by
glutam c acid, the substitution by glutam c acid being the np$s Decehlearr26a5
substitution. 5 The present invention also relates to a variant of H V-2
gp36 conprising at | east one amno acid substitution and at nost three
am no aci d sibstddsytions at a position selected fromthegcrgp@iRoRf pOSitions
Leu 554, Leu 56 and Val 579, wherein these positions are the positions
known fromthe H V-2 gp36 wi |l d-type sequence (SEQ ID NO 2) or correspond to
the positions known therefrom characterized in that the substitution am no
acid is or 10 respectlvely and i_ndependently ar el ected frgmthe group

! P thet piesegt

consi sting of QEhemereteprd dgpanhef andhal gtheolypirtifasrreiing oy id and
gl ut am ¢ aci thvenfioe isdhatacteiized inf tiad iovsmprives ani dnglno yod subetifuteoncas poSED 530, NO  2)

publ i shed bYW@iMﬁqﬁrSSOM subs&htealbyaasMcuicﬂ &zﬁy (R880 a 8B 2hOsubMthiiéh B¢i d

posi tions V\At1 | c%%?a 1 g f gcf) g gq_lon e positions known fromthis
sequence ar eB g8 nél&‘gé}é “aPé EEERETIRBEVE f or gp4l. 15 A preferred variant
of an HI V-2 gp36 pol ypeptide according to the present invention is

char act er iz ethd preseRtdhventiorCANREILEES a RékiaAAHIVAL gp36 Sethisrsinig Wt le@noitanfiasi ti on

554, wher ein Jme;abgﬁ%n PaHRSEEL G DY ASRRR G, kbRl Pl Bl B i 2l

the substitufion am.c aci n e nost erre sfjtution. ‘A
preferred vafPan et RS’FI ar II‘?P‘5'542 o8 P8I 37&5 t‘?’}&féellég‘&ﬁrp&flﬁ?j‘staﬁ HROSBS ent

i nvention i skndG fedrartxcHB -2 zpdb wxhd -tyhabequénce O3$H8Y 113 &¥D: N oanvmspandi td the

substitution &iu&@%&%@%&%m,%fa@ﬂeﬁeh% é@ﬁtﬂessxﬁbtﬁﬁdnt hﬁqﬁ@l w aspartic
acid or i ng the nost

Stlt { e
ot ef ex r edtls SRRS B kP BRETE PRat e T e o B S BETO b | e
according t oasphregips é@é‘mlnq;W@ﬁFF%afid@m@W&P@ét erized in that it conprises an
amno acid substitution at position 579 wherein Val 25 579 is substituted

by aspartic i‘ﬁé rqmwenp foéwst Md-ﬁr? Gqude( sia%tﬂf;é Uy gemlsma gg'd#zﬁdz} Graci d

being the no re er In a err evarlant
opdl Jor the. SPhrVRIEE 30 égﬁég?s%é\&el?%ﬁ@/m% B G B SUEPOHLOA v of
the ami no acpeitposkitawmfem e seqienss pielfetdrraibed/as desgebddahews faapdl:i si ng t hree
amno acid substitutions are also preferred. In yet a further preferred

nmbodi h 30_am
embod msn{sl gngpn\a/ erreda\rt'ma po‘% ané—ﬁt =5 ¥P %Q%Oﬁ'g%%t ¢ tactcl.E)rdﬁ) to%e %r%se%&‘(;entlon {s @M No

aci d posi scussed 1 n . ment, the
conpl et e seqd@?ﬁf@n%ﬁd iy ghet it GpmpTsesH af?lé%b‘é‘éfqb\?tétP 9n tﬁP.Oét.l?n Ptehesdt 8o mai n
| acki ng t he $i4sis eubsti@ptlibgasmnit dcleortbyghsameiniacidnibe segtimnien bgluamiaadd

Decenber ZOOQIMQQOQQQQJJCdP@;ﬁgBQ@/ 06956 - 25 correspondi ng manmal i an
i mrunodefi ci ency viral envel ope protein (e.g., gp2l from

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



HTLV), is used to forma conplex with a PPl chaperone. It is also

concei vable to use fragnents of a retroviral surface glycoprotein such as
the one for gp4l fromH V-1 described by Lu et alL, supra. Such® Peesgjrhen2905
preferably conprise the Cterminal helix as 5 well as the N-term nal helix
of the extracellular part of gp4l. A diagnostically relevant gp4l conprising
the am no agigh;RAsktions 535 to 681 (nonencl ature accopdiylogsehan, D. C.,
et al., Cell 89 (1997) 263-73) may be produced by reconbinant techni ques
according to standard procedures. As de8tribed in Figure 1 of Lu et al.,
supra, another interesting gp4l nolecule spans the am no acids 540 - 669 of
the 10 gpl60 Frec?r sor nol.ecul e nA% Erﬁ%vi ral

espo g mgl T %e%yyp \Ing lem?e)fc?' rrp}')re e]c Oge. ?‘ I’?

surface gl ycoPFSRBIRE THEEIAE I RHYEFEEETpIEY M O PRIV 1% et sl y
difficult toHFAMYlieusAde érl bicomplgumite agifh shanerqneoldy tlpeconcaigble) tp diely
menti oned, OfGgndntst dfea pASIvirdr sukfa@aglydopdteity @5hods thh@ne-fopd4inedmdilivel is its
insolubility . i i icf ] Q. I uced
gp4l is bot hdgérfb%@iig% Ef%+ta,s£§ﬁ %?gﬁﬁ ?‘Jifg\;%&f]?olgéﬁgg ruct l%hé%/h%qg. 0 and
| ow i oni ¢ Xt Fehile N1g elix gf,Bp extracdiplapagiof g4l erai ns sensitive to the
salt concentration in the buffer. Dependent on the salt used, gp4l
grem pi tgt es |l Gia%ﬁb@téo?]ti)e.srla@%% %w%ﬁlpﬁhﬁg(ﬁ HOQntic, 204 t‘)tﬁ)lﬁ_LtS?’gA&)_ \%g ! b;e |

i scussed in nore . detail . bel qw, i a iljized,(i enat ure
form by chagio?lbegfl?f‘“ra?@éﬁffdépg tﬁ%f”ﬁ -ocgneg%r 8%@[9%%99&% i fnﬁ}ﬁiéeﬁffgﬁ'%le‘?by are
under st ood t ecembipans trsheiqees ascardingiedtapsrd prcedymdi Ay deaibedinfgural pf Bsna or
serum of ani emils sipngl andtRerdafetdstith 1 anofkclily spane tiaf ansineueds 7404- es¥bfahsal t

concentrajd op,@h ,2ReW d2Ru@M The rsgp-chaperone conpl ex according to the
pr esent inveﬁ%ll oh ?g readeiQPly sol ubl e under these buffer conditions. The rsgp

present therein is immnologically active, thus pointing to a native-1like
structure. WAerdgicabgdinplerfor & herarsdsndae glycopooteini thacmell prwlope patteieief by, an
appropriate deveal g@RnelySdifissens haldle/ arPexhibg®lquitd entsaslesrophis] 8l dglagpl buf fer
condi ti ons (em'eﬁt'idnec? Oonm\élf %dljnusrtncFlﬁgaf Pegt%'%e? oFE‘w e'-441 rr%o?eo m\14 ll}éa Clsc%l) bilti he

descri bed conplex dccordi ng _fo s 1nvention 85 re,acflulley sol'u ‘f[e Lt er

ref ol di ng acggmiOﬂlgalthfferwéncaﬁwo?ﬁcwa@éﬂﬁlV@quleeﬂd.gp%lébgbwlu‘é@;f-r@d%ﬁ?&m, as
conpri sedid natratve-likavendtunéant poITPLexid 10w icid tthgthaHoweas teval atathzgiient r at i on

of 100 rim prefRkalhve & thesaltCBRERRAth 8 bafferl DMeARNG: BH Gl BRI eferred
at 10 Mor nore.. giP

Thus, solubiljty i substant]j al |y i ncreased Trom
sub- nanonol aPrefIBItaé%d%fherﬁre(f%FrB{r&%‘f&%ﬁb}é&%%t} i“3ﬁ§a.'lt‘ gﬁwﬁ%betﬁigsf‘fséﬁd '"DAYET st andi ng
of the scoped@til helpa, i ceslegain)ibgvelpilizsd (indenafugediiorraklypghgotropic agemhasi ze t hat
the buffer conditions applied for solubilization and renaturati on may be

modified as bg}gg%o'ﬁﬁglﬁﬂgr ARRERRE L3 Ygfldurmlél%{oo ab c?ﬁe%ggcﬁgiﬁgogqy an undue

e e oo L S0 e e Y Bl o
PC77EP02/ 069%8 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.



- 26 The overall salt concentration of the physiological buffer is not
critical as long as care is taken that the chaperone-gp4l conplex is not

di ssoci ated, and gp4l stays in solution. Preferably the physisoDeggitbat 2005
buffer conprises at least 10 nM of the buffer systemand at nost 200 mM
The rest of the buffer constituents, if any, may be a salt w thout
significant \%@%B&@{ capacity, e.g., sodiumchloride. Therpbyaukskogi cal
buffer preferably has a salt concentration between 20 and 500 mM nore
preferred between 50 and 300 nmM and nogi - preferred between 100 and 200 nM
In a process according to the present invention, the physiological buffer

TRy, De, VAT St B DNE ACRIAL VPl ARG NRRTE B 8l e IR s e
nore preferrielen %bﬁwpqhygemezs@%aqmm}af fsaot éefﬁﬂﬂafeidoﬁsd g4 S"aéléfri FAH®Y t he
sal t concent Prferdblysthaphygiolgital Hadfrecoaipdisa ap Hast ab ueM oé tinaeiffeSsydtemnadd@t 0; nost

preferred, tRg b Qhv SHE ?espaxﬁé fggk&ﬁéuuﬁui b8y IS tv)%ta\e@?w@oésgmﬁca&

Accor di ng to a_process as cr| anldlé pr.es é}gnven%ﬁ on retroviral
surface gl yRUfF SERACHYj &8 ssé? 8Bdeu rP 8?110%5?‘7‘? o BieEEAP Y ifF & rsalt

condi ti ons ¢dmeer¢ﬂaaqnebemwn®n |2@;Hwoaddé,dnc(rgpre&tneébdyequﬁésemOOasMaarrdomat ently

i nked furt hetefeRle@b&ivEnd00BIdbe nANd the m xture conprising the sol ubilized
retroviral surface glycoprotein and the chaperone is then adjusted to

physi ol ogi cal buffer conditions. Wereas a retroviral_ surface gl ycopr otein
al one woul dinshpreesnEeRding to e Preset arvenijte hedbysidose! byffer gy pe vaiedde y st ays
in solution hdvetahe vaboinethprogess 5.0 E8isS; nvpoprefaittd, fthathinpgofl sichbsfferlis kel y due
to the fo{]onafbétQ&n 25 G 8, Ev%QHJ%f-'meﬂed axcﬁgx;,sml i A HBCE Y FORL Ot €1 N

and the c n ase of the re a ion o in E. coli,
B O e At Beions e GR TSR A ousthon, of gt 1 e

bodi es. Thi spwtred,ited pH of ssdi pbipsidlpgetibuifr ngetwedni g 7.8chaot r opi ¢ reagent ,
e.g., 7.0 M guanidiniumthiocyanate. The gp4| pol ypeptide is largely
unstructured und [ hese condlt B angin buff er a roprl ate
steps to 30 & Ecg 7 i & act d escr'lgde %tg? ﬁrgem%f“t’engos’o? rfu%vﬁralas‘grgrres what
i's percei vedglﬁ@PFQt"sm hsafquPéle‘} R’é eamon pheiqlegagal g‘fffeﬂét’%ﬂ“éonsdi‘é BRSPS t 0

noni tor tite sidatd (s abkadypraset bis Orovalatiyrlinget fuftbérghiretein alomain),pnd ted mixige t 0

anal yze the gcgﬁg;;rﬁﬁrleoan@llsa%@dsa@gwaym,ﬂfaze tgn@opameﬁl fnd( au%SCha 2ok nn?he@nd the
aromatic (260 nf

or mat
particles (If %e% tog?’ysﬁgogég)bu arncoréag?rfs %re Btral S’flrlr}%cnﬁlgfogﬁ%féflay Pﬁ/
spectra. 30 ¥ fi sp@ltmmfm RIg¢ipitage @h%hé@%l&@» hfe%“@risslgb’rﬁéwf e tolytipgt int the
retroviral sawdvagsceh.yihiinposidt findidghs mobtHikely @iué @ thedbrnSatibh € @ complex
| ycoprotgj n : ' e present invention, does

gdgpt IO\/\/naét%)| |2&§%ﬁg§tg%§g§ML %Zcogpﬁng?igrgde@%}%ger%% dp On the contrary,
retroviral surface glycoprotein, which has been solubilized at neutral pH by
chaotropi ¢  byeset o thei recondbingal produsson oftgpdl B cdlihths rdcorsbingntlypdeiued gp4l

conf or mat i onjsepitdiAas thd forlmSofdh&&ion 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



15 Decenber 2005 WO 03/000877 PC r/EP02/ 06956 - 27 possible to solubilize a
retroviral surface glycoprotein alternatively by using detergents. For
exanpl e, sodi um dodecyl sulfate (SDS) has successfully been uskEdDe@mber 2005
solubilize gp4l. However, such "SDS-solubilized nmaterial” is not the
material of choice, e.g., for use in an inmmunoassay for detection of

anti bodi es t@, gRdls77 Furthernore (as di scussed above) sugRrleigdspoassays
preferably al so detect antibodies to conformational epitopes of gp4l, and it
cannot be excluded that detergents do partially abolish conformational

epi topes. Preferably, the rsgp-chaperone conplex according to the present
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char act eri st tannetHeiepdudzil that de;ugam&sldommtnlall}tdbellsbypmfgamansngmatomse of a
native-1li ke fol ded gl obular protein. As shown in Fi gure 15 5, the gp4l part

of a fusion (o40) sin 4. and Ek its ear W
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i's conposed ehitietie rédifred Spaaidaidalor phgiceldéatieed | y f ol ded chaperone and the
native-like folded gp4l. This is shown for the FkpA-gp4l fusion protein in
Figure 7. 20_1n preferred e odlrret acc to the pre ent |nvention
the nati veL | NeBrerise dgie Gprpera "‘i?lﬁ a%es zhv rtfﬁa‘ﬁgﬁ&?@e&%%fﬂpé etseed by
anal yzi ng t hertigneontdvts @ithin ¢onipgctglobfler prewing.Hais known thanget lswdmﬁ)sqlublused to
denmonstrate ihaloub@tins 0odnach s cgRdraddl of AP N arak@®. Neat Uvecbi kga f ol ded.
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non- phy5|olog|ca rmation
bet ween fr ee“%:"r?b}%}? @'P&ﬁ’(fl&nla@éﬂ qf g pgfive-Like fotdsdt ﬁlok"éarg’“’t@lﬁﬂs S*‘?W“I—W&W‘l) t he
" non- physizol sghcgpi! pdyubfacfnsibragptide cometisitgyp4! arelfikbA extabitsshis typiadl néa)\gp4l i s
present | Ba'r £ BahPnd L 86Hgl Ok PHRiNGRal A CBddRS, BPhear QRS ONE 1 S
buf f er condi fpegﬁ"gx {%Sé’?‘ibh] acﬁglrp 1)%1 éccﬁfdﬂ’& %5 P?ff’?ggg‘%ﬁ%qndg)ﬁoé?ﬁo&edpolf gg@l > and a
change of t heego: dfifercorreetyielilad brmerdne and the natiyyise toldsd el Thivis shawa for | ess

physi ol ogi caihe ERFWp41GRS0r [FotePQS Sigle@. Wi t hout preci pitation of the
anyl oi dogeni c protein. \Wereas chaperones usually bind to denatured proteins

and act upon_the ereb
5)0 In a pre erreiI embody ment 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



facilitating their correct (re-)folding, the situation on which the present
invention is based 15 Decenber 2005 WO 03/ 000877 PCT/ EP02/ 06956 - 28 is
strikingly different. The gp41l sol ubilized under appropriate 15December 2005
non- physi ol ogi cal buffer conditions seens to be present in a native-like
form (cf. Figures 1A and 1B and Figure 5). Different fromthe customary
view of chapgsengedynctions, in the inventive method thec@hapRiQne appears
to bind to the native-like fol ded protein and to stabilize this protein at
5 buffer conditions under which gp4l is2etherw se insoluble and
precipitates. In a preferred enbodi ment according to the present invention,
the PPl chaperone is . selecgted fromthe group conmprising.FkpA, and
trigger factdrs® %Pglhgﬁﬁggﬁ%ﬁ&gﬁgsépﬁ%ﬁzeggﬁg Ti%BP1Y ‘ﬁﬁﬁ‘ﬂng’t}‘}'ﬁ%a‘ﬁ%&éve t he
sol ubi lity ofcomiddns sequhs fobapresent iharnatveatike dorgolap Fanees 14 he¢ dhvirtdFiguse flur t her
preferred enpeg-&RHont mercea‘t@maylv&wl& fcﬁ@tﬁﬁ{ch&%dui mletlmweheemamer one is
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chaper one Fk ra ments o aperones nay
be used to’b Pﬁg cansbiians phger Waeém@ds ?tbfﬁw? ’@PPM’I ﬁar@;;ge%ﬁateﬁ he nodul ar
chaperones, |ike the FKBPs, conprising a catalytic nodule and a binding

modul e, i t lﬁnarfrgggé@gmsm&eﬁ%&rﬁt%% Bredihy I%@,ﬁ{onpqm)ﬁqsgm e?ghell@ bi ndi ng
B

domain, or t 2‘ ragnent s, at It essentla unction
conpar abl e ecfeﬁ %%ﬁgrﬁﬁpmisf% af’g r%g?ﬂf HEH- menber  of the FKBP
famly and essentially conprises the catalytic isonmerase domain of a

BDEI%’D%Bﬁﬂod@tHélsﬂl@bmgr SIQPRI &hd fotm

(I;’Pl alse Si ncet his bk@ff{@ﬁncaﬂlaa@gé&%pm&& ;

i splays signj y uc I.ndi n i_ni nf o

partially folf P%l ecompge St rat es as coﬁp erregm?mggdtlﬁ i thngore slsof t he
FKBP fam 1§ . Cheaqﬁfa@e Shehpparenstis selsripchiremn ity sapip qoaTRsiias ﬁlﬁ’AdTn BRBP12 is a
reversibl e pﬂ\d)cnsemfe(rEgame ckipesdng FlgtA.al ., Biochem stry 32 (1993) 1920-7;
Schol z, C., et aI j Biol Chem 271 (1996) 12703-7). W fi nd that refolding

and unfoldin k 5 0) 165) are reve bl e either, thus
fulfilling as %%%1&6 SR Pt G Erermeo ph astores BT b S e 844 ey
preferred en‘rﬂeﬂqedrémctlont Frecapsrod gheermodulpy ghappronesr1ie sheddCBPe, campnitingy @tabysinpl ex
conprising @gpstuleand atbigdirprioaile, is &l peted thitamth hegodtBPatfleasd doyhpridsthdescr i bed

above, sug I &Fteé o Lsl LQMhY; A l.ogue
derived frgc:m%g‘lc%{% QE)FI%WBII i an %nodg%a%%gﬂﬁg{t/evﬁ us’y g‘lgﬁ@% mgg

prepared by ¢ RgeHe™BB  chaperone (e.g., produced by reconbi nant

t echni ques) and a reconbinantly 30 produced gp4l. The conplex then is forned

bet ween two ipREEDER AEHmAThEEBEr @S thel FIBP, familjn4RY &RhBALY @hpYises the catalytic

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.



15 Decenber 2005 WO 031000877 PCT/ EP02106956 - 29 Conplex formation is a
dynam c process in which dissociation and re-association occur in parallel.
This is true for both the internol ecular and the intranol ecul an5Decgmberi200a
fusion construct) association between, e.g., FKkpA and gp4l. Since gp4l

i mredi ately and quantitatively precipitates froma physiol ogi cal buffer

sol ution, capseibations of both 5 partners have to be chgsgihsch ensure
that only a non-critical or non-aggregating concentration of gp4l in free

formis present, and that the vast majonpty of gp4l is bound and stabilized
in formof a gp4l-chaperone conpl ex. Depending on the chaperone used, it has
been found necessary tqQ mix _on a nolar, bas least 2 tinmes as nmany

) si s, at .
chaper ones a$OBBHPEITERLNYS §AHAHOPEES] ‘éé”.%“‘:llhﬁhséf’cﬁ%‘l‘ e A PHNRAE RN, t he
invention themeldriselat & both the ivageitulaomdrhsinbgmalesmlat (ag.einof fugpdl and a
chaperone, pigfghal! dsobkRh bEWeneral! MpAlaky Fhat Wikte CHANL ainliSedkddA bt MOl ar
excess as C%ﬁ%@{tﬁg’ to %{%It. #% |sp$)yr%oelrcglebd hat1 t%nt [ %Qnt'galtinr%s%rggcﬁg FKkpA is
present. The BY RFPRES Pt PPACIE bt " FRp R T6 g p 4115 Bt Wedh” 4 and 6.
|t has beeh &Rmeers bavsdo thsashosehewliidy aaptiicothatopnlng namt qridiesd| B cRANAZSEEAYPE ex
e.g., betweeBodds@iratibh oflisl & R&tt foh® KBir&entpdndahfditied Rbtin4QIPof gian g waval ent |y
l'inked at |eggh %meaﬁ%mg&g%&_mger?%er%g@%_ one PPI -chaperone domain, | eads

to additional advantageous ects, anple in ternms of stability and
ease of production. It has, for exanple, been found that a ratio of 1:1
(rsgp to chapeporélg dnshsdibpdraieantd, itdha$ beemfduné ng@bsartylte ni:oomkh erolar basizat h

donai ns are gQuab @ihdsYas hhd}k@fperdfesfasSAntaled ©ORII EXokQIRY IS iaNPrefrle@t rOVi I al
surface 9@’ C%?lfnoéiel 0 @&nd.,2 Chg%eerfor%‘elété‘s 1§ L ESPIDI nant la%lrﬁl 'ur@‘%fd 4oL
represent & a“PRPEREP. BF Y EIPB I ERBEHT THEAT 2 KEEHE SRy g  tHE e 5f erdAp

i nvention. M8shansraearreferbly Skpys Pecierpbly such mintusa comtains Fepd b MeBh EXPB 12y pept i de
are gp4l fresmpirdd lo giad. I pSpreferredntadt V-2 .10 Fddes anof€Blairbisasentp rideahsst

COMPI S Q. Aty dif2Adtn P a0 SIRANTLA i80UMlvth abiippt ONE PPI- 25 chaperone
domai n the transfer from non-physiol ogical to physiol ogical buffer

conditions can be acconplished in different ways. Sol uble intranol ecul ar
conpl exes beftise hequrlso foumddhaEiirommation @€ p intraypla¢uipe dotylendjsubetivaen thihe

hon- physi o ogiffefdnt Bothfi@rof & Proetid doRipsising covaltysyilakaiit Ladt oRdHskedont@alidtak ons by
dialysis, r age'aﬂ S 'pgf~'ch%ger§re JRLE, X888 aﬁﬁﬁﬁnaﬁ ?J\BLQ%%QS 08 £ r”&eé&ng §
conprising the solublé gp rfL-cqhapéro_ne conpl ex can be di rect?y us d for 30
modi fi cati onteris 8bTtapHiteard ass IoERIEBHISR] 1 hasglor exaggple, bypmipund ghatd pp otkhper one
accor di ng t o (tsiretophgsent) is sufficeent fodorm tha soletlsomipiex ffibo thutbedins harcbyahgtlf r om one
pol ypepti de ggigari sing both protein

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



dormai ns (gp4l and chaperone) obtai ned by reconbi nant techni ques. The

gp4l - chaperone 15 Decenber 2005 WO 03/000877 PCTI EP02/ 06956 - 30 conpl ex
therein is intranolecular in nature. Preferably the reconbi nantl5gadcgmbpt 2006
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 relghfsed® @ reconbinant protein conprising ajcH@asisoRNe rsgp
dormain and at |east two PPl -chaperone 5 domai ns. Reconbi nant pol ypeti des

conprising one rsgp domain and two PPI-ethaperones are also preferred. The
r econmbi nant polypeptide used to obtain a sol uble gp4l-chaperone conpl ex
according to the present invention is exp S ap st anda
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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



it is mandatory that the folding of the chaperone be reversible. |Indeed,
there is conpelling spectroscopic evidence for the reversible and

i ndependent refolding of both FkpA and gp4l 15 Decenber 2005 WOIDIL00d) BD3
PCT/ EP02/ 06956 - 31 within the covalently |inked protein conplex. Refolding
of a CGtermnally truncated SlyD has been found to be reversible, either.

Al so preferrggd &g, €combi nant pol ypeptide conprising apEgfso¥dial surface
gl ycoprotein and a chaperone that additionally conprises an appropriate
peptide |inker sequence 5 between these 3w pol ypepti de domai ns. Such a
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very easily. prHerdecgvdinranthegrombinn plpeptide aphprisomatyird Fpddinksd totitseat ment

wi th a chaot rt@@btcprazgﬁn&aéqeﬂble ligkeR T, B thendafd| iRdit A€ brinfRYabsutddl 3ddRRSEI ng t he
sol ubilized gQver a gel filtration colum, equilibrated with the

appropriate pahy gfogl cal buffer, a fully re-natured protein conprising the
covalently linked protein donmains can be obtained (cf. Exanple 2.3 and
Fi gur es 7 1andt Bjs.suphbisiigie beeal folpddethatrpp 1a napagicafl iz ingpdbleaiva penplaebtwsdlae x

exhi bi ts yet @rfaidigle Sid LKinG: bB0VAILAISA Lkbik STRALDSY 1liakhe @gaknst the
denat uri ng efftectz?{? det ents I'f'P h % %;Te gy

pronounced, TP tRE*HESI %FE/E} o?né‘i’rf‘?méo i aspef%ag Epetr Ine ‘il’.‘ap%?f& 904l or
one gp36, regﬁ%bﬁﬁvbﬁ?lv $ie impryed sty sofagrd] jar fugh reePminlext bringprabedince of
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by non- spegi fég‘éuse oﬂgin'agcull: Uer%*%%ﬂfaf%g rQ@bmblnYn ) BOMOS infiially 3510KLize3tHy0N9

detergents ar
g treatment w1 a c aotrop1c agent (e.g, guanidinium chloride). By simply passing the

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



af orenenti oned reason, but also to desintegrate and disrupt virus particles
and thus to facilitate detection of viral antigens, |ike gp24. The

reconbi nantly produced gp4l ectodonain solubilized by SDS (sodbieceobapDs
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

ant i - H V- ant {ypodi,@g70r p24 antigen. cf. Figure 9). Under péhepisadies buffer
conditions, however, the gp4l, which is part of an intranol ecul ar conpl ex
with a PPl chaperone according to this i2nvention, is strongly

i mmunor eactive. As can be seen from Fi gure 9, under the sane assay
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condi tions? € (ﬁentéf)mﬁﬁﬁ?n&wivrf Sirchis '?1’8”5 SRty Pk oot h omisr Fife
buffer. This mhlbk gbl, whiglmmrdditien adtﬂéhura@epfeWCQddeeabetaenfdesassl wel | as for

di agnostic applications. In a preferred enbodinent, the present invention

relates to a npaosi.tion s that is.,so y|olog|cal
buf fer condi tII(f\ Is @' very unrpr%rtanﬂfeaélre orofefﬂe %oménlex accordeIE] 1'%@ _pressint 1nanti%n, t%a F%)

conprising a w@w dhpisplaple ssawl@?@erogf FEBRiegE eahﬁe-akwolﬁleéh%fbépb»ﬁ@logéplév@ff@d from
the peptidyl copdiibys e .s0OpHr7asin 20|msiphoiphetad pendhediun thididkdutfal €hiedrpl ex

conpri si anna&énye%dJ)as&@vamgaﬁ)g ﬁgpa%leuéc 9 weﬂs%lldl@gagstﬁ asﬁu@gé&mﬁ a pébegt ed from

t he pepti dyl 0 i spnerase.class o e repre ts a
very” br et er PRl R REGE TR BEBRE FRUBRETEN P ASSEFLAIS b

conpri si ng natrdgephysilegifabbefted copdf®ns.rcompiifing ap irired oa aw intgyen@esalar S@Ilrém ed from
the peptidyl Q&Rkifihg b S@FRTrASArfede3HRofbtemhader dagsotcRleatDEEmahs Peptiflr esent s

a 20 very prpgrg§ lgoqgeragygggb{)@%r&j the present invention. In terns of

t herapy, the gress nma roviding a "soluble and native-1like fol ded"
gp4l or gp36, respectively, is quite obvious. For the first tine, e.g.
gp4l is ndWw avablublblcemblex compjigieg netivedilel doldgdhgrgtil ooy iHIAl1 bod faechapaordi t i ons.
I'n a preferredeambosh m?erl:;eptlcl}mﬁrdﬁ@ hsuQlleﬁs&mmf%ﬁa;aﬁon&%%fob@&pﬂe&ntﬁagwt o

produce a 235 r(e: rr cpembodlmenpoftﬁeeagse thgveggo use as a medi cament.
conposition e t A - chaperone conpl ex toget her with

physi ol ogi cal |y acceptable ex0|p|ents and where appropriate, suitable
addi ti ves andA aolutlerremplex @nabrigngx nhtivaiike Salbit @136 efsom IHIVi-B akdl@Whapdicie

peptides deriygded kMR ERHbr i RoAEERRALE BEpef SRMHNRORY refrelSETi nal

20 very 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



hel i x possess antiviral activity (Wld, C., et al., Proc Natl Acad Sci US A
89 (1992) 10537 30 41). They hinder virus entry by specifically interacting
with a so-called "hairpin- internediate" of gp4l (for revi ew sdé IRoamper2005
W and Moore, J. P., J Cell Biol 151 (2000) F9-14). W have found that a

r sgp- chaperone conpl ex according to the present invention 15 Decenber 2005
WO 03/000877w5g;&§§£2/069~6 - 33 exhibits antiviral actpMidpizosdie
conposition of reagents containing the gp4l-chaperone conplex or a

gp36- chaperone conplex or both in a theBdpeutically effective dose in a
first preferred therapeutic application is used to prevent HV entry and

H V spread within the. -host. organism (."virus entry. .i.nhibition’). 5 It
represents aeFﬂﬁ%%%¥”B?é¥§WVé39?ﬁ%?‘Béﬁ fgfg'ﬂi?é%??%ﬁg5?i§ﬂggﬁ%§g¥Fion of
reagents corfpmpPsk ar? sp3§rhiresdng SRrRIFeorcReHp erapeydally effertivg dessripadirtti on f or
eliciting an préfersdaheraafonsiication & usahiprevertiE Vo hek Hile seeadbathinraies

avai | abl e muGhM0L.6: GRS RLHARESitiodNan any other HIV i munogen known, cf.,
e.g., Root et tafatl é’ gugr a. Tfl}%gnovlg? ?m’runogen therefore is expected to

i nduce a nmuch broader imrune response. 10 Wth respect to diagnostic
procedur es5 dbvippuentadviarthagasferodd thempéutiblappliceigm chapempesgioncafnyshgents

according to cBHx?riQﬁ§§ f1 -chAPERIAE LRI 8 us€suBh a cdfositiDs FERE8EhSInakinhidey Of a
retroviral surface %g}/c%gi ein Sy hC sy eI auarﬂgger g&ysgr%l 0 |czﬁl buf f er
condi tions, dREPOF T AETHErSaSER R WAGROSETC “Sehsi Trvi Ty BRnd7orPThe

i ncreased nurieragy gthes BhY spmutqgemisovepifs opeRoot prabsept; Theriprd impaogen

possi bil ity tiRerefaiid gkptcaddad indu@amieh blosddramamde fespse. | | ke gp4l . 15

Vel | - known | abel s are marker groups or effector groups, like solid phase

bi ndi ng groups.. A | abel.ed sol ubl e rsgp-chaperone conpl.ex represents a
further pridt oV EEeRsrh SRR HOCGRHPHY B8 LHATAHESEACIPHe ST PRe

| abel i ng gr ouwpmpkn afrerding tedhepredentonyeation ko thieinerasebitebilitypkerettpvisalps, such
as dyes, | unuARs GRbploale | suy ad il Pendst ¢ HysafoglIE B et b ABEGENEndJSOLRS, €. J. ,
acri di num eslt eréa%e i?1rdia2gosgllc Qe)ﬁ?lhxqgeasn’d/cgRhefmé%gaggisn%%ters%ygos for%‘a 'n’alJ Iitgorsescel n,
coumarin, rhodan ne, GXazl ne, resorufin, cyanine_and deriva ’Ves ther eof

Ot her exanpl dgesgit angdss thepgssplisy focasly abel gspmecde olted pgp-dike eRénpl exes, such as
rut heni um or europi um conpl exes, enzynes, e.g., as used for ELISA or for

CEDI A ( G qpedyENEyE 1RAQFe hd¥d @Rﬁﬁﬁ%éffgc@or%roup@ﬁke%o@d elﬁgﬁ)lg G}Sjs A
radi oi sot ope

grdlips.
. Ef fector groups conprise, for ex e,. one rtner of a
bi oaf fi ne bi ﬁ%he%%;ﬁ;u{bﬁ r%’f}?‘:’geropeercf’%l% AP ET RS g‘i}%’;’%) ééf%rfege%rﬁ%}dt”a?%up
i nteracts specirdpaiothe ByniIRErEtbl y non-coval ently with the other partner
of the bioaffine binding pair. Exanples of suitable binding pairs are

hapten or antjgeRbaRkRAWn bRLRLkid R afibih dARAIRIME S SHGPs, &2haNERQDI Ot i n,
| m nobi otin qll;minescent 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.



dest hi obiotin/avidin or streptavidin, sugar/lectin, nucleic acid or nucleic
acid 30 anal ogue/ conpl enentary nucleic acid, and receptor/ligand, e.g.,
steroi d hornone receptor/steroid hornone. Preferred binding paDecerabdye085
conprise hapten, antigen and hornone. Especially preferred are haptens |ike
di goxin and biotin and anal ogues thereof. 15 Decenber 2005 WO 03/ 000877

PCT/ EPO2/ 116356550534 The sol ubl e conpl ex conpri sing rsoR-rap:@eiP!
chaperone is preferably used in an immunoassay for detection of antibodies

to the rsgp. Preferably gp4l- and/ or gp36- chaperone conpl exes are used. In
a very preferred enbodinent a | abel ed soluble conplex conprising gp4l and

a PPl chaperagne is i.munoassay 54r det ection nt i ies to
gp4| Most pr escrﬂ}lbela CO ex Co%lgfm%g gx 1:3@ %npero?e lsn%fp%all?aur%e%:blpggex
Within a recdmBupeasey ﬁ@q 9%&99% aaEbasies SP ribe rygB. Proferabha pedlodrd/ahapypal .

| nmunoassays cadperometdmﬂimy\ne tedt Ine velviprdfe@ctd ambbdiarnt, Mebledglublrcomateryi ng out

such assays | g8 Al Pbp e ARAL i Bl ORS, xﬁﬂgmﬁﬁ&gsedgl‘f&eéet@:ﬁgn gmmar i zed
in rel ated text%oo opks are sen

of t ext :
Preparati oh 4f ﬁé’ﬁ‘ﬁﬁ‘i &Rt %S/ Kfersds htg? ?a%gedeﬁ‘ﬂ}w ff‘aad‘r’c?ﬁfﬁf”@ff C85‘ﬁFﬁgat es in
"Practice andvithimeorsgpmbinagtpojypeptidevompasgalysPPl ciabe®oy aikPp4278, Eds. R H.
Burden and v. P. H Knippenberg, El sevi er Anst er danm and vari ous vol unes
of Tijssen,

" zynol 1980), . Fd N. 0.

Capl an and Slmﬁmnoﬁ&sa&daer%wglg%evés i ea San ﬁtE (?m%rc giecs {Su e%ss%?'tsl on
met hods, espedicias pragesal gpmlicatipns 2ad Pmedus% o syRmanzed mllslafrﬁéﬂq%hw& sol ubl e
rsgp- PPI chaeimple dfaripteé xextisrokd ereUlpdnt B, Pieparatica afsemy:ﬁ -ahtifody loe otleket ect i on
g; dag_tl brgd/e%ﬂ}yhb%c%ndl&{i@pc%ﬂfﬁgﬂ%éabﬁ qfracmearg)ggo ofdémtzﬁﬁl i Egﬁfé&;ﬂ&sﬁ R

i oi sot op S u S s y,
etc.) or the %?%%W?ﬁ%ék% Y tegt PP amii}sevf’é\ ‘ﬁm‘ié‘&i
honogenous ageéyys vaemes)of Tieen. it @Methdds abﬁmﬂwsélﬁé’:‘i))t EdseS. é’a€¢19W!dletNa&| on of
an HIV infectdaplan ahll 9. . ea&R6hicabreis) dPElaghigh idbuaelbfical degkticiNine@ens, as wel |

as anti-viral %Qﬁigggﬂ%e%ﬂ) pp% ng .Y thysanpl es. The sol uble conpl ex

according to Hh resent rnvention enabl es the detection of anti-gp4l and/or
anti- gp36 antibodies, at physiological buffer conditions. The detection of
ant i - gp4l 1andhemoehtsolublg p@6-Ph chdperine somexacanabeuadedl go paptovohssaysiddr thenbi ned

H V detecti Oiaet%&f%%ﬁﬁm ﬂ{fv e?hti%ﬁf:seiﬁd{eé%deﬁm@diem% of&é@&n&ﬁ @ifefhtdxohslatb?@t' on
therefore relates to HV detetlogxa% Cen r|5|n§é det.ect,i on of
I ase

anti-gpal andi®or YA GpE8 ANt B 18" § orfthe FGpET” é%lalor a
gp36 chaperorﬁégd%ﬁ{%?(ssamfl%h@F%r?ré’ﬂmogeﬁéusdé‘taééfci)on of anti-gp4l and/or
anti-gp36 antibodi es based on such conplex is carried out together with the

det ection of ggnublMapi@iid Qﬁ@ﬁvegﬁx‘?}t &hRBYoftah @Hp%ﬁke%}l! 19§ 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.



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 double antigen bridge concept (sonetines thid5®ssempbar@fbept
is also ternmed doubl e antigen bridge concept, because the two antigens are
bri dged by an antibody). In such an assay the ability of an antibody to

bi nd at | eas{yolowosh-f f erent nol ecul es of a given anti genpit/Efdzbdoss two (119G
I|gA, I1gE) or 10 (IgM paratopes is required and used. 15 Decenber 2005 WO
03/ 000877 PCT/ EP02/ 06956 - 35 Detectiorfsof antibodies frombodily fluids
according to the bridge concept may be performed in nany di fferent assay
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there are many.varia doubl.e . a t| e Such
vari ants Corrpc?{f;f g$ens Wthh aée 1rf1ﬁ18n(|alo ss-r ac Bea% gousoié/ ant1ge rlg%n to a

solid phase. amaéfﬁxeawrgﬂal raqw@@pf for pﬁf%ainrsgu@aasws lﬁﬁs‘t rréwemaqﬂtype ehe
bi ot i n- st r epttAy telbvimt (epifopedatt Greddnt S SbtiMntighs. R Tbutly thére hte@tinyWwatiinidofan

antigen to a §oh} e ﬁﬂgéneoézd%astse{} oM Y Mnts tcé]'ﬁp Qtf'oxggciamlﬂﬁegm 119c{1reget ection

in such a system C

ope,
enzyne, 130 reeig aﬁﬁﬁ’t&?ﬁ fe? S%l@ahjlsea%ﬁ%ra t%%)ﬁeﬂﬁfa‘g}n%gg bR R PLEEN Rly
detectable bythe Biogn-streptavidy (og -avidiapyeem,(if eed txiadipicdy bidil goxitien tGuedlidi ndi r ect
20 detection ghB@NOn €heGther Hawbﬁaepﬂgfe@um%rbﬁétealdnabalcad spttinl m@y gévdiRRctint i body.
In a preferred {rﬁQ'%’ gfeggf aHQﬁmPot %e&géﬂlé‘\ﬂﬁ&feécé%ﬁ n{o?ec&Eee?c S)} Butd ererm qassay

according to fir'st antigen
conpri sing a Pty dEtFl‘a éﬁr@hé-gan‘”ﬂr&é‘ﬁ ac]bﬁ?fﬂ“efor 'aplﬁ §’§%’Sﬂ)d Sélﬁli iiRfErsct

conpri si ng0a d&ecindhehapengrie-paritingd by a bbelgl aK-ddoxinangbddur t her preferred
enbodi ment, the present invention relates to an inmmnoassay according to

t he doubl e aq%i an&fégi %%HP&Bt characterlé%d in that a flrst(ﬁ&ﬁgerone-

present invention relates to an immunoassay accor
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.



antigen conplex is used as capture antigen and a second chaperone-anti gen
conplex is wused as detection antigen. The chaperone-anti gen conpl exes as
described in the present invention not only bring 30 about t hdS5dadcatmbEi 2005
of various pol ypeptides that are otherwise difficult to handle, but they

al so allow for a very advantageous i nmunoassay according to the double
antigen bridgs@epsept. 15 Decenber 2005 WO 03/000877 Rel/dpfDshf6956 - 36
It is an especially attractive feature of such an i munoassay according to
the double antigen bridge concept, thassi-t is now possible to use different
chaperones for conplex formation with the solid phase bound antigen and for

conpl ex for matl on with the detection antigen, respecti veI uc
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the |i kel ihopeblsm of mipp@lﬁfeblsillggwa%méa@es ing WGW espyéxsh moeldbbemsfme tsal argel y
reduced. |n ahapehetidethue mihdtamad falsé Besitpe egﬁm willGhot fovinattridge ifliefeémdr e

e 2%‘“‘?5&2?%&%%5‘%#&" Bl B CORHLO G QY (f@ fﬁet@?gﬂgﬁl nper one
of a first aﬁﬁerfcavelye %‘n Ofehiz fs*é%laﬂ% of the; “@"éﬂt‘%ﬁﬁ lgglha? faPofifivsiea cdﬁeot her .
Most of the thapesewidis bihding dr brdglystededsdr b teepiefened hmbediipentn thes pteatréd fr om

Escherichi@ afRbhtion Whdefole kefatddit6l@h Mimb@baska} RiRURE Mﬂlemslalanﬁgeﬁe@ﬁdgb Since
Escheri chia %?flc;pﬁtwﬁb& QgL Yerda i ?'ﬂ%& Dl c(ﬂab?‘c%[eea;l%%}e s§<!%e§t cﬁ%e JRY , mammal s

have devel ope I.€S agal nst proterns erive rom actefium In
order to redfiebandfecsonf chaprieaeransiset wrylexsifér frpeashothari ons  caused by such
antibodies, it is preferred to use at |east one PPl chaperone derived froma

di stinct banS! @Ylthegc@ﬁ]?ér&?es tHaf &8 6&alphc @il 8L IR kdiGeLREm Efénsic%qm y the

chaperone is deriyved rom ex p e y of 1 group
of bacteria &%%é;f Sl R bRk e e s2RRERL Sl ¥, Tl 9T ouP
t her nophi kus distripated Pacterfial apasien eanp amardly ke de@bp#%wﬁbndlmgawmmgassay in
general , anddpiell &oabihys babteri@h. Inroidbn @8 s&laye @6 GREAUbLSDof falsd ﬂ&eld@é rdggongoncept ,

al so provi de%aJsgheoyps‘&%}? &?Jbbh%sy t‘isgxgﬁfrédvtéh'séﬁ leaEthﬁe %Bﬁcﬁ‘ﬁ c?;we%l%c{hg conpl ex

and does not ant i

r
general | y acééb‘ﬁ“éhacfeﬁ SPEfiE %fjerﬁ*ﬁv &ﬁﬁfﬁwh&F oge. Saﬁfi%%%&hre 6*&?1’89“%15 ég&sﬁd

chenical 25 frometyrempphiliekztegph.eespecially cblplgrony offbagtetia rmiprisiog tThatnataghecul e,
i ncl udes the makiskafquiyegrblicysahy Tha-nld emepimgs.t he pol ypeptide. For exanple,

t he epitope under investigation may be
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.



conprom sed, or non-specific binding may be caused by such | abeling.
According to the present invention, it is now possible to derivatise
specifically the chaperone within a chaperone-antigen conpl ex.153%cember 2005
preferred enbodi nent, an i Mmunoassay according to the double antigen bridge
concept is further characterized in that the first chaperone-antigen conpl ex
used as captyi st i gen conprises a solid phase bi ndi ngpgi@ifcs> Decenber
2005 WO 031000877 PCT/ EPO2i 06956 - 37 In a further preferred enbodi nent, an
i mmunoassay according to the bridge conéept is perfornmed, which is further
characterized in that the second chaperone anti gen conplex used as
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exci pient or _carrier., Such conpagsitions may .also include an adjuyant.
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Wi n (he SangiehalA. PTESER oI BUCALL 80 8 70 1k bable duRben aLydoses

i ncludes any fu ed”’to "1 mun an “ani’mal corfpl ex. A
second adﬁfm@‘ﬁtﬁ%ﬁ“&?ﬁt(booster) of the soI ubl e conpl ex conposi tion nay be
given between about 7 days and 1 year after the first adm nistration. The

time between drfé%oie éﬁ&hmsﬁ%ﬁ%ﬁ?ﬂaﬂm@e El&%&xﬁﬁdsﬁf&ﬁ rﬁﬁ%%e@ﬁenl‘hcg@e)éé e 6
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maybe given tere“élw reabgr ofldosey agmingstered o aye‘m% degfepdsrontingart by the response
of a subject to a soluble complex composition. Within the scope of the present invention, a
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



first adm nistration, 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 nonths
after the first adm nistration. Subsequent boosters may be agnh&degiber 2ohsat
2 week intervals, or 1 nonth, 3 nonth or 6 30 nonth to 10 year intervals.
Typically, the amount of soluble complex will be adninistered to a subj ect
that is suff to i muni ze an ani mal agai nst an ant

"i mrunol ogi CH ‘ﬁf’i‘mgﬁ‘q ective dose" or a "therapeutically e Q(Tq&laczgdl(’%% dose") An
anount adequate to acconplish an "i munaggogi cally 15 Decenber 2005 WO
03/000877 PCT/ EPO2/ 06956 - 38 effective dose" wll depend in part on the
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t he sol ubl e cedpiedxdgaait df hefpoaseriblisg phtsidim anilraduatibdglessotmel.achi eve an
i nduction of an imune response; such data can be used to readily opti mze 5

adm ni strati d, .on ani nal ta.. A dose i call
bet ween abouQ[n eg?cﬁve Oéﬁ'ﬁdglu'ilﬁﬁorﬂfaex%ﬂ’% r%@f%%ﬁ“%%nﬁf‘)dils% e 2 gbout 100
g, nore oftendndstioleed arabootnd ryepoases safodatasang beamdu@ua@ﬂ%’y tretimizen about

100 ng ands ahaini2Atifgdio HuhabOPBed GrhRekeA! &,dotéw@udgﬁ@ny Be he6haspapbuabout 1 fg

:Bgu?bggg é?q B Eber{%b S“%h%cf;en'%ge%yatb}éqt Bé and & B?Tgob%%‘@@oigoééﬁoﬂs'e‘t»aéeﬁggaﬁrs

bet ween about? q‘ﬁd TG AkpPus O Ug as@)uislglhb‘aeﬁwqe@a%b}%’cﬁg Beahoutal gt o spHE sol ubl e
conpl ex- cont anthodignecsthodist is basveaf abbhiel fgavdatioioI90 ne pedie salget bodytveighd in a
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include carriers er L. manni t ol ,
pr ot ei ns, é)oI“ﬁ’pé‘ﬁtuis‘ﬁg’él?ecweegﬁg%“ﬁooa’@ad‘g EE&%P%?%/S ﬁ%t%()dy‘fm%&l dant s,
bacteriostats, chelating agents, suspending agents, 15 thickening agents
and/ or pr esernaisbes contyéxedontaitiihScongbkitione om{euh@e@ﬂ&; magbeadisinBexdinse and
gl ycerol sol %h&gﬁfwag& D& 9&%@?&&5%9&&41&% F%&%Eés%o%%#déﬂd% ?:?@r%t ances

as required to ”ﬁ si ol ogi.ca ering
agents, toni cf‘i“fl;?x%?’t&%f‘i QS §3T O%Yé’iafeis rf@anél‘lj nP@te“é‘t EOVPeB\“ BHK/%CH‘PPonaI
adj uvant nay aailds eudhessi girdrepentabatinisnbateringats, chriptieg tgeots. sBpenWing| agerany
sui tabl e qgr rﬂuelEenr@mg&es abha)%@' pheQer i vtk bild Ebﬁn@&im%b tah%ﬁs @afmb&aemd

i nventi on, &%J%?uuons E rP‘;aceulu%aY[y Lok C%% imx%ha subtstﬁnces ils reg 1red to

adm ni strati ér?'cer sones

Bi odegr adabl épmowwwggl éOI@é)tWérfP%%S hufferwr%entf ﬁgrtlawcaéglsta@ BENR er s;
for exanple, wetdly agnt,hase desomvehdshal adjivhintenagt aled be bSrRatteditinto5th842, 252,
1999) . 25 St ghjubbgd@nl on of the conpositions is desirable, such as that
acconpl i shed by conventi onal

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.



techni ques, such as sterile filtering. The resulting aqueous sol utions may
be packaged for use as is, or |yophilized. The sol ubl e conpl ex conpositions
of the invention may be adnministered in a variety of ways, i nt$ Decamgpen005
injection (e.g., intradermal, subcutaneous, intranuscular, 30
intraperitoneal etc.), by inhalation, by topical adm nistration, by

supposi tory.wh¥shkNg @ transdermal patch or by nouth. P%@,Em;gper 2005 WO
03/ 000877 PCT/ EPO2/ 06956 - 39 Wen adnministration is by injection,

conpositions may be fornulated in aqueoss- solutions, preferably in

physi ol ogi cally conpatible buffers such as Hanks sol uti on, Ringer's

sol ution, osphate 150 nmM sodi um chl.ori de buffer 7.4), or
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phar maceut i %’g eta rler ﬁ Egarrlers i ncl.ude man F ol ,
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| act ose,
tabl ets, pi I fosmulzadm@g@@sconmpsmﬂ awpoditorpbiaggs, gel s, syrups, slurries,
suspensions etc., for oral ingestion. Such fornulations my be powders,

capsul es andyhabl el sl ghLe %SJPB&E&H &nl b@‘i' fo ﬁlhﬂaﬁeﬁ% 2 &Ql ?“9"’” 4
n nd gén

cel l ul ose preparation, gr

produci ng poFSPeRasitan “&W&%%E%%ﬂgﬂ ac%FﬁE“‘P‘lSd&l‘i“é@ SPH F?IHFrﬁ@“"B}dﬁd?*H’@ltP r agrrent s
(e.g., F(ab) Rytosgendnagnaipire stedrate,netv.eswhonsiear enablel the Kormation Mo wablas, , pillsany

antigens gy ed?aéeek flﬁﬁ’sﬁ@b |11€1u19§ gE1£ 'sﬁﬁlEJ 'slﬂﬁxe@rkus’i}a@@&d%@fe@ @d}terQQQéstIo%S pRAse. In
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and an ant i gg ﬁin U%IH:HI)EH tpgwfv eds, ca(lynglﬁs aélﬁq%&ﬁ s; Sul aHP exc1p1enqpmelude [gﬂ.lers sach

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



thus eliciting an i nmune response in the animl. Polyclonal or nonocl onal
anti bodi es are subsequently prepared by standard techni ques. The sol uble
conpl ex conprising rsgp and a PPl chaperon, such as gp4l- andi®Degper 2805
chaperone conpl exes, may al so be used to inhibit viral entry into a cell,
such as by i nhi biting nmenbrane fusion. The cell may be in vitro, in vivo, or
ex vivo. itions and met hods of adm nistration imlar to

t hose descrle]\%eggg}m? conpositions and net hods used to elll)cgllr“‘[q)o%élﬁg%(snnune
response. If inhibiting viral entry intao-a cell is acconplished using

vacci nation, then adjuvants may be used. For in vitro and ex 35 vivo

admnlstratlons of skill in the art w |l ror | at e netf hods
based part | yoﬂﬁhwggsﬁ'b%‘}tu?(ﬁ%dl\%@ OBRRPRS RS ‘E‘g nggg NGt he

cell (s), cul tusafid medrdiwoubiis taﬁnlmulareélpmomsiﬂlalcmth@ﬁdluldﬂgo)mpleﬁcﬁr exanpl e, one
such useful nmethod would be to fornmulate |iposones that carry the sol uble

conpl exes | 1 owi n f rences r ovi.ded to
aid the undeﬂg‘fg arng eﬁa?“ﬁ @e&ncg ?’ﬁ% PR At Ijr()Vldqihtoa the un? %‘"%b \le chis
set forth in thepresppiafiehsigncibaites scape of yhxsh indefosthgp dhe ﬁaa@n%@ simedtisons can
be nade inst mad@ft@@&mW@Sdlﬁ@tloﬁwah Be WaddiaUke Slogedtites B forft Witholhéepapingi t  Of
the invention, th% 1 Production of a soluble internolecul ar
conpl ex corrprl S ng g and a | chaperone 10 1.1 Production of E.coli
FkpA FkpA was cl oned, expressed and purified according to Bothmann, H and

Pl uckt hun, A.EMLBEOI Chem 275 (2000) 17100-5 with sone m nor

nodi fi cations. For storage, the protein solution was dialyzed agai nst 20 n1\/|

NaH2PO41NaC]—I 6, 0), entrated to. 26 .
For oyt 0501 | EBRT b PaHueiHL PR EHE L BrmG e SR b~ SR A48 FHI o5bi on
vector was rmbabefoned to | ack the sequence part coding for the signal peptide

and to conprise instead only the coding region of mature FkpA 1.2
Product i on,of; ;gp mg&%% @?&% g gp4l (535-681)-H s6 was cloned and
expressed In a T7 pronot of ase expression system 20 and accunul ated in
i ncl usi on bodi es |n the host cell. The isolated inclusion bodies were

di ssol ved i n FepAdvasudaeried, expresped i dopuirified actérdinkits Botagged Hpraod Biucktinas Apdri f i ed
on a Ni- Chelm@h&mywzoobphh@m%@wsog@Imlmrl ﬁl&ﬁﬁéaaansl PorSstdh@U@Bipgdbelth UM on

Sephacryl 100. ?ngf eldg?%@ét g@VH% p(¥4/Nz?Cﬁ-ICi(pgl &t LOp 3% Ig;ﬁcrlbed by

W ngfield, P h‘f‘non
concentrated to 26 mg/ml (1 mM).

15 For cytosolic expression, the FkpA-coding sequence of the above expression vector was
modified to lack the sequence part coding for the signal peptide and to comprise instead
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



(1997) 1653-60. The final buffer conditions were 30 mM sodium form ate, pH
3.0. Status 25 of folding was assessed for both buffer conditions using near
and far WCD. As can be seen in Figures 1A and 1B, both Far arsdD&earbetROED
spectra suggest that gp4l adopts a native-like fold only at pH 3.0 in the
absence of chaotropic agent. 1.3 pHshift of the gp4l ectodomain (H V) from
pH 3.0 to ph\\,(,glog)/mghcal pH in the presence of E. coli Fkppephdedsecenber 2005
WO 03/ 000877 - .3.1 Control experinent PCT1EP02/ 06956 In a control
experinment, sol uble e-gp4l (in 30 mMMfor4iate, pH 3.0) was diluted 100 fold
into final buffer condi tions of 20 nmM Sodi um phosphate (pH 7.5), 50 nM Nad ,
1 mm EDTA. T fi prot ein concentration was about 1 M UV spectra were
recor ded afte]T b gn RFGFRSTESE 10 ninutes. It is obvious fromthe UV spectra
in Figure 2 that the unchaperoned ectodomai n spontaneously aggregates upon
pH shift to mautdoatrel ekpefithest, sblibte e-FiRaiin %mﬁrmhaaéwm)avsﬂmpa il@ntald
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proceeds far Q#/ond e stage |n icate I ne
Pr ei ncubat i orf aﬁU\ﬂlPWt@kﬁ%C%{tmb‘PP yagp ewalml\és HPEFE‘a verereatdedpiigH 10 To

test for the rsmlutebmid 20 nginptes. eintis albviofis floe thel B¥ubm@rtra afiguoné faphe t he
ect odomai n qgf&hap%mef&%owﬁfnes aﬂtmuw\a egqeés%oﬁ gﬁlsglﬁ% nlaut?-alam él-z‘f's (l n 30

mM form ate at a

Then,  the r eSOFE! g e&n@hﬁfzgiﬁm&ee%wféﬁreof%onn%aﬁ?lgr 5By s Pt ut  on
i nto buffer cadsatiooashomolrolempeodferheymdshrrippeingicted by yuplsohw NaCl, 1 nM
EDTA. The final concentrations of the binding partners in the 15 test tube

were 1 M gpaly.s 2Moand, g Bih e RRAGH bHSlonyilniia bl ver e carried out

at roomtenperature. After UV spectra were recorded to
test the gp4l sanples for aggregates. From Figures 3A and 3B, it is evident
that FkpAl§ubbt st foatheyolubiitug estettind oh g megetia chaptrogp BkpA, rtheaectislomaie pendent

fashi on. ”%&ﬁbﬁcﬁ]?l@ﬁtv@rm&@d R&ERolaPREGNBE M 1.4 (ih BD ggmorfnaa@é 8 ;TH om

Ther nat te L E col i
Exanpl ¢ 3 RoCBRSTNRNG) p7 GaLET PSR & LB et S Fbund ol o

Const ruction t@fne‘atﬁal@%Mé§§?léﬁﬂW%s1mqp%Wﬁ@owﬁRWa uf@[?hPSP #CPﬁe first
step, the restn),c0inv M, e nBaFHTAL Thd Al coadentgtisragif die Wahdihheartiatsufi éheE. col |

FkpA T omspl @s itd ot (xR ERh e dndtBisy dRbRLRTecad g heEULIChaNGE ou

;:, It reire:,jlsr ected tqygn?' e%ll’]p%rsaltusre A%t and % m§ntulicc.=,as',t W?Qe%ug were recorcﬁed to te'st tgs'g%tl w th the

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

5'-gcgggt gtt ccgggt at cccaccgaattc-3' (SEQ ID NGO 3)

5' - gaatt cggt gggat acccggaacacccgc-3' (SEQ ID NO 4) The construct was naned
EcFkpA(p BanmH ) [GGGS] 3. 15 Decenber 2005 WO 03/000877 PCT/ EPOA5I&bmber 2115
In a second step, a gene fragnment encoding am no acids 535-681 fromH V-1
envel ope protein was anplified by PCR fromthe construct of Exanple 1.2
using the privambs0s77 PCT/EP02/06956

5' - cgggat ccggt ggcggt t caggcggt ggct ct ggt ggcggt acgcet g- acggt acaggccag-3' (SEQ I D
NO 5) 5'-ccgctcgaggtaccacagccaatttgttaf2-3' (SEQ ID NO 6) 5 The fragnent
was inserted into EcFkpA(ABanHl ) [ GGGS] 3 using BanH and Xhol restriction
sites. The cqdaons faqr glycine-serine |inker. bet. A a - | were
inserted wt nraés\ei‘éorngé“e%ﬁig%%ramglb’?ntcelnﬁorﬁmﬁga% oﬁﬁggﬂéhéé%_%ofrhﬁ%ﬁm%% °BSr i mer
for cloning @fotengpsimplifisd by BeRifrom ke copsimict i Eramile 1.3 svresthemémersid found to
encode the desired protein. 10 2.2 Purification of the fusion protein E.

coli BL21 cellds harhoring the expression plasnd el76) to a OD600 of
0.7, and cytsoggéga?%gég\clggrtcg%%%gggs %fg%vaégglilc %Jégcéf gbye@gggll)ng \]é./prm/l of IPTG at a
grow h tenmperature of 37C. Four hours after induction, the cells were

har vest ed by steptegigfugaicanst(2Y (SBQIIANO: §000 g). The bacterial pellet was
resuspended in 50 nM sodi um phosphate pH 7.8, 6.0 M 15 GuHCU (.guani di ni um

chloride),_. 5 i mdazole.and stir 00 ratur ] for
compl et | 5D SRR Paf Sy, e R A BREIDICERSA Rt gyt e O 4y
the super natréesctigpsitsi [ tered (0.8/0.2 nm) and applied to a N -NTA-col um
(NTA: Nitrilotriacetate; Q agen; Germantown, MD), pre-equilibrated in lysis

buffer. Uns Ifdd S RAURL POt LS r i 0o i: L.ep by
2ppl yi ng 10 AaF a8 fé@ﬁ‘%% 83)%‘%{5*2“ ﬁ*‘? ASTRARE) e Tl MBS o
protein was é’F‘B’teéEPr\ﬁOPWgSfU)F g H}ﬂf\;ﬁ’lrw*ﬁ Bgﬁ‘ﬁ'éff’éflorﬁﬁ%t.eﬁ?%. 0 M GQuHCl, and

was collected in 4 Ml fractions. The absorbance was recorded at 280 rim

The resul tinghaedstlitifig et €dd A sE@Rh&d 88 8L ABYMe BR dsdied pfbtedl. 4C for further
purification steps or in vitro refolding experinments. 25 Starting with this
unfol ded material, different refolding nmethods, such as dialysis, rapid

di | ution, 19 et ur Prrificationofahedpiet ¥atedhr ommat ogr aphy or matri x- assi st ed

refol ding can be wused and carried out successfully, all of themleading to

virtually the sangrnatiy ﬁa?ri)érlﬁ% tho l:ﬂ)?gsior?-ﬂgsrﬁlﬁl wibl BroRh Qb & OPgy of 0.7, and
cytosolic overexpression was induced by adding 1 mM of IPTG at a growth temperature of

37°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.



15 Decenber 2005 WO 03/000877 PCT/ EP02/ 06956 - 43 - 2.3 Renaturation by
dialysis and rapid dilution Material, solubilized as descri bed above, is
transferred i nto physiol ogical buffer conditions by dialysis.15ThkeEenbas2i5
cut-of f value of the dialysis tubing was 4000 - 6000 Daltons. To induce
refolding of the ectodomain (the gp4l part of the covalently |inked gp4l and
5 FkpA prote|p (Gaagins), GQUHC was rempved fromthe el ut pgypsh&LN by

di al ysi s against 50 nM sodi um phosphate, pH 2.5, 50 rruM Nad (sodium
chloride). It is well known that the iswlated ectodomain is all-helical and
forms tertiary contacts at this extreme pH Wen analyzing reconbinantly

produced FkpA by neans of near W CD it was found that FkpA is essentially
unst r uct ur ed aindeReRHEARRY dg“&’(fbfiaf‘ﬁ?gﬁ@l‘ﬁ]flfw‘?s surprising that refolding of

10 gp4l - FkpA by dialysis results in a readily soluble protein conplex
conpri si ng t h@aterfa®\salliBiNiddlas HésokiRd aBdAd] is ﬁﬁl@feFﬂé@ﬁlt@E)H)tsﬁ)ldglcﬂcbﬁﬁérrtﬁndlﬁ-&ﬁ Ww
spect rum (Fi VT 4i)s Tlélg‘clll(osseéé I:c"%‘))ffvaluc!. (%I;El?e’dlalbsls nibug%)'p% 48(?){1 atlptI on beyond 300

nm Stray I|gt e I ndicative espectrumshovvn
in Flgure4|rrplles that the re-fol ded rraterlal does not contain
significant amodaic rebldagosfabat@slombn (@e gl port dif clier @vaents piakddr gaecaydy ( CD)

I's the metgody AF&% ﬁ&nslﬂﬂaéa@éﬁvap&mvéaeﬁ?&yq@em otein® nitdiagglya ys%t ure in

pr ot ei ns. e aronmatic poréh g_‘n

| 1
tertiary cont tsgglwntpr}i‘P?Phéte i ) il N ﬁ‘@mgq?‘go&‘#a}t gyl fop
regul arly f olightedpecotdeinain, is aﬂbihelrcelaesxdefbﬂmsmmem gpntats t2h Srinerugee rpélgl\’éhrnr efl ects
regul ar repeta‘n&lhi(@g @&mmna pfbdh&e FREA8yehéhns BRKDONED, it was huﬁ@&@
structure. 20 T e sgvctured %ctrursq sho | al FIIt ure r%uprtgé{ refefch nipel l'ing
evi dence t hat® tHhé ey im ‘?’ PRa con NS the Tusro
di spl ays rit ispél-Finde by editlysisr §F5‘él8n¥1attr§ad§’t’ SOIﬂHCZPIBtemTH@nBIﬁ’Eé?IPH‘iWI&ﬂ‘ Tltehe
coval ently | idkéatlgidied lgkpllandridp e protefiodmhais. BhalD¥ speceaniiBipdes) ladks birdyhe

ey Mrpe (g, 301 RbRGEaLAYANR 1B A Ak ‘qe@{rh’c%hm"‘%“’eg’fﬁéfmt?f. city at
290 nm 25 a % aﬁaéFém‘gPﬁg O pecEg Rt maﬁvl\g‘ﬁgé“ﬁﬁi‘eéﬁ%térﬁo?ﬁg? drf&%FW& Bkt 260 mm

refl ecting amobpmiamsignficancaniopatsdf sggtefitebe bridge. It is inportant to note
that FkpA does not contribute to the near Wsignal at all under the

respect i Vg5 C%]flblta{ ?1 Ql"f‘rgls}nrlpicﬁggc %}’a ) t?em%%]ﬁgd ?11 cHn@é t!o%LsLs\o( b&L sé:clépcﬁﬁ)a;x}g'l pPH 2.5

virtual Iy "equa ase reenen
results f romtfrlﬁ‘é"y [fEFIuIgn rPé‘ljF‘B% H’i’é‘qf By UVOGS“E)fegtOﬁ zqou?ézloélﬁ‘ IRPTESSt r uct

at pH 2.5 poitertiarytcontactd witlgje laypragtin (it theetbbgleditrurbire ofid reguldflydoldedprotin).ma at

220 nm and 20& M aﬁlk&tyma ﬂ@rhdma@fegle§ REREs tQulat RPetithiicfetlent i AR PH6RINOF an
al | -heli cal gktbodomal n rg Ctur()_ Fromthe conditions indicated (50 mM

sodi um phospha nche fe

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



50 mM NaCl ), the FkpA-gp4l fusion polypeptide can easily be transfered to
physi ol ogi cal 15 Decenber 2005 WO 03/000877 PCT/ EP02/ 06956 -44 buffer
conditions by rapid dilution. In conclusion, both near and faid5 Décé&hber 2005
underline that native-like structured gp4l is available (in the context of
the fusion protein also containing FkpA) in a very conveni ent fashion.

I nt eresti ngl j.nd that a native-like fusion polypept} Blosd he
S1yD( 1- 165)-%&%‘#&& can be obtai ned even sinpler by di a{ty/gkl%é 51? the 5

chaotropic material (dissolved, e.g. in 490 M @HC) against 50 nM sodi um
phosphate pH 7.4, 150 mM NaCl at roomtenperature. The nucl eoti de sequences

of two chaperonge- f.usi on nstructs whic erfor cepti.onal Iy well
according to THE %@?&bﬁrm‘éﬂ@ﬁ@ﬁ' lrr’é:f’ré‘:?'ﬁ}é’ﬂibé)?b ui ?“P%é%ggY éﬁl\lﬁﬁf’rl?nea.%lt SEQ ID
NO 8, respecndtiyelike stracturegpdtisipvaildba(irpire sinseat efith¢ sipo Aragdin diveropiginigehy ( SEC)
%OSUm‘7 Ogdﬁﬂd gl%hla ik pAVRP |y peplehd @1skith Sk ey, meSBanlz&o@hmm@wmlt e, pH
.8, 7. : d ar . el um
qui 11 brated B0 TP AT B e 315gﬁg‘?%?ffegoﬁé%ﬁ%é%%ﬁ%%W‘-EDTA.
FKpA- gp4l @l uthaetrepicsasieriah(qispolysed e.g i &8 MyErhCl peginst radd sqdivg mhpsphetaBHecul ar
associ at e, as7.ansamphNaiitat hexarmpespec Tesnakdtidsequnceaphanehdpetont-gpsl
TS Lot ary SRPnrLrut WERE p fREKY Qfé@mﬁﬁﬁgﬁgﬁ&@%@gﬁ‘?%ﬁ R neaul ting
graph is vi rtﬂﬁfif%}”t‘giﬁ" 6%(2}[33{;)26?%/%&% &ﬁiagzﬁeslf)e(‘i‘i"ﬁﬁyt he carrier protei n FkpA
and the target protein gp4l contribute in a 1:1 ratio. Mst fortunately,

gp4l di spl aysz.ier Remdtiyratidd Byhide ékustin ARHattapRyts@ag i s evidently sol ubilized
by the coval ently bound chaperone. In other words, the chaperone FkpA seens
to accept the native-like structured ectodonmain 20 gp4l as a_substrate and

to sol ubi 110zeUniglded gtk Prigpaptigs Giwplieddn S&mib srdium PhepRita gt 70Mus, a
cruci al requi Geetvas amplipt aduaiSagerdexgin0 geidindtion @blusal aabilibragp AithaAtogen f or

di agnostic pugoﬁﬁrﬂﬁﬁhdslﬁmafeybf—ﬂ 14, 86 mMed, armMMER . ofizkBA1 IRAL e@bntilly i 4
(Figure 8) copfirns ?‘ near Ugl}FCDkrlgsults in that i hshows t he acgdltlwty
of the signal TEEMHT BUEPBHE OPSHRISAEHISGRAP = FLERELT 0Py RESE tpect ed,
t he spect r um imsapggaitiamedpeest Hhe appaent irithe|faction wip doncenitatrd ard rssestefdori nal

el lipticity aits t2diRryRtiuduie irOfanUV AlespRatmettBigure The data obtained with the
covalently linked gp4l/FkpA protein domains solubilized at pH 7.4 under the

ndependent |y HGPHIAG EaRY U HEPRTEVERS CHoF JIBAAES B RETFUETan 16 renber
2005 WO 03/ 0008 TatgP it P4 10886 ute 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.



-45 Exanple 3 Effect of different detergents upon reconbi nant gp4l and a
reconbi nant FkpA-gp4l conpl ex used as antigen in an inmunoassay 3.1
Conpetitive-type i nmunoassay The COBAS CORE H V Conbi test (Rodh@ecember 2005
D agnostics GrbH, Germany) provides a 5 convenient nmeans to test for the

i mmunoreactivity of reconmbinant gp4l. In principle, this assay al so works
accordi ng t%éwﬁﬂq bl e antigen bridge concept for detegiiRg)a9skbodi es

agai nst gp4l The solid phase antigen is directly coated. The
detection antigen is a peroxidase-|abeked gp4l conprising, however,

SDS- sol ubi i zed gp4l material. In imunoassays for detection of HV, it is

hi ghly desirabl et hat stable in
an incubati oﬁ)p Lﬁl Ut T er EH&??L{@&%{EEae%§§gﬂ“lp°%ﬁe%°§1r%ent a%llmgér?sljé%)y{'% éx?a 51lgrgent

Such det er geffRA- gléfﬂgomP}PfF%e‘éi“faX“&‘G’G(‘F‘)‘“’E‘)‘P“rP%WF’det P-409, are used at a
concentration of 0.1 to 0.2%for disrupting viral particles. Both

SDS- sol ubi |'i 3¢d g4, Bfva§hd infAfudofRly 9p41 produced as described in Exanple
1, have been tested as coOhpeting antigens in the COBAS CORE H V Conbi

assay. In order to do 15 so, instead of the commercial incubation buffer, an
i ncubati on bihé €OBASHEPRS Hﬂ\ij @nibtesT (Racbe Diega @6 GmbH, bafofagy) pagvidesxafree of

human ser un l:&w@ﬁ@:ﬁ mehREro At fof 81 1&191u§§re§c%$ﬁ}eé*réc%mbﬁﬁnﬂ g@@pmpﬁmm@ tdsa human

serum known to tive V\A P e
dose- depen deﬁst a};c agsohworﬁs acccir ttcf th% d%gl?_]lg ﬁrbu e{xJ ﬁrld%e cot?ce}) or dgcectlh%rrg biod{els ve t ype
T\

assay, wher ea@HtSh@%léf%‘élT@sm ldzré\asegaﬁnaenulgd%%vemeélw dgisetior@ptiges i £ gure 20
9). Fifty pepea®exitlaseidbeled 40 borhgrisghhomeed, SAIS-salubiikqdApgphteddht | gen
concentration of 0.1 .xg/nm, corresponding to a nolar concentration of 2.2

nM It isre rkableth p etains. .t ent i munoreactivity
D ter pret 1 ol IRETCRI Y HARHARE by off MK CUbs nS B FoRTPIBERR. 100 xs
a detergeit ¢dadilpwiubbtend stgdnin)anfiequbatpindiufieregmatisirgyathat kigh coprangtionswibr anes i n
the test. Thldétel'géltl @umﬁ&&qerﬁgnég agtitdnO Xt fvee gR4Nori8etepl408 08I il 4Ne ( gp4l

in SDS), vvh| r{cerﬂrthonofdfet%%r}% X fhsrh %ﬁra%g{ﬂcggt ergent loses its

I mmunor eacti vi conpl'e It was a maj or concern in the
devel opnent of the covalently Ili nked gp4l - FkpA construct that either the
FkpA woul d mésth &DSbuoluhﬂizﬁmpnbgeeudchpmgmngmﬂﬁdediaedeﬂ»iedmhingm;ﬂynahiﬁves or

that the testsdnnb@lieRtodfkig Sknsih eQFOBESIEORMVHY @oggﬁésgagmntob&er&@&&

per f or man C|n a rregati.on ,of r|rrental
Pesult s off iy el 895% SR Hirebrn iR el fogfprﬁsw%@g

conpel | i ng e@rla@r?ééOOPhaﬁ bffen sagix fgsof &rsarvéwmelﬁedzﬁd}sawr@m

PCT/ EPO2/ 06956 incubdbed with a human serum known to be reactive with gp41.

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



epitopes are well-accessible in the context of the covalently |linked protein
domai ns. Moreover, the imunoreactivity of gp4l within the intranol ecul ar
chaperone-gp4l conplex is retained in the presence of hel per teDeceperet 3005
like Triton X-100. 3.2 Electrochem | um nescence assay 5 | nmunoassays
according to the double antigen bridge format are of great advantage in the
serol ogi cal i agnRsi s of infectious agents. Since FKpA- gpdlepiRserding to
the present 1 nvention is soluble at physiological buffer conditions, it has
been possible to investigate whether t#is material is suitable for use in a
doubl e antigen bridge assay enploying electrochem | um nescence as a
detection principle. 10 Att ts,to I DS- Ll 41 t o
Rutheniun}la%%?ggh%@éwh8$“%§§£§éS%C%%§¥€P€q§§?ﬁég%§ﬁg%€€§%ﬁggﬁ%)38341 is
readi |y sol uMiorsoygidéhe prspuncstasiizael Brif f withie gheli ipirespleculag shmerang-g84! t hi s
materi al to &whlephebimd Buht pleehs dihéye detsigems Yhtlrioontaneh. [t i s noteworthy
that even the target-chaperone conplex nodified in the way descri bed renains
soluble. In order to performthe assay on the El ecsys(r) test system (Roche
Di agnosti cs GAbHECESOBSPARmPrEscenek %% pal was bi otinyi ated and rut henyl at ed,
respectively, and tested for inmunoreactivity in a double antigen bridge

?_ssay- Sfa\sgrIﬁa&m&%qgsgmeéoe&mgat%_tmdjJblwlaMigéfsgd gmhl k f¥e BYgrBR LM Nta %ﬁtdﬁe
i mmunogl obul i ass. antihodies testedhigl positiv e
o e R N i tag bl Bl o

e backgrou > even a
anti gen concehdthietthidnaatagal i glitable 50 0senig/ dardoubld@ntiyed Méitlgel MsapodngRoyigy | O
turned out t ]géﬁﬁ ; I & L hefe IS no evidence that the carrier
protein, thegaﬁgfecu §%§%%%§QEOH%¥§EH%R?§%h1E. coli, causes non-specific
bi ndi ng of antibodies contained in these human sera. As discussed above,
t he earl ylodepAgotpto ofupkdiDcolubidizei gpdl it Retherdiuatlatiel habrenat dle¢nadvkceesdillagnosi s
25 of HIV. Deihie)tholvB&r,CRPASE 4O s irahﬁ\)ctséﬂ@me bl bedicRsicaf bidee chadvisdsass
appear first, Ip or%gr tQ.deteat I hn{gqtion r@ljﬁka iLn.a very early

. i Cquplin ?f is materi c{}g opFobx%i u-la es%rovedsrfuﬁ 0 ard.(r}t I notéw %i ah

phase, it is ererore nmandatdry-to desigh an antigen nodul e w ig
epi t ope densthelevenihe tyrttichisERE FarepieaRedibiddaitiegyay dsweld, remppssoluglaln i s wel |
recogni zed byrdeiypi padforanthe- ddbay, onl ¢iet Elyqes®stest asystdh aRoéle BMgivstiner @nbHpor t ant
is the factglhahys GPEIBA- 41t Bad bighiSadddl {ddCHlthentBteli eREp PRSIy ! bMe tesleli 6r t he B
and C sera fron1t%e 900 3$%§pd 4 Og.éfroconversion panel as supplied by
NABI (M ami , PEPFGITGEY Y b3 {RE GBS R PUEA®h  the fusion construct according
to the present invention. This is a mmjor achievenment since gp4l antigens

on a pepti desdasi Spikd@tdtiol ah@8LY isde cBhtaidldy MARR ke SiBsundeidBulilesaldgM ser a.

15 Decenber ZQQ3: Q.05 1989)8 Z&iu@%(ﬂ?ﬁ%%ﬁéﬁﬁﬁkeé %kpA—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.



Exanpl e 4 Sol ubl e chaperone-gp4l conplexes inhibit virus entry Different
gp41- chaperone fusion proteins were assessed for their ability to inhibit

H V- 1- nediated nenbrane fusion in an in vitro assay. In short]5 BMeGmiest200R5
reporter cell lines expressing CD4, CCR5 and CXCR4 were infected with H V-1
strain NL4-3 and assessed for 5 Tat-dependent 4-gal actosi dase activity

accordi ng t Q. \Blafser et al., Virology (2001) 284(2), 28¢14BBnedshdeed, we
observe a substantial inhibition of infection with | C50 values in the nM

range. SlyD-gp4l, for instance (see SEQ1D No 6) inhibits virus entry
significantly with an 1C5" of < 70 nM |In conclusion, the soluble

i ntranol ecul I npl e risin Hl V- p36, 10
respectivel y;=* 8“ i%ﬁ?‘g&apﬁf’ﬁg%‘l f?%%@%@@ggﬁgﬁse?n e possesses
out standi ng properties with respect to solubility and confornati onal

integrity thpiffertht @u1fBipetdhe fekasmi [@oteil werk AREsSARr Biak iabitity\o aiHitibETY-1t est s and
ot her commer ¢i cﬁatecf‘%@nbcaé @1? in %XmVﬁJ Gssa), In ‘éﬁ&)r?M%I ﬁz{‘ﬁcgé‘?égn&e%ﬁl 1r Je?pA to

t he gp36 ect O omal n Iézi easi
refol ded in ¢pressne G ﬁERélaaféF @B‘H‘iﬁfa‘iﬁﬁ ee Wﬂétrﬁnn f%‘tj‘t‘.ijeél’bf gp4l ,

in a solud eTaFﬂépenﬂEmrﬁegahgioslaisk yictiviarg ddcording oo Melswe etcdl. oﬁedogy (eanse842)t ternmed

Zggﬁ | ITE'kZ df g@' L1228, IR@eY, R@eq;b's&i@e &ﬁﬂ@lﬂu&l‘i&l&ﬂ@n oﬂ:&ﬁ@&oﬂ%ﬂﬁcﬂﬁgué ugRReMINI t,

ot ke, Bl L LG S S i B o s

essentially &wq’ffﬁ@dﬂ\éccor d| ng to the aforenenti oned protocol: After
chaotropic lysis, the 20 protein was bound to a Ni -I\FI'A-coI um and was -

after excess venwasu{;hag Aol R g edbym PISRNGY Ry oY ot ?oﬁ“ZY 0 MeQuHCl -

el uted by | o y passi ng
it over a (befesl?qc‘l“t"'Wa%l}doﬁ PeRsidEinRTo kel qurﬁﬁ aleaé’arw PRSSEErES rﬂ\}'FStaé’ § Bfﬁpsﬁﬁéphat e pH
7.8, 100 nV wildlirespeat b osolubh@ity hndrivbiibihAutiondh entegrity vbatpalowe fon the elsdigrt iofig from

this , renat udgigyed ghti-HIv bh@iddp sts BRE QL cSHhabik a@gh&agﬁssfyi ng i mmunol ogi cal

25 and spectroscopi c properties (see Fig.: 10), thus corresponding to gp4l
counterparts such as F41 or FF4l1l. The pur|f| cation and refol ding protocol

as described_here was_carri ut FE36 beari t hr, poi nt, mut ations
"h the N tor ErmAe ¢hepf ‘&b‘“‘r"ég‘&égaﬂfé‘ﬁ‘\é\%‘:‘?"b? the#d e‘(“r‘g’?“ g&n’c‘é‘ SEQ I D NO
9). The sanepgymrodcthatwas eailsle refoble@sfrrd. | y applied to a fusion construct
conprising the wt gp36 ectodomain, albeit with | ower yields of sol ubl e 30

protel n. 45 Pecoher,e0a.Y0, 031000811 PCT, GER2L 00088, a 88 Rramle o

Sol ubl e, T"™Mmunoréactive dd I'n_a conve
r epr oduci bl e aqtiNe forgnwe cloned a construct termed FF36. This fusion polypeptide 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.



FkpA- gp2l -overproducing E. coil cells (conprising: SEQ ID NO 10) were

grown, induced and harvested as described before. For conplete lysis, cell
pellets were stirred in 50 M 5 sodi um phosphate pH 7.8, 7.0 NM5@xéembat2¢0om
tenperature for 1 hour. The chaotropic cell lysate was applied onto a

Ni - NTA-col um preequilibrated in lysis buffer. After the washing step the

target protai@ofonty,¢h bears a Cterm nal Hexa-H s-Tag) was/ephiddsed by
| owering the pH For refolding, FkpA-gp2l (stored in 50 mM sodi um phosphat e

pH 6.0, TO M GuHCI at 4C) was passed ovel’ a Superdex 200 gel filtration
colum pre-equilibrated 10 in 50 mM sodi um phosphate pH 7.8, 100 nM sodi um
chloride. UV- spefbled desohibés mah@tbreadciRiFkbARp21gpbe itaihelinasorvesiontuhd e
protein which ast to the unchaperoned gp2l- no nore prone to
aggregati on (Ifje%mam]fmsﬁgﬂl\/(}# eover, the resulting FkpA-gp2l exhibits

excel  ent i munol ogi cal activity when assessed in a conpetitive type COBAS
CORE exper i meritkpffEpgl-oveigraducingF. Ebianlpl(eomprisEgSSEQHDOfOalD) avdki grovom alduced
FkpA- subuni t tagdﬁls%wpﬁldekmww&e FdﬁEUﬂﬂ?llet@gl)lsﬁ adell @ememre 86rr&lf 1nt5anMp41

t od | L] t t hi
?ﬁeof 8??:)2 poquﬁ)u&llp ep atedatflf7 gl'}%sM %{]—Idl at roomater{qa ratgrne or r Oupr'ghe clfll olg O¥VI t hl n

gp4l ect odomail &fsepaies prpl lé‘i)ﬁﬁfloe'ﬂkNl‘N’F"é C‘g&“@ Efﬁ‘?ﬁ“ﬂ%t%‘rléd&ﬁ‘se@l btl’ﬁteF@@ (one
FkpA donai n | oahiag stap sier tegen rotetnh@hiihHear2@ Gretrhiatlt YexarHls-Fig} was teloeedFgp A

donai ns | ocat § gwé}ﬂx%ttﬁ@ﬁmﬁ Qréf&ﬁmg g?ﬁi @g)@d lﬁ%ﬁ%ﬂ' Q&lu ﬁ)hog Qte%@lsé"é' bed

t . Th
gggegggd in '?I‘?eo %I%@Jg §E‘$ E?G’fﬁe S’/"§’t THPEFRE 2@%&{ °%1F u@PPb"n"@H}‘ETaFF i cative

for inprovéd iphdpeM sadagn phosphete PEAB, Es¥soditm chloridailiV-spycterndeaddittatednal
chaper one donghdt. FBAGKYT BlufREl a5k Ghlable pYtdill WARBAS L V@ cSBFat Whihe mnaragersﬁe@ sive

for signal-to-nojse-rati oprg&dto %&{%ﬁgdnapgﬁeuﬁga% e%qgmﬂe,aﬂiewlﬁﬁéﬁk ﬁera

were found to && Teddced t 1600
counts) was ccﬁ%la%amﬁlksnrmme%ﬂ%eﬁﬁal aayy a%he%ﬁssedlls DEVUBRAYEYe HDO5 RO

03/ 000877 PCT/ErMRR:PEIBEt{FidA1/2Yabl e 1. Conpari son of F41 and FF41 F41 FF41
R1: EVHR220EMHR221 ESS in R F-41-Bi (UE) 25FF-41- Bi - UEEK O( AL) 500ng/ m 750ng/ m

REEMAR22 1 EMERAZ2mERT: | hlRBR 41 RY (YR e dRe @ @) mipa-gpa1  improves

immunological properties of the gp41 ectodomain.

We addressed the question if an additional PPIase subunit within the fusion polypeptide
context might improve the overall properties of the gp41 ectodomain-chaperone complex.
To this end, we prepared both F41 (one FkpA domain located upstream to the gp4l
20 variant) and FF41 (two FkpA domains located upstream to the gp41 variant) according to
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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Clainms A nethod of producing a sol uble conplex conprising an anyl oi dogeni c
target protein and a peptidyl-prolyl-isonerase class chaperone conpri sing

m xing said protein and said chaperone in a buffer wherein bothDetdmber 2005
protein and the chaperone are solubilized and adjusting the buffer to
physi ol ogi cal conditions wherein the protein-chaperone conplex forned is
sol ubl e. 2. Wihghmihod of claim 1, wherein the physiol ogi¢abiRster
conprises a buffer compound in a concentration of 10 to 200 mM and a total
concentration of salt of 20 - 500 mM- 3 - The nethod of claim1l, wherein the
target protein is produced reconbinantly. 4. The nmethod of claim1, wherein

t he peptidyl_prolyl, isonerase i [ e inantly. 5 Th t hod of
claim 1, V\heTlgifeﬁ" %M%ﬁg&afw%@gﬁn?ﬁﬁ® ?‘#eg‘;gg{gﬁ’ ﬁ’nlar% %Plai“sa&}ﬁér e are
produced reconbi nanffade®ic Pf¢gse met hod of claim 1, wherein the target protein
i's a retroviTighens Bl PREGa@HNYSTRIyRL BitiBody of otheh endilthedroafolchiatsnjdgatewter ei n t he
target protein |5 HofadcORaP ubo e ndafPllmyddbasclBC (8H 13908, ot 2k Myl
wherein the peptidyl proly |501P§E[as I's_a Ubl At ng-cor)rpeten ragment of
the peptidyl prolyl Breigparde . Hniprepherh glevisr: HredeT ng a sol ubl e retroviral
surface gl ycWpngnCeCrendTape CoheFasdipl(93) I605pPri sing: mxing a retroviral

EU{ Lafﬁ gl YfWBH,F&.?%tQL,@P%I@aﬂ%F& $8lyls ADgoQh o) é@?ﬂ@f aset. Idnl a bur f fr wher ei n

o] e retyovi.r urfac 0 in.a e peptidyl proly i somer ase
are sol ubi | | YREEEHP Ao -a§f8§l%ﬁ%b£{18%ﬁé&ébﬁ3usti ng the buffer to

physi ol ogi caWVirdembiet alo frsirydh ef Botechnplegycfdripfl0Bk175€185 0l ubl e. 15 Decenber 2(k)5 -
53 10. The rRhhodetQf, jQidiBe1971 Whey gizs7t he retroviral surface glycoprotein
is produced reconbinantly. 11. The nethod of claim9, wherein the peptidyl
prolyl isonmerase is produced reconbinantly. 12. The nethod of claim9,

wherei n the 48eP8%tral surface gl ycoprotein and the peptidyl prolyl

i sonerase arEP @sozluced reconbinantly. 13. The nethod of claim9, wherein the
retroviral sgoig@cey gl ycoprotein is H'V gp36 or gp4l. 14. The nethod of claim
9, whereig t{)g p%ogi dyl prolyl isonerase conprises a binding- conpetent
fragment oOf & Pi dyl prolyl isonmerase. 15. A nethod of producing a

sol ubl e ret r@%&:P@213urf ace gl ycoprot ei n- chaperone conpl ex, conpri sing:

sol ubi |'i zi ngwa 92¢1267vi ral surface gl ycoprotein covalently linked to a

peptidyl proy o3/21346
WO 94/08012



isonmerase in a buffer wherein the retroviral surface glycoprotein is
solubilized, and adjusting the buffer to physiological conditions wherein
the retroviral surface glycoprotein-chaperone conplex is sol uby gecembper
method of claim11, 9 or 15, wherein the peptidyl prolyl isomerase is a FKBP
chaperone. 17. The nethod of claim 16, wherein the FKBP chaperone is

sel ected fromthe group consisting of SlyD, FkpA and trigger factor. 18. A
sol ubl e conpl ex conprising: a retrovirqliﬁyrface gl ycoprotein and a pepti dyl
prolyl isonmerase. 19. A soluble conplex conprising: a retroviral surface

gl ycoprotein and a peptidyl prolyl isonmerase, wherein-the retroviral
surface glycoprotein and the peptidyl pHadmyl | sonmerase chaperone are
covalently linked. 20. The conplex of claim19, wherein the covalently

| i nked conprises chemcally coupled. 21. The conplex of claim 20, wherein
the coval ent]y |ink C rises.reconbinantly,linked.. 22  The ¢ | ex. of
i m 21, cwhisr el PR FETDR RS TRIE T oimbiyr B 6 2, FATITRIRAE o
Decenber 2005 -5prot@B. affthe papilykerradfl-isomemse 2lasswaperanet ¢renpepng deixingnieat
compri ses at | eagtodid 4l A @blne i?4-bulle WO i Ofhe Cl:BldM 224 WNGLELD he

peptide linker conprises at |least 15 amno acids. 25.. ﬁe conpl clarm
22, wherein the peptalgeilicedired adpipnrg sbs batffepdetpigolegicab capdigions whereimiibe
conpl ex of cl ai MpZReinipeione LR pRRPEIHE] s isflkBle. conpri ses at nost 40 am no
acids. 27. A conposition conprising the soluble conplex of any of clains 18
to 26. 28. A nethod of detecting at | east one anti body to an envel ope virus
surface gl ycopr offékenmiethod ofaigiine,l, odmpeinsitegphpsomd@ct i ingffdrheomaripdsea andfea

conposi tion Conp.rcjn%hggng‘irf:? Etra b HBF féﬁ' N0 L fHLBGEC aéﬁf%g{ugﬁ 8?431@8903
peptidyl prolyl isofrerase chaperone, an 8etect|ng bound ant 1 bodi es. :
The met hod of cl aPf? 284 wherein the contacting is conducted under conditions
appropriate for binding of the antibodies to the surface glycoprotein. 30.

The met hod of cl ai m 29, rein the detecting bound ant,i bodies |s indicative
for the pr eiencg-thFneé}ﬁ?%&il”r%l’ BB (R @I§hPIREN &S ARCedIEORRINApYinoas say

according to the double antigen bridge concept, conprising: a first antigen

conprising a,fir st cRapelone- anhl 9en, ol e[fle Eéﬁggﬁ %ﬁéﬁﬂn‘i‘so%@é&&eﬁ's produced .
conprising a second chaperoné-anti'gen conpl ex. . e’ 1 nmunoassay of cfai m
31, wherein the f¢gosmbietrdPer one and the second chaperone are different

nol ecul es derived fromone species. 33. The i munoassay of claim 31, wherein
the first chgper e rr?'gcgocti %?clglerr(l:?,nvg/hgrglanpt re(%arllregetagr%tein 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.



derived fromdifferent species 34. The i munoassay of any of cl aj 31 t
33, wherein the first chaperone is derived froma thernnphiIic?%ggf%%Vﬁ%pos
35. The i munoassay of any of clains 31 to 33, wherein the second chaperone
is derived froma thernophilic bacterium5315 Decenber 2005 -55 36. The

i rmunoassay of claim31 or 33, wherein the first chaperone and the second
chaperone are derived fromthernophilic bacteria. 37. The imunoassay of
claim 31, el £ 1St [ : X [ sl e.. b ndi

ar oup, 33O TEE TR OF [Shinf) SHer G0 RAE A RRRY ST AV aaT o Bipdid
conpri ses afﬁﬁﬂﬂéﬂan@Woup. 39. A nethod of eliciting an immune response,
conprising: injecting into a subject a vaccine conprising a soluble

retroviral rfac | ycopr ot ei n-.chaper one .conp].ex thereby eliciting |,

ant i bodi dd- The ithid ot caim $vhsteia thh@ePUT PPV LsomErtes ErofyeedgPeRabivanty A
met hod of inhibiting virus entry into a cell, conprising: admnistering to a
cell a sqlu | ex |.ai m9. e t hod of clai.m 40, ,wherei,n th
Cnhi biting: %rgu"%&ie%ﬁ?r@ Céagir’r’pér:’i‘g%es‘e‘i“nﬁ‘féfnﬁ“’{’igg‘gra@ﬁ%?%ﬁﬁc03‘85?‘% id, e B S:aF)
of cl ai m 40jsontezasgiane prosluptdscambipiapaly. buf f er conprises a buffer compound in
a concentration of 10 to 200 mM and a total concentration of salt of 20 -
500 MM 43. The nethod of claim40, wherein the protein_ is produced

r ecombi ndAt e meahodpclaim hovheseinthareiriral sipréice Blycopretein it ﬁw 8PP 6F gp4l.

i sonerase is produced reconbi nantly. 45. The nethod of claim40, wherein
the protein_and the peptidyl pralyl.isonerase are.qroduced reconbinantly,
26 The. bt TBE metiodom St aharisrrin FEF eBRann P RoteAs: EOGRRRS B Bipking:
47. The net badpetentiragmedthf théypapeidyl prodylpsoheiase.is a retroviral surface
anyl oi dogeni ¢ gl ycoprotein. 48. The nethod of claim 40, wherein the protein
is H V-2 gp36 or. H'V-1 gp4l. 15 Decepber 2005 -56 49. The nethod of claim
40, wher dPnAt meethegt oldyprogicing 2 pelohts asiEovizal asusfaneli ghyropsesit-ehaperona goatplex,
of the pept tébiprifing! solubiBAARE 2&Fovirad sBEERENRIOpPABA covalently linked to a peptidyl prolyl
isomerase in a buffer wherein the retroviral surface glycoprotein is solubilized, and adjusting
the buffer to physiological conditions wherein the retroviral surface glycoprotein-chaperone

complex is soluble.
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.



WO 03/ 000877 PC f/EP02/ 06956 -1 Sequence |isting <110> Roche D agnosti cs %
nbH F. Hoffmann-La Roche AG 5 <120> A sol ubl e conpl ex conpri si SD%Femberzo 5
retroviral surface glycoprotein <130> 19290V, 10=RN 10 <140> <141> <130>
EP01115225.3 <151> 2001-06-22 15 <150> £#H1120939.2 <151> 2001-08-31
<160> 10 20 <170> Patentln Ver. 2.1 <210> 1 <211> 147 25 <212> PRT <213>
Artificial Sequence <220> <223> Description of Artificial

Sequences ofeeRMslex bciafh @pweraa&hégép&& 188k &imﬁﬂye%la@ %sﬂolroosrﬁfn% RfgsH V-1
<400> 1 Met Thr Leu Thr Val @ n Ala Arg A n Lou Lou Ser le Val Adn 15
10 15 35 A@n dn Asn Asn Lou Leu Arg Ala lle Gu Ala Gn Gln Hs Leu Leu
20 25 30243 Thelc@unplbx ofddimlZR wheyeihlthe bmlﬂlmkkﬁwrﬂ)ﬂse@'a@leﬁﬁﬂﬂdrﬁme:léldQ\l a 40
35 40 45 Val Qu Arg Tyr Leu Lys Asp G n @n Leu Leu Gy Ile Trp Ay Cys

25. The complex of claim 22, wherein the peptide linker comprises at most 50 amino acids.
26. The complex of claim 22, wherein the peptide linker comprises at most 40 amino acids.
27. A composition comprising the soluble complex of any of claims 18 to 26.

28. A method of detecting at least one antibody to an envelope virus surface glycoprotein in a
sample, comprising: contacting the sample and a composition comprising a complex
comprising the surface glycoprotein and a peptidyl prolyl isomerase chaperone, and detecting

bound antibodies.

29. The method of claim 28, wherein the contacting is conducted under conditions appropriate

for binding of the antibodies to the 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.



50 55 60 45 Ser Gy Lys Leu Ile Cys Thr Thr Ala Val Pro Trp Asn_ Ala Ser Tr
65 70 75 80 Ser Asn Lys Ser Leu Gu Gn Ile Trp Asn Asn Met ThrlorPpeemher ¢f
65 90 95 50 Trp Asp Arg Gu Ile Asn Asn Tyr Thr Ser Lou Ile H's Ser Leu lle
100 105 110 u du Ser An Asn A n dn &h-Lys Asn Gu G n Ju Leu Leu Gu
55 115 120 125 15 Decenber 2005 WO 03/ 000877 PCT/ EP02106956 Lau Asp Lys Trp
Ala Ser Leu Trp Asn Trp Phe Asn |lie Thr Asn Trp 130 135 140 5 Lau Trp Tyr

145 <210 . RREK2< . | #l.C1 < >
<2235 Dot | neapRp of (e 1 &F pop whereit e ek Lipe O I Ireiettig, chiberane
of envel operpdenivaddrem thenmgphilipbacteria. ey Thr val Ser Ala G n Ser Arg Thr Leu
Len Ala @y Ile val Gn 2015 10 15 Gn Gn Gn Gn Lau Leu Asp Val Val
Lys Arg Gn.Gn Qu Lau Leu ,20 25 30 25 Arg Lau, Thr Val Trp Gy Thr Lys Asn
Leu G n Af-alh% Groypoassgy AF glaim 3 g (wheseip) the Grgt antigem complex €oMPASES &isAlid|ppase
Arg Leu AsrbifdingBigugd y Cys 50 55 60 30 Ala Phe Arg G n Val Cys His Thr
Thr Val Pro Trp Val Asn Asp Ser 65 70 75 80

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.



Lau Ala Pro Asp Trp Asp Asn Met Thr Trp Gn Qu Trp Gu Lys Gn_ 35 85 90 95
Val Arg Tyr Lau Gu Ala Asn Ile Ser Lys Ser Leu Gu G n A a G i5Dgempe20030
40 Ile Gn Gn GQu Lys Asn Met Tyr Qu Lau G n Lys Lau Asn Ser Trp 115 120
125 Asp Ile she Ay Asn Trp she Asp Lau THg6 Ser Trp Val Lys Tyr 130 135 140
45 <210> 3 <211> 29 <212> DNA 50 <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinerl 55 <400> 3 gcgggtgttc cgggtatccc
accgaatt gy2 5 Dec r,.:200 03/.000877 PCT/ ER02/. 06956 <210%.4,. <211> 29
595 nAos T TaltRaf T ciaith o Mhheln Ao EIOT isaBier s, o bitcing e mefia
Sequence: pr fragmentidf thelpeptidyl paelytisgrgemseygat acccgg aacacccge 29 <210> 5 15
<211> 61 <212> DNA <213> Artificial Sequence <220> 20 <223> Descri ption of
Artificial Sequence:priner3 <400> 5 cgggatccgg tggcggttca ggcggt ggct

ct ggt ggcgg tacgctgacg gtacaggcca 60



g 61 25 <210> 6 <211> 30 <212> DNA 30 <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:prinmer4 35 <400> 6 ccgctcgagg
taccacagcc aatttgttat 30 <210> 7 40 <211> 1269 <212> DNA <2135[ﬁpmhg¢mﬁQ95
Sequence <220> 45 <223> Description of Artificial Sequence::coding for a
FkpA- gp4l fusion protein <400> 7 atggctgaag ctgcaaaacc tgctacaact gctgacagca
aagcagcgtt gasaaaisgpc 60 S50 gat cagaaat cagcttatgc act gg@h@ehdségct gggt c
gttacatgga aaactctctt 120 aaagaacaag aaaaactggg cat caaactg gat aaagatc
agctgatcgc tggtgttcag 180 gatgcatttg ctlgat aagag caaactctcc gaccaagaga

t cgaacagac tctgcaagca 240 ttcgaagctc gcgtgaagtc ttctgctcag gcgaagat gg
aaaaagacgc gg&3g§£§§@g3oo gaagcaaaag gtaaagagta ccgcgagaaa tttgccaaag
agaaaggt gt gaaaacctct 360 55 tcaactggtc tggtttatca ggtagtagaa gccggtaaag
gcgaagcacc gaddga zgrogyafaCagit g tagt gaact a caaaggtacg ctgat cgacg

gt aaagagtt cgacaatt cPi4BH 15 BREEMSer 2005 WD 03/ 000877 PCT/ EP02/ 06956 -4 5
10 tacacccgt g, gl opaceqole £hichbi CogLaLOgACOAg,1{al Ceeegq ttggacagaa 540

ggt ct gaagaacat caagaaaggaagh aagat caaact ggtt att ccaccagaact ggct 600

t acggcaaagcgggt gtt ccgggt at cccaccgaattctaccctggt gttt gacgt agag660
<130> 18230WO-WN

10 <140>
<141>

<150> EP01115225.3

<151> 2001-06-22
15

<150> EP01120939.2

<151> 2001-08-31

<160> 10
20
<170> PatentIn Ver. 2.1

<210> 1
<211> 147
25 <212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:correponds to
30 positions 535 to 681 of envelope protein of HIV-1

<400> 1
Met Thr Leu Thr Val Gln Ala Arg Gln Leu Leu Ser Gly Ile val Gln
1 5 10 15
35
Gln GIln Asn Asn Leu Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu
20 25 30

Gln Leu Thr val Trp Gly Ile Lys Gln Leu Gln Ala Arg Ile Leu Ala
40 35 40 45

val Glu Arg Tyr Leu Lys Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys
50 55 60

45 Ser Gly Lys Leu Ile Cys Thr Thr Ala Val Pro Trp Asn Ala Ser Trp
65 70 75 80

Ser Asn Lys Ser Leu Glu Gln Ile Trp Asn Asn Met Thr Trp Met Glu
85 90 95
50
Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His Ser Leu Ile
100 105 110

Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu Leu Leu Glu
55 115 120 125



ct gct ggat gt gaaaccagcgccgaaggct gat gcaaagccggaagct gat gcgaaagcc720
gcagat t ct gct aaaaaaggt ggcggtt ccggcggt ggct ct ggt ggcggat ccggt ggc780
ggt t ccggeggt gget ct ggt ggcggt acget gacggt acaggccagacaat t at t gt ct 849 December 2005
ggt at agt gcagcagcagaacaat gagct gagggct at t gaggcgcaacagcat ct ggag900 caact cacag
t ct ggggcac caagcagctc caggcaagag aactggctgt ggaaagatac 960
ct aaaggat caaaa@mbeet ggggat t t ggggt t gct ct ggaaaacgcat t t gcagpeagbokidstd
gctgtgcctt ggaatgctag ttggagtaat aaatctctgg aacagatttg gaataacatg 1080
acctggat gg agtgggacag agaaattaac aattacdeaa gcttaataca ttccttaatt 15 1140
gaagaat cgc aaaaccagca agaaaagaat gaacaagaat tattggaatt agataaatgg 1200
gcaagtttgt ggaattggtt taacataaca aattggctgt ggtacctcga gcaccaccac 1260 20
caccaccac 1269ase210> 1828 a<2drl 2ed @26 Ass2thk2>PHANAs<213>ThArAdnf Ted al Sequence
<220> 30 <223>1Pescription of Miificial Sequehtée:coding for a 35 40 45
50 Sl yD-gp4l fusion protein <400> 8

5 Leu Trp TvT

145

<210> 2
10 <211> 143
<212> PRT
<213> Artificial Sequence

<220>
15 <223> Description of Artificial Seguence:corresponds to
positions 534 to 676 of envelope protein of HIV-2

<400> 2
Leu Thr Val Ser Ala Gln Ser Arg Thr Leu Leu Ala Gly Ile Val Gln
20 1 5 10 15

Gln Gln Gln Gln Leu Leu Asp Val Val Lys Arg Gln Gln Glu Leu Leu
20 25 30

25 Arg Leu Thr Val Trp Gly Thr Lys Asn Leu Gln Ala Arg Val Thr Ala
35 40 45

Ile Glu Lys Tyr Leu Gln Asp Gln Ala Arg Leu Asn Ser Trp Gly Cys
50 55 60
30
Ala Phe Arg Gln Val Cys His Thr Thr Val Pro Trp Val Asn Asp Ser
65 70 75 80

Leu Ala Pro Asp Trp Asp Asn Met Thr Trp Gln Glu Trp Glu Lys Gln
35 85 90 95

Val Arg Tyr Leu Glu Ala Asn Ile Ser Lys Ser Leu Glu Gln Ala Gln
100 105 110

40 TIle Gln Gln Glu Lys Asn Met Tyr Glu Leu Gln Lys Leu Asn Ser Trp
115 120 125

Asp Ile Phe Gly Asn Trp Phe Asp Leu Thr Ser Trp Val Lys Tyr
130 135 140
45

<210> 3
<211> 29
<212> DNA
50 <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primerl

55 <400> 3
gcgggtgttec cgggtatcce accgaattc 29



at gaaagt agcaaaagacct ggt ggt cagcct ggcct at caggt acgt acagaagacggt 60

gt gt t ggt t gat gagt ct ccggt gagt gcgccgcet ggact acct gcat ggt cacggttccl120

ct gat ct ct ggcct ggaaacggcgcet ggaaggt cat gaagt t ggcgacaaat t t gat gt c18@ December 2005
gct gt t ggcgcgaacgacgct t acggt cagt acgacgaaaacct ggt gcaacgt gtt cct 240

aaagacgt at tt at gggcgt t gat gaact gcaggt aggt at gcgttt cct ggct gaaacc300

gaccaggot cceeld awe@et t gaaat cact gcggt t gaagacgat cacgt cgt gotecgabamthse

ggt aaccacat gct ggccggt cagaacct gaaat t caacgt t gaagt t gt ggcgatt cgc420

gaagcgact gaagaagaact ggct cat ggt cacgt t cacggcgcgcacgat caccaccac480

gat cacgaccacgacggt ggcggt t ccggcggt ggct ct ggt ggcggat ccggt ggcggt 540

t ccggceggt ggcet ct ggt ggecggt acget gacggt acaggccagacaat t att gt ct ggt 600

at agt gcagcageagaacaat gagct gagggct at t gaggcgcaacagcat ct ggagcaa660

ct cacagt ct ggg c€hagcagct ccaggcaagagaact ggct gt ggaaagat acct a720

aaggat caacagc¢ 3@6;?%% atttg ttgct ct ggaaaact catttgcaccact gct 780

gtgccttgga t@%]t3zi gé‘g’taéa S’f‘%t ct ggaacagattt ggaat aacat gacc840

t ggat ggagt gggaAagagaaat t aacaat t acacaagct t aat acatt cctt aat t gaa900

gaat cgcaaaaccggsapgraasgaat gaacaaganit add.egaabt agat aaat gggcad960 agtttgtgga
attggtttaacat aacaaatt ggct gt ggt acct cgagcaccaccaccac 1020 caccac 1026 55 <210>
9 15 Decehberxi@P05 WO 03/ 000877 PCT1EP02/ 06956 <2" 1> 638 <212> PRT <21 3>
Artificial SERIEAEEI5ILIPISWE2EKcription of Artificial 29
Sequence: FKkpAFkpAgp36 (3nut) fusion protein <400> 9 10 Net Ala Gu Ala Al a
Lys Pro Ala Thyo.Thr Ala Asp Ser Lys Ala Ala 1 5 10 15 Phe Lys Asn Asp Asp
Gn Lys Sesy Abm-Tyr Ala Len Ay Ala Ser Leu

<212> DNA
<213> Artificial Seqguence

<220>

20 <223> Description of Artificial Sequence:primer3
<400> 5
cgggatccgg tggcggttca ggcggtgget ctggtggegg tacgctgacg gtacaggeca 60
g 61
25

<210> 6

<211> 30

<212> DNA
30 <213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:primer4
35 <400> 6

ccgctcgagg taccacagcc aatttgttat 30

<210> 7

<211> 1269

<212> DNA .

<213> Artificial Seqguence

40

<220>
<223> Description of Artificial Sequence::coding for a
FkpA-gp4l fusion protein

45

<400> 7

50

55

atggctgaag
gatcagaaat
aaagaacaag
gatgcatttg
ttcgaagctc
gaagcaaaag
tcaactggtc
gatactgttg

ctgcaaaacc
cagcttatgc
aaaaactggg
ctgataagag
gcgtgaagtc
gtaaagagta
tggtttatca
tagtgaacta

tgctacaact
actgggtgct
catcaaactg
caaactctcc
ttctgctcag
ccgcgagaaa
ggtagtagaa
caaaggtacg

gctgacagca
tcgcectgggtce
gataaagatc
gaccaagaga
gcgaagatgyg
tttgccaaag
gccggtaaag
ctgatcgacg

aagcagcgtt
gttacatgga
agctgatcgc
tcgaacagac
aaaaagacgc
agaaaggtgt
gcgaagcacc
gtaaagagtt

caaaaatgac
aaactctctt
tggtgttcag
tctgcaagca
ggctgataac
gaaaacctct
gaaagacagc
cgacaactct

60

120
180
240
300
360
420
480



20 25 30 15 dy Arg Tyr
35 40 45 Lys Leu Asp Lys Asp Gn Len lle Ala Ay Va

50 55 60 Asp Lys Ser

70 75 80 25 Phe A u Ala Arg Val

Lys Len Ser Asp dn Qu lle Gu A@n Thr
Lys Ser Ser Ala A n Ala Lys Net Gu Lys Asp

Met G n Asn Ser

Leu Lys Gu Gn du Lys Leu Gy lIle
G@n Asp Ala Phe Ala 20
LEuDG@embar 200565

85 90 95 Ala Ala Asp Asn Qu Ala Lys Ay Lys Gu Tyr Arg Qu Lys Phe Ala
Ser Thr pdried@dosyal
Gu Ala Ay Lys Gly Qu Ala Pro Lys Asp Ser Asp Thr Val
35 130 135 140 Val Asn Tyr Lys Ay4Thr Len Ile Asp Ay Lys G u Phe Asp

100 105 110 w338 bossr G u Lys dy Val

Val
Val
Asn
Ay

VOO0 Z20
<ccox

9

115 120 125 Val

Ser
Val
Lys Ile
Gy Val
Leu L

Al a Asesg
Ser Ay

£40s
PretGaye
Vél

g

| EPO2/ 0695@:atﬁgtgc

10

15

20

25

30

35

40

45

50

55

caactcacag
ctaaaggatc
1020
gctgtgectt
1080
acctggatgg
1140
gaagaatcgce
1200
gcaagtttgt
1260
caccaccac
1269

<210> 8

<211> 1026
<212> DNA
<213>

<220>
<223>

<400> 8
atgaaagtag
gtgttggttyg
ctgatctctg
gctgttggcg
aaagacgtat
gaccagggtc
ggtaaccaca
gaagcgactg
gatcacgacc
tceggeggtyg
atagtgcagc
ctcacagtct
aaggatcaac
gtgccttgga
tggatggagt
gaatcgcaaa
agtttgtgga
1020
caccac
1026

<210> 9

Lys Thr

Ser

145 150 155 160 40 Tyr Thr Arg Ay Qu Pro Leu Ser
Il e Braccd®b dfBadcfbt @rytdidgagdThr ci{dghcddry tiewictysgg Aspgddagadys Lys Ay
1BO 185 190 45 Leu Val

Ile Pro Pro Qu Leu Al a T%‘H)e

A0 2 1HISFT LY S By Al OB

s o

agcagcagaa caatgagctg
tctggggcac caagcagctce
aacagctcct ggggatttgg
ggaatgctag ttggagtaat
agtgggacag agaaattaac

aaaaccagca agaaaagaat

ggaattggtt taacataaca

Artificial Sequence

gp4l fusion protein

caaaagacct
atgagtctcc
gcctggaaac
cgaacgacgc
ttatgggegt
cggtaccggt
tgctggcecgg
aagaagaact
acgacggtgg
gctctggtgg
agcagaacaa
ggggcaccaa
agctcctggg
atgctagttg
gggacagaga
accagcaaga
attggtttaa

ggtggtcagce
ggtgagtgcg
ggcgctggaa
ttacggtcag
tgatgaactg
tgaaatcact
tcagaacctg
ggctcatggt
cggttcecgge
cggtacgctg
tgagctgagg
gcagctccag
gatttggggt
gagtaataaa
aattaacaat
aaagaatgaa
cataacaaat

agggctattyg
caggcaagag
ggttgctectg

aaatctctgyg
aattacacaa
gaacaagaat

aattggctgt

ctggcctatc
ccgctggact
ggtcatgaag
tacgacgaaa
caggtaggta
gcggttgaag
aaattcaacg
cacgttcacg
ggtggctctg
acggtacagg
gctattgagg
gcaagagaac
tgctctggaa
tctctggaac
tacacaagct
caagaattat
tggctgtggt

e

aggcgcaaca
aactggctgt
gaaaactcat
aacagatttg
gcttaataca

tattggaatt

ggtacctcga

Description of Artificial Sequence:coding for a
SlyD-

aggtacgtac
acctgcatgg
ttggcgacaa
acctggtgca
tgcgtttect
acgatcacgt
ttgaagttgt
gcgcgceacga
gtggcggatc
ccagacaatt
cgcaacagca
tggctgtgga
aactcatttg
agatttggaa
taatacattc
tggaattaga
acctcgagca

a al%c@%a 25 e2PRECPAE I ﬁtgé;lccaltﬁ:r aﬂ[aéﬁt%l’é:lt

T o R4

t

gcatctggag
ggaaagatac
ttgcaccact

gaataacatg
ttccttaatt
agataaatgg

gcaccaccac

agaagacggt
tcacggttce
atttgatgtc
acgtgttcct
ggctgaaacc
cgtggttgat
ggcgattcge
tcaccaccac
cggtggeggt
attgtctggt
tctggagcaa
aagataccta
caccactgct
taacatgacc
cttaattgaa
taaatgggca
ccaccaccac

@4?0/

900
960

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

Tyr G n

Phe Arg Lou Asp

Ay Lys

Asp Val
Lys Pro
& Ay Gy
000877



Gy Ser dy Ay Ay Ser Gy Ay dy Ser Ay Gy Gy Ala du Ala 260 265 270
5 Ala Lys Pro Ala "~hr Thr Ala Asp Ser Lys Ala Ala Phe Lys Asn Asp 275 280
285 Asp G n Lys Ser Ala Tyr Ala Leu Gy Ala Ser Leu Gy Arg Tyb Ddeembadi®0395
300 10 Qu Asn Ser Leu Lys Qu A@n Qu Lys Leu Ay Ile Lys Leu Asp Lys 305
310 315 320 Asp Gn Leu Ile Ala Ay Val @n Asp Ala the Ala Asp Lys Ser Lys
15 325 330 w393b@sr:Ser Asp An GQu Ile Qu A n Thr Leu gdmepdbasoRhe A u Al a

Arg 340 345 350 20 Val Lys Ser Ser Ala G n Ala Lys Met Gu Lys Asp Ala Ala
Asp Asn 355 360 365 Gu Ala Lys Ay Ly Gu Tyr Arg Gu Lys Phe Ala Lys Qu
Lys Gy 370 375 380 25 Val Lys Thr Ser Ser Thr dy Leu Val Tyr Gn Val Val
Gu Ala Ay «23B56890 395 400 Lys Gy GQu Ala Pro Lys Asp Ser Asp Thr Val Val
Val Asn Tyr 42y% PBD 405 410 415 Ay Thr Leu lle Asp Gy Lys G u Phe Asp Asn
Ser Tyr Thr Aty &§ifigy 498839 35 G u Pro Leu Ser Phe Arg Leu Asp Gy Val

Ile Pro Gsy{[j5>Thr Gu 435 440 445 Gy Leu Lys Asn Ile Lys Lys Ay Ay Lys
lle Lys Léu? 'g‘i‘i bL&RE0: o3P adon: 480 Sé%eg&gl?gmﬁ“ ghfla Tyr Ay Lys Ala Ay
Val Pro Ay Ile Rgguthr 8.A8R prdb5i470 475 480 Ser Thr Leu Val Phe Asp Val Gu
Leu Leu Asp Val Lys Pro Ala Pro 45 485 490 495 Lys Ala Asp Ala Lys Pro Gu

Ala Asp Al a 496 Ala Ala Asp Ser Ala 500 505 510
10 Met Ala Glu Ala Ala Lys Pro Ala Thr Thr Ala Asp Ser Lys Ala Ala

1 5 10 15

Phe Lys Asn Asp Asp Gln Lys Ser Ala Tyr Ala Leu Gly Ala Ser Leu
20 25 30
15
Gly Arg Tyr Met Glu Asn Ser Leu Lys Glu Gln Glu Lys Leu Gly Ile
35 40 45

Lys Leu Asp Lys Asp Gln Leu Ile Ala Gly Val Gln Asp Ala Phe Ala
20 50 55 60

Asp Lys Ser Lys Leu Ser Asp Gln Glu Ile Glu Gln Thr Leu Gln Ala
65 70 75 80

25 Phe Glu Ala Arg Val Lys Ser Ser Ala Gln Ala Lys Met Glu Lys Asp
85 90 95

Ala Ala Asp Asn Glu Ala Lys Gly Lys Glu Tyr Arg Glu Lys Phe Ala
100 105 110
30
Lys Glu Lys Gly val Lys Thr Ser Ser Thr Gly Leu Val Tyr Gln Val
115 120 125

val Glu Ala Gly Lys Gly Glu Ala Pro Lys Asp Ser Asp Thr val val
35 130 135 140

val Asn Tyr Lys Gly Thr Leu Ile Asp Gly Lys Glu Phe Asp Asn Ser
145 150 155 160

40 Tyr Thr Arg Gly Glu Pro Leu Ser Phe Arg Leu Asp Gly Val Ile Pro
165 170 175

Gly Trp Thr Glu Gly Leu Lys Asn Ile Lys Lys Gly Gly Lys Ile Lys
180 185 190
45
Leu Val Ile Pro Pro Glu Leu Ala Tyr Gly Lys Ala Gly Val Pro Gly
195 200 205

Ile Pro Pro Asn Ser Thr Leu Val Phe Asp Val Glu Leu Leu Asp Val
50 210 215 220

Lys Pro Ala Pro Lys Ala Asp Ala Lys Pro Glu Ala Asp Ala Lys Ala
225 230 235 240

55 Ala Asp Ser Ala Lys Lys Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
245 250 255



50 Lys Lys Ay Ay Ay Ser Ay Ay Ay Ser Ay Ay Gy Ser dy dy 515 520
525 Gy Ser Ay Gy Ay Ser Gly Ay @y Leu Thr Val Ser Ala A n Ser 530 535
540 55 Arg Thr Leu Leu Ala Ay Ile Val dn @n An dn dn Al Desamhep005
Decenber 2005 WO 0 3/000 8 7 7 PCT/EP02/ 06956 545 550 555 553 Val Val Lys
Arg Gn Adn Gu Leu u Arg Leu Thr Val Trp Ay Thr 565 570 575 5 Lys Asn
Leu An Ala@g}, - Thr Ala Ile Au Lys Tyr Lou G n Asp p§&3n&9:590 G n A a
Arg Leu Asn Ser Trp Sly Cys Ala The Arg G n Val Cys H's 10 595 600 605 Thr
Thr Val Pro Trp Val Asn Asp Ser Leu AlaeRkro Asp Trp Asp Asn 610 615 620 15
Met Thr Trp An AQu Trp Gu Lys A n Val Arg Tyr Leu Gu Ala Asn 625 630 635
640 Ile Ser Lys Ser Lou Gu dn Ala @n lle dn Gn Qu Lys Asr. Mt 645
650 655 20 Tyiy Ghd cheUsid Bl ¥sr Iy AgneiSete TR, ASp dibverlthe1Gaya Asa Trp The
660 665 670 Asp Leu ThrsoSer Trp Val LysssTyr Lou GQu His7dHis Hs Hs Hs H's

25 675 680 685 30 <210> 10 <211> 385 <212> PRT <213> Artificial Sequence
35 <220> 5 Ala Lys Pro Ala Thr Thr Ala Asp Ser Lys Ala Ala Phe Lys Asn Asp

275 280 285
Asp Gln Lys Ser Ala Tyr Ala Leu Gly Ala Ser Leu Gly Arg Tyr Met
290 295 300
10
Glu Asn Ser Leu Lys Glu Gln Glu Lys Leu Gly Ile Lys Leu Asp Lys
305 310 315 320
Asp Gln Leu Ile Ala Gly Val Gln Asp Ala Phe Ala Asp Lys Ser Lys
15 325 330 335
Leu Ser Asp Gln Glu Ile Glu Gln Thr Leu Gln Ala Phe Glu Ala Arg
340 345 350
20 Val Lys Ser Ser Ala Gln Ala Lys Met Glu Lys Asp Ala Ala Asp Asn
355 360 365
Glu Ala Lys Gly Lys Glu Tyr Arg Glu Lys Phe Ala Lys Glu Lys Gly
370 375 380
25
Val Lys Thr Ser Ser Thr Gly Leu Val Tyr Gln val Val Glu Ala Gly
385 390 395 400
Lys Gly Glu Ala Pro Lys Asp Ser Asp Thr Vval val val Asn Tyr Lys
30 405 410 415

Gly Thr Leu Ile Asp Gly Lys Glu Phe Asp Asn Ser Tyr Thr Arg Gly
420 425 430

35 Glu Pro Leu Ser Phe Arg Leu Asp Gly Val Ile Pro Gly Trp Thr Glu

435 440 445
Gly Leu Lys Asn Ile Lys Lys Gly Gly Lys Ile Lys Leu Val Ile Pro
450 455 460
40
Pro Glu Leu Ala Tyr Gly Lys Ala Gly Val Pro Gly Ile Pro Pro Asn
465 470 475 480
Ser Thr Leu Val Phe Asp Val Glu Leu Leu Asp Val Lys Pro Ala Pro
45 485 490 495

Lys Ala Asp Ala Lys Pro Glu Ala Asp Ala Lys Ala Ala Asp Ser Ala
500 505 510

50 Lys Lys Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
515 520 525

Gly Ser Gly Gly Gly Ser Gly Gly Gly Leu Thr Val Ser Ala Gln Ser
530 535 540
55
Arg Thr Leu Leu Ala Gly Ile Val Gln Gln Gln Gln Gln Glu Leu Asp



<223> Description of Artificial Sequence: FkpA-gp21 fusion protein 40 <400>
10 Met Ala Qu Ala Ala Lys Pro Ala Thr 1'hr Ala Asp Ser Lys Ala Ala 1 5 10
15 Phe Lys Asn Asp Asp A n Lys Ser Ala Tyr Ala Leu Ay Al a Ser158gcemlier2005

30 Ay Arg Tyr

Met Gu Asn Ser Leu Lys Qu Gn GQu Lys Leu Ay Ile 35 40 45

50 Lys Leu Asp Lys Asp Gn Leu lle Ala Ay Val @n Asp Ala Phe Ala 50 55 60
Ser Asp @ n GQu Ile Gu A@n Thr Leu @& RpMlResc65 70 75 80

55 Phe Gu A a&,&)lrmg%/al Lys Ser Ser Ala A n Ala Lys Mt (EI u Il:yé A?gp 15

Decenber 2005 WO 03/000877 PCT/ EP0O2/ 06936 -8- 85 90 95 Ala Ala Asp Asn GQu

Asp Lys

Al a Lys
Val Lys
Lys Gy
Lys Gy
Thr Arg
Trp Thr
Lou Val

Ser

Ay
Thr
du
Thr

10
15
20
25
30
35
40
45

50

55

Lys Gu Tyr Arg
Sey Ser Thr Ay
Ala Pro Lys Asp

Vel val @ymgggx
A u Pro Leu 5

Ay Leu Ly n
B AR e o

Gln Ala Arg Leu Asn
595

Thr Thr Val Pro Trp
610

Met Thr Trp Gln Glu
625

Ile Ser Lys Ser Leu
645

Tyr Glu Leu Gln Lys
660

Asp Leu Thr Ser Trp
675

<210> 10
<211> 385
<212> PRT

G u Lys Phe Ala 100 105 110 5 Lys G u Lys Gly

ket Val Tyr &5 Val 115 120535 Val Au Ala Ay
Ser Asp Thr Vval. Val 10 130 135 140 Val Asn Tyr
Gyrs GBL hePHBuMASY Pen TBerval 1% @B0THHS 160 15 Tyr

Phe Arg Leu A3 Ay Val Ile PPG® 165 170 175 Ay
| e Ly, y L lle L 180 185 190 20
LA‘T%G%%%?%‘;‘%% %%Lgilyf/agggp?% &Y 195 200 205

Ser Trp Gly Cys Ala Phe Arg Gln Val Cys His
600 605

Val Asn Asp Ser Leu Ala Pro Asp Trp Asp Asn
615 620

Trp Glu Lys Gln Val Arg Tyr Leu Glu Ala Asn
630 635 640

Glu Gln Ala Gln Ile Gln Gln Glu Lys Asn Met
650 655

Leu Asn Ser Trp Asp Ile Phe Gly Asn Trp Phe
665 670

Val Lys Tyr Leu Glu His His His His His His
680 685

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:FkpA-gp2l
fusion protein

<400> 10
Met Ala Glu Ala Ala
1 5

Phe Lys Asn Asp Asp
20

Gly Arg Tyr Met Glu
35

Lys Leu Asp Lys Asp
50

Asp Lys Ser Lys Leu
65

Phe Glu Ala Arg Val

Lys Pro Ala Thr Thr Ala Asp Ser Lys Ala Ala
10 15

Gln Lys Ser Ala Tyr Ala Leu Gly Ala Ser Leu
25 30

Asn Ser Leu Lys Glu Gln Glu Lys Leu Gly Ile
40 45

Gln Leu Ile Ala Gly Val Gln Asp Ala Phe Ala
55 60

Ser Asp Gln Glu Ile Glu Gln Thr Leu Gln Ala
70 75 80

Lys Ser Ser Ala Gln Ala Lys Met Glu Lys Asp



Ile Pro Pro Asn Ser Thr Leu Val Phe Asp Val du Lou Leu Asp Val 25 210 215
220 Lys Pro Ala Pro Lys Ala Asp Ala Lys Pro Qu Ala Asp Ala Lys Ala 225 230
235 240 30 Ala Asp Ser Ala Lys Lys Ay Ay Ay Ser Ay Ay dylS&ecg@hler@0)s
245 250 255 dy Ser Ay Ay Ay Ser Ay Ay Gy Ser dy Ay Ay Ser Leu Al a
260 265 270 35 Ser Gy Lys Ser Leu Leu Hs GQu Val Asp Lys Asp Ile Ser G n
Leu 275 28%%@% %}?‘7" Gn Ala Ile Val Lys Asn His Lys Asndegi,lbtsLys 11e Ala
G@n 40 290 460 Tyr Ala Ala Gn Asn Arg Arg Ay Leu Asp Leu Lou Phe Trp
Gu @n 305 310 315 320 45 Ay Gy LeugCys Lys Ala Lou Gn Qu dn Cys Cys
Phe Lou Asn Ile 325 330 335 Thr Asn Ser His Val Ser Ile Leu Gn GQu Arg Pro
Pro Lou Gu Asn 340 345 ggo 50 Arg Valgleu Thr Ay Trpsdy Leu Asn Trp Asp
Leu Ay Lou Ser Adn 355 0 365 Trp Ala Arg Gu Ala Leu A n T'nr Ay Leu
Qu H s His tiasaiH ssgHrasn &5 BA0L RS 51389s BuDseenher12005 A0 A3/ 000877
PCT/ EPO2/06"6 1li s 385 105 110
5
Lys Glu Lys Gly Val Lys Thr Ser Ser Thr Gly Leu Val Tyr Gln Val
115 120 125
val Glu Ala Gly Lys Gly Glu Ala Pro Lys Asp Ser Asp Thr val Val
10 130 : 135 140
Val Asn Tyr Lys Gly Thr Leu Ile Asp Gly Lys Glu Phe Asp Asn Ser
145 150 155 160
15 Tyr Thr Arg Gly Glu Pro Leu Ser Phe Arg Leu Asp Gly Vval Ile Pro
165 170 175
Gly Trp Thr Glu Gly Leu Lys Asn Ile Lys Lys Gly Gly Lys Ile Lys
180 185 150
20
Leu vVal Ile Pro Pro Glu Leu Ala Tyr Gly Lys Ala Gly Vval Pro Gly
195 200 205
Ile Pro Pro Asn Ser Thr Leu Val Phe Asp Val Glu Leu Leu Asp Vval
25 210 215 220
Lys Pro Ala Pro Lys Ala Asp Ala Lys Pro Glu Ala Asp Ala Lys Ala
225 230 235 240
30 Aala Asp Ser Ala Lys Lys Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
245 250 255
Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Leu Ala
260 265 270
35
Ser Gly Lys Ser Leu Leu His Glu Val Asp Lys Asp Ile Ser Gln Leu
275 280 285
Thr Gln Ala Ile Val Lys Asn His Lys Asn Leu Leu Lys Ile Ala Gln
40 280 295 300
Tyr Ala Ala Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Trp Glu Gln
305 310 315 320
45 Gly Gly Leu Cys Lys Ala Leu Gln Glu Gln Cys Cys Phe Leu Asn Ile
325 330 335
Thr Asn Ser His Val Ser Ile Leu Gln Glu Arg Pro Pro Leu Glu Asn
340 345 350
50
Arg val Leu Thr Gly Trp Gly Leu Asn Trp Asp Leu Gly Leu Ser Gln
355 360 365

Trp Ala Arg Glu Ala Leu Gln Thr Gly Leu Glu His His His His His
55 370 375 380
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