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BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) infection is a major health problem in both developed and

20 developing countries. It is estimated that about 1 to 5 % of the world population is affected by
the virus. HCV infection appears to be the most important cause of transfusion-associated
hepatitis and frequently progresses. to chronic liver damage. Moreover, evidence exists
implicating HCV in induction of hepatocellular carcinoma. Consequently, the demand for
reliable diagnostic methods and effective therapeutic agents is high. Also sensitive and

25  specific screening methods of HCV-contaminated blood-products and improved methods to

" culture HCV are needed.

HCV is a positive stranded RNA virus of approximately 9,600 bases which encode a
single polyprotein precursor of about 3000 amino acids. Proteolytic cleavage of the precursor
coupled to co- and posttranslational modifications has been shown to result in at least three

30 structural and six non-structural proteins. Based on sequence homology, the structural
proteins have been functionally assigned as one single core protein and two envelope
glycoproteins: E1 and E2. The E1 protein consists of 192 amino acids and contains 4 to 5 N-
glycosylation sites, depending on the HCV genotype. The E2 protein consists of 363 to 370
amino acids and contains 9 to 11 N-glycosylation sites, depending on the HCV genotype (for
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processing in yeast is very different from mammalian Golgi processing. In yeast the

oligosaccharide chains are elongated in the Golgi through stepwise addition of mannose,
leading to elaborate high mannose structures, referred to as hyperglycosylation. In contrast
therewith, proteins expressed in prokaryotes are never glycosylated.

25 Patterns of high mannose-type glycosylation of proteins or peptides have been
determined for a variety of eukaryotic cells. In mammalian cells, an average of 5 to 9
mannose units is linked to two N-acetylglucosamine m(")ieties in a core-glycosylation-type
oligosaccharide (the structure represented in short as Man(5-9)GlcNAc(2)). Core-
glycosylation refers to a structure similar to the boxed structure in Figure 3 of Herscovics and

30  Orleans (1993).

The methylotrophic yeast Pichia pastoris was feported to attach an average of 8 to 14
mannose units, i.e. Man(8-14)GlcNAc(2) per glycosylation site (Tschopp in EP0256421) and
approximately 85% of the N-linked oligosaccharides are in the size range Man(8-
14)GIcNAc(2) (Grinna and Tschopp 1989). Other researchers have published slightly
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this yeast for production of a considefa
the presence of terminal al,3-linked mannose residues (Montesino et al. 1998).

20 Oligosaccharides attached to N-glycosylation sites of proteins expressed in P. pastoris or S,
cerevisiae ochlmnnl are devoid of such terminal al,3-linked mannoses (Gellissen et al.
2000). Terminal al,3-linked mannoses are considered to be allergenic (Jenkins et al. 1996).
Therefor, proteins carrying on their oligosaccharides terminal al1,3-linked mannose residues
are not suitable for diagnostic or therapeutic purposes.

25 The glycosylation pattern on proteins expressed in the methylotrophic yeast
Hansenula polymorpha have, despite the use of this yeast for production of a considerable
nﬁmber of heterologous proteins (see Table 3 in Gellissen et al. 2000), not been studied in
great detail. From the experiments of Janowicz et al. (1991) and Diminsky et al. (1997), it
seems that H. polymorpha is not or only poorly glycosylating the large or small hepatitis B

30  viral surface antigen (HBsAg). Most likely this is due to the fact that the HBsAg was
expressed without signal peptide, thus preventing the produced HBsAg to enter the lumen of
the endoplasmic reticulum (ER) and glycosylation. Limited addition of mono- or dihexoses to

G-CSF (granulocyte colony stimulating factor) produced in H. polymorpha was reported
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yeast Escherichia coli, insect cells, yeast cells and mammalian cells. However, expression in higher

eukaryotes has been characterised by the difficulty of obtaining large amounts of antigens for
eventual vaccine production. Expression in prokaryotes, such as E. coli results in HCV
envelope proteins that are not glycosylated. Expression of HCV envelope proteins in yeast
25 resulted in hyperglycosylation. As already demonstrated by Maertens et al. in WO 96/04385,
the expression of HCV envelope protein E2 in Sacchar omyces cerevisiae leads to proteins
which are heavily glycosylated. This hyperglycosylation leads to shielding of protein
epitopes. Although Mustilli et al. (1999) claims that expression of HCV E2 in S. cerevisiae
‘results in core-glycosylation, the results of the intracellularly expressed material demonstrate
30  that part of it is at least hyperglycosylated, while the correct processing of the remainder of
this material has not been shown. Moreover, the hyperglycosylétion observed by Mustilli et
al. (1999) could only be prevented in the presence of tunicamycin, an inhibitor of
glycosylation, and this does thus not reflect glycosylation occurring under normal, natural

growth conditions. The need for HCV envelope proteins derived from an intracellular source
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Escherichia coli, insect cells, yeast cells an wever,
expressi &e ¢1rgomagn@p with structure Man(7)-GlcNAc(2) over the oligomannose with structure

Man(8)-GlcNAc(2) is less than or equal to 0.45. More specifically said oligomannoses
contain less than 10 % terminal al,3 mannose. The eukaryotic cell expreséing said isolated
HCYV envelope protein or part thereof can be a yeast cell such as a Hansenula cell.

| 25.

A further aspect of the current invention relates to an isolated HCV envelope protein
or part thereof according to the invention which is derived from a protein comprising an avian
lysozyme leader peptide or a functional variant thereof joined to said HCV envelope protein
or fragment thereof. More specifically, said isolated HCV envelope protein or part thereof is

30  derived from a protein characterized by the structure
CL-[(A1)q - (PS1),—~ (A2)c]-HCVENV-[(A3)q - (PS2), - (Ad)d]
wherein:

CL is an avian lysozyme leader peptide or a functional equivalent thereof,



eukaryotes has been characterised by the difficulty of obtaining |arge
anmounts of antigens for eventual vaccine production. Expression in
prokaryotes, such as E. coli results in HCV envel ope proteins that are not
gl ycosyl at W@.0268%¢1pessi on of HCV envel ope proteins in yeasPCPBEPUM64 ed i n
hypergl ycosyl ati on. As already denonst#ated by Maertens et al. in WO

96/ 04385, the expression of HCV envel ope protein E2 in Saccharonyces
cerevisiae | eAUSAT APindi Rl &% adiorGiepadd WiSaédnbedifGes\0r MeAme Thi s

hyper gl ycosyl ation | eads to shielding of protein epitopes. Al though :
Mistilli et dfS]qofdtfg)are procepsingisiies whigh eansheghe differspyortheisams. cerevi si ae
results in c VENAE i IS .ﬁqi intracel lularly expressed
mat eri al denooﬁgt rat eﬁ%ﬁ?ﬁg@@%ﬁée{ﬁg{eﬁf&ﬁ S a er%%%st hyper gl ycosyl at ed,

whi | e the cora,bge, dpeeudfacOprdf atdhe renmai nder of this material has not
been shown. Nbseover,.the hypergl sylatjo served, by, ti]li, et al.
(1999) could % f?nbgptboPéﬁ%d%/’gan‘PﬂyﬁgéyePﬁ%’g%ﬁﬁ%m{é?r%ﬁg@%@ﬁ ?f%% are
inhibitor of psgiofezyl ation, and this does thus not reflect glycosylation

occurring under normal, natural growth conditions. The need for HCV
envel ope proteins derived froman intracellular source WD 02/086101

PCT/ BEO2/ 000640tk ; ' j i C

different or t 0e %adr%%e,ct 6%%6 aerﬁlg&bééleg%% 1%@%%%?%9‘&8%&%1&%}r%0% fgagﬁ\egfg t he
di f f er enthersof advordingrty, the Skt which ibiComprised| iopestprcatre ichosen franpthetgrévger eof |,
a, b,.c, d.g and f are 0. or ang 5 wherei.n, optionally,, Al and/or A2 are
part “bf %Flsg?ﬁi? gfm&ﬂ%?é’i horﬁ%&iglﬁﬁl g?terﬂﬁh“%e?r% hOBt?f@%&S’fne d ]%?ﬁ?f?ﬁg‘g‘"&%tﬁect of
t he i nveAlteraatively edaid #dlatedo HOe @ntdhee ProidiRRE Rig@hddk thébofl ety to ter eof
accor di ng} to, the inyention which is, conprised in a structure chosen from

the groufivemsionoraFk is GRPRSSehBhe Erslike Bartielpnidese sneeifielbn #ryref the isolated
hono- ol | HEVEn%eRPE pedi bOR Sh & cddkdi ' jorS@hycd i

envel ope prot ei nBolr) f ragme%ﬂlt hﬁ%aaﬁ%ﬁ%%bﬁefx%%éﬁ?ﬂsdﬁsgﬁm i-s
conpr i se@f Whichthgicysteinp fliel-gravnsiac¢ ehentignlly mqslifiéd i cal |y, any of the isolated
HCV envel ope protein or fragnment thereof according to the invention may
conprise cysteines of which the cysteine thiol-groups are chemcally

modi fi ed. 15 Smeificfaspectssyfahd mivaitiohtrelaterty ¢valatal HCY eavelop©plofeitsair dehgiriemt

envel ope,pr O%EI ns dar fragment .ther e%;ls accordi ng to.-the invention which
are anti JEHPE BFCOTHRE AR JERiTRVeRFion J¥highh aes anfigsmis, Ps dmmupogeniq and/prnyrhigh ng
epi tope.c@ﬁbrgeaqr.&énminaﬁ@ﬁ@tep{t@eat es to a conposition conprising an

i sol ated HCV envel ope

20 A further aspect relates to a composition comprising an isolated HCV envelope
protein or fragment thereof according to the invention. Said composition may further

comprise a pharmaceutically acceptable carrier and can be a medicament or a vaccine.

The invention also relates to a method for producing the isolated HCV envelope

25  protein or fragment thereof according to the invention.

Another method of the invention is a method for the detection. of the presence of anti-
HCV antibodies in a sample suspected to comprise anti-HCV antibodies, said method
comprising: | |
30 (i) contacting a HCV envelope protein or part thereof according to any of claims 1 to
15 with said sample under conditions allowing complexation of said HCV
envelope protein or part thereof with said anti-HCV antibodies,
(ii)  detecting the complex formed in (i), and

(i) inferring from (ii) the presence of said anti-HCV antibodies in said sample.



protein or fragment thereof according to the invention. Said conposition
may further conprise a pharmaceutically acceptable carrier and can be a
medi canent or a vaccine. The invention also relates to a nmethod for

produci ng M@2{08dPht ed HCV envel ope 25 protein or fragnmeRET/BREYWES
according to the invention. Another mef’lhod of the invention is a nmethod for
the detection of the presence of anti- HCV anti bodies in a sanple suspected

to conpr iMee apecifiaigy/seid ticiadi may compsengéhdylin abihrdafl shtacBAg (4 deweigact i ng
a HCV envel ope rolein(gr,?fgaiqt t her eof | cc&r&i{ﬂ?g tg.any of claims 1 to 15
wi th sai JAERRYPRELIYESPOEboRti i ReFdcular wid methedmmeidizessobe sammod teihich
envel opesfa oc éhv@fop@ﬁ%&teiﬁhﬁﬁaﬁ’%eﬂ%fi@ aﬁ&"éh?d anti-HCV antibodies, (ii)

in

detecting the conplex forne (i), and (1ii) inferring from(ii) the
presence of said anti-HCV anti bodies in said sanple. WD 02/086101

PCT/ BEO2/ 00064k - e sRE el b Yy aisai d od conprise step (i) in
whi chEs ai d cg?{l? %]c‘?tzf’%%)oni S o%c Sfraﬁsr%a a CE}%%? b %rtﬁhfn?dégcgﬁaf @F&ggs_eBQ%oB

parti cul amtj-HEM dntisddiesdin aegample Ishspectad 26! dothpRid@ RAKIHCY ¥tibelies, Saiid KiHCV
envel ope (gnrmot ein og r\)fa\rt tlher eof .is attached.. 5 The invention further

rel ates FO'"Yi&adn GV envglgpe; B’iol‘%é’rd@ﬁeél_%qr%’ﬁ WEoTdmg p dace pventém. Mere - Hov
ant i bodi gfecifftally, SaRCmaY SAGHRbIPHOI TRV Be Bitkin dEYaATherbRUBHa 910 kit
conpri si ng]ia HCV envel ope protein or part thereof acCording to the

i nvent i off dMBPEth-speci fically, said kit may conprise said HCV envel ope
protgjpn or part thereof attached to a solid support. 10 The invention al so
relates to a nedicanent or a vaccine conprising a HCV envel ope protein or
part thereof Hexiveitiog aso rtlatesitme enddicement/drsovacoive cotiptiying BEIEVIeandldpen i s a
pharmaceyt i cal conposition.for i.nduci a HCV- 15 specific i mune response
inam olte,"?g%ﬁ’aﬁtr@gﬁ% ASPRTimE te Y?F‘ﬁ‘b an effective anount of a HCV

envel ope protein or part thereof according to the invention and,

optionally, a, pharnmaceutically acceptable adjuvant. Said pharmaceuti cal
conposi tion nﬁ%f"éf”t’??‘ﬁgl’ ﬁFe‘Py"_’an‘@n it phmacaticalremposigomby. iaducing ¢ HCV-

ant | hodi gfecifid iAnTRENEbofte iRh Al & @olﬂ-?(ﬁﬁioh cta}hgﬁéihg% le ctﬁe TRISORL of
Furthernore, said pharnmaceutical conposition nmay be a propﬁy actic

conposi t 2 JACY 2envglopg nrﬁt@mapémartcﬂ!@wgg@gd:qrﬂmg.tOI the gaventionl znd, optiombllypmmal i s

a human. pf&%tim%table adjuvant. Said pharmaceutical composition may alternatively be

capable of inducing HCV-specific antibodies in a mammal or of inducing a T-cell function in

a mammal. Furthermore, said pharmaceutical composition may be a prophylactic composition

20  or atherapeutic composition. In particular, said mammal is a human.

FIGURE LEGENDS
25
Figure 1. Schematic map of the vector PGEMT-E1sH6RB which has the sequencé as defined
in SEQ ID NO:6. '
Figure 2. Schematic map of the vector pPCHH-Hir which has the sequence as defined in SEQ
30 IDNO:9.

Figure 3. Schematic map of the vector pFPMT121 which has the sequence as defined in SEQ
ID NO:12. |



25 Figure 1. Schematic map of the vector pGEMI- EIsHG6RB whi ch has the
sequence as defined in SEQID NO 6. Figure 2. Schematic map of the vector
pCHH Hi r whi ch has the sequence as defined in SEQ 30 ID NGO 9. Figure 3.
Schemat i ¢ W@P2@B86he vect or pFPMI121 which has the sequenBE€T/BEWPGned in
SEQ ID NG 12. WO 02/ 086101 PCT/ BEO2/ 08064 -8 Figure 4. Schematic map of
the vector pFPMI-CHH El -H6 which has the sequence as defined in SEQ ID

NO 13. FiRipuie 45 Schahaiinap ofthe %ctbf‘?FFI@HF—QHI—]PfRME‘ Whieh Blas e Wejuehcdas t he
sequence as 5 defined in SEQID NO 16. Figure 6. Schematic map of the

vector pOeAdimBENEBR- @186 whi ch has the sequence as defined in SEQ I D
NG 17. 10 Figure 7. Schematic map of the vector pUCLl8-FMD- CL-E1l-H6 which
has the sequence as defined in SEQ ID NG 20. Figure 8. Schematic nap of
t he vect FigureBVSchtméic hapvdf thh veeter tPRBEMERNRerileHA swhich ihae dhe isequeh® hD

NO 21 éﬁg}gﬂeggﬁﬁﬁﬁmﬁﬁaﬁgﬁ“ c map of the vector pSP72E2H6 which has the

sequeﬂc QID NO 22. Figure 10. Schematic map of the
vector pMPT121 which has the sequence as defined in SEQ 20 |ID NG 23.
Figure 11, Schematic map of the vector pFEPMI-MFa- E2- H6, whi ch has the
sequence Figure §ebehsagtic mappbtheryegor pWC184MDVFerEL-H6 whichhas the sagysnedt ag he
vector pyEsefRsEd1HoNBhch has the sequence as defined in SEQ ID NO 25.
Figure 13. Schermatic map of the vector pMF30 which has the sequence as
defined in SEQID NO 28. 30 Figure 14. Schematic map of the vector

PFPMI; CL FlEg%fryg W50 %%apt N5né %gclfgrnpcﬁ cfer I\/Hf-ELDbeHHIG nwhSJCIE:thllsDtthslecf’u%hce as
defined in SEQ ID NO:20.

Figure 8. Schematic map of the vector pFPMT-CL-E1-H6 which has the sequence as defined
in SEQ ID NO:21.

15
Figure 9. Schematic map of the vector pSP72E2H6 which has the sequence as defined in
SEQ ID NO:22.

Figure 10. Schematic map of the vector pMPT121 which has the sequence as defined in SEQ
20 IDNO:23. '

Figure 11. Schematic map of the vector pFPMT-MFa-E2-H6 which has the sequence as
defined in SEQ ID NO:24.

25  Figure 12. Schematic map of the vector pMPT-MFa-E2-H6 which has the sequence as
defined in SEQ ID NO:25.

Figure 13. Schematic map of the vector pMF30 which has the sequence as defined in SEQ ID
NO:28.

30
Figure 14. Schematic map of the vector pFPMT-CL-E2-H6 which has the sequence as
defined in SEQ ID NO:32. '



WO 02/ 086101 PCTBEO2/ 00064 -9 Figure 15. Schematic map of the vector
pUCL18- FVMD- CL- EIl whi ch has the sequence as defined in SEQ ID NG 35. Figure
16. Schematic map of the vector pFPMI-CL-E1 which has the sequence as

defi ned i nWOI28B&01 D NO 36. Figure 17. Schematic map of t RETBEEXHH64

pUC18- FVMD- CL- H6- El - K- H6 whi ch has the -9sequence as defined in SEQ I D NO 39.
lo Figure 18. Schenmatic map of the vector pFPMI-CL-H6-K-El which has the
sequence Fafure 48f SpRGndtR BE0 .Ut B Rt §

vect or p\l;?%lS whi ch haslfﬁt he sggjﬁ%&a%@%g?%@hﬁ%m I DB&N%.@%@I?EAHE—? gure
20. Schedgfined iw8BQIP NQB5vect or pYl GGELH6 whi ch has the sequence as defined
in SEQID NO 42. Figure 21. Schematic map of the vector pSYl which has the
sequence as defined in SEQID 20 NO 43. Figure 22. Schematic map of the
vect or pPBigadE&ISheaatidinain ofiths vetter STRME/CISE hwhitdfliap @b setpientERR ddAnbiDint4. 25
Fi gure Zg gLi c map of the vector pBSK-E2sH6 whi ch has the sequence as
def i ndd PrQ D NO 45. . Figure 24. Schematic map of the vector

pYl GSHCCL- 22aH6 whi ch has the sequence as defined in SEQ ID NGO 46. 30
Figure 25. Schematic map of the vector pYYl GSE2H6 whi ch has the sequence as
defi ned Figursdd. |Sohewnatic; maprot) theo gector1 pPCTBEVIP §HoHA-E1-KHE-whicke ha6 the
Schenmat | q‘ﬁ%ﬁ)c whi ch has the sequence as defined in SEQ
I D NQ4§? |§%%gg%dw'§§ﬁgrw?%}?’ép of the vector pYlI G/E1 which has the
sequence as defined in SEQ 5 ID NGO 49. Figure 28. Schematic map of the

vectqg p ;/g]il¥l‘, ?gl':s%hgm\a'@é I%Qp Qfatﬁe %Qc?orsp%w&i-ﬁg-lgﬁi Iwrlll?c hiag the sequence as
defined in SEQ ID NO:40.

Figure 19. Schematic map of the vector pYIGS which has the sequence as defined in SEQ ID

NO:41.
15
Figure 20. Schematic map of the vector pYIGSE1H6 which has the sequence as defined in
SEQ ID NO:42. |
Figure 21. Schematic map of the vector pSY1 which has the sequence as defined in SEQ ID
20 NO:A43.

Figure 22. Schematic map of the vector pSY1aMFE1sH6a which has the sequence as defined
in SEQ ID NO:44. '

25  Figure 23. Schematic map of the vector pBSK-E2sH6 which has the sequence as defined in
SEQ ID NO:45.

Figure 24. Schematic map of the vector pYIGSHCCL-22aH6 which has the sequence as
defined in SEQ ID NO:46.

30
Figure 25. Schematic map of the vector pY YIGSE2H6 which has the sequence as defined in
SEQ ID NO:47.



SEQ I D NO 50. 10 Figure 29. Schematic map of the vector pPlI CZal phaA which
has the sequence as defined in SEQ ID NGO 51. Figure 30. Schematic map of

t he vector pPl CzZal phaD which has the sequence as defined in SEQ |ID NG 52.
15 Figure WD 02®8¢6hati c map of the vector pPl CZal phaE whPEHBR2DGIC
sequence as defined in SEQ ID NO 53. -H-gure 32. Schematic map of the
vector pPl CZal phaD E1 sH6 which has the sequence as 20 defined in SEQ ID
NO 58. Fj hemmid : 5@%@ ' hch has
t he sequg%ggggg%cg%ii ned Ijlﬁft%%%ec?%%ggéﬂﬁ%hg{aéﬁgur gggesg%eﬁgﬁ%tﬁﬁk%m of

t he vect Ol Czal phaD E2sH6 whi ch has the sequence as defined in SEQ ID
NG 60. Figure 35. Schematic map of the vector pPlCZal phaE E2sH6 whi ch has
the sequence as defined in SEQ ID NO 61. 30 Figure 36. Schematic map of

t he vect FlguptZ1.Bhemaiu mip ditke véreorpdIGEBL evhivh hdethereghence asIefhddin/dBE®2. WO
02/ 08610 'BEO2/ 00064 -11 Figure 37. Elution profile of size exclusion
chr omat oé?gﬁggof MAC-purified E2-H6 protein expressed fromthe

Mra- E2- H6- expr essi ng Hansenul apol ynor pha (see Exanple 15). The X- axis
indicates the elution volunme (in nL). The vertical |ines through the-

el ution [igwre P& Schemiticanep efithe veckartpSOHY1GBE] seovhichihas the sequenso hedefineddn i ons 4
to 9, "Pé']'-:'rﬁ%b fractions 30 to 5 35, and "P3"= pooled fractions 37 to
44. The -%(I s I'ndi cates absorbance given in mAU (mlli absorbance units).
The X-axis indicates the elution volume in nL. Figure 38. The different

pool s_and.fractions coll ect after si excl usi on chromat ogr .(see

P qune 3 PIEE £ EhimgSntin e Red mplc AdoicBRRBRy F poltetreny 2Bhtegan

st ai ni ngsBQ IDNYOIRN. pol yacryl am de gel. The anal yzed pools ("P1", "P2", and
"P3") and fractions (16 to 26) are indicated on top of the picture of the
silver-stained gel. At the left (lane "M') are indicated the sizes of the

ol ecul amgiﬁ-ﬁ 50. BehERAtR mip) SHEE vertor PPICEAHINTS which 1fhs AR Riudnlifasictfednc! Usi on

chromat ographic step as shown in Fi gure
SEQ ID NO:52.

15
Figure 31. Schematic map of the vector pPICZalphaE’ which has the sequence as defined in
SEQ ID NO:53.

Figure 32. Schematic map of the vector pPICZalphaD’E1sH6 which has the sequence as
20  defined in SEQ ID NO:58.

Figure 33. Schematic mép of the vector pPICZalphaE’E1sH6 which has the sequence as
defined in SEQ ID NO:59.

25  Figure 34. Schematic map of the vector pPICZalphaD’E2sH6 which has the sequence as
defined in SEQ ID NO:60.

Figure 35. Schematic map of the vector pPICZalphaE’E2sH6 which has the sequence as
defined in SEQ ID NO:61.

30 -
Figure 36. Schematic map of the vector pUC18MFa which has the sequence as defined in
SEQ ID NO:62.



15 37 were pooled and al kyl ated. Thereafter, the protein material was
subjected to Endo H treatnent for deglycosylation. Untreated material and
Endo Htreated nmaterial were separated on an SDS-PAGE gel and blotted to a
PVDF nmenbrWOD2/084181 bl ot was stained with amido black. LaRET/BEOZYOREA at ed
E2-H6 before Endo Htreatnment 20 LanelR: Al kylated E2-H6 after Endo
Htreatnment. Figure 40. Western-blot analysis of cell |ysates of El

express emggme %%ﬂ@d@ﬂﬁl@%f@ﬁé %Xélﬁmél?chroﬁli&%gﬁﬁ% &F Mbg}mﬁﬁ 8¢ pééa&%j

usi ng the El -specific nonocl onal antib 1. Lan ession
product efnressedfrorg theMp-E2- Hé;nspmqmga&fsmmla pebportiialeteExampleal 5)2Bhe X-

Saccharo f th.p I Yl S 0, F| e 28)

conpri si %gﬁdlgnucﬁeo{lﬁg% ggelgﬁjgn en;e:L to g%?%%ﬁ ?Eglhg% @Jg‘gwfﬁl P

pepti de jndicatecthe dractidns H611edtﬁth€‘Bl‘5= ﬁool&kﬁﬁcﬁ@ﬁs @no 97 GBDTIH o'b‘lddeﬁ'aofaon@S%’Eo o
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Sequence(rﬁﬂﬂi?ﬂsyoﬁﬁn&&%@{("m& ixgkid AQfcRles kh%%ﬂﬁ{"ﬁg'gmﬂﬁ“{{g' ned to El- H6. Lane
i

8: nol ecul ar weight markers with sizes as in ne 9: purified EIs
produced by HCV-reconbi nant vaccinia vi rus I nfected manmal i an cells.

02/ 08610 f t bi | t al
ion affi ﬁ,lét|Dl Er ona og De%t RO&%I % p(bné c,rollgc ad éié e ?@%}%n@%b@ééggbﬁ an
g rocessefeé Ffjgru:]fef@]-) E&r&-ﬁaaﬂ;ﬁe?EBy HGn-be;dubinglﬂ@SyPGQGEftallé\s&B Elﬁ%fl tm of - t}tle

roteins_i.n di en S r elution fractions
(1 and"spoSusyianicl, Wiamgedt bl tior g o Sy iy togi6) s

st ai ni ngindfcated ®n @6y of(the picRibe oﬂh@&Weﬁ)staﬁl'éd By, A@ﬁfe%ﬁ' (1%&%%@&&&%&8 é”‘
speci fic ,nmonocl onal antibody directed against E2 (B, bott'ompicture

si zes of Sizgset s Belaruar mass sakerker s are i ndi cat ed at the left. Figure 42.
Elution profile of the first I MAC chromatography step on a N -1DA colum
to (Chel ating Sepharose FF | oaded with Nit+, Pharmacia) for the

puri f i caFigone 39. Eritiopul 7 6n23 eﬂﬂﬂ@iz&eﬁilummtlﬁfbmamgfnﬂhimdepbas showhéd Figatgpha

see Ie 18 e equ brated w th buff A (50
E)hospf;t e, “@rﬁvp%ﬁﬁg fﬁwy%%b%ea%g 9 pyotey imaiena ‘é’ﬁ‘p ?Fé‘iqt@dEg% th 20
MM i mi dagedt@ent/hi dﬁgl}&aﬁmét&nam&bdtﬁi m@:enaltaha Fnfb WiReA@PmYRSAGHk:S Sspaedd al | y

with buffer C [ n 0 mM and 50 mM i m dazol e, respectivel as
i ndi cat etf 8% S%S IQXE}% i s %Iotted to a PVDF membrane. The blot was pstzetmed wi algrudo

black.
Lane 1: Alkylated E2-H6 before Endo H-treatment
20 Lane 2: Alkylated E2-H6 after Endo H-treatment.

Figure 40. Western-blot analysis of cell lysates of B1 expressed in Saccharomyces cerevisiae.

The Western-blot was developed using the E1-specific monoclonal antibody IGH 201.

Lanes 1-4: expression product after 2, 3, 5 or 7 days expression, respectively, in a
25  Saccharomyces clone transformed with .pSY1YIG7Els (SEQ ID NO:50, Figure 28)

cqmpriéing the nucleotide sequence encoding the chicken lysozyme leader peptide joined to

El-H6.

Lanes 5-7: expression product after 2, 3 or 5 days expression, respectively, in a

Saccharomyces clone transformed with pSY1aMFE1sH6aYIG1 (SEQ ID NO:44, Figure 22)
30 comprising the nucleotide sequence encoding the a-mating factor leader peptide joined to E1-

Hé.

Lane 8: molecular weight markers with sizes as indicated.

Lane 9: purified Els produced by HCV-recombinant vaccinia virus-infected mammalian
cells.



15 chromatogram. A further washing and elution step of the Hi s-tagged
products was perforned by the sequential application of buffer B (PBS, 1%
enpigen BB, pH 7.2) supplenmented with 50 mM i m dazole and 200 nM i m dazol e
respect i veMp 248610hdi cat ed on chromatogran). Fol | owi ng f PEEFHESEN0GkT e

pool ed: the wash pool 1 (fractions 8 tt2-11, wash with 50 mM i m dazole).
The eluted naterial was collected as separate fractions 63 to 72 or an

el ution pool 20 (fractions 63 to 69) was made. The Y-axis indicates

absor bance given in nmAU ii'rri | 1'i absorbance units). The X-axis indicates the
el uti on ¥Vigugerdl Analysirohihe amnbiliaed metal dorpdffinity chior@tqemanhfyi(BdABS-pieified

protein £s¢ | X S b nd ~p S m,CL- H6- K-El 't o

o el B o SehredBphatianleis AR CGRETRIBI-A6 3T ashipore it

g | gt i 0 gE Exanlflieoﬂi)s Olrﬁcgeim if&fﬂefenﬂwaslzfrmioﬁimﬁma&ra?ah&amdobyraétﬁﬁﬁ?liaﬂ% 5

DS- PA ol | owe I lver, staining of the gel (A top picture). Proteins
pr eseht 'Fon;)t'?‘i‘émé&ﬂ]éﬂzé ﬁ\éf"?ﬁlﬂlﬁmgl%éggf}é’@?"?d gﬁ silyer staipingof gl Yo doP (1 ane
4), in : A ' I alyzed
I R S G N
(B, bot t betion pictwre); Theosigesof the melscularanhss markersare irgljcatefiag theilefes of t he

nol ecul ar 30 nmass markers (lanes M are indicated at the left. Figure 44.

Elution profile of the second | MAC chromat ography step on a N -1DA col um
(Chel at i F;guSegnaEhﬁianﬁﬁoﬁhamiémevﬁﬁshMAGchrBhafog?ph@)ste‘po?n T(ahIQi-D%Kid‘ohﬁﬁ i on
of El resultin fromt in vit B ocessing.of H6-K-El (purification: see
Fi gur 4&hdgiP] Serbedo %15? lgageﬂ@t{h%’loz 5@@6@%&#’9@% 8 of theuflpegied
through WeK-89 |plt&6i§1?%é}d&edjb)f H.ewyﬁo%a%b Famplk 1189 7”14{32;:01215&% wétyeerqtﬁﬂfo&{t&ﬁned

0 S e

for the presence - products. fractions 8), containing

i ntact EWithbydesA 20 mMophqsshate, i MygpRCl, b o Eawigen i (/'@xpH 7.2) dhpricraented
heas ¢ . D e . kU GRRRAE h
Sl uti on Sap S0 talgpld. et sy BB SGHRANGE Phion el dnBthBuelddl SBUES, [ 10

El s prot bufits WBarcdataindey t20ngnMi ahd  §0 ahMhyilnddagoleh epspective(ys g@s dhdicatek asmp! e
19). El's preparati.on urified fr HCV-r1 ec Ipant vaccinia

Vi ru%g-zi n 1%8’?8%5?&?%@ T RFng m@@p@oxﬁte%g(%g‘g?g%@gw% U YRRk o
anal yzedby fHeasepnthl dppBbitioh b8 BufEER (BBY, 198 lemipigif mqmsm? teBdeitel vikh
devel oped with %o bi otinyl ated El specific nonoclonal | 200. The

t . oc|
panel | eP? “FMOWB??@ & &pd 208 |MM gaidazpiggespectinglyt (s ingicated (ay erematestamn
bi ot i nyl gbesiving FRcliths WerRMdoas ehd Gas Pio% r(ﬁ' 1RO }! ded WhBtwini Bt the

| oner - gl ycosyl ated Els has high affini eparin. Lanes M nolecul ar
wei ght niridasolq) nbheeluted matgsiahwasscalledicd as saparate frantione63 10, 72 or an elution pool

20  (fractions 63 to 69) was made. The Y-axis indicates absorbance given in mAU (milli

absorbance units). The X-axis indicates the elution volume in mL

Figure 43. Analysis of the IMAC-purified H6-K-E1 protein (see Figure 42) expressed by and
processed from CL-H6-K-E1 to H6-K-El by H. polymorpha. Proteins in the wash pool 1
25 (lane 12) and elution fractions 63 to 72 (lanes 2 to 11) were analyzed by reducing SDS-PAGE
followed by silver staining of the gel (A, top picture). Proteins present in the sample before
IMAC (lane 2), in the flow-through pool (lane 4), in wash pool 1 (lane 5) and in the elution
pool (lane 6) were analyzed by western blot using a spéciﬁc monoclonal antibody directed
against E1 (B, bottom picture; no sample was loaded in lane 3). The sizes 6f the molecular

30  mass markers (lanes M) are indicated at the left.

Figure 44. Elution profile of the second IMAC chromatography step on a Ni-IDA column
(Chelating Sepharose FF loaded with Ni**, Pharmacia) for the purification of El resulting
from the in vitro processing of H6-K-E1 (purification: see Figure 42) with Endo Lys-C. The



Lanes 1: Els frommamalian cells and al kyl ated during isolation. 15 Lanes
2: E 1 s-H6 expressed by H pol ynorpha and sul phonated during isolation.
Lanes 3: E | s-H6 expressed by H pol yno, pha and al kyl at ed duri ng

i sol ati on. MCRA861A1 same naterial as |oaded in | ane 2 but PEF/BEIMN0& t h
dithiotreitol to convert the sul phonat®d Cys-thiol groups to Cys-thiol. 20
Figure 46. Size exclusion chromatography (SEC) profile of the purified H

pol yi nor ph@1hi8y @%&she&%d 6 diiffRrent ﬁa@déhpbpwo?qlat QB scieehed fob @i ﬁreseﬁcer un in
PBS, 3% betain to force virus- lik article formati on by exchange of

Enpi gen 8BElseprofuctsiThe frentonsdditead) p@ﬁmnmggnta@tcﬁﬂt pitopested from HA-KsELiwete f or
furth
urtner Bhdg TR AR Bl sHIR 1Y) T 16 R BICTRERSSHE ver

25 nl. Sidicates thelehaionlveluidfk inmalgure 47. Size excl usi on chromat ography ( SEC)
profile of the purified H pol ynoi pha- expressed E2-H6 in its al kyl ated
form>submitted to a run in PBS, 3%betain to force virus- Iike particle

formati opigaye esC herBdenMotErtul e u@cahﬁ%r @%ﬁb NE1sT bRtaRd baslsh Feaslingd RGth30
cont ai ni ng the VLPs are indicated The, Y-axi s indicates absorbance
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absor bance, nit ). The X-axis _indic elutjon volune in nL. See al so
Exanpl e D@nbbgiveerAycosylsigd g’i%b@ﬁ?&fﬁ%ﬂ% teRAEphy (SEC) profile of the

purifi edLEhesM'M&E&@Me@i&%ﬁl@e’i%ﬂoﬁbﬂhﬂv&é&ts ldratedtaetheliofym submitted to a
run in PBS, 3%betain to force virus-like  particle formation by exchange

of Enpi gbanesi: Eby froypmadmmalinschivesidadkylatetdurmgdsadsionai ni ng 10 the VLPs are
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20 Figure 46. Size exclusion chromatography (SEC) profile of the purified H. polymorpha-
expressed E2-H6 in its sulphonated form, submitted to a run in PBS, 3% betain to force virus-
like particle formatidn by exchange of Empigen BB for betain. The pooled fractions
containing the VLPs used for further study are indicated by “<>”. The Y-axis indicates
absorbance given in mAU (milli absorbance units). The X-axis indicates the elution volume in

25 mL. See also Example 20.

Figure 47. Size exclusion chromatography (SEC) profile of the purified H. polymorpha-
expressed E2-H6 in its alkylated form, submitted to a run in PBS, 3% betain to force virus-
like particle formation by exchange of Empigen BB for betain. The pooled fractions

30 containing the VLPs are indicated by “¢>”. The Y-axis indicates absorbance given in mAU
(milli absorbance units). The X-axis indicates the elution volume in mL. See also Example
20.



wei ghts indicated at the left); lanes 2: pool of VLPs containing

sul phonated EI (cfr. Figure 48); lanes 3: pool of VLPs containing

al kylated El (cfr. Figure 49). See al so Exanple 20. 20 Figure 51. E
produced i WOB®BEP1 an cells ("M') or Hansenul a- produced EPCT/BE0/00864 e
coated on a ELISA solid support to detpf-m ne the end point titer of

anti bodies present in sera after vaccination of mce with El produced in
mammal i apjgaed US. (499 AL bRAfE 8P 1R puifd M )
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vacci nation of mce W th Hansenul a-produced El that was al kyl ated (top
panel 3, #hsohrnesunis). The &4t indicatss theiehusionivolmadn saln See alse Byarpld 281 t hat was
sul phonated (bottom panel). The horizontal bar represents the nean
antibody titer. The end-point titers (fold-dilution) are indicated on the

Y- axi s. I - .23 0 064. - - Fi 53. HCV
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(bottom panel ). Chi npanze€s. Yoran and Marti were prop

vacci nat georban¢ernmitak dbe Xtaxis infieates thetehtion volegn ndln $esalsorEixample 20.
therapeutically vaccinated. Black filled bars: ELISA plate coated with El
produced by mammalian cells. Open bars:.ELISA plate coated with El

ducedgh , d-poi.nt ti.t fold- 1Q.diluti .
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pr oduced

20  Figure 51. E1 produced in mammalian cells (“M”) or Hansenula-produced E1 (“H”) were
coated on a ELISA solid support to determine the end point titer of antibodies present in sera
after vaccination of mice with El produced in mammalian cells (top panel), or after
vaccination of mice with Hansenula-produced El (bottom panel). The horizontal bar
represents the mean antibody titer. The end-point titers (fold-diiution) are indicated on the Y-

25  axis. See also Example 22.

Figure 52, Harzserzula—i)roduced El was alkylated (“A”) or sulphonated (“‘S”) and coated on a
ELISA solid support to determine the end point titer of antibodies present in sera after
vaccination of mice with Hansenula-produced E1 that was alkylated (top panel), or after
30 vaccination of mice with Hansenula-produced E1 that was sulphonated (bottom panel). The
horizontal bar represents the mean antibody titer. The end-point titers (fold-dilution) are

indicated on the Y-axis. See also Example 23.



20 Hansenul a. Lane 4: 100 pnoles nmaltotetraose. See also Exanple 25.
Figure 55. This figure shows the sinplified structures of the reference

ol i gomannoses Man-9 25 (Figure 55.A), Man-8 (Fi gure 55.8), Man-7 (Figure
55.C), ManW® 2M¢fite 55. D) and Man-5 (Figure 55.E). "Man" PET/REIMNGL;

"G cNAc" = N-acetyl glucosam ne; "a" =-B-linkage between 2 mannoses; "a" =
P-1i nkage between 2 mannoses; "(1-3)", "(1-4)" and "(1-6)" _ (1- 3), (1-4)
and (1-6) |inkage between 2 mannoses, respectively. The brackets in Figure
55.B and 55.C indicate that the 2 and 1, respectlvely, mannose resi due(s)

to the |WBignres$3.HHV Bl asediced by HEY -tesombisant vaceiniayips-infectebmammalion gells 1
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renoval of fh nposes ee_a anple 26. . 10 Figure 57.
..Thi st .gglﬁlg.l%ﬁ g%gﬁ %%ﬁﬁ%@xa&}ﬂ%%tmgmof .9 mannose noieties . ... .

coupl ed to chi tobl ose. In th| s oI i gomannose, one term nal mannose resi due
is linked by an a 1-2 bond to the non-term nal nmannose residue. The thin
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Mannosi dpgsteimprodvced diydimsensda.t he a 1-2-1inked mannoses and the errpty

covnyer di By e ALY AROAER R P ARG AR A B

prone to cleava nosi ase renoval nannoses
See al so Exar‘rmBeom,maeat&ilg;uG&t&GlO)Thl s figure shows the reference higher

ORI ERRE T R, Db ST B BR  suld g7 o
ammahan cells.
Lane 3: 25 pg N- linked oligosaccharides released from (alkylated) E1-H6 produced by
20 Hansenula.
Lane 4: 100 pmoles maltotetraose.
See also Example 25.

Figure 55. This figure shows the simplified structures of the reference oligomannoses Man-9

25 (Figure 55.A), Man-8 (Figure 55.B), Man-7 (Figure 55.C), Man-6 (Figure 55.D) and Man-5

' . (Figure S55.E). “Man” = mannose; “GlcNAc” = N-acetylglucosamine; “a” = o-linkage
between 2 mannoses; “B” = B-linkage between 2 mannoses; “(1-3)”, “(1-4)” and “(1-6)” = (1-

3), (1-4) and (1-6) linkage between 2 mannoses, respectively. The brackets in Figure 55.B and

55.C indicate that the 2 and 1, respectively, mannose residue(s) to the left of the bracket are

30 coupled in an o, (1-2) bond to 2 and 1, respectively, of the 3 mannose residues right from the

" bracket. See also Example 26.



are linked by an a 1-2 bond to a non-term nal mannose residue. The thin
upward pointing arrow indicates the oligosaccharide bonds which are prone
to cl eavage by a 1-2 Mannosi dase, the thick upward pointing arrow

i ndi cat es W@2B¢1bsacchari de bonds which are prone to 25PET/BEWRAges4by a
Mannosi dase after renoval of the a 1-2i4-i nked mannoses and the enpty
downward pointing arrow i ndicates the oligosaccharide bonds which are prone
to cl eavp.-%grp)“ RLiVBANRS SEHRARE a afifiRy di%ﬂﬂ&ﬁlos@fcoﬁshﬁmg 3 Tk nABRNASREes See
al so Exanple 26. Figure 59. This figure shows the higher oligomannose Man-8
consi st i cappled 18 chiohiogeEadOerminal inemosoresided it linkeHi by bi osk-3 bbond tdha son-
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ol i gomanhenss wh@srh ar¢ piope Hagleavagmbns B Masnpsidase afigraempyat of theyo-Hinked mangosesnd t o
a non- teFQ% ﬂE@ﬂ9§§ resi due which renders this structure fully

resistan age by a 1-2 Mannosi dase. The thick upward p0|nt|ng arrow
.i.ndi.aat es the .ol i.gosacchar.i de bands whi ch. are prone to cleavage by a.

Mannosi d se a y, down |nt|n arrow.i ndi,cates the
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....... igure 61. This figure shows a hi gher ol i gomannose consi sting of

9 mannos é-Znsindttp & nandersrioel mannesr tesidhe Ske thin uphian! pointipsnarravoindicatsa ghe
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ol i gasacehrftivesl goaiithg anbivdhdiadtes the engosh@haﬁmgewmcharelprané\hmsagmge, t he
thick upward or |l eftward pointing arrqow_indicates_the oligosaccharide bonds
whi ch ar & Mraoaidass afteiemnayel afghe ¢ 1ndakinisd mypaeses padithe e 4?@1%;1%

1-2-1ink
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renoval aftertrifiodl bf this edlinked AemASses. Je aBb Faatylezpl € 26. 20 Figure 62. Th| S

figure shows the putative glucose-containing oligosaccharide consisting of
1 or 2 glucose noieties and 8 nannose noi eties coupled to chitobiose. In

this gl | @8R BBAr THES figure shows the reference higher oligomannose Man-9 consisting of 9

mannose moieties coupled to chitobiose. In this oligomannose, all terminal mannose residues

are linked by an o 1-2 bond to a non-terminal mannose residue. The thin upward pointing
arrow indicates the oligosaccharide bonds which are prone to cleavage by o 1-2 Mannosidase,
the thick upward pointing arrow indicates the oligosaccharide bonds which are prone to
25 cleavage by o Mannosidase after removal of the a 1-2-linked mannoses and the empty
: downward pointing arrow indicates the oligosaccharide bonds which are prone to cleavage by

B Mannosidase after removal of the a-linked mannoses. See also Example 26.

Figure 59. This figure shows the higher oligomannose Man-8 consisting of 8 mannose
30 moieties coupled to chitobiose. In this oligomannose, all terminal mannose residues are linked
by an o 1-3 or an « 1-6 bond to a non-terminal mannose residue which renders this structure
fully resistant to cleavage by o 1-2 Mannosidase. The thick upward pointing arrow indicates

the oligosaccharide bonds which are prone to cleavage by o Mannosidase and the empty



either one of the termnal a 1-2-1inked mannose residues of the A- or
B-branch ("A 4" and "B 4" in the Figure) is carrying one or two glucose
residues, as indicated by (dc)dc to the 25 left of the of the bracket.
The thin uPPA8¢I8I nting arrow i ndi cates the ol i gosacchar PEEBEGXWE64 whi ch
are prone to cleavage by a 1-2 Mannosi-tiase gi ven that no glucose is :
attached to the termnal. mannose residue. The thick upward or leftward
POi Nt i NG JEFAWHI pbRIEAR EESW il cat the FERRERBEHELLRARD A cHAHChoRE & da98E: ByP

cl eavage by a Mannosidase after renoval of the a 1-2-1inked mannoses and
t he enpt $ Mowasidase afier nemioma) of theowlinkedi roarmesest $re aldo Braswde2far i de 30 bonds
whi ch are prone to cl eavage by a Mannosi dase after renoval of the a-Ilinked
mannoses. An overview of the possible reaction products is given in Table
10 of Exzmigure 606 ThIWOfiQ@k h6d0 khd GighBEQBLEAse Mdh-Ticgii®tingof ThRannBSCt | ON
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colum v f i 3| 45 % i | umm
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Y- axile af MamwkidesetaftBr temosalof @t o-BnkdduwhannoseEhgeeadlsot Bxampld 2 . i.s .i ndi cat.ed..i.n
m nutes on the X-axis. The left Y-axis indicates to fluorescence of eluting
2- am nobenzam de (2-AB)-I|abel ed oligosaccharides. The excitation

vavel engiibueé 61: ARid Figdd0sndfs 4 hﬁgh_elnbﬁgdn@amweémﬁh&g of 2 riithost’ M6Rtids (7 1")
of the chromat ogram shows the el ution, of Man-9 i ncubated overni ght w thout
exogl ycospupleskte chitphiese. In thisooligomaangse.tane termingl opnpéseaenduet is tinkeslf byxianos and

Man- 6 af verni ght. L ncubation of. = ith a 1-2 Minnosi dase races 3
and 4 (" @9; 13310r111 tg!lﬂ%l%sf’ﬁtgw érﬁéiné’(a% %tg lld%%n%b% dﬁ“—ﬁpﬁaﬁdé%oﬁﬁg% ATHY F@Eﬁagsg g"eaf ter
1 h apnd eligisacohhifidd butidb athichnare pRMBEE tleX@lgy byal 1-2Milanitbsitlaéd) tha- tRRQHafRSE.
Trace 5 ("S") shows the elution of chitobiqgse after_ overnight _incubation

of Man- 9 Ohfeftfyagd posnting asoptindigateithe oligosagthatde bonds whichase poBS osdeayage by
over | ays ' j Siesd LS. | j O

| evel .yTlg alggmé)ﬁ?gg"id}f{ﬁemégglt es t%gga%%%?gadﬂg ESSF\%@%@QEF%H %dr?‘?l.&a%m%”ne eaks,
when pr easow,indinates iteasligoyactieide dichédy s/hitht ave lfrane toofleavhgd be BRVIgnIicRidase

represent; A, chitqgbiose; B, 4'-(3-manngsyl-chitobiose; C, Mn-2; D,
Man- 3; E?ﬁﬁrﬁﬁmﬁYﬂP%%%f@fed@anmﬁ?ﬁ-ScﬁeaHPEwﬁWP}F;ZGr, Man-7; J, Man-8; and K
Man- 39. See al so Exanpl e 26.

Figure 62. This figure shows the putative glucose-containing oligosaccharide consisting of 1
or 2 glucose moieties and 8 mannose moieties coupled to chitobiose. In this oligosaccharide,
either one of the terminal o 1-2-linked mannose residues of the A- or B-branch (“A - and
“B ->” in the Figure) is carrying one or two glucose residues, as indicated by (Glc)Gle to the
25 left of the of the bracket. The thin upward pointing arrow indicates the oligosaccharide bonds
which are prone to cleavage by o 1-2 Mannosidase given that no glucose is attached to the
terminal mannose residue. The thick upward or leftward pointing arrow indicates the
oligosaccharide bonds which are prone to cleavage by a Mannosidase after removal of the o
1-2-linked mannoses and the empty downward pointing arrow indicates the oligosaccharide
30  bonds which are prone to cleavage by B Mannosidase after removal of the a-linked mannoses.

An overview of the possible reaction products is given in Table 10 of Example 26.



Figure 64. The reaction products of the oligosaccharides derived from
Saccharonyces- 25 produced Els after overnight incubation with or wthout
exogl ycosi dases were separated on a TSK gel - Ami de-80 (0.46 x 25 cm Tosoh
Bi osep) coWO#/08dlbl ed to a Waters Alliance HPLC stati onPCEBESYe06d0N of

t he ol i gosaccharides was carried out al8-anbient tenperature at 1.0 ni/mn.
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.2

consi sted of. % acetic acid-0.2 %triethylanine in water.
20  The peaks, when present, indicated by the letters A to K on top of the Figure represent: A,

chitobiose; B, 4’-B-mannosyl-chitobiose; C, Man-2; D, Man-3; E, Man-4; F, Man-5; G, Man-
6; H, Man-7; I, Man-7; J, Man-8; and K, Man-10. See also Example 26.

Figure 64. The reaction products of the oligosaccharides derived from Saccharomyces-
25 produced Els after overnight incubation with or without exoglycosidases were separated on a
TSK gel-Amide-80 (0.46 x 25 cm, Tosoh Biosep) column coupled to a Waters Alliance
HPLC station. Separation of the oligosaccharides was carried out at ambient temperature at
1.0 mL/min. Solvent A consisted of 0.1% acetic acid in acetonitrile and solvent B consisted
of 0.2 % acetic acid-0.2 % triethylamine in water. Separation of 2-AB labeled
30  oligosaccharides was carried out using 28 % B isocratic for 5 column volumes followed by a
linear increase to 45 % B over fifteen column volumes. The composition of the elution
solvent is indicate on the right Y-axis as % solvent B in solvent A (v/v). The elution time is

indicated in minutes on the X-axis. The left Y-axis indicates fluorescence of eluting 2-



Separation of 2-AB | abel ed oligosaccharides was carried out using 28 %B
I socratic for 5 columm volunes followed by. a linear increase to 45 % 13
over fifteen columm vol umes. The conposition of the elution solvent is

i ndi cate oWOBR@¢Phht Y-axis as % solvent B in solvent A PSTBEP§0064The
elution time is indicated in mnutes el9-the X-axis. The left Y-axis

I ndi cates fluorescence ' of eluting 2-am nobenzam de (2-AB)-1| abel ed
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el uti on W, tbe pissign sraeleagt 44@mved from El's  produced in
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4'-Jij - e, e G l\/an-
430 g il LAY el PPl Bl B0 G 1
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Bi 05€p) gk With-§OURKRS, [ OMEn WALRI®, Mt 8GR alBlERaRbRldeOn.  Separation of
the ol i gosacchari’des wds’ carried out at anbient tehperature at 1.0 nl/mn.
15 Sof vent A consisted of 0.1% acetic acid in acetonitrile and solvent B
consi ste 0 ace % trie ne. 1.n aratlon of
5 A8 | abbielte 31 35k J6etef RS be SidhEMPHATBRADEYE, s oREREHY 20 O
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2- am nobenzam de (2- AB) -1 abel ed
20 carried out at ambient temperature at 1.0 mL/min. Solvent A consisted of 0.1% acetic acid in

acetonitrile and solvent B consisted of 0.2 % acetic acid-0.2 % triethylamine in water.
Separation of 2-AB labeled oligosaccharides was carried out using 28 % B isocratic for 5
column volumes followed by.a linear increase to 45 % B over fifteen column volumes. The
composition of the elution solvent is indicate on the right Y-axis as % solvent B in solvent A
25 (v/v). The elution time is indicated in minutes on the X-axis. The left Y-axis indicates
fluorescence of eluting 2-aminobenzamide (2-AB)-labeled oligosaccharides. The excitation
wavelength of 2-AB is 330 nm, the emission wavelength 420 nm.
Trace 1 (“1”) of the chromatogram shows the elution of oligosaccharides derived from Els
produced in vaccinia-transfected mammalian cells incubated ovemight without
30 exoglycosidases. Trace 2 (“2”) shows the elution of oligosaccharides derived from Els
produced in vaccinia-transfected mammalian cells after overnight incubation of Man-9 with o
1-2 Mannosidase. Traces 3 and 4 (“3” and “4”) show the elution of oligosaccharides derived

from Els produced in vaccinia-transfected mammalian cells after 1 h and overnight
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vi rus- i néddMan-iakian G, Mélll'18sandlﬂeMéniO Seslatse Hxamplesibght nmarkers with

nol ecul ar weights indicated at the left; Lane 2: alkylated Els produced by
Hansenul a pol yrnorpha (10 g); Lane 3: alkylated E 1 s produced by
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pol ymorpha .10 (2. 5.4q);. Lan : | at s, produced HCV- r econpi nant
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by HCV- r Beoafter deethigheehbution \mmuﬁ-wlﬂbaséx@glycamaseméﬂe%ep';ﬁatea on baSK del-
al kyl ated El s _produced by HCV-r.ecopbi nant vaccinia virus- infected vero

celi's (2Amidy-80 €46 %23 gmEXasph Riosep) calumpicgupled toga Waksss AlliaacoHPLE\stationy g
protein § tiIOQ d\ﬂ%é)ohébsiagbh'aﬂ@ésc@ﬁd e é‘tpirhlﬁentftﬁ ?&%ﬂfré al POXRH/min.

sequences) he deglycosylated protein. The glycosylated Asn-residues
are ¢o nv§¢’llveni A pangisyed pf 0§56 eietic atig in dretopiiciesand BolyemtBreonsintednf€.2 Yhdicetic ed
with a"*! S 0 tic
ol cavage By SPns el R EEiSRag, SaifafShof 2oL UENS RePLptRh, DIOLER| O
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N556, N5 N623 and. N645 ccor di n unbe i.n t
ooy ot Bfthen GguE Velumiss. 106 SAipbatt Sk ekieh Solysntls ipgtalR gn Do dgy Yoy 57
N173, N1§gds aé\WsQMHdB iNgdivenlt A (/) STHY dibtich: SR, 1ﬁd1§&e@ﬁ6}ﬂﬁ|u@s 88 the X-axis.

20 The left Y-axis indicates fluorescence of eluting 2-aminobenzamide (2-AB)-labeled

oligosaccharides. The excitation wavelength of 2-AB is 330 nm, the emission wavelength 420
nm.
Trace 1 (“1”) of the chromatogram shows the elution of oligosaccharides derived from
Hansenula-produced Els incubated overnight without exoglycosidases. Trace 2 (“2”) shows
25 the elution of oligosaccharides derived from Hansenula-produced Els after overnight
incubation of Man-9 with a 1-2 Mannosidase. Traces 3 and 4 (“3” and “4”) show the elution
of oligosaccharides derived from Hansenula-produced Els after overnight incubation with o-
Mannosidase. Trace 5 (“5”) shows the elution of oligosaccharides derived from Hansenula -
produced Els after overnight incubation with o- and B-Mannosidase. Traces 1-5 are
30 represented as overlays, as such their respective baselines are not all on the zero level. Trace 6

(“6”) indicates the applied solvent gradient.



WO 02/ 086101 PCTBE02/ 00064 -22 DETAI LED DESCRI PTI ON OF THE I NVENTION I n
work | eading to the present invention, it was observed that expression of
gl ycosyl at ed HCV envel ope proteins in Saccharomyces cerevisiae, Pichia
pastori s amdoxogéansenul a pol ynor pha was possi bl e by expr eggismzedossai d HCV
envel.ope proteins as'proteins conprisijhg a signal peptide sequence joined
to said HCV envel ope proteins. The glycosylation patterns of the HCV
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unexpected finding is fef in fferent aspects and
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a eukary ur.t 25. char, erized in that on average up to
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polyprotein; these sites are numbered N34, Nao, Na7, Nes, Nos, N149, N157, N173, N193, Na4o and

Nagzin this figure. See.also Example 28.



gl ycosylated with an oligomannose with structure Man(8)-GlcNAc(2) is |ess
than or equal to WD 02/086101 PCTBEO2/ 00064 -23 0.15, 0.2, 0.25, 0.30,
0.35, 0.40, 0.44, 0.45, or 0.50. Further nore specific to any of the above
N-gl ycosyl| WO BA8AAkr act eri stics, said ol i gonannoses cont aPRTBESE0M0GN 20%
19% 18% 17% 16% 15% 14% 13% 12% 1123-10% 9% 8% 7% 6% or 5%t er m nal
al,3 mannose. 5 Wth "N-glycosylated sites glycosylated with an

ol i gomanpEIAINMED DESSRIPTIONOF dHE MEVENTIUN (8 to 10) - GIcNAc(2)" is nmeant
that said N-glycosylated sites are glycosylated wth either one of
Man(8) - GLcNAc(2), Man(9)-GlcNAc(2), or Man(10)-GlcNAc(2). It will be clear
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| nterest, respectively. alternati ves "pre-sequence’, the terns

"si gnal @Era@n@@resse%ugﬂw ygpeh e qrormal Yé&HEYP%@quH’éted Gellispeaagtetl. 2Wuence”
are usedg, %’héetafelfﬁ'? to an am no acid sequence that targets a pre-protei.n
to the rou op asmic reticulum (ER) which is a prerequisite for
(N-) gl ycosyl aUpom furthiee atalyginaf thoegjyeosylation pastegmradt HEWt proteins produseddn S.
pept der ve off noyv.
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aci d seq Eémﬁles % 2fhang 2 wnerpgctsy ndingis rs@e%iqaéh%élffﬁent ppeets and
Cereé/SI gﬁenvﬁ%hfs%gtﬁ gﬁés%ﬁtm'ygnhgn aS Pl RR¢ protein” is neant a HCV H

ope protein or

A first aspect of the invention is related to an isolated HCV envelope protein or a
fragment thereof comprising at least one N-glycosylation site, said protein or fragment thereof
characterized in that it is the product of expression in a eukaryotic cell and further

25  characterized in that on average up to 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, or 80% of the N-glycosylated sites are core-glycosylated, More
specific thereto, more than 60%, 61%, 62%, 63%, 64%., 65%, 66%, 67%, 68%, 69%, 70%,
1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,

30 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94% or 95 % of the N-glycosylated sites are
glycosylated with an oligomannose with a structure defined by Man(8 to 10)-GlcNAc(2).
More specific to any of the above N-glycosylation characteristics, the ratio of sites core-
glycosylated with an oligomannose with structure Man(7)-GlcNAc(2) over the sites core-
glycosylated with an oligomannose with structure Man(8)-GlcNAc(2) is less than or equal to



part thereof whereby said proteins may be derived froma HCV strain of any
genotype. More specifically, HCVENV is chosen fromthe group of amno acid
sequences consi sting of SEQ WD 02/ 086101 PCT/ BE02/ 00064 -24 ID NGs:85 to
98, anmi no W& ®/08E@8Lences which are at | east 90% i denti cal PCEH/BEBZPU0E? NOs: 85
t098, and fragments of any thereof. As23-identical” am no acids are

consi dered the groups of conserved am no acids as descri bed above, i.e.
the groug15aBiosts, 03008.35/8.40, 0148, 048 brd KD, Va}merrﬁ&ssgécm&ogﬁ?%fﬁfe'aeev@f

Arg, Lys and Fi s; the group consisting of Phe, Trp and rou
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pol ypeptide or an anal ogue thereof (e.g. m not opes) conprising an am no
acid sequence_(and/or am no acid anal ogues) defining at |east one HCV
epi t obe of ei Wathr “Wigdyaopylated tsifes miyoossdated, with andoliganesmness withaa structure

gl ycosyl

et or o of S oY Nifigs 10 FRRINELAPE bl b i et Eos il IR Blyhiertaed,
envel opewjth eitler ose oﬁMan@S&lGlyNAc(B)g MaggoElodetec(2)ebi Mam@0)- ﬁ‘lacl\laﬁm@)ope
correspond t no.acid se ces 0f, her the E1 or the E2 region
of " HOV (el t helt i R 1O RAE G si5r N emay o FIAC TP PEiGRo G be PRl ot | ve
ani no a&ﬂﬂfefdﬁﬁb dniddde. d0 not destroy the epitope). 15 It w il be
understoodthat t HCV epi tope may co-locate with the glycosylation site.

In géheral, t f@mt“w@ﬁeﬂeferﬁ top pAvneRicanipe peigbargl does Rotaefondo acpesifia n
length, PRLA o féﬂé’?:%@ﬂétythuﬁ pegn%p@e @gsssdaes 3%k ggﬁggpqdyd%gg&gmm@éd%ﬁ%ﬂ gal ly 8

or 9 anino-aci g typi nore am no aci ds
in | engt dnﬁnwmmfrpe@gaci‘hls termaitoatoenhétantet teeq gxojnds postierpressnghddifidatidiee

bl | oveaoDe Pk HRERER £0a%i 455k oo e Pk Bt B Mo elilrtet cpe

of the awithigahe defirgtiod @ﬂe;dfdigakmnplxhptﬂyperpﬁ@esm@@magc biiks oiibtednalbghéeofeqdi t ope
can be rel atlvgi‘ﬁfewln nunber, but wdely dispersed alo g t he | engt h of

the mdl eBMINg aid Kgclidinggfor examples Henatsaly aino gagidso BN it br eRfpes \)’Yl
f ol di ng. bR inkas, AfwdlR R EEREREINERIHWNE the st HbRS natehil b

epi tope may not be critical to the conformational structure o
epi t ope. ngwrtwglycocodangt i on or substitution of 25 these | ntervem ng

sequences Mayyagt «gLieeh hs %Q”‘fp% gfbttél&“% %Béﬁ ‘?Bgdl_% ) d6d, i eHUGRESS

critical to epito -o%ormat ion ntdi ne s’telnes ifv6rved in
di suI fi deodqmsdigwag pre-;gbgsequxbmjoumd ts |at;&et,emedsﬂ:1n)eresAor:m|pfcnema:bmpnahg apro-ope

b ti f t
oo b 1 ganEsar b b groffin SRS hreietn SEp e BT Bescgienge T te
desi gnat eenpCiigtak Rguettoet|eeiphalpepiide” Oflefer\biplidé) or SRE®er sequence” are used; all

refer to an amino acid sequence that targets a pre-protein to the rough endoplasmic reticulum

(ER) which is a prerequisite for (N-)glycosylation. The “signal sequence”, “signal peptide”,
“leader peptide”, or “leader sequence” is cleaved off, ie. “removed” from the protein
25  comprising the signal sequence joined to a protein of interest, at the on the luminal side of this
ER by host specific proteases referred to as signal peptidases. Likewise, a pre-pro-protein is
converted to a pro-protein upon translocation to the lumen of the ER. Depending on the nature
of the “pro” amino acid sequence, it can or can not be removed by. the host cell expressing the
pre-pro-protein. A well known pre-pro-amino acid sequence is the o mating factor pre-pro-

30  sequence of the S. cerevisiae o mating factor.
With “HCV envelope protein” is meant a HCV E1 or HCV E2 envelope protein or a
part thereof whereby said proteins may be derived from a HCV strain of any genotype. More
specifically, HCVENV is chosen from the group of amino acid sequences consisting of SEQ



30 ami no acid sequence as the epitope in the designated pol ypeptide, and

I mmunol ogi ¢ equi val ents thereof. Such equivalents also include strain,
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4b, 4c, 4d, 4e, 4f, 49, 4h, 4i, 4j, 4k, 41, 5a, 5b, 6a, 6b, 6¢c, 7a, 7b,
7c, 8a, BOINCRBS 13198, dmfd, acHlseladtleswhich RESat1BRE 90%)idenkital(BREQ'D R LE6101
PCT/ BEO2/ 00064 -25 subtypes thereof) or 13 (and subtypes thereof) or any
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Thus, the amino acids defining the epitope can be relatiyely few in number, but widely

dispersed along the length of the molecule being brought into the correct epitope conformation

via folding. The portions of the antigen between the residues defining the epitope may not be

critical to the conformational structure of the epitope. For example, deletion or substitution of

25  these intervening sequences may not affect the conformational epitope provided sequences

critical to epitope conformation are maintained (e.g. cysteines involved in disulfide bonding,

glycosylation sites, etc.). A conformational epitope may also be formed by 2 or more essential
regions of subunits of a homo-oligomer or hetero-oligomer.

As used herein, an epitope of a designated polypeptide denotes epitopes with the same

30  amino acid sequence as the epitope in the designated polypeptide, and immunologic equivalents

thereof. Such equivalents also include strain, subtype (=genotype), or type(group)-specific

variants, e.g. of the currently known sequences or strains belonging to genotypes 1a, 1b, 1c, 1d,

le, 1f, 2a, 2b, 2c, 2d, 2e, 2f, 2¢g, 2h, 2i, 3a, 3b, 3¢, 3d, 3e, 3, 3g, 4a, 4b, 4c, 44, 4e, 4f, 4g, 4h, 4i,

4j, 4k, 41, 5a, 5b, 6a, 6b, 6¢, 7a, Tb, 7c, 8a, 8b, 9a, 9b, 10a, 11 (and subtypes thereof), 12 (and
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the scope of this definition. giomers may contai n one
and/or P7 (aa 747-809), and/or NSZ (aa 810 026), and/or NS3 (aa 1027- 1657) and/or NS4A
(aa 1658-1711) and/or NS4B (aa 1712-1972), and/or NS5A (aa 1973-2420) , and/or NS5B (aa

- 2421-3011), and/or any part of any of these HCV proteins different from El. Expression

together with these other HCV proteins may be important for obtaining the correct protein
25  folding.

The term “El” as used herein also includes analogs and truncated forms that are
immunologically cross-reactive with natural E1, and includes E1 proteins of genotypes 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12 or 13 or any other newly identified HCV type or subtype. The term
'E2' as used herein also includes analogs and truncated forms that are immunologically cross-

30  reactive with natural E2, and includes E2 proteins of genotypes 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12
or 13 or any other newly identified HCV type or subtype. For example, insertions of multiple
codons between codon 383 and 384, as well as deletions of amino acids 384-387 have been
reported by Kato et al. (1992). It is thus also understood that the isolates used in the examples

section of the present invention were not intended to limit the scope of the invention and that



several different nonomers of El1 or E2 obtained fromdifferent types or
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identification of the role of glycosylation can be further tested- by
hexamers, E2 pentamers and hexamers or any higher-order homo-oligomers of E1 or E2 aré all

'homo-oligomers' within the scope of this definition. The oligomers may contain one, two, or

several different monomers of E1 or E2 obtained from different types or subtypes of hepatitis C

25 v1rus including for example those described by Maertens et al. in W094/25601 and

W096/13590, both by the present applicants. Such mixed oligomers are still homo-oligomers

within the scope of this invention, and may allow more univer'sal diagnosis, prophylaxis or
treatment of HCV.

The E1 and E2 antigens used in the present invention may be full-length viral proteins,

30  substantially full-length versions thereof, or functional fragments thereof (e.g. fragments

comprising at least one epitope and/or glycosylation site). Furthermore, the HCV antigens of the

present invention can also include other sequences that do not block or prevent the formation of

the conformational epitope of interest. The presence or absence of a conformational epitope can

be readily determined through screening the antigen of interest with an antibody (polyclonal



nmut agenesi s of the glycosylation notifs. Mitagenesis of a glycosylation
notif (NXS or NXT sequences) can be achieved by either nutating the codons
for N, S, or T, in such a way that these codons encode am no acids
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mutagenesis of the glycosylation motifs. Mutagenesis of a glycosylation motif (NXS or NXT

sequences) can be achieved by either mutating the codons for N, S, or T, in such a way that

these codons encode amino acids different from N in the case of N, and/or amino acids different

_ from S or T in the case of S and in the case of T. Alternatively, the X position may be mutated

25  into P, since it is known that NPS or NPT are not frequently modified with carbohydrates. After

establishing which carbohydrate-addition motifs are required for folding and/or reactivity and

which are not, combinations of such mutations may be made. Such experiments have been

described extensively by Maertens et al. in Example 8 of W096/04385, which is included
herein specifically by reference.

30 The term glycosylation as used in the present invention refers to N-glycsoylation unless

otherwise specified.

In particular, the present invention relates to HCV envelope proteins, or parts thereof

that are core-glycosylated. In this respect, the term “core-glycosylation” refers to a structure

“similar” to the structure as depicted in the boxed structure in Figure 3 of Herscovics and
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glycosylation characteristics, said oligomannoses contain less than 20%, 19%, 18%, 17%,
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Another alternative aspect of the invention is related to an isolated HCV envelope

25  protein or a fragment thereof comprising at least one N-glycosylation site, said protein or

fragment thereof characterized in that it is the product of expression in a eukaryotic cell and

further characterized in that N-glycosylated éites are occupied by oligomannoses wherein the

ratio of the oligomannoses with structure Man(7)-GlcNAc(2) over the oligomannoses with

structure Man(8)-GlcNAc(2) is less than or equal to 0.15, 0.2, 0.25, 0.30, 0.35, 0.40, 0.44,

30 0.45, or 0.50. Further more specific to the above N-glycosylation characteristics, said

oligomannoses contain less than 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%,
10%, 9%, 8%, 7%, 6%, or 5% terminal 1,3 mannose.



above N-glycosylation characteristics, said oligomannoses contain | ess than
20% 19% 18% 20 17% 16% 15% 14% 13% 12% 11% 10% 9% 8% 7% 6%
or 5% termnal a.1,3 mannose. |In another aspect of the invention, the

| sol at ed HY0 0#8ablope protein or part thereof accordi ng POTMBE/6MsdeNnt i on
IS the product of expression in a yeasfg.cell. Mre particularly, the 25

i sol ated HCV envel ope protein or part thereof according to t he invention is
t he product o] | f.S cch
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such as Kl uyver C s Yarro suych _as Yar a |lipolytica,
Hans enul Bfote o Fagment ey%w ihthat g 1sHhg pr ggxmp%wmams@ nop-
pastori Smarﬁiﬁﬁ&gbﬁﬂafﬁté%ﬁ'aﬁa foRd A3RCEAzedS HCRaPhe VRIS B?ng&&?%d or

Schwanni onzyces, such as Schwanni onyces occidentalis, or
deri Ved diteors @tnlya&t 1564, 86.. 79 8%, 9% 6V4, i1d %, I1)2%,t1}3<%,|]§(% arekd Yhidessethare klepe
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02/ 086 10dacaib/ ﬁﬁ&%weﬁéhryotﬁ&ennmm@ebmgﬁﬁbae@mﬁagdid tvh@mﬁ@fvua@cmfﬁ ng to
t he |nvent|o is th f expression in a Hansenul a,

t east, e,
cell in Haﬁ'éc dethed %Ye @1@3?98 fHign; ATALIHStS, PP)F%SQX&(%(Vaéz%g?%a%@ $%4n
anot her %/93}7%,%‘(8% 39% B ‘ﬁwngl%nﬁ‘%e@%%@% Bod '3‘7% 8RS, BSRL Ao, Prospart

t hereof 5 accord invention is derived froma pfoteln conprising
an aid an’2% ,sﬁﬁ/yﬁé%ﬂéﬁl’er%%eﬁﬂ%d@%r T9%f omQ% @Iﬁamd\?\h-glyawlﬁtm’@sfarq airered to

sai d HCV, 1a{%ﬁe}vf§&ée)ts€ ¢ c?ifl ﬁl?l%nﬁ&% 69%?62%3 4 (3033/‘” fogsltoj?cigéé%n@%’t i on

i sol at edg
i s deri v&8d,faoen7a%r7ove im%c; Ma’m%{ 752,07 604, mh’@ 7884, 7OV, ISB%CR}%( 29%.283%,

|y sory e Oe itk Ttk ohe R E0%pu e O 2t ke BRY) BB Npeoinbiedis ane

AA are agdapledd pBRBIYIAES withi & oﬁg&ngﬁmgé valﬁr £trubtird BEARATRY Mﬁ@i t@rl@)P S2

are processing sites which can the different or the sane, a
HCV EnvePlspécpdoMare sprcific tpatny ehtesbpye 1_N5glxcosmlat1@n cheracteristies, fthw@ooo%r 1,

and/ or - peacorB B it an YEplndite A k¥ o LoRAALH NIHE LT,
equi val esure-glyeosybited wiithenh oligomaniidse with structure Man(8) GIcNAc(2) is less than or
equal to 0.15, 0.2, 0.25, 0.30, 0.35, 0.40, 0.45, or 0.50. Further more specific to any of the
above N-glycosylation characteristics, said oligomannoses contain less than 20%, 19%, 18%,
20 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, or 5% terminal al1,3

mannose.

In another aspect of the invention, the isolated HCV envelope protein or part thereof

according to the invention is the product of expression in a yeast cell. More particularly, the

25  isolated HCV envelope protein or part thereof according to the invention is the product of
expression in a cell of strains of Saccharomyces, such as Saccharomyces cerevisiae,
Saccharomyces kluyveri, or Saccharomyces wuvarum, Schizosaccharomyces, such as
Schizosaccharomyces pombe, Kluyveromyces, such as Kluyveromyces lactis, Yarrowia, such

as Yarrowia lipolytica, Hansenula, such as Hansenula polymorpha, Pichia, such as Pichia

30  pastoris, Aspergillus species, Neurospora, such as Neurospora crassa, or Schwannionyces,
such as Schwanniomyces occidentalis, or mutant cells derived from any thereof. More
specifically, the isolated HCV envelope protein or part thereof according to the invention is

the product of expression in a Hansenula cell. Even more specifically, the isolated HCV



20 envel ope protein or a part thereof' is nmeant that the Gterm nal am no
acid of said | eader peptide is covalently linked via a peptide bond to the
N-term nal amno acid of said HCV envel ope protein or part thereof.

Al t er nat i V&Dy2/08ch@l C-term nal am no acid of said | eader PEPBEMZMNG
separated fromthe N-termnal amno acjid of said HCV envel ope protein or
part thereof by a peptide or protein. Said peptide or protein may have the
structurg.- .o = ) . i i i,on of
the oV Sx5epSpitin of Btk Miredidocortie) (RDRICRRE R LEBREN €7, 2

| ysozyneycastaclgrHopsptildeeli in thefabisente of gy cosgllatioainhititotssacle af tupioamednt o an HCV
envel ope protein or a part thereof or of the protein characterized by the
structure CL-[(Al)a - (PSI)b - (A2).]-HCVENV-[(A3)d - (PS2)e - (A4)f] can
be performed f,Rn¥ihkOadp¥ct! JFahd iRt thk Gsobled ROV BdlopRiprbRf dr§laktSthidofhi ch
the pre-protein protein is expressed. Mre specifically, the “step

consist i #¢gordingrtertbe anvestion frederiMed rfrare aderptele patnprésing ap awian rlysoryme deader ned
in vivo . ' ' f, t ' ich. re-protein
o expr debull paPhBLEaY ilut ik iClotee o) s BEV. Suldlonl bl BF ol 0 0
aft er antiéreof. More sppcifiallptthe soand/HCV puvelbpecabteimonpariibeieal 2868k to the

PCT/ BEO2/ 00064, -31 e pre-protein and/or _protein fromthe cells

expressi Y lﬁglsp‘ileél-vﬁ‘ﬁ P@WIS%WW@FW%%G‘WW fluid in which the

cell s expregsi t e At RrENRE T 39 YW t_gr ively, said in vivo
derivati on%?sﬂ(}gg)ff gfr?sm@é i(n )g%ﬁgi nat | 5@3\%\?%8@& gAIB,%j vitro derivation.

. Deri vati onwhkreiie HCV . protein of interest froma reconbinantly expressed

pre-protein can, further, conprise the, use of 5, roteglytic enzyne(s) in
a polishing ¢ 5 aprpvag; Ly _ ehﬁa_ﬁmh‘g@rt@%qﬂgi‘glg‘%ﬂuﬁ’é&nﬁée%ﬁkop ei ns
co-present W AN ANAUNALR} fte AlaptdtRpESS viHidh GEVeHed e MM iahe N the

protein of interest is resistant to the polishing proteolytic enzyme(s).

Deri vati on arPlpadiPSRianepreeessing sitesivhictusanbedhe fifsrapb opthesasses and may be

obt ai ned by j HEP o &Egt |y L zyme. As an exanple is
gi ven here tt\%tmg % pr c?ﬁ{ééii%ieﬁ}r ?%é%dgt@%ee b (SEQ ID 1o NO 2) which
is devoi d of 4,9se,rdeeantlifare OBy 1darglest i ng of a protein extract containing
said HCV E ot.ei ns. Wit h the Endppr ot ei Lys-C (endo-]ys , the El
proteins wil |‘%1%?mb‘épsft?é‘@‘ﬁ%d“eﬂa“‘€ﬂe*%&? %ﬁ‘?ﬁﬁ%éﬁ%‘g’ﬁ?ﬂwﬁ?ﬁg@n@i% ng
one or nore lpwsrdfespdues are degraded. Such a process may significantly

sinplify or enhance isolation and/or purification of the HCV El proteins.
Furthernore, by including in a pre-protein an additional Lys-residue, e.g.

between & is yagden a{%ﬁa‘ﬁtf ide frnctRhA! &duivalddl S8t ihin@@ab 2 ey
advant ageous possi bi |tyeg<$er?§?trlec§ic%(n ?/tiI%tI’O epa.ar a?tllon 0]% tﬁe Peader
pept ktle ¢nvelepe ieotei@\or Bl past ghopeoft & meind thastthe Gatstreinalemino 4eidlof mid peaderi ns
Y COMPLIREe B bXAIhES kG B SHEHEE 1ORS o8 b Rl Srehal! 5B IRl 2R AV
envelope protein or part thereof. Alternatively, the C-terminal amino acid of said leader
peptide is separated from the N-terminal amino acid of said HCV envelope protein or part

thereof by a peptide or protein. Said peptide or protein may have the structure -[(A1), - (PS1),
25  —(A2)] as defined above.

The derivation of the HCV envelope protein of interest from the protein comprising an
avian lysozyme leader peptide or a functional equivalent thereof joined to an HCV envelope
protein or a part thereof or of the protein characterized by the structure CL-[(Al), - (PS1),—
(A2).]-HCVENV-{(A3)q - (PS2). — (A4) can be performed in vivo by the proteolytic

30  machinery of the cells in which the pre-protein protein is expressed. More specifically, the
step consisting of removal of the avian leader peptide is preferably performed in vivo by the
proteolytic machinery of the cells in which the pre-protein is expressed. Derivation may,

however, also be performed solely in vitro afier and/or during isolation and/or purification of



61, 65 or 179 (wherein position 1 is the first, Nterm nal natural am no
acid of the El protein, i.e. position 192 in the HCV polyprotein). In
order to enable the use of endo-lys C as 20 described above, said

Lys-resi duw® 0348§61pe nut ated i nt o another ami no aci d resi dBET/BERY@P&r abl y
into an Arg-residue. Wth a "correctl y3dlenoved" | eader peptide is neant
that said | eader peptide is renoved fromthe protein conprising the signal
sequenc I ] LM
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i s renvieterest irewsistanttopthetpelistingraspteniyticl engpmels). iPerivation ankpolishingeate dot i ng
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and QG u; pioteinsg Fontipermores by tinchgling in/spre-pruteifian ;additiong lyspesiduens gshatwepncd  Cy's,
Ser and Tht; and,the, gt onsj stin .. Al nd dy. An.ex ar 0
cons S5 valerdss rmd Rt F aRel, gl viplet o ptadel aipsiegtis aRBIGCE; Eoest
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at this Bboratelshmazicagprishdhysresidior et gither ene oF mpro,of(Be gosiieys 0N ff  The
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preferably into an Arg-residue.

o’

With a “correctly removed” leader peptide is meant that said leader peptide is removed
from the protein comprising the signal sequence joined to a protein of interest with Bigh
efficiency, i.e. a large number of pre-(pro-)proteins is converted to (pro-)proteins, and with

25  high fidelity, i.e. only the pre-amino acid sequence is removed and not any amino acids of the
protein of interest joined to said pre-amino acid sequence. With “removal of a leader peptide
with high efficiency” is meant that at least about 40%, but more preferentialty about 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%., 97%, 98% or even 99% of the pre-
proteins is converted to the protein from which the pre-sequence is removed. Alternatively, if
30 a substantial part of the expressed pre-proteins is not converted to the protein from which the
pre-sequence is removed, these pre-proteins may still be purified or be removed during

purification.



Wth "A" or "adaptor peptide" is neant a peptide (e.g. 1 to 30 am no acids)
or a protein which may serve as a |inker between e.g. a |eader peptide and
a processing site (PS), a |eader peptide and a protein of interest, a PS
and a protWOP28861pht erest, and/or a protein of 20 interesPCEBHOHPG, and/ or
may serve as a linker NN or Cterm nalk32of e.g. a |l eader peptide, a PS or a
protein of interest. The adaptor peptide "A'" may have a certain

three- di mensiWiRkamdlisnst botliPaler® oY the@Riad 1B RA{CIOf le@ted PaRides s &S €107 a
conbi nation thereof. Alternatively the three-dinensional structure of Ais
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Is a part. e, exanpl es of an peptide . is the his-tag peptide (HHHHHH;
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12. O hesyxappk o %Bu -0 8BRS alniif A4SIR atd\@nRiABl A8 gﬁﬁgé%_istﬁxgmm,en et
al . in W98/ 28429, SEQ I D NO. 64) or EEAEPK (Kjeldsen et al. in 30
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can be achi eved by using e.g. endo-lys € which cleaves C-termnal of the
Lys- r esi eRs#tionnl 7s Hedarpiap tacideat thisppsitipe peingeanangsisotbesvken oePhoaes $B@ IDof

pepti deshor ok AQURE g BB SRAPAPR Gniiii IR iR

of an ad@tieorfupeionald equisalette FAthe SCLmivaders pepeides linethdsr thaSe hleadee xgappitiess of

adapt or pept. des or ad or proteins.are |isted i Tabl f Stevens
('St o4EnsFBPASE gtsihe Wpnpioal fsBech S8 0F doadkt Aepricly o Ao froBh GYBR 1
prot ei n arRACHSEMBNOhcROREASRA Gariaftstaad ifseitidn MaA@RSSI Ng MAy occur
enzymatically_or chem cal Iq)(/). Exanpl.es of processing sites prone to

speci fic enzyWahi ‘@ ppicadesiongeptiiel it @mepntarpeptide G0 1o 3oawep, agidsier A X
(SEQ I D @t ki i Q€ i ved
bet ween %z%te Ar glzgr%@)%%e a%g%@ﬁ%r?]k %)&ggi%g%liagésr:pgggg@gg %ﬁg?%g?ggﬁgeb@ﬂs?’ ﬁae o
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D. et alor a protein of interest. The adaptor peptide “A” may have a certain three-dimensional

structure, e.g. an a-helical or B-sheet structure or a combination thereof. Alternatively the

| three-dimensional structure of A is not well defined, e.g. a coiled-coil structure. The adaptor

A may be part of e.g. a pre-sequence, a pro-sequence, a protein of interest sequence or a

25  processing site. The adaptor A may serve as a tag enhancing or enabling detection and/or
purification and/or processing of the protein of which A is a part. One examples of an A
peptide is the his-tag peptide (HHHHHH; SEQ ID NO:63) Hn wherein n usuvally is six, but

may be 7, 8, 9, 10, 11, or 12. Other examples of A-peptides include the peptides EEGEPK
(Kjeldsen et al. in W098/28429; SEQ ID NO:64) or EEAEPK (Kjeldsen et al. in

30  'WO097/22706; SEQ ID NO:65) which, when present at the N-terminal of the a protein of
interest, were reported to increase fermentation yield but also to protect the N-terminus of the
protein of interest against processing by dipeptidyl aminopeptidase and thus resulting in a
homogenous N-terminus of the polypeptide. At the same time, in vitro maturation of the
protein of interest, i.e. removal of said peptides EEGEPK (SEQ ID NO:64) and EEAEPK

IHANEEAEPK WO



1984). The PS site may al so be a nonobasic Lys-site. Said nonobasic
Lys-PS-site nmay also 15 be included at the C-term nus of an A peptide.
Exanpl es of A adaptor peptides conprising a C-term nal nonobasic

Lys- PS-si t WOHR&8@Ien by SEQ I D NOs: 64-65 and 74-76. ExoPEUBEW/0pdGIC
renoval of a His-tag (HHHHHH, SEQ I D N®-63) is possible by using the
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carry at 19d4y. e B MatFaldo BE 9 aRHEBRITS stk ESaM nfoRobasic LyEGR - sifeImsy laldo
NO 70). Variant processed factor Xa (ﬁ;ocesm ng_site, can be IDGER (SEQ I

NO: 715 obe incladed sithe Coemunyoyt an 4 paptider ExErples o5 RErRior peptides|comprisipgiad -

(PS1/2) bpg / t [ nt,,, a h S HCV
broter n oo, Bloblsic EREPUR, | gy PRsehy ThED mﬂ‘?égi%ﬁq&? o RS 63),

PS i s t hExogreteolytic Xemovat ofj niHis-tag Q{HBHH&I;;SEQ IJS@@:GB)) ieCp0seibleds) usime thei n X
Is the prot inter 1@ re p co
renoval eﬂa;l}]'leaam moB%pt't%%s e, MAIY\%@ Eggncnost celr]ﬁ%m%llf%ﬁeyr g@tllht lﬁtg&#ﬁ'&/
pr oth e} n ojclomh&ﬁsé (@@tolab:c) qndrpyfdghﬂaxbip aniépeptigese (pAAPaseA(Redersqr, dcaszhi ng 10
W t ac X elno I nterest w.ll . devai d of the Al - (PS
1) b 25 { a5 Spic eopistlefs sqtharisit priapominas oisEh (lipe gfpotfl 9 ey
A3, A4 PStidasedfrii®dhe %‘a@ﬁorphﬁﬁﬁfﬁby immobilize metal-affinity chromatography, IMAC)

are commercially available, e.g. as the TAGZyme System of Unizyme Laboratories

(Hersholm, DK). With “processing” is thus generally meant any method or procedure

whereby a protein is specifically cleaved or cleavable at at least one processing site when said

25  processing site is present in said protein. A PS may be prone to endoproteolytic cleavage or

may be prone to exproteolytic cleavage, in any case the cleavage is specific, i.e. does not

extend to sites other than the sites recognized by the processing proteolytic enzyme. A
number of PS sites are given in SEQ ID NOs:66-68 and 83-84.

The versatility of the [(A1/3)wg - (PS1/2)e — (A2/4)e] structure as outlined above is

30 demonstrated by means of some examples. In a first example, said structure is present at the

C-terminal end of a protein of interest comprised in a pre-protein and wherein A3 is the

“VIEGR” peptide (SEQ ID NO:69) which is overlapping with the factor Xa “IEGRX” PS site

(SEQ ID NO:66) and wherein X=A4 is the histidine-tag (SEQ ID NO:63) (d, e and f thus are




may be present in a repeat structure. Such a repeat structure, when
present, is in this context still counted as 1, i.e. a, b, ¢, d, e, or f
are 1 even if e.g. Al is occurring as e.g. 2 repeats (Al Al). 15 Yet

anot her asWOdR/08f10k he current invention relates to any of PCh8EIz®WDEt ed HCV
envel ope protein or fragnment thereof aeording to the invention in which
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i nvention whjc ises a T-ce stinmul ating epitope. 25 Another aspect

|
of the cHAFBlR therldaiior E51 s (A28l smctupselsipreseat gtdhﬂwe@aim epée
protein ﬁc\z[]érg&mgﬁg mtt&ssrt.ep&mﬁ&ge{equstu?e hidf m&ga%g;(sgg M"NB%3)Sp§ QL Sed

in a struct sen fromt gifoup consistin noners, ‘honodi ners,
het er odi faetos Xaresngnision gitadany ef3EQdDEN0s:66-68pwhesin Xds thanpbotedr ofipeedt, of

the current . nventjon rels to any of the.isol.ated HCV 0 enyel op
protein herg ﬁ*’%ﬁ%‘f&ﬁ@@&&&?ﬁdﬁ%@ ﬁ’gaiﬁ?ﬂflgﬁ’?? %&ﬁ-iﬁ tﬁ%‘ﬂ%r‘r‘ﬁﬁ’i sed
in a virts restitiog HEVigreteR. ofl iftefdie cdide PRYRIIOREINIAC @phisndl). ATRE bfockfgleof as
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nmeans. In particular, "irreversi proot’ection” dr “irrevetsi
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envel ope_ pr | Y - of al kyl ating.agen such as, f ex ,
active h%tl ocggﬁése?ﬁse?’hlyerwg’ﬁg%i ?fee’ or £<%f-e?i Lttt %%léfirsiofcga*gpgg%gg%mpaﬁgﬁ+ﬁ this
respect Al is to be 5 understood that al kylation of cysteine thiol-groups
refers to the,repl gcenent ,of. the thiol- hydrogen b CH2)nR,. in which nis
0 151 % orve ierSopeet GBS B oD BRRY 10 A otally iaeied HEYe
ther eof . eptlbyé piotédil of HagentRREESN 486k BHe TRENRH, HNONTBL R &yRRiMR  thiol-SUCh
as, for exanple, active halogens X(CH2),,R in which X is a halogen such as

|, Br, @grounsare chemiealiyineedified. acti ve hal ogens are nethyliodide, iodoacetic
acid, iodoaceFgni (e aa@ﬁjec@ of the current invention relates to any of the isolated HCV

envelope protein or fragment thereof according to the invention which is antigenic.

20 Yet another aspect of the current invention relates to any of the isolated HCV
envelope protein or fragment thereof according to the invention which is immunogenic.

Yet another aspect of the current invention relates to any of the isolated HCV
envelope protein or fragment thereof according to the invention which comprises a- T-cell
stimulating epitope.

25 Another aspect of the current invention relates to any of the isolated HCV envelope
protein or fragment thereof according to the invention which is comprised in a structure
chosen from the group consisting of monomérs, homodimers, heterodimers, homo-oligomers
and hetero-oligomers.

Yet another aspect of the current invention relates to any of the isolated HCV

30  envelope protein or fragment thereof according to the invention which is comprised in a virus-
like particle.

In the HCV envelope proteins or parts thereof as described herein comprising at least

one cysteine residue, but preferably 2 or more cysteine residues, the cysteine thiol-groups can
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20  mutation of cysteine. Therefore, the present invention pertains to HCV envelope proteins as

et

described herein, wherein at least one cysteine residue of the HCV envelope protein as

described herein is mutated to a natural amino acid, preferentially to methionine, glutamic

acid, glutamine or lysine. The term "mutated" refers to site-directed mutagenesis of nucleic

acids encoding these amino acids, ie to the well kown methodé in the art, such as, for

25  example, site-directed mutagenesis by means of PCR or via oligonucleotide-mediated

mutagenesis as described in (Sambrook, J. et al. 1989). It should be understood that for the

Examples section of the present invention, alkylation refers to the use of iodo-acetamide as an
alkylating agent unless otherwise specified.

It is further understood that in the purification procedure, the cysteine thiol-groups of

30 the HCV proteins or the parts thereof of the present invention can be reversibly protected. The

purpose of reversible protection is to stabilize the HCV protein or part thereof. Especially,

after reversible protection the sulfur-containing functional group (eg thiols and disulfides) is

retained in a non-reactive condition. The sulfur-containing functional group is thus unable to



I nt ernol ecul ar processes, but may al so occur intranolecularly. The term
"reversible protection"” or "reversible blocking" as used herein
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Cd2+15 moigpersiblg; Rrﬁ#eshonawa E@Vf@a@n%é rfagewpée ensfesages, e.g. acyl-
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t al.

The term "reversible protection by chemical means" as used herein contemplates
reversible protection:
20 1. by modification agents that reversibly modify cysteinyls such as for example by
sulphonation and thio-esterification;
Sulphonation is a reaction where thiol or cysteines involved in disulfide bridges are
modified to S-sulfonate: RSH -> RS-SO;” (Darbre, A. 1986) or RS-SR-> 2 RS-SO;5°
(sulfitolysis; (Kumar, N. et al. 1986)). Reagents for sulfonation are e.g. NaSO;, or
25 sodium tetrathionate. The latter reagents for sulfonation are used in a concentration of 10-
200 mM, and more preferentially in a concentration of 50-200 mM. Optionally
sulfonation can be performed in the presence of a catalysator such as, for example Cu®*
(100 pM-1 mM) or cysteine (1-10 mM).
The reaction can be performed under protein denaturing as well as native conditions
30 (Kumar, N. et al. 1985, Kumar, N. et al. 1986). |
Thioester bond formation, or thio-esterification is characterised by:
RSH + R’COX - RS-COR’
in which X is preferentially a halogenide in the compound R'CO-X.
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r I
egulgt | Eomg'n atlons cr)]fl reversible protection as described in (1), (2), (3) and (4) may result in

similarly pure and refolded HCV proteins. In effect, combination compounds can be used,
such as, for example Z103 (Zn carnosine), preferentially in a concentration of 1-10 mM. It
should be clear that reVeréible protection also refers to, besides the modification groups or
shielding described above, any cysteinyl protection method which may be reversed

25  enzymatically or chemically, without disrupting the peptide backbone. In this respect, the
present invention specifically refers to peptides prepared by classical chemical synthesis (see
above), in which, for example, thioester bounds are cleaved by thioesterase, basic buffer
conditions (Beekman, N. J. et al. 1997) or by hydroxylamine treatment (Vingerhoeds, M. H.
et al. 1996).

30 Thiol containing HCV proteins can be purified, for example, on affinity
chromatography resins which contain (1) a cleavable connector arm containing a disulfide
bond (e.g. immobilised 5,5 dithiobis(2-nitrobenzoic acid) (Jayabaskaran, C. et al. 1987) and
covalent chromatography on activated thiol-Sepharose 4B (Pharmacia)) or (2) a

aminohexanoyl-4-aminophenylarsine as immobilised ligand. The latter affinity matrix has
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reducing "S-S" bridges in vitro. Disulfide bonds are rapidly cleaved by
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reaction with DIT. The reduction WO 02/086101 PCT/ BEO2/ 00064
Vitro or in vivo, e.g. in a cell or in an individual.

20 It will be appreciated that in the purification procedure, the cysteine residues may or
may not be irreversibly blocked, or replaced by any reversible modification agent, as listed
above.

A reductant according to the present invention is any agent which achieves reduction
of the sulfur in cysteine residues, e.g. "S-S" disulfide bridges, desulphonation‘. 6f the cysteine

25  residue (RS-SO;” -> RSH). An antioxidant is any reagent which preserves the thiol status or
minimises "S-S" formation and/or exchanges. Reduction of the "S-S" disulfide bridges is a
chemical reaction whereby the disulfides are reduced to thiol (-SH). The disulfide bridge
breaking agents and methods disclosed by Maertens et al. in WO 96/04385 are hereby
incorporated by reference in the present description. "S-S" Reduction can be obtained by (1)

30 enzymatic cascade pathways or by (2) reducing compounds. Enzymes like thioredoxin,
glutaredoxin are known to be involved in the in vivo reduction of disulfides and have also
been shown to be effective in reducing "S-S" bridges in vitro. Disulfide bonds are rapidly
cleaved by reduced thioredoxin at pH 7.0, with an apparent second order rate that is around

10* times larger than the corresponding rate constant for the reaction with DTT. The reduction



-39 kinetic can be dramatically increased by preincubation the protein
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The expression “T-cell stimulating epitope” according to the present invention refers to

an épitope capable of stimulating T-cells or CTL-cells, respectively. A T-helper cell stimulating
épitope may be selected by monitoring the lymphoproliferative response towards polypeptides
25 containing in their amino acid sequence a (putative) T-cell stimulating epitope. Said
lymphoproliferative response may be measured by either a T-helper assay comprising in vitro
stimulation of peripheral blood mononuclear cells (PMBCs) from patient sera with varying
concentrations of peptides to be tested for T-cell stimulating activity and counting the amount of
radiolabelled thymidine uptake. A CTL-stimulating epitope may be selected by means of a
30  cytotoxic T-cell (CTL) assay measuring the lytic activity of cytotoxic cells using >'Cr release.
Proliferation is considered positive when the stimulation index (mean cpm of antigen-stimulated
cultures/mean cpm of controle cultures) is more than 1, preferably more than 2, most preferably

more than 3.
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i nvention can_ be used as such, in a 3o biotinylated form (as explained in
WO 93/ 150988l maBonpl exed to Neutralite Avidin (Ml ecul ar Probes Inc.,
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20  that secrete milk for feeding the young. Mammals thus also include non-human primates and
trimera mice (Zauberman et al. 1999).

A *vaccine” or “medicament” is a composition capable of eliciting protection against a
disease, whether partial or complete, whether against acute or chronic disease; in this case the
vaccine or medicament is a prophylactic vaccine or medicament. A vaccine or medicament may

25  also be useful for treatment of an already ill individual, in which case it is called a therapeutic
vaccine or medicament. Likewise, a pharmaceutical composition can be used for either
prophylactic and/or therapeutic purposes in which cases it is a prophylactic and/or therapeutic
composition, respectively.

The HCV envelope proteins of the present invention can be used as such, in a

30  biotinylated form (as explained in WO 93/ 18054) and/or complexed to Neutralite Avidin
(Molecular Probes Inc., Bugene, OR, USA), avidin or streptavidin. It should also be noted that
“a vaccine” or “a medicament” may comprise, in addition to an active éubstance, a

“pharmaceutically acceptable carrier” or “pharmaceutically acceptable adjuvant” which may



"pharmaceutically acceptable carrier” or "pharmaceutically acceptable
adj uvant” which nmay WO 02/ 086101 PCT/ BEO2/ 00064 -41 be a suitable

exci pient, diluent, carrier and/or adjuvant which, by thensel ves, do not
i nduce thwOMRH8I8t i on of anti bodies harnful to the indi vPOUBEN®A& vi ng
the conposition nor do they elicit pegt.ection. Suitable carriers are
typically large slowy netabolized macronol ecul es such as proteins,

pol ysacchia) kiiepie i@férﬁ‘cc?ﬂuﬁnta%ﬂ%r aJR%rYan KGR fhicRo mQ‘fiWs”Hés 6 AELGO

acids, 5 amno acid copolynefs and | nact ve virus partic carriers
are vvel | thi rpmducﬂicm ofhandibodiskhdrindal to rthe indivadual reEcleﬁagrthedorapl}sumntos dba:h@nhance

effectiv th osition. include limted to:

21 U i (SN Bstiote SuZB AT RO GHIS ke RO e ool Hod msftopolseufps soch
nmonophosgheioyding, | Ah@sded epoliIabeel akitls, WalA3)cblié Hidsa Ulgﬁéh' 8RO wpfdsl e as
descri bed ?1;(1) B pagdaé4l48 acszlgty arrlui\épr?y?gz{ threor?y:p | sogl utam ne as
descri begming egdscoppbtn@gﬁq ingctivespigusopagticles. Such carriers’are well known to those

:\l-sgglem/;rry ni neﬁfd%i%‘%‘gﬁ%gﬁ%ﬁ%ﬁﬁ&ﬁ%gﬁﬁ%éﬁ géoxyphosp%gry oxy)
et hyl ami are, not Rlxﬁted( tqmmmmgmmc hlutoignm iﬂaguﬂtlbmmom\/w;th Sy eaviylatdd

t ot.oxi o g
CFehal ocBPBORBARRRId & 2 uRietogh i FEPH LA, SRS Rosobmies devriagd i o 236

squal enewwen4 843, Bnudesilafur, ﬂ&e&ﬂwn-isbgmaﬁﬁﬁeomh%d&% U.SOMt@it N5 CWS
may al so be used al one or conbined 2 2. The MPL_may al so bhe repl aced by

its 1&ynt.A80.PE8, aPiieeriyicnormpramykd.-alen RQKIBtZQ“neAd aﬂﬁveayimura,my ddaplavdrd?s such

bacter | f ERATELAAEEE. (ARG s SRR Rirotlphostibhion SohRRke) o
EQ?\rNe rrEeur:]eRIBIc@:m)una@Iyem@xea@e@ Ings HeellnltOIasl\/ITaélTst) awiu?h summnamwophﬂsmligg )
or M- 59%@1‘?? rd(% %)’“joﬁegr potﬁﬁf]ﬁ%‘(‘ cé)rsgoir?;?‘g&ggl%eh%(&/y%eu egeg%ﬁﬁg\{[y]g ’
adj Evggt 5 (IW%i;nsa miggag?ﬁe/"m&n; g0uéralsionr Aty of the aiped y@rsp%rEﬁsedPB,dIDNﬁm S

A gatn CPSHE alitnen st Aome/ B 2 b Cortbe SURL Fab A B8 ASERA Y 8 Fay

or Ger busﬁmﬁﬁar Qﬁa‘k%%@ £e@&feau 1Bi At R@hsugk)Addlﬁoﬂaﬁy,t (&dﬁﬁantb' NGBR S4s0 Qendultit

Conmpl et e "Freund dj uvant (CFA) may be used for non-human qﬁjpllcatlons 25

and r esetfambridge figwiense, Werdester, M\Aadéﬁ% SdirhdSyntenor kagferial IMNArbasesht ai n
exci pi en I

o ¢ hor S aith ol 8% Touiithd e o (NG PhintbepRaL P 1R Rad, s vell o

emul si fyadjnggmwh as poinbinbticns ibetyeen 3324 rand S-dep Oexmetrylated memqphaspdiotyﬂldapid ke.
Typi 0 r as._an. i nj ectabl ei.t.her. as a
Y ouil o OFPERBEIS GalRRS! (hfop, e e PR bR RBnm L pidali-cter viska

| nt ranusadjbangs (VikusaR eseaidh Instiaﬁte)apﬁrblédkaqaﬂymaObds&l ndjuhaadlsach o8 Opdedxral .
Qher yP\? 3 glf Cgtth) 81! 1?1%112&%&32&1 agjgv ts, Sst?chI a@&&?xﬁ%ﬂm and am%i%afnu.thg r(zlkren%ech),

Incomplete Freund's Adjuvant (IFA) or Gerbu preparations (Gerbu Biotechnik). It is to be

understood that Complete Freund's Adjuvant (CFA) may be used for non-human applications
25  and research purposes as well. “A vaccine composition” may further contain excipients and
diluents, which are inherently non-toxic and non-therapeutic, such as water, saline, glycerol,
ethanol, wetting or emulsifying agents, pH buffering substances, preservatives, and the like.
Typically, a vaccine composition is prepared as an injectable, either as a liquid solution or
suspension. Injection may be subcutaneous, intramuscular, intravenous, intraperitoneal,
30 intrathecal, intradermal. Other types of administration comprise implantation, suppositories,
oral ingestion, enteric application, inhalation, aerosolization or nasal spray or drops. Solid
forms, suitable for solution on, or suspension in, liquid vehicles prior to injection may also be
prepared. The preparation may also be emulsified or encapsulated in liposomes for enhancing
adjuvant effect. The polypeptides may also be incorporated into Immune Stimulating
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aspect of the current invention relates to a nethod for producing the
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enco% ng said HCV envel ope protein or part thereof, and wherein said host

cell s capable of expressing said HCV envel ope protein or part thereof.
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is capable of expressin{; said HCV envelope protein or part thereof. Said method may further

-

comprise cultivation of said host cells in a suitable medium to obtain expression of said
protein, isolation of the expressed protein from a culture of said host cells, or from said host
cells. Said isolation may include one or more of (i) lysis of said host cells in the presence of a
25  chaotropic agent, (ii) chemical modification of the cysteine thiol-groups in the isolated
proteins wherein said chemical modification may be reversible or irreversible and (iii) heparin

affinity chromatography.

Exemplary ‘“chaotropic agents” are guanidinium chloride and urea. In general, a
chaotropic agent is a chemical that can disrupt the hydrogen bonding structure of water. In
30  concentrated solutions they can denature proteins because they reduce the hydrophobic effect
With “recombinant nucleic acid” is intended a nucleic acid of natural or synthetic origin
which has been subjected to at least one recombinant DNA technical manipulation such as

restriction enzyme digestion, PCR, ligation, dephosphorylation, phosphorylation, mutagenesis,
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consisting of N-(2-aminoethyl)-glycine umts rather than a sugar. PNAs mimic the behavior of

DNA and bind complementary nucleic acid strands. The neutral backbone of PNA resulis in
stronger binding and greater specificity than normally achieved. In addition, the unique
chemical, physical and biological properties of PNA have been exploited to produce powerful
25  biomolecular tools, antisense and antigene agents, molecular probes and biosensors. PNA
probes can generally be shorter than DNA probes and are generally from 6 to 20 bases in
length and more optimally from 12 to 18 bases in length (Nielsen, P. E. 2001). Said terms
further encompass locked nucleic acids (LNAs) which are RNA derivatives in which the
ribose ring is constrained by a methylene linkage between the 2’-oxygen and the 4’-carbon.
30 LNAs display unprecedented binding affinity towards DNA or RNA target sequences. LNA
nucleotides can be oligomerized and can be incorporated in chimeric or mix-meric LNA/DNA
or LNA/RNA molecules. LNAs seem to be nontoxic for cultured cells (Orum, H. and Wengel,
J. 2001, Wahlestedt, C. et al. 2000). In general, chimeras or mix-mers of any of DNA, RNA,
PNA and LNA are considered as well as any of these wherein thymine is replaced by uracil.
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needl e-stick injury. Another aspect of the invention relates to a nethod

for the detection of the presence of 15 anti-HCV.antibodies in a sanple
suspect ed t o Auetheriaspechaf the HE¢ntion ielntasite 8 metlxiddfonthe rdomctiaxmfrlhet pliespce 0T )
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HCV envel ope ppBt@ner Bart thereof with seig eniiSIGY eaiihediesi o a solid support. In a
further em?f?}j' magttectm'%qhg m&medm(l), and

(iii)  inferring from (ii) the presence of said anti-HCV antibodies in said sample.

-

In a specific embodiment, the contacting in step (i) of said method is occurring under
competitive conditions. In another specific embodiment to said method, said HCV envelope
protein or part thereof is attached to a solid support. In a further embodiment, said sample

25  suspected to comprise anti-HCV antibodies is a biological sample.

A further aspect of the invention relates to a diagnostic kit for the detection of the

presence of anti-HCV antibodies in a sample suspected to comprise anti-HCV antibodies, said

kit comprising a HCV envelope protein or part thereof according to the invention. In a

30  specific embodiment thereto, said HCV envelope protein or part thereof is attached to a solid

support. In a further embodiment, said sample suspected to comprise anti-HCV antibodies is a
biological sample.



25 suspected to conprise anti-HCV antibodies is a biological sanple. A
further aspect of the invention relates to a diagnostic kit for the
detection of the presence of anti-HCV antibodies in a sanple suspected to
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Des1gn of an immunoassays is subject to a great deal of variation, and many formats are
known in the art. Protocols may, for example, use solid supports, or immunoprecipitation. Most
assays involve the use of labeled antibody or polypeptide; the labels may be, for example,
enzymatic, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify

25  the signals from the immune complex are also known; examples of which are assays which
utilize biotin and avidin or streptavidin, and enzyme-labeled and mediated immunoassays, such
as ELISA and RIA assays.

An immunoassay may be, without limitation, in a heterogeneous or in a homogeneous
format, and of a standard or competitive type. In a heterogeneous format, the polypeptide is

30  typically bound to a solid matrix or support to facilitate separation of the sample from the
polypeptide after incubation. Examples of solid supports that can be used are nitrocellulose
(e.g., in membrane or microtiter well form), polyvinyl chloride (e.g., in sheets or microtiter
wells), polystyrene latex (e.g., in beads or microtiter plates, polyvinylidine fluoride (known as
Immunolon™), diazotized paper, nylon membranes, activated beads, and Protein A beads. For



25 the signals fromthe i mune conplex are al so known; exanples of which
are assays which wutilize biotin and avidin or streptavidin, and
enzyme- | abel ed and nedi at ed i nmmunoassays, such as ELISA and RI A assays. An
i MmunoassaYorfaP8del without limtation, in a heterogeneoufCHBEP00464
honbgeneous format, and of a standaredér conpetitive type. In a

het er ogeneous format, the polypeptide is 30 typically bound to a solid
matrix Oéxaﬁxﬁié?%}&a{eéh TAGhd1bA™e1 R ARKAIR™ Of miBstEA iRl dhh ¥ 4B in the

pol ypeptide aftér incubation. Exanples of solid supports that can be used
are nit rietesbganbousefonpet, Jhe sohd supportacantaimingithe entigesrc padypepfidasnis, typiotliyvi ny |

chl ori de 9.0 10 sheets. or ~m.crotiter | ].s) ol rene .l at.ex . 9.,
T beads ePeRi thpe i 0 5 Ry ey S ket Bl bR b ahes sofh
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techni ques, _depending on the format, For exa unl abel ed anti bodi es

I
such as @wepdipgon tedpititios example anlabeledpmtibo '?ﬂﬁ agj @t pntibodie ig the
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| abel ). 20 Tn an” i mmunoprecipitation or ag | nat'l on "assay fornat
react i onabenzwmetebah. anti gen and an antibody forns a protein cluster that

prec 56) Itates {nra%%ﬁ%ogrgéi&gtﬁﬂ of £gg§d%ﬁ1&€d}1sés§’a{} fgrqgat the reaction between an antigen

and an antibody forms a protein cluster that precipitates from the solution or suspension and

forms a visible layer or film of precipitate. If no antibody is present in the test specimen or
sample, no such precipitate is formed.
The HCV envelope proteins, or specific parts thereof of the present invention comprised
25  of conformational epitopes will typically be packaged in the form of a kit for use in these
immunoassays. The kit will normally contain in separate containers the native HCV antigen,
control antibody formulations (positive and/or negative), labeled antibody when the assay
format requires the same and signal generating reagents (e.g. enzyme substrate) if the 1abel does
not generate a signal directly. The native HCV antigen may be already bound to a solid matrix
30  or separate with reagents for binding it to the matrix. Instructions (e.g. written, tape, CD-ROM,
etc.) for carrying out the assay usually will be included in the kit.
The solid phase selected can include polymeric or glass beads, nitrocellulose,
microparticles, microwells of a reaction tray, test tubes and magnetic beads. The signal

generating compound can include an enzyme, a luminescent compound, a chromogen, a



forms a visible layer or filmof precipitate. ,If no antibody is present in
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both the hu _ ] 5re nse, e present” I'hvention
further thelinstent invention.oHE VKT tcefl gespgaseceani fog ex@uplecheameabuiiedcas| descrilasipomnse,

conpri si ﬂ?w{l{‘-ﬁg&%iﬁg@"ﬁr""ﬁ’9%5{mﬂ e or the purified single HCV envel ope

protein O ant ravention. HCV T cell response can for exanple be
measured as described by Leroux-Roels et al. in W95/12677. 20 A further
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immune response in a mammal, said method comprising administering to said mammal an

effective amount of a HCV envelope protein or part thereof according to the invention
optionally“ comprising a pharmaceutically acceptable adjuvant. Said method comprising
administering to said mammal an effective amount of a HCV envelope protein or part thereof
25 according to the invention may also be used for inducing HCV-specific antibodies in a
mammal or for inducing a specific T-cell function in a mammal. In said methods, said
administering may be for prophylactic purposes, i.e. prophylactic adminisfering or for

therapeutic purposes, i.e. therapeutic administering.

30 Yet another aspect of the invention relates to a method of immunizing a mammal, said
method comprising administering to said mammal an effective amount of a HCV envelope
protein or part thereof according to the invention optionally comprising a pharmaceutically

acceptable adjuvant. -



| mmune response in a mammal, said nmethod conprising admnistering to said
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{her eof BHSITEAh LAt dnd tmartit EGERtTb IR of CREREcy o0} Grd: AR
fragment cﬁahﬁst@&%d uﬂtﬂi eﬁtaeéﬂag@dp lt@SD%aSI%t 52% tsir% M%dss% S8%LEXPHLESTHON i N
a eukaryotlc cel haract eri zed on _average up_to 50%

51% 52%9%36 /6@3611(7 . 19633’6%4%5‘?5/%’% 66, 67%96/%%@%’ 7@%%71%253%6@/"4» %% 65%
66% 1?7%/5%8%%69?% "78‘37.@79?/}% 86%781 ﬂé%gl}&@la@e’é sYtés/are %@rélgl?a%{ﬂatéﬁ%do?eg% or

80% of the N\ cosyl ated 'Sites are core-gl ycosyl at ed speci f

t her et o, spmrfe: thé:raw, m% ﬂ@nfﬁp‘yﬁm, 62%), CBUVHABE 6% 66%, 67?‘% 6&%9/69‘36,9%%,70%
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Man(8 t ogljjf(c):gsygl%ed\IA 1t{1 2:1 oligomannose with a structure defined by Man(8 to 10)-GlcNAc(2).

20  More specific to any of the above N-glycosylation characteristics, the ratio of sites core-
glycosylated with an oligomannose with structure Man(7)-GIcNAc(2) over the sites core-
glycosylated with an oligomannose with structure Man(8)-GlcNA.c(2) is less than or equal to
0.15, 0.2, 0.25, 0.30, 0.35, 0.40, 0.45, or 0.50. Further more speciﬁc to any of the above N-
glycosylation characteristics, said oligomannoses contain less than 20%, 19%, 18%, 17%,

25 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, or 5% terminal o.1,3 mannose.

Another alternative aspect of the invention is related to an isolated protein of interest
or a fragment thereof comprising at least one N-glycosylation site, said protein or fragment
thereof characterized in that it is the product of expression in a eukaryotic cell and further
characterized in that N-glycosylated sites are occupied by oligomannoses wherein the ratio of

30 the oligomannoses with structure Man(7)-GlcNAc(2) over the oligomannoses with structure
Man(8)-GlcNAc(2) is less than or equal to 0.15, 0.2, 0.25, 0.30, 0.35, 0.40, 0.44, 0.45, or
0.50. Further more specific to the above N-glycosylation characteristics, said oligomannoses
contain less than 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,

7%, 6%, or 5% terminal a1,3 mannose.



20 More specific to any of the above N-glycosylation characteristics, the
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I nvenki o ’ I - j i N j . n

b &h@paﬁtteﬁgyn%g ch? a6 te@ifluifed sggflﬁ% e ls%%ﬁﬁ%&%, QhBSas, Hhe

particles o present 1nvention can er-or
example, apolipoprotein B or low density lipoproteins, or by any other means of targeting said

particles to a specific organ or tissue. In this case, such empty spherical particles are often
referred to as “virus-like particles” or VLPs. Alternatively, the higher-order particles can be
solid spherical structures, in which the complete sphere consists of HCV El or E2 envelope
25 protein oligomers, in which lipids, detergents, the HCV core protein, or adjuvant molecules
can be additionally incorporated, or which in turn may be themselves encapsulated by
liposomes or apolipoproteins, such as, for example, apolipoprotein B, low density
lipoproteins, or by any other means of targeting said particles to a specific organ or tissue, e.g.
asialoglycoproteins. The particles can also consist of smaller structures (compared to the
30 empty or solid spherical structures indicated above) which are usually round (see further)-
shaped and which usually do not contain more than a single layer of HCV envelope proteins.
A typical example of such smaller particles are rosette-like structures which consist of a lower
number of HCV envelope proteins, usually between 4 and 16. A specific example of the latter
includes the smaller particles obtained with Els in 0.2% CHAPS as exemplified herein which



particles of spherical nature which can be enpty, consisting of a shell of
envel ope proteins in which |ipids, detergents, the HCV core protein, or
adj uvant nol ecul es can be incorporated. 20 The latter particles can al so be
encapsul atweo okgpsdidposones or apol i poproteins, such as, foPCTBERIOE,

apol i poprotein B or |l ow density |ipoptsgteins, or by any other means of
targeting said particles to a specific organ or tissue. In this case, such

enpty spher 1 icC f |1 Y4 zold Licl es”
o\ par e sty 1Rt e o 85, S48 ShicBP kP sBienkl il FopRBihed; O2
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specific exanple of the latter® includes the s er particles obtained
wi t h1El sfor examplesappidpepretsindgk evdom density lipapsetaingdfirdly appotier ogansouf targeting
PCT/ BEO2 64 4 .- b0 e iy 810 I
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r ound- s hpeaticles, @s gneasured b tHeoweli-kfioven-idthelart Bgainic lightisdsteridg tawhygjgness(sed he

HCV core ot.ei n, ar adj.uvant cul es .can.he addi tiopal ly.incorporated,
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| i poproteins, or by any other neans of targeting said particles to a
speci¥ i crpy piweasy 7 o gme or giweened tog2mm.c| es may al so form smal | spheri cal
or globular structures consisting of a simlar snmaller nunber of HCV El or
E2 envel ope ot el [ ' (We) r - {n, or
adj uvant nol 2%1 Lﬁ "‘gt'éd?@%u‘lﬂﬁ pﬁggénggﬁ‘%@?%%qu}t%%?nrggt%g?Oar%pgﬁ?,ﬂ%/co\%g?@ﬁ&ryﬁ&i&tr n
may be ehemfiit|Gitvirds (FAV)paselvps motempobt poprmite thessof,s siitablesfor hefior an
exanpl e, . apol i poprotein B or. 1o ensity. | i poproteins, or by any other
neans of p%%g%ag@rvgﬁn&,ggﬂppmwéo P ¥’é’ﬁ‘eci fic organ or tissue. The size
(i I cm;( t hg) di agiﬁﬁ@i@ H@ﬁsgfnﬁl@ o@@fl&aﬁﬁﬁh yeae dlycpdidtionl rafhns aSaifie asnbf@thel ywitthe

wel | -known-in-the-art dynami ¢ |ight scatteri techni ques (see  further in
exanpl es sect%mvPﬁmggmwn&@tﬁ@éanw origgV ,Pfﬂt?ﬂbob’r“%’r%ﬁ(f%tHFﬁe%{F%/
between 2 to ,40:Bl0cufMRMmdmiE, Preferentially between 2 and 40 rim between

3to 20 nm between 5 to 16
(ii)  causing expression of said HCV El and/or HCV E2 gene, or any part thereof; and

(iii)  purifying said core-glycosylated HCV E1 and/or HCV E2 protein, or any part thereof,

25 from said cell culture.

The invention further pertains to a method for purifying core-glycosylated hepatitis C
virus (HCV) envelope proteins, or any part thereof, suitable for use in an immunoassay or
vaccine, which method comprising;

30 @) growing Hansenula or Saccharomyces glycosylation minus strains transformed with
an envelope gene encoding an HCV E1 and/or HCV E2 protein, or any part thereof, in

a suitable culture medium,;

(ii)  causing expression of said HCV E1 and/or HCV E2 gene, or any part thereof; and



15 nm between 7 to 14 nmor between 8 to 12 nm In particular, the present
I nvention relates to a nmethod for purifying core glycosylated hepatitis C
virus (HCV) envel ope proteins, or any part thereof, suitable for use in an
I MmunoassayodR/08@eici ne, whi ch nmethod conprising: 20 (i) gPOWBRR/MadGSenul a
or Saccharomyces glycosylation mnus stirains transformed wwth an envel ope
gene encoding an HCV El and/or HCV E2 protein, or any part thereof, in a
sui t abl g;gul e b lef ' ' ' RAdr HCV
22 gene.Ur a2t e
HCV El and/ orpréi&, &2anypettdharcofpupoanysipgihe trahsfomadd, hoseBell.r om sai d cel |
culture. The invention further pertains to a nmethod for purifying
core-glycosyl ated hepatitis C virus (HCV) envel ope proteins, or any part
thereof, sui tEmRligventibn Bithet Periind tBTUNEASS B pRFifyiN@ErepBycovyltedhépatine
conpri si ng: 32‘6’(; ) grow n% nsenul a or Saccharonyces gl ycosyl ati on m nus
KD rege

st raiSns R proteins, onpaY ppd thererl, switabls fog ush IHa IRMUBASFAY OTHCY  E2

protein, : : LAE, tsind:N @ suitable culture nmedium (ii) causing
expr essivggé%?}%hélg h%/ %Frﬁg‘ﬁ%r}éor HCV E2 gene, or any part thereof; and WO
02/ 086100d) PCEpEong@Bdnula 61 S¢dcharpmyaesi glycosylatian aninws steadesl framsforigd avithr essed

core-glycosyl ated .HCV El and/ or Kot el Qr_.any part there upon
ysing L.t PfEY ek Bt ey 2 aniok HY e R o ot JEES 1p
met hod for purduityhle gultae treglups s whithgald NEQRET arsl/&2 HOV\BY pisteint6\nygiavie| ope

proteins, or an}F/‘ﬁpart t hereof , suitable for use in an inmmunoassay or
vacclhe, whi dher FR?HP‘&?'F@JF@#W@CYS'W‘@PW%Q Hansenul a or Saccharomyces

gl ycosyl g Orbaﬂﬁaﬁ%'%(fés%ﬁh%?sz{i& 8ie8f B BRForIEY BRSnB3he BE ARASEEAGOdI NG an

HCV El and/or HCV protein, or any part thereof, in ~a suitable culture
medi um @H wucifyisgsald ei@y-ghycosylated HONCR1 gad/pr BCH B2 poteinyry apy part thiegeof,

t hereof, conpri ses a ik Vs V.S 1.0 oS, (Cii) C | expressi on of
said HCV El dn ﬁ%‘?h ﬁg/b%% geﬁ\éx?ﬂd(%: ea’%gé%@%’tﬁ&? ﬂegtreg(g#' ;c}lan“g%falmll rep"%')?ffjl%yc’l ng
sai d cor e- gl yneamy, fadne daidicMuke. and/ or HCV E2 protein, or any part thereof,

in which said Cys-amno acids are reversibly protected by chem cal and/or
enzyhsatic means, fromsaid culture. 15

The invention further pertains to a method for purifying core-glycosylated hepatitis C

virus (HCV) envelope proteins, or any part thereof, suitable for use in an immunoassay or
vaccine, which method comprising:
@) growing Hansenula or Saccharomyces glycosylation minus strains transformed with
20 an envelope gene encoding an HCV El and/or HCV E2 protein, or any part thereof, in
a suitable culture medium, in which said HCV E1 and/or HCV E2 protein, or any part
thereof, comprises at least two Cys-amino acids; '
(ii)  causing expression of said HCV El and/or HCV E2 gene, or any part thereof; and,
(iii) purifying said intra-cellulary expressed core-glycosylated HCV El and/or HCV E2
25 protein, or any part thereof, upon lysing the transformed host cell, in which said Cys-~

amino acids are reversibly protected by chemical and/or enzymatic means.

The present invention specifically relates to a method for purifying recombinant core-
glycosylated HCV yeast proteins, or any part thereof, as described herein, in which said
30  purification includes heparin affinity chromatography. '

Hence, the present invention also relates to a method for purifying recombinant core-
glycosylated HCV yeast proteins, or any part thereof, as described above, in which said

chemical means is sulfonation.



The invention further pertains to a method for purifying core-glycosyl ated
hepatitis C virus (HCV) envel ope proteins, or any part thereof, suitable
for use in an i mmunoassay or vaccine, which nethod conprising: (i) grow ng
Hansenul a W0 0Zagstdlar omyces gl ycosyl ati on m nus strains trBOEFBBO@oc4ani th 20
an envel ope gene encoding an HCV El amdlor HCV E2 protein, or any part
thereof, in a suitable culture nmedium in which said HCV El and/or HCV E2
protein, or any part thereof, conprises at |east two Cys-amno acids; (ii)
causi ng expression of said HCV El and/or HCV E2 gene, or any part thereof;
and (iii1) pltens itlmgplsmntiirivnmﬁoa-a’ml telatearty aenq:jh@hﬁmpuri&ri% gdcymbmgtdl‘raaoed HCV

and/or rotein, r reo i.n . .
t ransf or%ﬁ?%ﬁ@% %@?I eaptp 05 31“% p%a trhe %é?rﬂjs%g %@‘hﬁlsﬁld
prot ect Q@véﬁéibl‘ihftme@ﬁbn A Rranding YaeRds | 18 éﬁéﬁﬁﬁged Tfae ar @%emlbleny@wch@m by
specifically relates to a nethod for purifying reconbi nant core-

gl ycésyl@@’@t? qr@aatmﬁm@pﬁs or any part thereof, as described herein,
in which said 30 purification includes heparin affi ni ty chromat ogr aphy.
Hence, the present invention also relates to a nethod for purifying

r econbi nant dﬁnee,thﬁmsmyharbmhbnlm«é rycka&sttoprmd:thdyd\ﬁ;r pmrif)émg/rquambinnﬂmroe@f as

descri be abqv i ch s chem c I a | f.onat i an. 02/.086101
PCT! B0 BOBRA R OV, PrSep o, oF ACLEt HBRb 6 S5 R4 B YEIh S7k hod
for purIﬁﬁvagbrewgamwchsmc@rmednx@@ﬁuba&aﬂnﬁev yeast proteins, or any
part thereof, as described above, in which said reversibly protection of
Cys-Hmino acids is exchanged for an irreversible protection by 5 chenical
and/ or - enzy Eiftion! 416 RIRSGH EUGNES deShBlnE dofe-2
met hod for gﬁlgyl ng rgeélo naorrllt corea- ?ycosy rgﬂmgbﬁgégst pr ot eOIQ?WS, or
any par tglydeeyletsfl, HGY MSfcpnom abour partrﬁhaNbﬁ rasgéqschbedrabeverisi whigh said
protecti.on b al S chBrb 20 & E Hence resent
vent oexreRt s Re WaRaRid e o RER Ao e Rt ot

gl ycosyl ated HCV yeast proteins, or any part thereof, as described above,
in Wi ch sai dr'hei presenérisventien plsotrebtdsoio o yompesiiiomlas mefimsl aloviiENhich also

conpos; 1UPAE HEY: Hh T 00 Pl NP NS SR, SR O SR protal &5,
NS2, NS3parthi$eteofNBHE cotdpiyrosylated prdiShB8ED) B2 cird/orE1/EPaf e pré@beiventihe

core-glycosyl ated praoteins El, E2, and/or El/ E2 of .the _present invention
g ymay,yfor examppl)e be combined with 'other HCV antigens, such as, foe example, core, P7,

NS3, NS4A, NS4B, NS5A and/or NS5B. The purification of these NS3 proteins will

20 preferentially include a reversible modification of the'cysteine residues, and even more
preferentially sulfonation of cysteines. Methods to obtain such a reversible modification,
including sulfonation have been described for NS3 proteins in Maertens et al
(PCT/EP99/02547). It should-be stressed that the whole content, including all the definitions,

~ of the latter document is incorporated by reference in the present application.

» Also, the 'present invention relates to the use of a core-glycosylated envelope protein
as described herein for inducing immunity against HCV, characterized in that said core-
glycosylated envelope protein is used as part of a series of time and compounds. In this
regard, it is to be understood that the term "a series of time and compounds" refers to

30 administering with time intervals to an individual the compounds used for eliciting an
immune response. The latter compounds may comprise any of the following components: a
core-glycosylated envelope protein, HCV DNA vaccine composition, HCV polypeptides.

In this respect, a series comprises administering, either:
@) an HCV antigen, such as, for example, a core-glycosylated envelope protein, with time

35 intervals, or



may, for exanple, be conbined with other HCV antigens, such as, for

exanpl e, core, P7, NS3, NS4A, NS4B, NS5A and/or NS5B. The purification of
these NS3 proteins will 20 preferentially include a reversible nodification
of the cyswo@ ®m#8¢iesi dues, and even nore preferentially sBCT/BR&0eid of
cysteines. Methods to obtain such a resgersible nodification, including

sul fonati on have been described for NS3 proteins in Maertens et al.

( PCT/ EP984 02547 t ul S Lacludi ng
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conpounds. In this regard, it 1s to be understood that the term"a series

of titre and c‘@ﬁ@m@&qfefers to 30 admnistering with tinme intervals to an
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conmpounds ‘may conpri se l'owi ng conpon
core-gl ycosyl at ed envel ope protein, HCV DNA vaccine conposition, HCV

pol ypepti des. this spe a.ser es adm nister.in .t her:

(1) o Hov arte Bisrebed 85 s i 1 . FICY DAV ¥oe Bt dpbribedc

protein, nﬂ&ldldﬂ abltlﬁf%nco'ﬂing nicar Vl&x}efopcq{epm Qﬁél@cﬁﬁé(lﬂl LPEIREAA Db des, - DS3(i 1)

an HCV ant i ch as, for exanp co 81% ycosy| at ed envel ope rotei n
éﬁ%pem%& of

in  tbnbPeps 6 GHBHEY Depi SCNLE 0 egFet; ftas tnbecndsstqpd
core-gly | £%0a

A acc o HOR! BEUARTUEEAR, MOV Shikidhe SONEL i ELE 2 “"?'“%?bgf"“@y

di f f er enethed HE'VI peptiden | o, paith dhesebifnBhatera| fodhren HEV peptides mefeisrto ey HEY or

(ii1) el ) | I t r tides,
W th o eehide St therg RO il "o BE ARG RRenll ol Y DR

vacci ne ommﬁiohloompnmpmfmestmllyumb}mmcaisleu:lsocﬁmgHth@vblﬁye peptides e itpapt | de,
I ncl udi n El/ E2- pepti eptide, .ot her F eptides, or
par t & of C0Ph BE APYESSTREh o HC Y ONE FEFBE SHIBILEo oM. VEh BRCy
pept i despehgitiae 6f iolkie Midy @b@d@gﬁtwd@ﬁvelop@pépumm goﬁlbiy uﬁ%mbmanon with

El / E2- pepti des ot her HCV peptides, or parts there rm "ot her HCV

pept i des® HEF-NS3 Qwamcmwmm@ﬁmd@ ths rPgaéﬁrHs ﬁlf-"“ﬂ%@‘? @S‘F th"Iltn'T'IH HeWNA) of
the abovg,gmpBedEnp orsﬁi%nw Y 305n8 véé%gg&%ﬁds% E%Hi’idu@l%&ldy SRt ally

nucl ei ¢ aci ds encodi n envelope peptides. In it
encoding an HCV peptlde as described above, operably linked to transcription regulatory

20  elements. As used herein, a “plasmid vector™ refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. Preferred vectors are those

. capable of autonomous replication and/or expression of nucleic acids to which they have been
linked. In general, but not limited to those, plasmid vectors are circular double stranded DNA
loops which, in their vector form, are not bound to the chromosome. As used herein, a

25 “polynucleotide sequence” refers to polynucleotides such as deoxyribonucleic acid (DNA),
and, where appropriate, ribonucleic acid (RNA). The term should also be understood to
include, as equivalents, analogs of either RNA or DNA made from nucleotide analogs, and
single (sense or antisense) and double-stranded polynucleotides. As used herein, the term
“transcription regulatory elements” refers to a nucleotide sequence which contains essential

30  regulatory elements, such that upon introduction into a living vertebrate cell it is able to direct
the cellular machinery to produce translation products encoded by the polynucleotide. The

term “operably linked” refers to a juxtaposition wherein the components are configured so as

to perform their usnal function. Thus, transcription regulatory elements operably linked to a

nucleotide sequence are capable of effecting the expression of said nucleotide sequence.



15 (ii) of the above schene, the HCV DNA vacci ne conposition consists even
nore preferentially of nucleic acids encoding HCV envel ope pepti des,

possi bly in conbination with a HCV-NS3 DNA vacci ne conposition. In this
regard, itWeHB@BeObe cl ear that an HCV DNA vacci ne conpo®CTiBEM2/GOMIri ses a
pl asm d vector conprising a polynucl e®dg.de sequence encoding an HCV
pepti de as descri bed above, operably linked to transcription regulatory 20
el ement 1 '

nol ecul ?%‘é%a‘gﬁlgﬂ %teélgﬁ%‘ﬁ% Ijt} #‘%%g]atﬁ%zéﬁﬁ rgl#u%efn t%glélg_urﬂm%éﬁ as been
| i nked. daredroectors orep&adicsgemeeequhm@emagé;p&bédesméesﬁﬂhyonormus r epI i catl on

and/ or expressi on of cleic aci . Whi t have been ked. In
Gener al - ARfERRSH. e PRA e iEse i Hiobef 5108 $5ast ik et
stranded; ok @S, MATIAG lind thB likéiei r vector form are not bound to the

chr onosone. £; used herein, a 25 "polynucl eoti de sequence" refers to

pol yriucl eoti des such as deoxyri bonucleic acid (DNA), and, where
appropriate, ribonucleic acid (RNA). The term should al so be understood to

i nclude, as equival ents, anal ogs of either RNA or DNA made from nucl eoti de
anal ogs, and Ts psent (iseeiencis ilinstrateinbp)tharkkatplds| & s¢tr fomfiebelow. These

pol ynucl got i des. ein, the term cri at or

b1 enont sEoe e iral et e stectin soEbehio et e e S i dy

regul at ogxy.el ements, such that upon introduction into a living vertebrate
cell it is able to direct the cellular nmachinery to produce translation
prodiftts encoded by the pol ynucl eotide. The term"operably |inked" refers
to a juxtaposition wherein the conponents are configured so as to perform
their usual function. Thus, transcription regulatory elenents operably
linked to a nucleotide sequence are capable of effecting the expression of
sai d nucl eoti de sequence. WO 02/086101 PCT/ BE02/ 00064 -54 Those skilled in
the art can appreciate that different transcriptional pronoters,

term nators, carrier vectors or specific gene sequences may be used
succesfully. Alternatively, the DNA vaccine may be delivered through a live
vector such as adenovirus, canary pox virus, MA and the like. 5 The
present invention is illustrated by the Exanples as set forth bel ow. These
Exanples are nerely illustrative and are not construed to restrict or limt
the invention in any way. 10 WO 02/086101 PCTBEO2/ 00064 -55
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EXAMPLES EXAMPLE 1 5 CONSTRUCTI ON OF pFPMT- MFa- E1- H6 SHUTTLE VECTOR

Pl asm ds for Hansenul a pol ynaor pha transformation were constructed as

foll ows. The pFPMI-Ma-El-H6 shuttle vector has been constructed in a

mul ti-stepworidgdore. Intially the nucleic acid sequencePERBEBN/WY64 he HCV
Els protein (SEQ ID NO 2) was cloned &Sster a io CHH | eader sequence (CHH =
Carci nus nmaenas hypergl ycem ¢ hornone) which was subsequently changed for

a Mra IWence (MFa = Saccharomyces cerevisiae a- mating factor). At
first a’p erivative has been constructed harboring the CHH El -H6 unit

as a 15 EcoRI 1BanH fragnent by the seanl ess cloning nethod (Padgett, K
A. and Sorge, J. A 1996). Thereto, the El s-H6-encodi ng DNA fragnment and
the pCHH Hir-derived acceptor plasm d were generated by PCR as descri bed
bel ow. Generation of Els-116-encodexgaMiEfiragnent 20 The El - H6 DNA
fragment (coding for HCV type I b Els protein consisting of the amno acids
192 t5o 326 of ECONSBRYSIO RPN MF e HHii6S HEE HOR was i sol at ed
by PCR fromthe plasm d pGEMIELsH6 (SEQ ID NGO 6; Figure 1). The foll ow ng
prinmers were used thereto: CHHEl-F:.5' -agttact cttca.

aggt at gaugdniag coR FRirgERIe - polymotbhd e fofnaon? werel vondhawted 184 Tollivse T
underlined, the dot marks the cl eavage site. A’he bol d printed baigs are
conpl emerRPMT-MEo-EA Ja6 shyrttle, vester hasiheen icpmatructeq dn agmultissten Bropedvze Intially;
within h art.regi (#2372 j gsqﬁg'r bh QR -R
30 5' - a%? gé%lgtat lélas.%g%eglgaglgcto@:nlgc%igt aat g%ﬁ %@%"3‘8 gg g&%@b guas Cf(a%%dQ%%lNO
8): The CHHIlAd¢r séquendes ((Hider| Cansitiust heerdot hypargtycetriie hormene) gehich twas The

bol d printed base arg.co ntary to t of primer N930-rechts. The
bases f qagent e‘s’lﬁ% forey G‘r/r\%aé?/ %ﬁ%ﬁf’é’f BEO@FE#%%’ZP’ ces SEHEFU for
later cl@pifiompppcedures are printed in italics. The non-marked bases

anneal in antisense direction within the end of the ElI-H6 unit, including
the stop codon and three additional bases between the stop codon and the

BamHl Sihe st o pUC18 derivative has been constructed harboring the CHH-E1-H6 unit as a
15 EcoRU/BamHI fragment by the seamless cloning method (Padgett, K. A. and Sorge, J. A.
1996). Thereto, the Els-H6-encoding DNA fragment and the pCHH-Hir-derived acceptor

plasmid were generated by PCR as described below.

Generation of E1s-H6-encoding DNA fragment

20 The E1-H6 DNA fragment (coding for HCV type 1b Els protein consisting of the amino
acids 192 to 326 of Els elongated with 6 His-residues; SEQ ID NO:5) was isolated by PCR
from the plasmid pGEMTE1sH6 (SEQ ID NO:6; Figure 1). The following primers were used

thereto:

- CHHEl-F:5-agttactcttca.aggtatgaggtgegeaacgtgteeg-3’
25 (SEQ ID NO:7);
The Eam11041 site is underlined, the dot marks the cleavage site. The bold printed bases
are complementary to those of primer CHH-links. The non-marked bases anneal within
the start region of E1 (192-326) in sense direction; and
- CHHE1-R:
30 5'-agttactcttca.cagggatcctecttaatggtgatggtggtggtgec-3°
(SEQ ID NO: 8);
The Eam11041 site is underlined, the dot marks the cleavage site. The bold printed bases

are complementary to those of primer MF30-rechts. The bases forming the BamHI site




The reaction m xture was constituted as follows: total volune of 50 gL
containing 20 ng of 5 Eco31l-linearized pCEMIE1sH6, each 0.2 gM of priners
CHHEl- F and CHHE1l-R, dNTP's (each at 0.2 M, 1 x buffer 2 (Expand Long
Tenpl at e P¥IQ {84181 Boehringer; Cat No 1681 834), 2.5 UPEHBEMN0AGE i X
(Expand Long Tenpl ate PCR System Boehsgé-nger; Cat No 1681 834). Program 1
was used, said programconsisting of the followi ng steps: 10 1.
denat ur at i QR; ' ofen in%- G : 1 ' .30 sec
anneal i ng gitgefélgrg)ﬂg%gcmo é%&g%ﬁé%ﬁr%%dqgtﬁggstqgeﬁ%ﬁ?%mﬁg{% ia% a%?%g? Then
5 L 10 x buifisans@dif¢stion rwithimthy ehdrmfitle B/-B0Rudy snawdindtherstapgedpn @ad thxee 1681
834), 15 4 L 0O, and 5L .of [dALP, dGIP,, a TTP (2nmM each); 10nmM
5- et hyl - d&éﬁ“&gfz"ésesi’&%"ee&n%%? A dgﬁ;agﬁwglgag?'rom program 1, and
further THPrdatiicrpmixatrewess doastitaredas folfodls] @il Volupicoel 0L comaibingt 10 6f t he
foll ow n% st?ﬁgz 1. dénat aruation; 5 mn at 95C 2. 5 cycles of 45 sec

peH -hpeagized p

denat fir a BEMERIsHRrash OgMrof gimer(HHEAF @i CREESFe INIB's
term nat (e, af 02GMEENRRiHFPD @kpdid g Terfifihte RER Et@ﬁt@rcfﬂ-%r%éfﬁ@atw
accept ortf ragrrentqlwas made eby'(gd?e fror#git'ﬁe pCHH Hi %pl aérrioe _ EQ 1D NO 9;
Figure 2§8la8dh).chhdi palymetaseaniro@ixpaidel angrifsmatiate PCRHS ydtam; B asgbringtr; GatdNpt

t hat thelg{hrmgr ding 25 sequence is not present in the PCR product.

Fol l owi ng priners were used for this PCR 1. CHH1links: 5 -agttactcttca.
cctctttt Cosmprayd gtag ugddagaid progtanccnsistifg vl follbadendstegs: 1041 site is

under | i nﬁd, t he glot.ég%rggo he cleavage site. The bold printed bases are
cprrp!lgme t A1epe Po¥¥RGP ori mer. CHHEL-F. The non- marked bases anneal
within the 1039cREEf 3 seeliensafatiSLAWSPC B0l soc AdHeh SRS 59T ARG Fec affon
WBO-rechts: 5'°-agtcactcttca. ctgcaggcatgcaagettggeg-3' (SEQ ID NO 11);
The Eaml10468iGe is underlined, the dot marks the cl eavage site. The bold
printed Basgs,in | ementary to those of prinmer CHHElL-R The non-mar ked
bases an?'e:lt V\ni&[??lr?@'?flﬁé WO 02/ 086101 PCT/ BEO2/ 00064 -57 pUCL8 sequences
behi nd t AbercH phdd xChifiteri2(Baipand HoRH TemplaGHERISYsteqoBotringgr; &atiio 1681 834),

15 40 pL Hy0, and 5 pL of [dATP, dGTP, and dTTP (2mM each); 10mM 5-methyl-dCTP] were
added to the sample derived from program 1, and further amplification was performed

following program 2 consisting of the following steps:
1. denataruation: 5 min at 95°C
2. 5cycles of 45 sec denaturation at 95°C, 30 sec annealing at 65°C, and 130 sec at 68°C

20 3. termination at 4°C.

Generation of pCHH-Hir-derived acceptor plasmid
The acceptor fragment was made by PCR from the pCHH-Hir plasmid (SEQ ID NO:9; Figure
2) and consists of almost the complete pCHH-Hir plasmid, except that the Hir-coding
25  sequence is not present in the PCR product. Following primers were used for this PCR:
1. CHH-links: 5'-agttactcttca.cetcttttecaacgggtgtgtag-3”
(SEQ ID NO:10);
The Eam1104I site is underlined, the dot marks the cleavage site. The bold printed bases

are complementary to those of primer CHHE1-F. The non-marked bases anneal within the
30 end of the CHH sequence in antisense direction; and
2. MF30-rechts: 5'~agtcactcttea.ctgecaggecatgecaagettggeg-3”
(SEQ ID NO:11);
The Eam11041 site is underlined, the dot marks the cleavage site. The bold printed bases

are complementary to those of primer CHHE1-R. The non-marked bases anneal within the



fromthe insert. The reaction m xture was constituted as foll ows: total

vol ume of 50 L containing 20 ng of Asp718l-linearized pCHHHr, each 0.2 M
of primers CHH1inks and MF30-rechts, dNTP's 5 (each at 0.2 M, 1 x buffer
2 (Expand womgossaopl at e PCR System Boeringer; Cat No 168PC8B£Y2/000645 U

pol ymerase m x (Expand Long Tenpl ate BOR System Boeringer; Cat No 1681
834). Program 1 was as described above was used. Then 5 gL 10 x buffer 2

o0, “and SPECH atkris SR Bk Sipngt R 8 20" GRS i ver o

added to ttemshepisertderi ved from pr ogram 1, and further arrpl i f| cat| on was
performed fol]ow ng program 2 cri bed above. matl an, of vecttor
PCHHEL TEReTIfectionduiBIre Hes JPR Fenfotah Natumeeot Fptaigme; 3

accept or 4 pb agiflaGRies @ﬂﬁ% %HD@B of BEmeisNETHARRY SndRIFS0RbEHS, 'dﬂfl‘PLhS' ng

t he PCR p oduct purlflcatlon kit (Q agen) according to the supplier's

speci¥ i daadhot 9.2 19vhslexbufien %/(HXD@WH&T@@PWP 3@@&#@@@8@9@@*@&0 1681

?ﬁfgr ?Lgﬁﬁg—é—i‘qﬁgﬁ% @g@@gﬁ@ ﬁ%?fgrg%ﬂ? usi néé@tfﬁ)"\l;éo g%%ehr?%%fe??t ed

fol | ow ngg4yhe 20 speC| fications of the supplier. E coli XL-Gold cells
were transtforned w té} MI gation xture and the plasm d DNA of several
anpi ci | 1 Fregees] wages desen QVW?Seusﬁ al yzed by digestion with EcoRl and

BanHl . a
Coner ot BT L AL MR D o

| i gateed 44 phHAeam:d RUBLI A TR 8, end ¢EEP ¢2mMperpr 10mM SE@tbdIEP] werdi gur e
3 T4 | i
st t wot 190R o RS SARpIOBL vt B BE8RREC Tyl AR VRS Rrformea

DHSaF' cefollswinggavgtml 2 dsrdesaibed aboves wer e anal yzed on restriction pattern of
the plasm d DNA and a positive 30 clone was w thhel d which was denom nat ed
pFPMI- CHH-EI H6 (SEQ I D NO 13; Figure 4). WO 02/086101 PCTBEO2/ 00064 -58

Gener at | @en&thtibh bMleckbrpEllmil Final |y the shuttle vector pFPMI-M-a- El - H6
was generated by ligation of three fragrrent said fragnments being: 5 1.

the 65 96Th«BlEHbRNE@ RE-PNA Fagrae ap ﬂmﬂi@éﬁa@wﬂ@cq torplasmid sepjerated
by PCR as described above were purified using the PCR product purification kit (Qiagen)

according to the supplier’s specifications. Subsequently the purified fragments were digested

separately with Eam1104L Subsequently, the Els-H6 DNA fragment was ligated into the

pCHH-Hir-derived acceptor plasmid using T4 ligase (Boehringer) following the
20  specifications of the supplier.

E. coli XL-Gold cells were transformed with the ligation mixture and the plasmid DNA. of

several ampicillin-resistant colonies were analyzed by digestion with EcoRI and BamHI. A

positive clone was selected and denominated as pCHHEI.

25  Generation of vector pFPMT-CHH-E1H6
The EcoR1/BamHI fragment of pCHHE]1 was ligated with the EcoRI/BamH]I digested vector
pFPMT121 (SEQ ID NO:12; Figure 3). T4 ligase (Boehringer) was used according to the
supplier’s instructions. The ligation mixture was used to transform E. coli DHSaF cells.
Several transformants were analyzed on restriction pattern of the plasmid DNA and a positive
30  clone was withheld which was denominated pFPMT-CHH-E1HS6 (SEQ ID NO:13; Figure 4).



2. the 0.245 EcoR 1HindlIl fragnment of pUCL8-Mra (SEQ I D NG 62; Figure 36),
and 3. the 0.442 kb H ndl Il BanmH fragnent of a 0.454 kb PCR product
derived frompFPMI- CHHE 1 H6. 10 The 0.454 kb PCR product giving rise to
fragment NYOP2RBEOLDt ai ned by PCR using the follow ng prPEEBEN/DIGPri mer
MFa-El f-H : 5'-aggggtaagcttggat aaaagitat gaggt gcgcaacgt gt ccgggatgt-3' (SEQ
ID NO 14); and 15 2. prinmer El back-Bam

-agttacggat cctt aat ggt gat ggt ggt ggt gccagttcat-3' (SEQ I D NO 15). The
reaction m xture was constituted as follows: Reaction m xture volunme 50 L,
pFPIVrI' C:I—Heﬂra&ml oERIORV-MitsaEl48d; 15 ng/jL), 0.5 L; priner NFa EI f H (50

L ’ DI\/ISO Iglgi\lr’y \L-hz@ﬁrt'@g%%ct@ P@%ﬁ @9 Jﬁﬁ 39%%5 s%qega%tiw ggaﬂ%@fﬂfﬁlss %t}ts

Mannhei n,; £ak t 834) Buffer 2 (10 x concentrated), 5 L; Expand Long

Tenpl ate PCR System merase mxture (1 UL), 0.5 L. The PCR program
conS|5;t|hgﬂm‘GQﬂd{ﬁlﬁqmaﬁlﬂmdwﬁgwé@b(%@@ﬂo ‘s Fagae i on: 5 nin at

and 40 ke MR R PR O firs (o0 IRCBLAARIEIL R 0 ors

used, the tlestii4l Ky HndABBdmRagnteatioftd 0.464 kK PORIprotect dedwddsfrerh pFBMIT-

El (192 326)q$¥géaﬁ\§ed by six histidine codons and a "taa" stop codon,
upstream f|l the 22 3'-term nal base pairs of the Mra prepro
sequence (including the cloning relevant Hi ndI Il site plus a six base
pairs over hang‘4 and downstream fl anked by a § onin reI evant BanHl site
and 30 si khr84e4 khi RGR gyedush giyingveiseoty Gupnemt CBousingr thehe

| i gati ong ﬁ%@ﬁ}g{p?ﬂn &4 DNA Ilgase (Boehri nger Mannhel r’r) has been used
according to he supplier's conditions (sanple volume 20 L). E. coli HB1O1
cel | s wet.e primenMFarEdeffHiti t h the |igation mxture and positive clones

o ;22]?1)?”&%3 tg.%rggg gtg.{;{:ﬁg'%é’é‘taaé‘é‘ag}’gsca%g%fgét%% RaaeThgR L5958t St (D 15ver @l

NO:14); and
15 2. primer E1 back-Bam:

S’-agttacggatccttaatggtgatggtggtggtgccagttcat-3’
(SEQID NO:15).
The reaction mixture was constituted as follows: Reaction mixture volume 50 pL,
pFPMT-CHH-E1-H6 (EcoRI-linearized; 15 ng/pL), 0.5 pL; primer MFa-El f-Hi (50 pM),
20  0.25 pL; primer E1 back-Bam (50 pM), 0.25 pL; dNTP’s (all at 2mM), 5 pL; DMSO, 5uL;
H,0, 33.5 pL; Expand Long Template PCR System (Boeringer Mannheim; Cat No 1681 834)
Buffer 2 (10 x concentrated), 5 pL; Expand Long Template PCR System Polymerase mixture
(1 U/pL), 0.5 pL.
The PCR program consisting of the following steps was used:
25 1. denaturation: 5 min at 95°C
2. 29 cycles of 45 sec denaturation at 95°C, 45 sec annealing at 55°C, and 40 sec elongation
at 68°C
" 3. termination at 4°C.
Based on the primers used, the resulting 0.454kb PCR product contained the codons of
30 E1(192-326) followed by six histidine codons and a “taa” stop codon, upstream flanked by
the 22 3'-terminal base pairs of the MFa prepro sequence (including the cloning relevant
HindIlI site plus a six base pairs overhang) and downstream flanked by a (cloning relevant)

BamHI site and a six base pairs overbang.



5 plasm d was sel ected and denom nated as pFPMI-Mra-El -H6 (SEQ I D NO 16;
Figure 5). EXAMPLE 2 10 CONSTRUCTI ON OF pFPMI-CL El - H6 SHUTTLE VECTOR

Pl asm ds for Hansenul a pol ynorpha transformati on were constructed as

foll ows. TWO 029BEIRT- CL- El - H6 shuttl e vector was construct 8AT/BRIYA&Ee St eps
starting from pFPMI- MFa- El-H6 (SEQ I 39NO 16, Figure 5). 15 In a first

step, the MrFa-E1-H6 reading frame of pFPMI- Mra-El -H6 was subcl oned into t he
pUC18 ve Ban F;

cont ai npRas HE B D e o R AR e e s e P2 B
vect or meametswndyl@&&ampldwﬁmw@abb (Boehringer) accordig to the

supplier; This .res lasmd that is.depicted Fi gure
- Coe | BerbHEN G et st i s Heriod st A pdsfin® hbnes Snfla

( pUCL8- Fifier MegtritionHenalysTshef kiegplbéraids Mhotdted €ron et drdnefoihans.f Ar poskiveol |
DH5aF' cells. Several IH)I cillin-resistant col oni es were (BI cked and

anal yéedpmdégwfﬂe%t%w denowpinatediag eEPMInME-BI-HE (PRQERATO4 63 Bigwe Hr om t he
pi cked clones. A positive clone was further analyzed by determ ning the
DNA sequence of the Mra-El-H6 codi ng sequence. A correct clone was used
for PCR directed nutagenesis to replace the Mra pre-pro-sequence 25 with

t he codons of the avian |ysozynme pre-sequence ("CL"; corresponding to am no
acids 1 to 18 of avian lysozyne; SEQ ID NO 1). The principle of the
applied PCR-directed nutagenesis RxANPILES based on the anplification of
an entire plasmd with the desired alterations |ocated at the 5 -ends of
the pPiners. In GONSTRUSHIONGE pFPNEI-Ll 1516 SHUTELEYEQKOR pr oduct are
nodi fied prior to self-ligation resulting in the desired altered plasmd.
30 The following primers were used for the PCR reaction: 1. priner CL hin:

5 -tgctt Ehsmﬂsa@ra@wgwdetﬂdmmbtgaygs@ngﬁmcm congyye®d gsSEdlomB. THE 18) ;

5t agt BT AL BOT U froir g oo i escdipeging 5om cERMTMF oo, 10)

The undeEliHE@ES [ §Ot @) Figate $)he priners contain the codons of about half
of the avian |ysozyne pre-sequence. Priner CL her neu includes a S I

rest if ct fonisst step, (daxet MintcEI-H\frﬁ@admrﬁm anﬁ%RMTrMBaTFégﬂéﬁ@s gybclaned o
| h
e i ¢ nePRab Ssf 8 Fen Bl 3T PRAE' Sl FRpS Sabtnd et BRpBir-fiegt Ly

(co:Jn]E ed(d;?hﬂ{ﬁlﬂé"ﬁldzl?pﬁ pErhcidr Hlus AWELRI0H®Y %s litARA A the rSa/lBaenHieségsred to

a i t he

P y fragment of pUC18 with T4 ligase (Boehringer) accordig to the supplier’s conditions. This
resulted in plasmid that is depicted in Figure 6 (SEQ ID NO:17), and further denominated as

20 pMal2-1 (pUCI8-FMD-MFa-E1-H6). The ligation mixture was used to transform E.coli

DHS5aF’ cells. Several ampicillin-resistant colonies were picked and analyzed by restriction
enzyme digestion of plasmid DNA isolated from the picked clones. A positive clone was
further analyzed by determining the DNA sequence of the MFa-E1-H6 coding sequence. A
correct clone was used for PCR directed mutagenesis to fepfaoe the MFa, pre-pro-sequence
25  with the codons of the avian lysozyme pre-sequence (“CL”; corresponding to amino acids 1 to
18 of avian lysozyme; SEQ ID NO:1). The principle of the applied PCR-directed mutagenesis
method is based on the amplification of an entire plasmid with the desired alterations located
at the 5'-ends of the primers. In downstream steps, the ends of the linear PCR product are
modified prior to self-ligation resulting in the desired altered plasmid.
30 The following primers were used for the PCR reaction:
1. primer CL hin: S'-tgcttcctaccactagcagcactaggatatgaggtgcgeaacgtgtecggg-3” (SEQ ID
NO:18);




conpl ete pMal 2-1 thereby replacing the codons of the Mra pre-pro-sequence
with the codons of the avian |ysozyne pre sequence. 10 The reaction

m xture was constituted as foll ows: pUCl18-FMD-Mc -E1-H6 (pMal2-1; 1.3

ng/ L), 1 VWOO028B61ir CL hin (100M, 2L; primer CL her neuPCLBEOM0L L;
dNTP's (all at 2.5mMM), 8 L; H20O 76 L50-Expand Long Tenpl ate PCR System
(Boeringer; Cat No 1681 834) Buffer 2 (10 x concentrated), 10L; Expand
Long Templ at: g PCR
o1 0gr am oReret Chet et TR A rogfho B beolblmpdladiiefirs QRGNS T o
mn at 95CND:13H cycl es of 30 sec denaturation at 95C, -1 min annealing at

60C, t 72C. 3. termnatio resul.ting
PCR p?ggﬁéﬁ u{)\ﬁg@e R %@F égjénedﬁlco%tfué‘c&’? ?ﬁﬁfﬁ‘seQ? %%J{]gf e P98 s ze
(3.5 Kkbiysozyhrrs @-fséc@lénéd"?nﬁler @m&rﬂaamée@ramp@hees%ﬁo@@ﬁa g&ylc)wne nogimoved
by a T4 polynerase reaction resulti ng I n blunt ends with

5 - OH grmﬂsémectﬁ@@qscﬂféhe PEeerug e gedons forcammiag aoiitresidugs 382 ynd9%se
Boehri nge Ri y .1 O L X s e;added
(1 gL T4 po } r;ﬁs@ 3%5&4%3@“% (9&?5 8‘%"5 ‘Wgr %ﬁ?‘?@ﬁ%{%g‘r’vﬁﬁé%@ 51

i ncubat e@otsed B0mnthe FxipRBEiik) tﬂiJEM@Jpntemdtqn Thé prilieds avesiegipesl toi anaplidfe thé t h
et hanol and.tak u n,l6 H20 sequen hos hat es vvere added to
Che br ureOrERltE P b AR roplacioy, e-SERPE e o, MEF RREPBFiients ovithdbs g |
bl unt - encte}dnfmh@aﬁm@&ow@rad@@éncb L T4 pol ynucl eot i de ki nase
(Boehringer; 1UL) L 10-fold concentrated T4 pol ynucl eoti de ki nase

r eact® onThefepetion @@“@Bo‘é?ﬁr pongtituted asnfpllows: pF@1]-F faiﬁbll'@aﬁh’bfi@ézvlas1 3 ’

b %
agar oce Pl il BhibeP LU OUTEUE bkl OF nllFd R0 4 B, AR S Bl " o
ext ract i atr2. S, (SUBGEO), mo,aqrm'pmgi ngTm;ﬂatppUReSymm(mhrmmneat NEIIS&Iy (50)

(Boonr | ni) s B Bacacssensttaoioderend bk Eenpliie Bk Sekm Lolfpres <

condi ti Om&mméf(l erurf20nsigpcubati on at 160 the DNA in the ligation mx was
preC| itated with ethanol, and dissolved in 20 L water. E.coli DHS5a-F cells
ver e 15ubSeekieRProgra serivinmelithrifeliovins pepoyas applied:gat i on sanple. The

pl asmi d p%eﬁhﬁﬁ&grlghgﬁgpgpd lin-resistant clones was checked by nmeans of
restriction 5 enée/ I gestion. A positive clone was w thheld and

denoni na2ed5p3dles af 3pescidnatnmtion at 95°C, 1 min annealing at 60°C, and 1 min elongation
at 72°C

3. termination at 4°C.

g—F

20  The resulting PCR product was checked by agarose gel electrophoresis for its correct size (3.5
kb). Thereafter the 3’-A overhangs form the PCR product were removed by a T4 polymerase
reaction resulting in blunt ends with 3°- and 5’~-OH-groups. Therefore, the PCR product was
treated with T4 polymerase (Boehringer; 1 U/uL): to the remaining 95 pL of PCR reaction
mix were added 1 pL. T4 polymerase and 4 pL. dNTP's (all at 2.5 mM). The samplé was

25 incubated for 20 min at 37°C. Subsequently, the DNA was precipitated with ethanol and taken
upin 16 pL H,O.

Subsequently 5’-phosphates were added to the blunt-ended PCR product by a kinase reaction.
Therefore, to the 16 pL blunt-ended PCR product were added 1 pL T4 polynucleotide kinase
(Boehringer; 1U/pL), 2 pL 10-fold concentrated T4 polynucleotide kinase reaction buffer

30  (Boehringer), and 1 pL. ATP (10mM). The sample was incubated for 30 min at 37°C.
Subsequently the DNA was applied onto a 1% agarose gel and the correct product band was
isolated by means of the gel extraction kit (Qiagen) according to the supplier’s conditions.
Fifty (50) ng of the purified product was then self-ligated by use of T4 ligase (Boehringer)



El -H6, SEQ ID NO 20, Figure 7). Subsequently the CL-El -H6 reading frame
was verified by DNA sequencing. In a last step the pFPMI-CL-El-H6 shuttle
vector was constructed as descri bed bel ow. The 0.486kb EcoRUBanH fragmnent
of p27d-3 wom8sfidhg CL- El (192-326)-H6) was |igated with PCOBE02/00064
EcoRUBanH - di gest ed pFPMI121 (SEQ I D NQ-12, Figure 3). For the reaction, T4
| i gase (Boehringer) has been used according to the supplier's

reconmen dg&stc ]f%, SiRens | Agab SR h

et hanol g%h* |ss&ﬂ_€§l I'n g1C gEi%ﬁSZ'é&EW%QPi m%xgat‘éﬁsc%é@jsl*ﬂﬁmh?%@%%% or ned
with 10 ini:ofvaslbtecipitgad wish ethangllagd dizsndvedie 20l switer. DNA of sever al

anpi ci |l | ol oni nal YZe W t h Rl ~and
Bant . PEAClIETCraficv e iieq i R AR it RLAE RS RO iy
shoved t ﬁﬁsrﬂﬁsbmﬂ of rs@«‘éb?ﬁ Ndmp 1§illﬁﬁ1%s19tfant0916§&k@a§ GBecke® B3 eand T semFibi@et
sequence” of El -H6 of p37- 5 was ver| |ed by seguenm %?@ 20 EXAMPLE 3

corusmucanme@gq@mwm wEHivezlage wanmiibhe UGIBEMRS b5

Fol | ows. i Shi2 EONOBERIEPH P iehis ﬁﬁff@%@%‘?%ﬁﬁﬁﬁg BARSYATERN o

FZ) \Y/ F@M@gg?ﬁi(gzl D NO5) was |sol at Edu?Z g 1Tﬁ|31kbr§coRUBgll I frag[négt
asmi

Wlr 1(:) FT gl tf’fb ?ﬁsﬁﬁekg}@ﬁg%&{fﬂé%#ggéggﬂéé N §V as ﬁﬁ%sﬁﬁ?‘itfi gﬁ%q?%t Rﬁ‘b i gure

C+2) or pMBIE: SO Homedt o@wurae(hmbnn% UngEmlw@z@ms)l wegdiated with

(Boehri n%ﬁ; Mannhei m accordi g to the supplier's recomendations., After
t r and® or FeeRIFparel- @ge&i‘iﬂ PFEMJ1ZIh (3HQ A8 NP: 18 Bigwre3)omar theoreastion. 1 digase

di fferen . an i nes
oo e REPABELBARSIE b s ) U T, 1OS N oh

vect or s Hgaiotesaouplenmagscptegipibiviid With-ctianticand SEGolved MOl Q@ RL HEQy U eoll DHSanB’

CONSTRUCHIERY OB RBRTERe P 1Pt cp AR Tigh oot o i, PR gt soverel

PFPMT- CL afagichifin \hessstatt £815a1e8 Avdrd adallyRddely Sigeitiddr WREUIORI aAd Badlili Plasiiedi at e
construct_ was E-ée&ErEd in which the E2 coding sequence was cl oned behl nd

t he 9§ gnsalong @3ironPEPMT-LFdyHEs §E@f IDsNQRA hrligHgcsshawed dasn deyined fragrieat was
done by hHes of 0.486kb and 6.961kb. The correct sequence of CL-E1-H6 of p37-5 was verified by

sequencing.
20
EXAMPLE 3
CONSTRUCTION OF pFPMT-MFa-E2-H6 AND pMPT-MFo~-E2-H6 SHUTTLE
VECTORS

25  Plasmids for Hansenula polymorpha transformation were constructed as follows. The DNA
sequence encoding the MFa-E2s (amino acids 384-673 of HCV BE2)-VIEGR-His6 (SEQ ID
NO:5) was isolated as a 1.331kb EcoRI/Bg/lI fragment from plasmid pSP72E2H6 (SEQ ID
NO:22, Figure 9).This fragment was ligated with either the EcoRl/Bglll-digested vectors
pFPMT121 (SEQ ID NO:12, Figure C+2) or pMPT121 (SEQ ID NO:23, Figure 10) using T4

30 DNA ligase (Boehringer Mannheim) according to the supplier’s recommendations. After
transformation of E. coli and checking of plasmid DNA isolated from different transformants
by restriction enzyme digestion, positive clones were withheld and the resulting shuttle



seanl ess cl oning nethod (Padgett, K A and Sorge, J. A 1996). Ceneration
of E2s-H6 encoding DNA fragnent 15 At first the DNA sequence encodi ng E2- H6
(amno acids 384 to 673 of HCV E2 extended w th the |inker peptide "VIEGR
and wi th 6wHiog/0saei dues, SEQ I D NO 5) was anplified from PCIBEpBWIE2H6
plasmd (SEQ ID NO 24, Figure 11) by ER The used prinmers were denoted
MF30E2/ F and MF30E2/ R and have the foll owi ng sequences: - prinmer M30E2/F:

5'-agtcactcttca., aggcat ac C O I .28 ar nl
Tt s (B R aeRRRkA TR R SORE. M DI b2
codon ofE1-h@ (SEQIDANOL3! Bighe 12),G8Pectiffience is printed in bold; the non-
mar ked bases anneal with the codons of E2 (am no acids 384-390 of HCV E2);
- primer MF30E2/ R 5'-agtcactcttca. cagggatccttagtgatggtggtgatg-3' (SEQ ID
NG 27; the 25 Earn 11041 site is underlined, the dot marks the enzyne's

cl eavage site; the bold printed bases are conplenentary to the bold
printed bases of priner M-30-Rechts (see below); a BanH site to be

i ntroduced into the construct is @@%Fq italic; the non- marked
sequence anneals with the stop co he six term nal H's codons of E2
(384-673) - VI ECREENSBEACITTON® B pFPMIT-U1e-meEé SHUTTLE VEETORS constit ut ed
as follows: total volunme of 50 L containing 20 ng of the 1.33kb

EcoRI/Bgl Il fragnment of pSP72E2H6, each 0.2 gM of priners MF30E2/ F and
MF30E2/ F, dNTR; ot bl _g?ém;

System WO 02 %%%E?%&%ﬁé’%%%ﬁmﬁaﬁéﬁﬂ%% et 153‘%&5%?’,“ 2.5 U
pol yher astermediaicEopstrvdt wesprefanp inwhickdire By soding seqBemaei wagenigneddhehind the68 1

834). The P rogram 3 consi st of the follqwing.s s _was, used: . 1.
dnai ur A EE: SBUth o ayegiae ot Seipelondees astikolilogdR Wi do0h B t5C, 30
sec anneglinlds dlonewme adgBiNK eh onfaddred) 1. AL1998f> 3. termi nation at 4C
Then 10 L 10 x bufrer 2 (Expand Long Tenplate PCR System Boeringer; Cat No

1681 834), 40 gL H2O, and 5 L of [dATP, dGIP, and dTTP (2nmM each); 10nM
2 Tt G PSR SRl 22 © Cor e, { o PO proaram
f ol | osv ngt $itst pisz DNA. sequence encoding E2-H6 (amino acids 384 to 673 of HCV E2 extended

with the linker peptide “VIEGR” and with 6 His residues, SEQ ID NO:5) was amplified from

the pSP72E2H6 plasmid (SEQ ID NO:24, Figure 11) by PCR. The used primers were denoted

MF30E2/F and MF30E2/R and have the following sequences:

- primer MF30E2/F: 5-agtcactcttca.aggcataccegegtgtcaggaggg-3" (SEQ ID

20 NO:26; the Eam1104] site is underlined, the dot marks the enzyme’s cleavage site; the last
codon of the S. occidentalis signal sequence is printed in bold; the non- marked bases
anneal with the codons of E2 (amino acids 384-390 of HCV E2);

- primer MF30E2/R:
5’-agtcactcttca.cagggatcocttagtgatggtggtgatg-3" (SEQ ID NO:27; the

25 Eam1104I site is underlined, the dot marks the enzyme's cleavage site; the bold printed

bases are complementary to the bold printed bases of primer MF30-Rechts (see below); a

BamHI site to be introduced into the construct is printed in italic; the non- marked

sequence anneals with the stop codon and the six terminal His codons of E2 (384-673)-
VIEGR-H6 (SEQ ID NO:5).

30  The reaction mixture was constituted as follows: total volume of 50 pL containing 20 ng of

the 1.33kb EcoR1/Bgl/ll fragment of pSP72E2H6, each 0.2 pM of primers MF30E2/F and

MF30E2/R, dNTP's (each 0.2 pM), 1x buffer 2 (Expand Long Template PCR System;



1. denaturation: 5 mn at 95C 2. 5 cycles of 45 sec denaturation at 95C, 30
sec annealing at 65C, and 1 mn elongation at 68C 15 3. term nation at 4C.
Generation of pMF30-derived acceptor plasm d The second fragnent origi nated
fromthe pwvadebIPVF30 (SEQ I D NO 28, Figure 13), the anpCr@om/east al nost

the conpl ete pM30 plasm d excl udi ng tdg3e codons of the mature a- 20 anyl ase
of S occidentalis, nodifications relevant for cloning were introduced by

pri mer i f n Links:
ori e g, g, BB B2 polncbioe TR NERGIHR Tl PR s

Eai nl 10Boesinger; CstdeJl@llS&ztaad, the dot marks the enzyne's cl eavage site; the
bol d pri .CO e tary to the | d printed "agg" of priner
MF30E2/ Iﬁ’(e?g:eR Sc?qf’éguﬁ%réﬂl?ﬁ?agﬁwﬁgﬁf RtEa %F‘g printed bases anneal with
t he 26 tier aéﬂmirathﬁsg%l@fatgng codons of the a-Anylase of S. occidentalis in
pMF30) N%r)l mer WBO- Rechts: -agtcacfcttca. cf gcaggoﬁgt gcaagcttggcg 3'

( SEQ 5| D 2. NEP cxcles afha0 @&rdfrnqtcmnqn 8 958C; 20 specrapedling @t apgdi myn elopgatina
enzyne's c¢ vage site; the 30 bold printed "ctg" is conplenentary to the
bold printed "Cag" of prinmer MF30E2/ R (see above); the non-marked bases
anneal i.t kerpidafién ste¥jGences downstream of the stop codon of the a-Anyl ase

o S BETLALLP L B 0 G B B 088 5, R,
I
R kot %ﬂ“ﬂmﬂ?ﬁm oo,

Syst ¥ IByebpengasided ty emnnlssifnvqé@m PLR; progpaan n@ddé éa&hé@n@mé Withng

Tenpl at &gl& 681 5 834 The sane PCR prograns
(p?ggraeP %ﬁﬁﬁ 5&3@ dll&ghh%gl@ S'Lre used, )except for the gl o%gation
ti mes whi. cﬂmmmﬁmﬁnad%?(bm 1 mnute to 4 mnutes in both programs
Cenerati n of .ve E2 .The encodi.n

ONES0. deb 3 G e By 658 P AEn Bt Aok FBEHRE 11 TGt BACL R SPRBHORA ¢ hei 1

respecti vesgqge by gel electrophoresis on a 1 % agarose gel The PCR
products were purified W|th a PCR product purification kit (Q agen)
accoldi nfy teminsEon ikt ier' s instructions. Subsequently the purified
fragnents were digested separately with

Generation of pMF30-derived acceptor plasmid
The second fragment originated from the plasmid pMF30 (SEQ ID NO:28, Figure 13), the
amplicon was almost the complete pMF30 plasmid excluding the codons of the mature a-
20 amylase of S.occidentalis, modifications relevant for cloning were introduced by primer
design. The following set of primers was used:
- primer MF30-Links:
' 5’-agtcactcttea. ccetcttgtcaaaaataateggttgag-3" (SEQ ID NO:29; the

Eam1104I site is underlined, the dot marks the enzyme’s cleavage site; the bold printed
25 “cct” is complementary to the bold printed “agg” of primer MF30E2/F (see above); the
non-marked and the bold printed bases anneal with the 26 terminal bases of the codons of
the a-Amylase of S. occidentalis in pMF30);
- primer MF30-Rechts: 5'-agtcactctteca.etgeaggcatgecaagettggeg-3” (SEQ ID

NO:11; the Eam1104] site is underlined, the dot marks the enzyme’s cleavage site; the

30 bold printed “ctg” is complementary to the bold printed “cag” of primer MF30E2/R. (see
above); the non-marked bases anneal with pUCI18 sequences downstream of the stop
codon of the a.-Amylase of S. occidentalis in pMF30).



Eam 10041. Ligation of the E2s-H6 fragnent with the pM-30-derived acceptor
plasmd was perforned by using T4 |ligase (Boehringer) according to the
supplier's recommendati ons. The 15 ligation m xture was used to transform
E. coli DHSab ocesdier and the plasm d DNA of several cl onesproa@Eani@bszed by
EcoRI 1BanHl di gestion. A positive clomg.was selected, its plasmd further
denom nated as pAWMY-E2, and utilized for further nodifications as descri bed

poR.di r cHbcRemIE S P Bl ey by Bt YRt QN ColRRE ) SELFC 0

si gnal &Bé]!BQIlPBné&hEéﬁ pNVIB30,Qdems. 2qutdf@nmemmmBg&M§srmdm@3mReumammeu s is

further denomnated as "CL". corresponding to the first acids of
avi an | y€uRyid KNG buffes a@mnf)mqsom fle' vt Mt Bocdnger. gt e 68 hver o
wer e useghy 2@5 TPhol graggﬂnxgé(gand Long late PCR System, Boeringer; Cat No 1681
5'-tgcttcctaccact agcagcact a

catacccg gtcaggaggg ¢ag-3'"~ ('SEQ 1D NG 30);
and pri nisd).dle SampPCIEpromgtsa(@rmmsiiagg sawersasedoeeptdor t t t a-

tc-3' (SEQ 1D NO 31). 30 Th I
RS R e i e e,
Primer CL2 her includes Spel (italic) and EcoRl (italic, double

underlined) restrjction sites. The non-underlined regions of the priners
anneal viseneretien ok e PAMYaE2 no aci d residues 384 to 392 of E2 (CL2 hin)

or the Widriige 'é@éoﬂi'n THRAAAMANRNAREAEEIRS A &;Eh%@a%ﬁﬁ@ fined ?%P@t@f the

EcoRl site up to posi |on-1 count'ed fromthe ECORI" site
pr onm erwer*émgntrqﬂe;l rmrtlselareepastbm sinebly gel etesprbpliopesishen @bmnhmr@semAthEZ’GPect or

thereby re C|n the the [ .
codons” R e, RURGEE L o, Por Bl MR SR Rouad il FRGRAK 10 LT
2;:/ glo (ra gll (r)?l gkgertmms%?rﬁlgtﬁimrswsmmgmsaém&p@lﬂed ﬁagammwa ate'ra)mgfs”tgio g&paraar;%ly aﬁgl ﬁ 35
el ongat i%cﬁnlléiﬁl?kgaﬁwnpéﬁm %ﬁﬁ%#a‘&?‘e‘&@ P%ﬁesl%oéﬁrg(ﬁgﬁ%‘?fepﬂi STHAYEY e was
d:
gg hg%\é&r : ]%%e& 3}: ﬂﬂﬁ%i‘ﬂr likhse (B’i)blﬁﬁ%&f\}ﬂ'ﬂég%ﬁi)ﬁg(t&% sué@gr swgaoggenéxé%%nﬁg'!['lll_%rﬁg

Tenplat eligGan s;asmeenwmdltn frensforta €. ae§ DESAF gells) ard the plasipid BYAOf several
clones was analyzed by EcoRI/BamHI digestion. A positive clone was selected, its plasmid
further denominated as pAMY-E2, and utilized for further modifications as described below.

Generation of vector pUC18-CL-E2-H6

20 The pAMY-E2 was subjected to PCR-directed mutagenesis in order to replace the codons of
the a-amylase signal sequence with the codons of the avian lysozyme pre sequence. This is
further denominated as “CL”, corresponding to the first 18 amino acids of avian lysozyme
ORF (SEQ ID NO:1). For this mutagenesis following primers were used:

- primer CL2 hin:

25 5-tgcttcectaccactagcagcactaggacataccegegtgtcaggaggggeag-3’ (SEQ
ID NO:30); and
- primer CL2 her:

5'-tagtactagtattagtaggcttcgcatggaattcactggecegtegtttta-
caacgtc-3’ (SEQ ID NO:31). |
30 The underlined 5’-regions of the primers contain the DNA sequence of about half of the avian
lysozyme pre sequence. Primer CL2 her includes Spel (italic) and EcoRI (italic, double
underlined) restriction sites. The non-underlined regions of the primers anneal with the

codons of amino acid residues 384 to 392 of E2 (CL2 hin) or the with the “atg” start codon



concentrated), 10 L; Expand Long Tenpl ate PCR System Pol ynerase m xture
(WL, 0.75 L. The resulting PCR product was checked by gel

el ectrophoresis on a 1% agarose gel. Prior to 15 ligation the PCR fragnent
was nodi fiwo oassdial | ows. The 3' - A overhangs were renoved PgT/BE02/@obé4y ner ase
resulting in blunt ends with 3'- and 55O+ groups. Thereto 1 .L T4

pol ynerase (Boehinger, 1U gL) was added to the residual 95 gL PCR reaction

m xt ure ] ' S ' d for
20" mi n B B8 22akd s Hirig PSR B pouli €3 tle £0010 SATDY ARG TS
di ssol vastinidts Afe dghigae] rinzstily dat cmpldibipAMBEE2f wctop testlebyyrepladifig kienaglens
treatnent to add_5'-phosphates to the blunt-ended PCR product. To the 16 L

di ssol vedf thy espayiasg signperaysperinih theesodonspddhe avign lysozymeprersqaencede ki nase

(Boehri r g% - : nucl eoti de ki nase
reaction ul?q%%e %%)ne‘ﬁ%sn%eéigo %ﬂg‘ﬁ%goﬁﬂgﬁ%ﬁﬁgm%& e sanpl e was incubated
for 30 ni.ndedahBation: Thenik e HEE treat ed sanpl e was subsequently separated on
a 1 %agargse gel..The product. band 25 was isal ated The S extracted
from t n adacude & TLecRlmHiRar 851 o iR smheeafel B0C) RRY T PP sgRepion
accordi ng {o7tehe supplier's recommendations. Fifty (50) ng of the purified

product was then sel fo-l i gated by use of T4 |igase (Boebringer) according to
t he suppli tarminatieppldt’G ons. After 16 h incubation at 16C, the DNA in the

(1 Pgat | oREUPRRGI RANES ik b GAVIE N CORPRLER REaiR. PR 6 (7 (e

| i. gatd onuRpd; pSemeeCll2 barp((100 [PM)n2 pesdNTRISt(2Gniviesce Beulf; Ui eT6 pL;

characteri zed via restricti nal ysi,s of the .isol d asym A
osi 1 vebtarondonks THBRIA RreaTagm Gedettapt doun B, 1AL, BE Y 3 0 A s
nodi f i cadonestratd),dBE gL, BRgarddel onyg D P8R 1SNstdi PoBme:24400 Bcdure -(8G/uL),
CGeneration of shuttle vector pFPMI-CL-E2-H6 A 0.966 kb EcoRUBarnH fragnment
was i sol @/2#Lf r om pUC18- CL- E2- H6 (harboring CL- E2(384 673)-VI EGR- H6) and
was |ig = £hi t e gur e
B For LR PR I b ) T e %
suppli erligation titi RCR fisgmtevdsingadifieshasfaliphs The 8’ evsilpngawens rewoveddiyhEhol
and dissol,ved in 1Q. L.water  .Thi. S £ 0 a ' '

ol | 5. aPpEPprdieing it BHE enct i 317 g FE0et Gobt TRMEIL iDL b RRSe o

r espect i (Boeptlisgef, W uLy wde added na tiedresi BhAVPS QL FER Heactioi-Qixtufe ANag3Rith Bidur e
14). 10, dNTP’s (2.5 mM each). The sample was incubated for 20 min at 37°c. Subsequently the DNA

was precipitated with ethanol and dissolved in 16 pL deionized water. This was followed by a

20  kinase treatment to add 5’-phosphates to the blunt-ended PCR product. To the 16 pL
dissolved blunt-ended PCR product were added 1 pL T4 polynucleotide kinase (Boehringer,
1U/uL), 2 pL 10-fold concentrated T4 polynucleotide kinase reaction buffer (Boehringer) and
1 pL ATP (10 mM). The sample was incubated for 30 min at 37°C.
The kinase treated sample was subsequently separated on a 1% agarose gel. The product band

25  was isolated. The DNA was extracted from the agarose slice by means of the Gel Extraction
kit (Qiagen) according to the supplier’s recommendations. Fifty (50) ng of the purified
product was then self-ligated by use of T4 ligase (Boehringer) according to the supplier’s
conditions. After 16 h incubation at 16°C, the DNA in the ligation mix was precipitated with
ethanol and dissolved in 20 pL H,O (ligation sainple).

30  E.coli DH5aF’ cells were transformed with 10 pL of the ligation sample. Several ampicillin-
resistant clones were further characterized via restriction analysis of the isolated plasmid
DNA. A positive clone was denominated as pUC18-CL-E2-H6 and was used for further

modifications as described below.



EXAMPLE 5 CONSTRUCTI ON OF pFPMT- CL- K- H6- EI SHUTTLE VECTOR 15 The
construction of the shuttle vector was conprised of two steps. In a first
step the pUC 18- FMD- CL-H6-K-E | -H6 construct was constructed by

si te-di recwed2/osidngenesi s. The pUCL8- FMD- CL- E1- H6 was us@dTasEor/enpd at e
(SEQ ID NGO 20; Figure 7). The followgg priners were used: 20 -Priner H6K
bi n neu: 5'-catcacaaat at gaggt gcgcaacgt gtccgggat gtac-3'" (SEQ ID NG 37).
-Primer . X t agt gct gct agt ggt aggaagcat ag- 3'
(SEQ I D NG @&%%ﬁfe&lﬁgg%mg%r ovi di ng a itional codons are underlined.) 25
The PCR Ae(h%é &b BroRl/BaaHboRagaRAS Wak Uicdsted $robho bUQMB-CIpBCHES EHdEbcﬁSingBILHG (2

v o1 x-S BaCR i s gsiedin the oo parEhaept e p L S G ERGR

Syst em (PRI, M eFigulead ). 3 th]e%&ctﬁﬁdf)maigafs@@gehﬁi@er)( v@a@ﬂﬁ@d‘taéé‘&ﬁﬁg ito Mk L;
Expand Long Tenpl ate PCR System Pol ynmerase m xture L) L. 30 The

PCR p¥ ogwnhuéﬁe@ndm@gs s”ﬂ@dlg@flom srangsle Was wresipitated yeith ethanpd and disselveshinsi®p: 15

mn at 9 vcl es 3 at 95C....1 e at
00G, hnatls st T v o Tl het GpnbBisu0 ¢ lscd kst Gl SRR,

t er ni nat am réstricion afdlysik bRk redpedthve PRISRIG & MiremWatedREMT.SL-BR-H6 (FHQ
agaroseeﬁg t o check |ts size, which was correct (-4.2 kb). Thereafter the

A ov 2, Figoee 1he PCR product were renoved by a T4 pol ynerase 5
reaction resulting in blunt ends with 3 - and 5 -OH groups. Therefore, to
the remaining 95 L of the PCR reaction were added 1L T4 pol ynerase
. (Boelringer; 1 UL) and 4 L dNTP's (2.5nM each). The sanpl e was incubated
for 20 mn at 37C. Subsequently, the DNA in the sanple was precipitated
wi th ethanol and dissolved in 16 L H2O Subsequently 5'-phosphates were
added to the bl unt-ended PCR pr oduEixAtMPEEIG' nase reaction. 1o Therefore,
to the 16 tL dissolved bl unt-ended PCR uct were added L T4
pol ynucl eot i de G%%ERPQ-‘&IHN 956!?FPMT§£‘)KH46 E[Sﬁp}‘%‘i@ ‘%@QB’L rated T4

pol ynucl eoti de

15  The construction of the shuttle vector was comprised of two steps.

In a first step the pUC18-FMD-CL-H6-K-E1-H6 construct was constructed by site-directed
mutagenesis. The pUC18-FMD-CL-E1-H6 was used as template (SEQ ID NO:20; Figure 7).
The following primers were used:
20  -Primer H6K hin neu: 5'-catcacaaatatgaggtgegcaacgtgtecgggatgtac-3” (SEQ
ID NO:37).
-Primer H6KRK her neu:
5’-gtgatggtaggtgtcctagtgetgctagtggtaggaageatag-3” (SEQ ID NO:38).

(The bases providing additional codons are underlined.)

25  The PCR reaction mixture was constituted as follows: pUC18-FMD-CL-E1-H6 (2 ng/pL),
1uL; primer H6K hin neu (100 uM), 2pL; primer HOKRK her neu (100 pM), 2uL; dNTP's
(2.5 mM each), 8uL; HyO, 76 pL; Expand Long Template PCR System (Boeringer; Cat No
1681 834) Buffer 2 (10 x concentrated), 10 pL; Expand Long Template PCR System
Polymerase mixture (1 U/pL), 0.75 uL.

30 The PCR program used consisted of the following steps:
- denaturation step: 15 min at 95°C
- 35 cycles of 30 sec denaturation at 95°C, 1 min annealing at 60°C, and 5 min elongation

at 72°C



ki nase reaction buffer (Boehringer), and 1 L ATP (10 nM. The sanple was

I ncubated for 30 mn at 37C. Subsequently the sanple was applied onto a | %
agarose gel and the correct product band was 15 isolated, by neans of the
gel extracWOdi/0R¢101 (Q agen) according to the supplier's cBGUBEIMWE4 Fifty
(50) ng of the purified product has th&m been self-l | gated by use of T4
ligase (Boebringer) according to the supplier's recommendations. After 72
h incubali egn@latidf% ddee DNA in the ligation sanple was precipitated with
et hanol and dissolved in 10 L water. E. coli DHsaF cells were transforned
with 5 LAofliquet of thghGR sampderpheanalitzed ph adith aigamnga gef to checksigasizeawhich was
anpicillin-r col oni es was anal yzed by restriction enzyne digestion,
a p05|t|9f’éT tgqié?}%\hs wi t hhel d and the correspondi ng pl asnm d denom nat ed:
pUC18- FMBhézkaftdb el 3KA. dieraBE bR eI BOR prbdyict @eaenandved dyseTa rpbl;aﬁ&aset he

transfer vector was constructed by a t f ragnment gat| n. In.th
fol | ot nipastioRdesuliing 18% Tun grdsetithss aardy Eﬁﬁ gr@mseghwj()@n@st §w

Strann o PORGERRE ekSaddel 1 (ANTY IR IBUbALRS: Puc”ﬁfgméﬁwﬁﬁétpﬂ‘é‘fﬁ?élm "
( SEQ | D Om eapl)g The sanmle mas iggrbaied focQDEInn(aSE?jq Su B@ﬂyﬁhglmbA ishe From
Fqui o oty WL braRoicA0s SR efbadr o BRI RRIEY, 00 P 0P 50 the
7D, ey it s g et Dl 1
CL 10 K ST nd 6okl Sogyoeg pllaiseiistle B RO BFRECEUETS O 1 1 dron
of plasng ﬁaﬂ’ (d&lirfade (ﬂnfyhhﬁgkrﬁ mqypwez WLSH-fof Baticentedted T8 pElynﬁaashda;g

frame starting fromthe Bc!l site, wthout Ctermnal Hs tag, as well as

the pFPMinase-reesiion duifer Goshringesy auhi MLOATP HED miYD. The senple Wwaganabaled it ed WO
02/ 08610%%%%5@%_/ 00064 -68 and ligated together for 72 h at 16C by use
of T4 ligase ehringer) in a total volunme of 20 gL according to the
suppl i er Sebsspeeoily ﬂwnm]resvasappli@cpmma 15 againse gelgad itioncomiert modnonbandpyasc ed

on a_pi ece, of t I | oat I X d t

Cn odber SR, B nleagE ot te RRE LARARNTE (OlRh) dfuBeShHd WhofiEh ORARIbALS. ©

t _errﬁe !rS at Bifs) (SCE n% (mlfltlhé" Cﬂé)i:ﬁea qirbdhc%_\ﬁfae thert rvaas fseif-higated ybye Iuaclbfomorl@hqeon

Wi t e desal.te e e everal r tin

i o1 1 IBeenEREe) ot e SR P ahagy Ader 72 bR AT O el on
QO posi ti D@J&hﬂﬁ@lfﬁﬁnll\ga&bl@%@ pARihitdRn i skad] AfdREorbd HorKuiFwateSEQ | D

40, Figure 18
E.coli DH5a

cells were transformed with 5 pL of the ligation sample. The plasmid DNA of

20  several ampicillin-resitant colonies was analyzed by restriction enzyme digestion, a positive
clone was withheld and the corresponding plasmid denominated: pUC18-FMD-CL-H6-E1-K-
H6 (SEQ ID NO:39, Figure 17).

In a second step the transfer vector was constructed by a two-fragment ligation. In the
25 following construction fragments with Bell cohesive ends were involved. Since Bell can
cleave its site only on unmethylated DNA, an E. coli dam” strain was transformed with the
involved plasmids pUC18-FMD-CL-H6-K-E1-H6 (SEQ ID NO:39, Figure 17) and pFPMT-
CL-E1 (SEQ ID NO:36, Figure 16). From each transformation, an ampicillin-resistant colony
was picked, grown in a liquid culture and the unmethylated plasmid DNAs were prepared for
30 the further use. The 1.273kb Bell/HindIll fragment of the unmethylated plasmid pUCI18-
FMD-CL-H6-K-E1-H6 (harbouring the FMD promoter, the codons of the CL-H6-K unit, and
the start of E1) and the 6.057kb Bcll/Hindlll fragment of plasmid pFPMT-CL-E1 (harbouring
the missing part of the El reading frame starting from the B/l site, without C-terminal His
tag, as well as the pFPMT121-located elements except for the FMD promoter) were prepared



EXAMPLE 6 TRANSFORVATI ON OF HHANSENULA POLYMORPHA AND SELECTI ON OF
TRANSFORMANTS 15 H. pol yno; pha strain RB11 was been transforned

(PEG nedi at ed DNA upt ake protocol essentially as described by (Kl ebe, R
J. et al. WOIRP8&Pt h the nodification of (Roggenkanp, R P@T/B§02/000_(986) Wwith
the different parental shuttle vector&8as described in Exanples | to 5. For
each transformation, 72 uracil-prototrophic colonies were selected and used

for strajp h%gteg eyt fd?r’}’ztlyattlh% i)? luEé)(W T Pds0 CBSkhEBgery B a RBL RokHe®TRO @ 2

mL Iiquid culture was 1 nocul ated %rown in test tubes for 48h (37C, 160
rpm  angile ag®yding tcsé:b@upplmesmp@mﬁmnmqw Bbssuentiyethedigation mixthreswat plpceds

defined as t.he fd rst of

the first ap%%g%c Y mtroc ﬁ@%se\%%%rgﬁl%%g%uggloéggl# ?Albrg%%_w%g es?%ﬁl&/ {i}g%?e

medi um ligdgah ﬁmxﬁigg (ﬁwﬁauﬁlefoma&emhem][roomcmhmbmd:ra)jsEdembrT(bﬂbw aeﬂbvwel(es egond
assa |n S oget her ight _of .suc ssagi e we rri e
ot [ Ghslogab bF rleapeRes YA arhly 1E 16 ApBHSS AP Th B, 2088 i

st eps i

Af tor ﬁﬁgeﬁﬂ%?ﬁ?ﬁ%u%?% %ﬂi’ﬁﬁ“"’%%%mf‘“%e@ s QRO B CreliRtio Bkt disioe)

stabi | Attty vasibhal doisnoniain SREVPE LG S (@D iheed 1o
|noculat§. %? mL YPD cul tures which were incubated as descri bed above
(second s §i*tt zat i on step). 30 Aliquots of the cultures of the second
stablllzatlon step were then streaked on plates containing selective

YNB/ agar. These plates were incubated for four days until nmacroscopic

col onf es becane visible. A well-defined single colony of each separation
was defined as strain and used for further expression analysis. WO

02/ 086101 PCT/ BE0O2/ 00064 -69 Expression analysis was performed on
smal | -scal e shake flask cultures BXAMBLY 6has picked fromthe above

ment i oned kag)%ﬁt Hp‘?@g A RIS or 48 h
as nentioned above. |§) al 1 quot %\/aﬁsdlulg‘ggkggafeed c%n%%’?géﬁg?ﬁm mL
shake flask culture. YPd ycer oTRANSFQRMANEY as nedi um and t he shake
flask_was incubated on a rotary 5 shaker (200 rpm 37C). After 48 h of
grovﬁ'u 1 % MeOH was added to the culture for induction of the expression

casset t eH pdlynibirpAcc sedih RBIE wastteey atassfoshéd pHEd}emhaméd DNA. uplake upbcolner e
coll eotod B0t S0 e oL, 200Nl L gty SR Lo SRSl G RLOLELD
pel | et s wpegal soREPkth aRdiffesaRined shitlé féctdrd bd aédetibed iBPRhmpIRE 1itosHUbat ed
for > 15 mnutes at 95C. Proteins were separated on a

each transformation, 72 uracil-prototrophic colonies were selected and used for strain

20  generation by the following procedure. For each colony, a 2 mL liquid culture was inoculated
and grown in test tubes for 48h (37°C; 160 rpm; angle 45°) in selective medium
(YNB/glucose, Difco). This step is defined as the first passaging step. A 150 pL aliquot of the
cultures of the first passaging step were used to inoculate 2 mL fresh YNB/glucose medium.
Again, the cultures have been incubated as described above (second passaging step).

25  Together, eight of such passaging steps were carried out. Aliquots of the cultures after the
third and the eighth passaging steps were used to inoculate 2 mL of non-selective YPD
medium (Difco). After 48 h of incubation at 37°C (160 rpm; angle 45°; the so-called first
stabilization step), 150 pL aliquots of these YPD cultures have been used to inoculate fresh 2.
mL YPD cultures which were incubated as described above (second stabilization step).

30 Aliquots of the cultures of the second stabilization step were then streaked on plates
containing selective YNB/agar. These plates were incubated for four days until macroscopic
colonies became visible. A well-defined single colony of each separation was defined as

strain and used for further expression analysis.



to 15% pol yacryl -am de gel and blotted (wet-blot; bicarbonate buffer) onto
nitrocel l ul ose nenbranes. Blots were devel oped using a specific nmurine
anti-El (1GH 201) or nurine anti- E2 (1 GH 216, described by Maertens et al.
in W96/ 04WQIR/08H0F i r st anti body, Rabbit-Anti- Muse- AP RET/BESXOGs second
anti body. Staining was perfornmed wth-g98T-BCl P. Positive strains were

w thheld for further investigation. 15 Five of these positive clones were
used in : | [d I f i ve
A R e e R R U R A A

cul t ur esfromrtlee #hove brentonedsy NB&garn tlatd and dweulafeh s 2 call YPRUamdenaibeted ferst®us ed
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and 200 @idie, APLRydekol 41 90)l wak usdd dshhalingrand 80 salld TdsR wis Sndub@ed b airbiasul at e

250 nL YPd ycer ol (10/<)7o nedi um and was incubated in a baffled 2-1 shake
f1asks unthakert Q80 4B%v 87 des ¥fichdd R GRdraviBs 7o MeQH araseddded de dheasilBire fomy,

MeOH (pr | Weln) . f Ut
moubat e GAT O Pe o PEReb (e e IRt i SNESE; PR ROl Pa R |1
exper i mewerewadlecied ppé dtozaddatce20°PC paitil durther coblysist Speclfic protein eXpuesatonowmas The

expressi on, | eyel Lve differe clones..was _anal yzed.by .25 SDS- PAGE /
vent or n BRbEER Ry SPSORE] WiSeblo e bR iR Ve Pl e i one
was | oalisfftr (TiiHCIheSS) andrificibard fost 1Poalitet dt 96°C tRrateihs Whte ephrartied o or
further fermentation and _purification trials. Surprisingl

pol yithor btva, Polyared-amids 25} and | Wetad, (veirblete Picagbamaten puffer) o inéHﬁ"("@éWﬂP?essen,

G 2000} embsinad Both %e%v@l%ﬁed’%%é SRS mESReiL 1 ?Y}I-I"'Q@l b turine anti-
hyper gl ycosyl ati on and thus wth 0 'sugar noieties conparable in size to

t he HCV Bh&HD3&6,pleserdied Dycdpertans et abyn MEV6/04386)rhs Fiesh entileodlyi Rakbit-Anti-
Al i ‘ ’ 0 RB 1]
feposi t oMCBIS AL VI et B0k g 7 SERIRE R, Bef X MRS RRCIE O, "7 oty ot

t he MycoPdsitijesstrains iwekiGitkddioy furthet ineestighthon\D 02/ 086101 PCT/ BE02/ 00064 - 70

Cat hol i que de .Louvai.n, Laboratoire .de coéo e, Pl.ace Croix % qiud 3.bte
6. BL34BVe OF HPSS ROTIVeNGIORAS Weke P3pe i SHAK LSk Brogieh SxREEEest Aodieibes
MUCL4380fhe raspeetVdRithain/ whs DIk EUESMORNS plae Yahd Miskd 3610 cMiateTOMLT P DS These

cerevisi ae expression plasmd was constructed as follows. An El -coding

sequenceCiies Were; iBenbated sadeseritied | b 0By celk sepemion esnuprdptominpqdMe § SEQ
I'D NG 6, sdehshtEded Hhiti!08700 mL YPD medium in a 500 mL shake flask. This shake flask was
incubated on a rotary shaker for 48 h at 37°C and 200 rpm. A 25 mL aliquot of this seed
20 culture was used to inoculate 250 mL YPGlycerol (1%) medium and was incubated in a
baffled 2-1 shake flask under the above described conditions. 48 h after inoculation 1 %
MeOH (promotor induction) was added and the shake flasks were further incubated under the
above describéd conditions. 24 h post induction, fhe experiment was stopped and cell pellets
collected by centrifugation. The expression level of the five different clones was analyzed by
25 SDS-PAGE / Western blofting (conditions as above). A titration series of each clone was
loaded onto the gel and the most productive strain was selected for further fermentation and
purification trials.
Surprisingly, H. polymorpha, a yeast strain closely related to Pichia pastoris (Gellissen, G.
2000), is able to express HCV proteins essentially without hyperglycosylation and thus with
30 sugar moieties comparable in size to the HCV envelope proteins expressed 'by HCV-

recombinant vaccinia virus-infected mammalian cells.

The Hansenula polymorpha strain RB11 was deposited on April 19, 2002 under the
conditions of the Budapest Treaty at the Mycothéque de 'UCL (MUCL), Université



was made bl unt-ended (using T4 DNA pol ynerase) and cloned in the pYl G5
vector (SEQ ID NO 41, Figure 19) using T4 DNA |igase (Boehringer)
according to the supplier's specifications. The cloning was such that the
El s- H6 encW@iRgsdiplagnent was joined directly and in franeCT/BEI @064
aMF- codi ng sequence. The ligation m xtaxke was transforned in E.coli 15
DH5aF' cel | s. Subsequently, the plasm d DNA of several anpicilin resistant
cl ones I r | @0 ) i [ 0 S
i thhol & nef 8, e Poual, 12Rblakdle A pilc bRl prS ool B e\ KO SORELIRS ).
The exprieswhinda-dMevyetRelgitmeand hasthe yTHCe acdebsisregurelver MECT43086. El s- codi ng
region with a Hs- tag) was transferred as a BanH fragnment (2790 bp) of
pYI GGEIH6 into the BanuT -digested 20 E coli/S cerevisiae pSYl shuttle
vector (SEQ ID NO 21, Figure 43). The Iigation was performed with T4 DNA
| i gase (Boehringer) according to supplier's conditions. The ligation mXx
was transfornmed to E .coli DH5aF' cells, and the plasnm d DNA of several
anpicilin resistant col oni es vvasd@ggw]gﬂ -0y restriction enzynme digestion.
A positive clone was wi thheld an enom nat ed pSYl aMFE 1 sH6a (1 CCG3479;
SEQ | D NO 44, Fi gur e CENSTRECTXON-OF p$ YOaMFIRSEba ONECT' IBYY| GSE2H6 VECTOR
30 The S. cerevisiae expression plasmd pSYYl GSE2H6 was constructed as
follows. An E2 coding sequence was isolated as a Sall/Kpnl fragment from
BRA pol yer acc) e shbseaently VO 05| OBEA0T PLIBERS) 0006E - /1. cl.oned i n
ynme ubsequent - cloned in
the Pvi UBolvied mbie NeBsepBinksepent FOBLPGEYBYELLIG, (R IO Gissee {9RtM nger )
accor di ngad RadeWlusiitRRéd @sing ﬁﬂsﬂw‘ o@ﬁﬁér%}? and BBné&d BhSPY WeSveetif iskdab the
E2-H6 encoding fragnent was joined dire and in frane to the aM~coding
sequenceNO‘HHe Figprat iL8h usingt ﬂ"ﬂeD%shgﬂsen(H gensgem)r rasebrdingEto dlg i suppliale
cells, t Q I S alyzed
by restri C%I on g§ g%%mtl%ﬁgygﬁcgo%ia{{? %gh%mn‘{eﬂ%ﬁ‘%ﬁ%ﬁgﬂt% > g%%‘yn\?lﬁ%c%%&d as
pY! GSHCGInd2a aftdine to&ﬁ@ZAZPLh codfrf)stduehia. %edli@aﬁm ﬁnﬁ(@e w@equme) & $h Bheol
cassette conta nin t e NF se uence_and the E2 (384 - 673 i ng region
wi t h1% FP’(§[5?‘5§5=1 aégu DB 4T fagmempIqlin gesisny cgqnes was

pY! fg'r{%%%%@d*@mo@&tﬁ?u&m alugr@sgdslzdlﬁrfaps podife clﬁgilgftt{v%n w\ﬁf\tgféeﬁ% (ol Wbl L1 €
| i gase (Bﬁ@ﬁﬁlh@e(fc}c@w&s SEQEDINO 2 phigi®er203 condi ti ons.
The expression cassette (containing the aMF-sequence and the Els-coding region with a His-
tag) was transferred as a BamH]1 fragment (2790 bp) of pYIGSE1H6 into the BamHI-digested
20 E .colilS. cerevisiae pSY1 shuttle vector (SEQ ID NO:21, Figure 43). The ligétion was

performed with T4 DNA ligase (Boehringer) according to supplier’s conditions. The ligation

mix was transformed to E .coli DH5aF’ cells, and the plasmid DNA of several ampicilin

resistant colonies was analyzed by restriction enzyme digestion. A positive clone was
withheld and denominated pSY1aMFE1sH6a (ICCG3479; SEQ ID NO:44, Figure 22).
25

EXAMPLE 8
CONSTRUCTION OF pSYYIGSE2H6 VECTOR
30
The S. cerevisiae expression blasmid PSYYIGSE2H6 was constructed as follows. An E2
coding sequence was isolated as a Sall/Kpnl fragment from pBSK-E2sH6 (SEQ ID NO:45,
Figure 23) which was made blunt-ended (using T4 DNA polymerase) and subsequently



The ligation mx was transforned to E. coli DH5aF cells and the plasmd
DNA of several anpicilin resistant col onies was anal yzed by restriction
enzyme digestion. Arestriction positive clone was w thheld and

denoni nat eWOIRWRGIESE2HG (| CCG2466; SEQ | D NO 47, Fi gure PGY/BERHOEMAVPLE 9
CONSTRUCTI ON OF pSY1Yl G7/Els VECTOR 20-7The S. cerevi si ae expression plasmd
pSY1lYlI G/Ei s was constructed as follows. An El coding sequence was isol at ed

as a Nsli o I RNIE é\@ ST which was
made. blét}éf?-ggﬁ?i%edﬁ ang c‘f%or{e(gggnto th@’g%%@e%t&r (%IIE%\ :ﬁg%Né.Bﬁés}%lm\g%)gure
26) usi npcdidingNA the gapmiet’Boptnifications Theocdomng gvas such éhas tippE2-#16 encoding
specifications. The 25.clonin S su that the El-encaodi fra nt was
Poined PSR s it i R atn s R A0 o R ERE e TRel o R

M xt ur e Wasthéd fasfRmeR b £l DESYE’ celttaie plaeditl DNA bEsdreas bl cilibhesifint
several anpicilin resistant clones analyzed by restriction digestion and a
posi tg veclorgsayas anplyredebyirestigtion Aigastivatand acppsiiive ciame withbeld) qpd enorginatedgur e
27). The I-on 0 IR g 4D ader sequence and the El
(192-32633%[3?%@8&3%&?%}?%%?2%ng§§% e'r4£6é%g§sej§?8am—ll fragment (2790 bp)
of pYl GrHie éxpteasibin eassetteH{cothigmgitheloME-sequdrict 8nd tedB2 (B4 e I)Ydodipiepion
vector (SEQ ILD NO 43, Figure 21). The ligation performed with T4 DNA
|i gase (BRERSEHE) )Vaa@eﬁ%gfarwga%%ﬁ%ﬁfﬁ%flﬁg @i i°£ﬁ_§’?éﬁﬂ€CH?&aHano m x
was -t rangmb @apRA obenda: . ¢0lijS, RiBadae S 1 SnAihdche (9@ IDND BV Fighre22Y Ml
anpicilin WO 02/086101 PCTBEO2/ 00064 -72 resistant col onies was anal yzed
by r &t rligation was perfermedi widsT4 DINA Hgase SPo¢hriager) eerording to suppherd epnditigns.

denoni n d.. pSY1Yl.G7 =oN L 50,k Ol €.28 5 EXAVR 0

TRANSF OB b R e iedecot Bt ¥ 4 B TSR EDNA B Rt
10 I n orsspicilia @YienE10 86l &Fas HndiBa&Y bat deStficliso lkhBiife dipesttn. epesticidnf or
proteins over- expressed in Saccharomyces cerevisiae, a nmutant screening
has. set - REHVRIAGE I HEep St o O SRR AIC PO 150 TBNCAD, L.
et al. 1B@lkosyhereby spontaneous recessive orthovanadate-resistant

mutants were selected. Initial strain selection was perfornmed based on
15

EXAMPLE 9

CONSTRUCTION OF pSY1YIG7E1ls VECTOR
20

The S. cerevisiae expression plasmid pSY1YIG7Els was constructed as follows. An El
coding sequence was isolated as a Ns/1/Eco521 fragment from pGEMT-Els (SEQ ID NO:6,
Figure 1) which was made. blunt-ended and cloned into the pYIG7 vector (SEQ ID NO:48,
Figure 26) using T4 DNA ligase (Boehringer) according to the supplier’s specifications. The
25  cloning was such that the El-encoding fragment was joined directly and in frame to the aMF-
coding sequence. The ligation mixture was transformed to E. coli DH5aF” cells, the plasmid
DNA of several ampicilin resistant clones analyzed by restriction digestion and a positive
clone withheld and denominated as pYIG7E1 (SEQ ID NO:49, Figure 27).
The expression cassette (containing the CL leader sequence and the E1 (192-326) coding
30  region) was transferred as a BamHI fragment (2790 bp) of pYIG7EI into the BamHI-digested
E. colilS. cerevisiae pSY1 shuttle vector (SEQ ID NO:43, Figure 21). The ligation was
performed with T4 DNA ligase (Boehringer) according to supplier’s conditions. The ligation

mix was transformed to E. coli DH5aF’ cells and the plasmid DNA of several ampicilin



the gl ycosylation pattern of invertase, as observed after native gel

el ectrophoresis. A strain, 15 reduced in glycosylation capabilities, was

wi t hhel d for further reconbinant protein expression experinents and

denom nat eWOIR{08G1M | YCC155. The nature of nutation has noPCb@em/dooss her
studied. Said glycosylation-deficienty)strain | YCCL55 was transfornmed with
the plasm ds as described in Exanples 7 to 9 essentially by to the lithium

acetate : [ e;: Ri: 1992) . .Sev a
compt endhrsanaraanie SEE AR by’ RelcRLR cobindl aiaflyd R bR Bl L

(Di fco) wittheldsad depominated|p8iya Y2GTE MYBERQVM] NOose Fightee28). cul t ures were

i ncubated for 72 h, 37C, 200 rpmon orbital shaker, and the culture
supernatant and intracellular fractions were anal ysed for expression of El
by western bl ot developed with a E1 specific nmurine nonoclonal antibody
(1GH 201). A high producing clone was wthheld for 25 further experinents.
The eéxpression of proteins in the S. cerivisiae glycosylation deficient

mut ant used here is hanpered by t (hoid mal growth characteristics of
such strains which leads to a | ower ronmass yield and thus a | ower yield
of the JEERANSFORMATIONOFRSAGIHHIROMYCES YIFREVISIAEAND SFAEGIION OF The
yield of the desired proteins | ntially higher than in 30
mammal i an cells. WD 02/086101 %@%@ﬁ%ﬁm EXAMPLE 11 CONSTRUCTI ON OF
pPlI CZal phaD E1sH6 AND pPlI CZal phaE' E1sH6 VECTORS The shuttle vector

pPl CZal phaE' E1sH6 was constructed starting fromthe pPl CZal phaA 5 vector

(1 nvi% r ogen; Ispmsiertp Kwersame pyppiely cospflationprablems seftentreported; for protsins overrs

adapt ed | ' ' equ €.l t

Beni nd e 2 Bt SBeRRGH s S RO, Bimbdif deefi WY SEH TSR ik

r espect i hagédy on The madtirde of Ballzia (Baliot, Jaset dil.g£3919.dwheteby Xpodtaneand rédessive The

di gest was separated on a.l % agarose |..a the 3519 kb fra nt (.maj or
part oforgjé)c\,’?‘gagﬁ‘teﬁs S@Qm%%%wgﬁ?&g%gpgﬁp@ap%p%%w OBV aﬁpﬁré‘?rg’rér’gtbﬁ QPon kit
( Q agen)the BhicesylatRanptemlsT inbetabd) @l obk@pddestied Hafife 34 PMIPRITESE A strain,
(Boehri nggr) according to the supplier's conditions in presence of

spect¥ i ceBIeq ShelPsiatiar sanppilitias. tps yihbsld fofisher repyhiprnterotein exprgwsion 30)
or  pPl (Zabpiiafs ahSERnEnNEY Stain TVGES §5 3ine nam?é)ffgﬂél.g%i’&n%s%lo{ gonuRlagt i des

were used: - for constructing pPl CZal phaD
5' - TCGAGII#SGGECCCGAATTCGCATGE- 3' (SEQ | D NO. 54) ; and

Said glycosylation-deficient strain IYCC155 was transformed with the plasmids as

described in Examples 7 to 9 essentially by to the lithium acetate method as described by
20  Elble (Elble, R. 1992). Several Ura complemented strains were picked from a selective YNB

+ 2 % agar plate (Difco) and used to inoculate 2ml YNB-+2%glucose. These cultures were

incubated for 72 h, 37°C, 200 rpm on orbital shaker, and the culture supernatant and

intracellular fractions were analysed for expression of E1 by western blot developed with a El

specific murine monoclonal antibody (IGH 201). A high producing clone was withheld for
25  further experiments.

The expression of proteins in the S. cerivisiae glycosylation deficient mutant used here
is hampered by the suboptimal growth characteristics of such strains which leads to a lower
biomass yield and thus a lower yield of the desired proteins compared to wild-type S.
cerivisiae strains. The yield of the desired proteins was still substantially higher than in

30 mammalian cells.



8823: 5' - GGCCCCATCCGAATTCGGECCCCTTTTC- 3" (SEQ I D NGO 55) which yield, after
anneal i ng, the linker oligonucleotide: TCGAGAAAAGGGGCCCGAATTCGCATGC (SEQ I D
NO 54) 20 CTTTTCCCCGGGCTTAAGCGTACGCCGG (SEQ ID NG 55) - for constructing
pPI Czal phaﬁo 0@,@34;901 5' - TCGAGAAAAGAGAGGCTGAAGCCT GCAGCATATG@&,BE()MJ D NO

56) 8650: - GBCCGCATATGCTGCAGECTTCA CTCTTTTC-3' (SEQ I D NO 57) 25
whi ch yleld, after annealing, the linl ol i gonucl eot i de:
TCGAGAAAAGAGAGCCTGAAGCCTGCAGCATATCC (SEQ | D NO 56)
CTTTTCTCTCCGACTTCGGACGTCGTATACGCCESAMEBEI 1Y NO 57) 30 These shuttle vectors
pPI CZal phaBNeUeTIORAOP PPECZIPUED 101G AND pPdeeathnakonispg wideoRsdi rect 'y
behi nd the cl eavage site Of the respective processing proteases, KEX2 and
STE13. The EI -H6 codi ng sequence was isolated as a Nsl1l/Eco52I fragment

[ oo P B e T Ph W8 Sipel, iR Bloy 83 gHERL ) o1 0

agar gse ‘g:etor (mhﬁogens SEQ MgNO:Hg Emute Zﬁaslnmsﬁiet dnépnatd anthe d/a.W?ie@fbﬂOfB Gﬁrﬁﬂ.

PCT/ BE02/ 00 -.74 g T4 DNA Yeras ated i

Pl Conl Jhosble plonib 5 e Hidketing audbls AR Hitind e e Trewct s ERSSH
pr ot eas q;mlgapta@sﬁsﬁg tpeeteéﬁb@ rbd e@we@n Tm:p‘éfdﬂé BRI ShalAl R figestdwitR Mol COl i
TOPI OF' cells and plasm d several zeocin resistant col onies

anal yzedngyWatk Jhe ﬂ@ﬁtWSémﬁ@d @n yt%tagease gd and thed 5P kb degment dmaigr mrt hhel d

ot ool PR AT BB BRI 0 (R e iRy il Tl S0

EXAVRLE wés tBaNBFaRICIiIGNT OpolyRietta (Porbn g kigordiny mmmafc@@mS VECTORS

doscri beeients B eSr ohihe B0es \RIRE bICEBRE IR0 AU, By B
Sal i/ KprﬂPICZa]ghﬂit(SEQdmmSK, Figeld31.SEQ | D NO 45, Figure 23). The fr agrrent
raction kit (Q agen) after separation of the

was purifie
di gegt 0 atdl}_@)v%g?lggxgmbegf(ctieswéep% gl ting fragment was made bl unt - ended

(using T4 Moﬁgﬁmﬁ@g Peieyaphsht i gated into either pPl CZal phaD or
pPI CZal phaE' _direct | ﬁ behlnd the respectiy roce55|ng protease cl eavage

si t el5 2088PRe5 T TERR GEGHCGSCRRT TERGATEEPNEREQIP NO:SPomd TOP 1 OF cellls
and the glasgi EGMGCGAATTCGGGCCCCTTTTC-? (SEQ ID NO:55)

which yield, after annealing, the linker oligonucleotide:

TCGAGAAAAGGGGCCCGAATTCGCATGC (SEQ ID NO:54)
20 CTTTTCCCCGGGCTTAAGCGTACGCCGG (SEQ ID NO:55)

- for constructing pP1CZalphaE’
8649: 5’-TCGAGAAAAGAGAGGCTGAAGCCTGCAGCATATGEC-3’ (SEQ ID NO: 56)
8650: 5’-GEGCCGCATATGCTGCAGGCTTCAGCCTCTCTTTTC-3’ (SEQ ID NO:57)

25  which yield, after annealing, the linker oligonucleotide:

TCCGAGAAAAGAGAGGCTGAAGCCTGCAGCATATGC (SEQ ID NO:56)
CTTTTCTCTCCGACTTCEGACGETCETATACGCCGE (SEQ ID NO:57)

30  These shuttle vectors pPICZalphaD’ and pPICZalphaE’ have newly introduced cloning sites
directly behind the cleavage site of the respective processing proteases, KEX2 and STE13.
The E1-H6 coding sequence was isolated as a Nsl1/Eco521 fragment from pGEMT-E1sH6
(SEQ ID NO:6, Figure 1). The fragment was purified using a gel extraction kit (Qiagen) after

separation of the digest on a 1% agarose gel. The resulting fragment was made blunt-ended



several zeocin resistant colonies was anal yzed by restriction enzyne

di gestion. Positive clone were wthheld and denom nated pPlI CZal phaD E2sH6
(1CCG3692; SEQ I D NO 60, Figure 34) and pPl CZal phaE E2sH6 (|1 CGE3476; SEQ
| D NO 61, Woganes1®5), respectively. 25 EXAMPLE 13 TRANSFORVABEG0G Pl CH A
PASTORI S AND SELECTI ON OF TRANSFORMANLS 30 The P. pastoris shuttle

pl asm ds as described in Exanples 11 and 12 were transfornmed to P.

nd an 25k CHIINA PR e Redf B Bl pB ORI or GRICAAOGE Dherh. "o
02/ 086 1 Qhkhidd théeBmlcB 0O cessihg pldteasticiéaripe eitpe proteins were expressed in
P. pastoris, a yeast strain well known for the

fact _that
hyper gl yEtsdigation gyxtpzes Msrnigansiprmpd tnk. colidQF 195 ﬁe,:llas(énd I’@Pg@jd BN ¢frseveralus| y
ed to dels e ' I 0 f 4tsl : t al.
1507) . AERER SRR RARY Wiiyrcd B BhRiioR erhe HaLBn  PUENS clofles ere®'
pr ot & nswithlshl andettnemioatadapPIOF dpldDy Edsdid dCICEI3694;,28EQ §D MN3:68 Jgure 32)wridd- t ype

Saccharo t.r,al eci f | . he envel gpe proteins

pr oduce@%gﬁépﬁﬁghﬁq é‘%“ﬁ%@%#@@%ﬁ? ’51%%'53 1\5_@{5638‘30@?{3 he ol ecul ar

wei ght of the expression products detected in western-blots of proteins

I solated fromtransformed P. pastoris cells). 10 EXAMPLE 14 CULTURE
CONDI TI ONS FOR SACCHAROWCES CEREVI SI AE, HANSENULA POLYMORPHA AND PI CHLA
PASTORI S 15 Saccharomyces cerevisiae Cell banking O the selected

reconbi nant clone a nmaster cell bank and working cell bank were prepared.
Cryotvial s were prepared froma mEXAMPLIDZI ally grown shake flask culture

Gycerol  WROSHREEIZEN OFrAteabispCE AR Ao R et eS8 KEEORS: Ton

The shuttle vectors pPICZalphaD)’ and pPICZalphaE’ were constructed as described in

Example 11.

15 The E2-H6 coding sequence was isolated as a Sall/Kpnl fragment from pBSK-E2sH6 (SEQ
ID NO:45, Figure 23). The fragment was purified with a gel extraction kit (Qiagen) after
separation of the digest on a 1% agarose gel. The resulting fragment was made blunt-ended
(using T4 DNA. polymerase) and ligated into either pPICZalphaD’ or pPICZalphaE’ directly
behind the respective processing protease cleavage site.

20 The ligation mixture was transformed to E. coli TOP10F’ cellls and the plasmid DNA of
several zeocin resistant colonies was analyzed by restriction enzyme digestion. Positive clone
were withheld and denominated pPICZalphaD’E2sH6 (ICCG3692; SEQ ID NO:60, Figure
34) and pPICZalphaE’E25H6 (ICGG3476; SEQ ID NO:61, Figure 35), respectively.

25
EXAMPLE 13
TRANSFORMATION OF PICHIA PASTORIS AND SELECTION OF
TRANSFORMANTS
30

The P. pastoris shuttle plasmids as described in Examples 11 and 12 were transformed to P.
pastoris cells according to the supplier’s conditions (Invitrogen). An E1- and an E2-producing

strain were withheld for further characterization.



Seed cultures were started froma cryo-preserved working cell bank vial and
grown in 500 nL 25 nmedi um (YNB suppl enented with 2 % sucrose, Difco) in a 2
L Erl enneyer shake flasks at 37C, 200 rpmfor 48h. Fernentations were
typically WO®ROBGHH in Biostat C fernentors with a worki n§CUBEMRMWO@ 15 L
(B.Braun Int., Melsungen, Germany). TH&-fernmentation nmedi um contained 1%
Yeast Extract, 2% Peptone and 2 % sucrose as carbon source. Poly-ethyl ene

gl ycol wage H@@der%lo?etptotmﬁ@wmae%%atm Pl HE?&EsataWeﬁst sRhdnandl ooty B
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o QAKC Rg)l’l ng the growt h phase the dissol ved oxygen was control |l ed
by cascade conct (agitation/aeration). After conplete netabolisation of
sucrose the heterol ogous protein production was driven by the endogenous
produced ethanol supplemented with stepwi se addition of EtOH in order to
mai ntt%i n the concentration at approximately 0.5 % (off-line 15 HPLC _
anal ysi s, pol yspher OAKC columm) During this induction phase the dissol ved
oxygen was controlled bel ow 5% air-saturation, by manual adjustnent of
airflowrate and agitator speed. EXAMEBIE 4 he fernentation was harvested

48 to 72 hoppSURREGNDEIONS PORGEICCRUROMYERS CEREVISIAE, HANSENULA
POLYMORPHA AND PICHIA PASTORIS
15
Saccharomyces cerevisiae
Cell banking

Of the selected recombinant clone a master cell bank and working cell bank were prepared.

Cryo-vials were prepared from a mid-exponentially grown shake flask culture (incubation
20 conditions as for fermentation seed cultures, see beloW). Glycerol was added (50 % final

conc.) as a cryoprotectant.

Fermentation

Seed cultures were started from a cryo-preserved working cell bank vial and grown in 500 mL
25 medium (YNB supplemented with 2 % sucrose, Difco) in a 2 L Erlenmeyer shake flasks at

37°C, 200 rpm for 48h.

Fermentations were typically performed in Biostat C fermentors with a working volume of 15
L (B.Braun Int., Melsungen, Germany). The fermentation medium contained 1% Yeast
Extract, 2% Peptone and 2 % sucrose as carbon source. Poly-ethylene glycol was used as anti-

30 foam agent.

Temperature, pH and dissolved oxygen were typically controlled during the fermentation,

applicable set-points are summarised in Table 1. Dissolved oxygen was cascade controlled by



tangential flow filtration followed by centrifugation of the concentrated
cell suspension to 20 obtain cell pellets. If not analyzed i medi ately,
cell pellets were stored at -70C. Hansenul a pol ynorpha Cell banking O the
sel ect ed rwoosaiemnt cl one a master cell bank and wor ki ngPCE®BEIN wer e
prepared. WO 02/086101 PCT/BEO02/00064.76-77 Cryo-vials were prepared froma
m d- exponentially grown shake flask culture (incubation conditions as for

f er ment af .ok . Cu o ?agdﬂ % f i

conc.) 2& tgé?%n?@eg%}o%f égﬁﬁéonggﬁ%&r)%%%??lgﬁyggg Q,J\?tm res \%eq“g&g{@g%t@?l from
a cryo- pveserved (-70C) working cell bank vial and growmn in 500 nL nedium
(YPD, Difco) in a 2 L Erlennmeyer shake flasks at 37C, 200 rpm for 48h.
Fermentations were typically perforned in Biostat C fernentors with a

wor ki ng o1 TETHfical ParatneleBsddimis ol NlcereviVile SfdRAGMatiowsT MaNY) . The

fernmentati on nmedi um cont ai ned 1% Yeast 10 Extract, 2% Peptone and | %

gl ycerol as carbon source. Poly-ethylene glycol was used as anti- foam
agent. Tenperature, pHrgacr=taantd—drsselvegoxygen—weie typically
controlled during the Tpélf#eph élf;lti on, a%gip?’g‘ﬁm e set-points are summari sed
in Table 2. Dissol ved dXygperanae conf3dplBeaCby agitation. pH was
controll ed by addition ion 15 (8.5 %9 . Table
2. Typical paraneter setH ngs for H. p‘b?y'i rpha fernmentations

Par anet er set - poi nt TemWW@W - 40 %air
saturation aeration0.5(-1.8 vv agltatlonlg - 900 rpm *' vol une

repl acenment per m nut e |80 Ghdudienhent g +drowas started|by the addition of
10 % seed-cul ture. Durifpgthe—growh-phase—the_glycerdl concentration was
moni tored of f-1ine (Pol\&BH& e Col um &Kami) and 24 h after conplete

gl ycerol consunption 10}(021@5%@ Was pgktEdoadpal der toli nduce the

* volume replacement per minute

The fermentation was started by the addition of 10 % seed-culture. During the growth phase
the sucrose concentration was monitored off-line by HPLC analysis (Polysphere Column
10 OAKC Merck).
During the growth phase the dissolved oxygen was controlled by cascade control
(agitation/aeration). After complete metabolisation of sucrose the heterologous protein
production was driven by the endogenous produced ethanol supplemented with stepwise
addition of BtOH in order to maintain the concentration at approximately 0.5 % (off-line
15 HPLC analysis, polyspher OAKC column) During this induction phase the dissolved oxygen
was controlled below 5% air-saturation, by manual adjustment of airflow rate and agitator

speed.

Typically the fermentation was harvested 48 to 72 h post induction by concentration via
tangential flow filtration followed by centrifugation of the concentrated cell suspension to

20  obtain cell pellets. If not analyzed immediately, cell pellets were stored at —70°C.

Hansenula polymorpha
Cell banking

Of the selected recombinant clone a master cell bank and working cell bank were prepared.




het er ol ogous protein expression. The fernentation was harvested 24 h post

i nduction by 25 concentration via tangential flow filtration foll owed by
centrifugation of the concentrated cell suspension to obtain cell pellets.
| f not anawpaedsdiomedi ately, cell pellets were stored at PCT®E02/00054

02/ 086101 PCT/ BEO2/ 00064 -78 Pichia ppstoris Small scale protein

producti on experinments with reconbi nant Pichia pastoris were set up in

shake flask cultures. Se cul t ur were. gro i i ih YP i Um
(D1 1 co) . Cot et e Dol it A P upd Rl W SER: bk PnctB o
i ncubat egnéiions kO @l fenfbakith sed 20Mures, 20 beldw) Glyderol Was sdded |(56 ¢alfial
production was typically perforned at 500 nL scale in 2 L shake flasks and

vere st #oRedasp eHOROEStaE i nocul ati on in expression medium containing | %
Yeast extract, 2 % Peptone (both Difco), and 2 % gl ycerol as carbon
source. Incubation conditions were as for 10 the seed culture. I|nduction
was st arFesdeftgtienddi tion of 1 % MeOH approximately 72 h after inocul ation.

The cell re collected.24 h post inducti b entri.fugation., |f not
anal ysedeo B aRyered fonts B Rt REAL LB ok o Rl ash
LEADER Fg8TthDimeREM WD, ARE) Mra 2 ) EdinAhet Heke fkkiat PROTE00NDmM oXPRESSED | N
SELECTED YEAST CELLS 20, The expression products in Hansegéjéa p(fl ynoy pha and

a Saccl i ierweyiadenssusre Pipigety perdorpeg 4y Baastad & IFTTASALOLS (Wil ;WeRKIng oy 0= angd
E2 prot &, NpGgash THEt ﬁ’[e%é‘ent, ft?er&raﬂgz g feRfbRition( Al 8HGMeE SBYEPERL Of S.
cerevisiae were further analyzed. Since both genotype |b HCV Els (aa
.192- 8P 6) Extrast, 2 /Pdpkne(aad 1388lyectal as)cadau eohirbgy PoheethylEGrely St ®as Dsad@s@oti-
sequence vveretexpressed as Ctermnal his-tagged (H6, HHHHHH, SEQ I D

NO 63; sard 85" Hov proteins are furtheron in this Exanple denoted as

aMF- El - and aM-- E2- HB). rotein a rapid _and ef.ficient purification of
he. oxpr LSRRI il o B ftfivan oien R, chucers, PR dteh) it U8, on
of the yRagéntatRnl SppacabRe sétaioims o6 shinmaBled M -Tdblé 20 dDiRSRHAC oRyHel) wad N
brief, cell f)el | ets were resuspended in SO'nM&GOS hate, 6M GuHCI, pH 7.4
(9 vol / geasplied by peitatiennrH mescoatp e bat additinperiiNgHE Q> M) OmELRRp &lHtioR o
(RT) 44 n ﬁtgh?% 0 presence of 320 nM (4% w v) sodiumsulfite and 65 nmM (2%

w v) sodiumtetrathionate. The |ysate was cleared after a freeze-thaw
cycle by centrifugation (10.000 g, 30 mn, 4C and

Table 2. Typical parameter settings for H. polymorpha fermentations

Parameter set-point

Temperature 30-40°C

pH 4.2-5.0

DO 10 — 40 % air saturation
aeration 0.5-1.8 vvim*
agitation 150 — 900 rpm

* yolume replacement per minute
20
The fermentation was started by the addition of 10 % seed-culture. During the growth phase
the glycerol concentration was monitored off-line (Polysphere Column OAKC Merck) and 24
h after complete glycerol consumption 1% methanol was added in order to induce the
heterologous protein expression. The fermentation was harvested 24 h post induction by
25  concentration via tangential flow filtration followed by centrifugation of the concentrated cell
suspension to obtain cell pellets. If not analyzed immediately, cell pellets were stored at —

70°C.



Enpi gen (Al bright &W I son, UK) and im dazol e were added to the supernatant
to final concentrations of 1% (wv) and 20 mM respectively. The sanple
was filtrated (0.22 M and |oaded on a N -1DA Sepharose FF colum, which
was equi |l i woakeskion t h 50 mM phosphate, WO 02/ 086101 PCTBEECTBRWGD064- 79 6M
GQuHCI, 1% Enpi gen (buffer A) suppl emepiged with 20 nmM i m dazole. The col um
was washed sequentially with buffer A containing 20 mM and 50 niv

i m dazol e, respectively, till absorbance at 280 nm reached baseline |evel.
The hi s-tagged products were eluted by applying buffer D, 50 mM phosphat e,
6M GUHCI PicBiada¥tokisor El) or 1 % (for E2) Enpigen, 5 200 mM i m daaol e. The

Cpect f1 cohan bl pRR U SR i T U SoPRIAEPI BRI S fusin
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ot o1 €4 n BETHE FGES (REFOES.1 451 SAHR PSR e FEHIR LS b ES ARagk efdfEl o4 °

chr omat ogpaghsc.was perforned. The Ni | o I DA eluate was concentrated by
ultrafiltration (MACO 10 kDa, centriplus, Amcon, MI|ipore) and | oaded on
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wer e trembedativnl ThERED WereRotbaedBr4o Bl iRaldibn by degfrifugttion.edf gl andlyged

gl ycosyl at ed_and degl ycosyl at ed E2 %or gducts were blotted on PVDF-nmenbranes

for am niumediatalyncall Rellghs avees figred Al @htdo- bl ack stained bl ot of gl ycosyl at ed
and degl ycosylated E2 is shown in Figure 39. 20 The sequenci ng of both El
and E2 purified products |ead to the disappointing observation that

renoval of the signal sequence fromthe HCV envel ope proteins is occurring
onl ylparti ally (see Table 3). In addition, the magjority of the side
products (degradation products and products still containing the |eader
sequence or part thereof) are gl ydaXxMRIEKI15This gl ycosylation resides

cont ai ns. HEAPER WP EFRRSFar ERBI Shecratif N9 BB BEHOPEBINING o cer
toresult in less glygEyRESSEDINISERECTED PEANIVEEELS even nore
problematic is the finding that. some alternatively cleaved products have

only 1 to 4 amno acids difference conpared to the desired intact envel ope

Prot 64 n. TLONSHAKESH | Yroakt 1ihi BBhiMIaOboh R HAT bhE L VsRERREARRS RH-OFHES
glycosylation minus strain of the HCV El and E2 protein constructs with the a~mating factor

(aMF) leader sequence of S. cerevisiae were further analyzed. Since both genotype 1b HCV
Els (aa 192-326) and HCV E2s (aa 383-673 extended by the VIEGR (SEQ ID NO:69)-
sequence) were expressed as C-terminal his-tagged (H6, HHHHHH, SEQ ID NO:63; said
25  HCV proteins are furtheron in this Example denoted as aMF-E1-H6 and oMF-E2-H6)
proteins, a rapid and efficient purification of the expressed products after guanidinium
chloride (GuHCI)-solubilization of the yeast cells was performed on Ni-IDA (Ni-
iminodiacetic acid). In brief, cell pellets were resuspended in 50 mM phosphate, 6M GuHCI,
pH 7.4 (9 vol/g cells). Proteins were sulfonated overnight at room temperature (RT) in the
30  presence of 320 mM (4% w/v) sodium sulfite and 65 mM (2% w/v) sodium tetrathionate. The
lysate was cleared after a freeze-thaw cycle by centrifugation (10.000 g, 30 min, 4°C) and
Empigen (Albright &Wilson, UK) and imidazole were added to the supernatant to final
concentrations of 1% (w/v) and 20 mM, respectively. The sample was filtrated (0.22 pM) and
loaded on a Ni-IDA Sepharose FF column, which was equilibrated with 50 mM phosphate,



is virtually inpossible due to the |ack of sufficiently discrimnating

bi ochem cal 30 characteristics between the different expression products.
Several of the degradation products may be a result of a Kex-2 |ike

cl eavage (wom2/08é101 cl eavage observed after as 196 of El WRCTIBEN2/@064

cl eavage after an arginine), which is.g.so required for the cleavage of the
a-mating factor |eader and which can thus not be bl ocked w t hout

di st ur bi ' $ | eSS A0 - 80 hi gh
£l pr oduieraRTL 125 BB R e el B b VUSRS Catoi el
with pS¥ishefSédquanti SyQvitibier 0conftdigits @0 28Y] and $0 exxvijdmidadole) fekpeativelg il
produci ng clone degived fr ransfaormatjion of S. cerevisiae | YCCI55 with
DSVI ANFERSPBAHECHERED (B PiEb TESLRa evaig he By fageed B0t aie| Mt o

expr essi g bigerbh, 50 AMEpRospRate, SR IcHAIRd0 2ok @for Z1YBr 119 (Br H2Y BmldeR!
inductio%%}g{rl\% this by rrea%s 1c%?tﬁ\i\éstern- bl ot uSi ng ?lhe El(spec?/figé‘3

monoct on300 mavtifideggle( [Thei chgad mapesialsawerseanialyaere 8y fYRSPAGHaml #@stemelptral
patt or ns g it dhe ona Bbodieepich Bbaitpied CORA L or B GGG L T e "
wni on 1 SThEEbRioay N RS e R R oS g o the | eader i
i no- ¢ eoEn Hsti ey ST A BRETS B e ere PtmlleS PisGES okl ek 461 ons.

However , HOW B2 he flrthér @%@iopas@tbysiz ekdiesidd-cllreaRgraphy walipb@stnitd MoRs Naf
di stinct_bands is visible which reflects the hi(ghé@ evel of correct CL
e

| eadd? [dhodiEste aies wcRBcenfiaied  vatiteilijation; MIGrPeltt | KD r trabiiphusg Haiceri al
may be NREiHbES 2y 1d¥ddP ot SUSREN! éﬁd@{lof@% JdrQ 6R508 @ﬁ:hﬁ?a);ia? ﬁfPﬁ@,S%‘ﬁHTi%éH
I ed with th anp 16) .

Hansenul a- deri ved El expres e same CL eade see
The hybr o3, X Empligene Elution drattiong, ¢comtaining B2 polaktsawith b ddybetiveenct8@dkRegai nst

El (I GHR0L d it ed h, 12, 1998. und h it .of th
Sudapees T 8100, S EPRRbE ) 25 MPGE Beukn pBREn 16 20 BRI LSRR 9. T o0
Aﬁpl i ed M)srwmibgﬁigyrerésc@lz?&aarpghlfg fﬁ&|aﬂc§}fﬁuﬂédygmddbhtlicﬁ1h¢7v{ﬂ615?ﬂ\g(]%ﬁ ghllét Rtamg has
t he acce | ONn_nu e { . Nnocl ona nti Do lrecte

agai h%t IOEVP@ZI%“E’H%%“ B@Bﬁga&fem@s %ftaagd%%i%%%ys ahn Sempleh foramipre 7.4
by Maert gpginat s@hen%%&&é&@&ﬁm 28400 @RY:08BIhemBPhlsPoT REOZRPLO4THADI €

3. ldentification o termni _of aMr-El-H6 and aM:--E2-H6 proteins
expr esse8lyropylied and deglycosylated E2 products were blotted on PVDF-membranes for amino-

terminal sequencing. An amido-black stained blot of glycosylated and deglycosylated E2 is
shown in Figure 39.

20 The sequencing of both E1 and E2 purified products lead to the disappointing observation that
removal of the signal sequence from the HCV envelope proteins is occurring only partially
(see Table 3). In addition, ﬁe majority of the side products (degradation products and
products still containing the leader sequence or part thereof) are glycosylated. This
glycosylation resides even in part on the non-cleaved fragment of the signal sequence which
25  contains also an N-glycosylation site. These sites can be mutated in order to result in less
glycosylated side products. However, even more problematic is the finding that some
alternatively cleaved products have only 1 to 4 amino acids difference compared to the
desired intact envelope protein. Consequently, purification of the correctly processed product
is virtnally impossible due to the lack of sufficiently discriminating biochemical
30  characteristics between the different expression products. Several of the degradation products
may be a result of a Kex-2 like cleavage (e.g. the cleavage observed afier aa 196 of E1 which
is a cleavage after an arginine), which is also required for the cleavage of the a-mating factor

leader and which can thus not be blocked without disturbing this essential process.



cerevisiae or H polynaorpha. Based on the N-term nal sequencing the anount
of NNtermini of the mature El1-H6 and E2-H6 proteins could be estimted
("mature” indicating correct renoval of the aM- signal sequence). The

t ot al anouwD oeMsagrent ei n products was cal cul ated as 5 pnol pof/BEODGBN based
on the intensity of the peaks recovergg.by Edman degradation.

Subsequently, for each specific protein (i.e. for each " detected
N-termnus') the mol %versus the total was esti nated.

Yeast aMF- E1- H6aMF- E2- VIEGR-H6 S. cerevi si aeExperinment 1: - 16% of proteins

still cqmt}ﬂgmﬂmgpra&h@geqmac&ﬁved £880 &fanst%@iaﬁbﬁlsofCS Q@Vﬁlﬂs'l&&IYEeDSSiS\nﬂ;95 and
196 of El 66% of proteins with correctly rem)/ée Eé{:)el’l ment - 18%
of prot ASYdYIGTE(s &%ﬁ@éﬂnN SGNFSWE R nEess compeye (W&‘p?(hl Reoduring
bet ween g é@éorﬁ%n&%ﬁn&fon%fﬁ" er g\z{?z&; I&Q@@?ﬁ @fﬁ?ﬁ@YfMﬁﬁ‘?ﬁaﬁG?Eﬁ

products - 44% of proteins wwth correctly renoved aM- H. pol ynor ﬁg-q&% of
pr ot &i nIDsNOI44; Exglurf:ﬁ%”filgevmﬁwlolar pxpoessionof¢hd E1 prokdin mqgm&mgi: amm ng

aMF sequenc 6% ro ns, cl eave 25%,.0f i NS W as 192
and 103 57 @ren? Aoyl APt meRs Lo R R e R BT B PR v
aMF 10 ExAbSlyE(IGE 20BRBSIIeGidgtd ﬂm@@dﬁ&’%a&ﬁha‘f EAPrEssidl WABbbsdrédd LARCGE
SCALE PRODUCTI ON AND PURI FI CATI ON . )
after 2 days for both strains but the expression patterns for both strains are completely
different. Expression with the a-mating factor leader results in a very complex pattern of
10  bands, which is a consequence from the fact that the processing of the leader is not efficient.
This leads to several expression products with a different amino-terminus and of which some
are modified by 1 to 5 N-glycosylations. However, for the E1 expressed with the CL leader a
limited number of distinct bands is visible which reflects the high level of correct CL leader
removal and the fact that only this correctly processed material may be modified by N-
15 glycosylation (1 to 5 chains), as observed for Hansenula-derived E1 expressed with the same

CL leader (see Example 16).

The hybridoma cell line producting the monoclonal antibody directed against E1 (IGH201)
‘was deposited on March 12, 1998 under the conditions of the Budapest Treaty at the

20  European Collection of Cell Cultures, Centre for Applied Microbiology & Research,
Salisbury, Wiltshire SP4 0JG, UK, and has the accession number ECACC 98031216). The
monoclonal antibody directed against E2 (IGH212) has been described as antibody 12D11F2
in Example 7.4 by Maertens et al. in W096/04385.

25



15 Several other |eader sequences were used to replace the S. cerevisiae
aMF | eader peptide including CHH (| eader sequence of Carcinus nzaenas
hyper gl ycem ¢ hornone), Anyl (| eader WO 02/086101 PCT/ BEO2/ 00064 -82
sequence oWOdWPs@8e from S. occidentalis), Gaml (| eader seGUBRX00064

gl ucoanyl ase fromsS. occidentalis), HBiy5 (leader sequence from fungal

phyt ase), phol (| eader sequence fromacid phosphatase from Pichia
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expr esseftle tatalWwaspstipated.pha, based on N-term nal ami no aci d sequenci ng of
different protein bands after separation by 15 SDS-PACE and blotting to a
PVDF nenbrane. Mol ecul ar sizeldentified N-term ni 45 kDstarts at am no acid

27 of Wf =—on Yy Pre-SERWRIEEHE €aved, pro- e Rk attmched
26 kD- partia ﬁtstar s at _am no 8].%1] 1 of CHH | eader ;Eznwgﬁﬁoiv{gl of | pre-
pr o- sequendecerepsint i al Eypesinaant §: at amino acid of CHH | eader = product of
al t ernatfi ve transl ati pn <68 of proternb sk camalnibyd codon 24 kD- partially
starts gt amno acid I ofaMHstquemder = no. renpval of pre- pro-sequente -
partial lly starts at aninogagefhrStelf cleb¥eéd eader | = product of alternatiye

transl atlion starting at sReRRE AU SA0EE AE1nenti oned al ready, the

west ern-bl ots of the ¢el | 66bY SBr6Rink BT RLHBy pattern of El specific 20
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| eader peptide. This |{s surprising since this |[eader is not derived ffoma
yeast. Am no acid seqyg ér%% Qé Edman degradation of GuHC1 sol ubilized and
(1]

. . opos 1) .
Ni -1 DA purified mater|aFuae S etolal WEAuy=Ts| }Q%t 84% of

aMF sequences

- 33% of proteins cleaved
between aa 195 and 196 of E1

- 8% of other proteins other E1
cleavage products

- 44% of proteins with correctly
removed cMF

> E—

H. polymorpha |- 64% of proteins still containing | - 75% of proteins still
aMF sequences containing oMF sequences
- 6% of proteins cleaved between | - 25% of proteins with
aa 192 and 193 of E1 correctly removed aMF
- 30% of proteins with correctly
removed aMF
10
EXAMPLE 16
EXPRESSION OF AN E1 CONSTRUCT IN YEAST SUITABLE FOR LARGE SCALE
PRODUCTION AND PURIFICATION
15

Several other leader sequences were used to replace the S. cerevisize cMF leader peptide

including CHH (leader sequence of Carcinus maenas hyperglycemic hormone), Amy1 (leader



the El proteins is correctly cleaved and the material is essentially free
of degradation products. Still 16% of non-processed material is present
but since this material is non 25 glycosylated it can be easily renoved
fromthe mwetiwsial | owi ng specific enrichnent of correct pgT/BEERMWEEE and

gl ycosylated El. Such a nethod for enggchnent may be an affinity WO

02/ 086101 PCT/ BEO2/ 00064 -83 chromatography on |l ectins, ot her aI ternatives
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peptide fromthe protein was further confirmed by mas
spect r orRbopRhatie cﬁfprmfé'éhleoﬁﬁtw@dandh&%L “leadery of Avignt Yé‘?ZYFFFeCS I 4-beta-N-

N-gl yco |<RE539?‘“§15’ S g ’ thides
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CHARACTERI ZATI HE EXPRESSED HANSENULA P PHA
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| eader peaet B€sifhd FeddenEorMidptiie Was ElttemidheIon) ekept lfdr&he ExatrdtavidesiniCid as
"CL- E2- H6") (E)rotel n expressed in Hansenul a poI morg_g_ﬁ5 was anal yzed Si nce

the HOV iE2iseq 88 leder popfidevabisex sy é@%@eésforathﬁ BoNStrEstnbY Edmani d and
efficie

QG - sy EEpRAL bt BAADAC Buiied BRUEAR] 78RRV MEREI B, ogpld b degeted | o
cel | lqaeldlﬁgbsgh/\mvaalétﬁﬁafqnemgdmmweﬁrmvpﬂwdsméﬂable46 M __GuHCl pH 7.2 (9 m
buffer/g cells). The protein was sul fonated overni ght at room tenperature
in the presence of 320 MM (4% w v) sodiumsulfite and 65 nM (2% w v) sodi um
tetrathionate. The |ysate was cleared after a freeze-thaw cycl e by
centrifugation (10.000 g, 30 25 mn, 4C). Enpigen BB (Al bright & WI son)

and i m dazole were added to a final concentration of 1% (wv) and 20 mV
respecti g@w 4. Mén(nﬁﬁmdﬁemf N;’témﬁlﬁit agCHEhE t-Het ppeineespressete tLie gdolpmoaka Akt a
FPLC workstatiqQn (Pharmacia). The sanp s filtrated fhrough a 0.22

pore si ZeashbRBDHEMRAL AN, a¢id segieariag (ﬁrﬁgﬁ SRR PP AeDARAHIEY
(Chelatiggs. ﬁ@%@%ﬁﬁ/gﬂ page Wehbrahlt +, Pharmacia), which was
equilibrated wth 50 phosphate, 6 30 M GQuHC1, 1 % Enpigen BB, pH 7.2
(buffer A supplenented with 20 mM i m dazole. The
Molecular size | Identified N-termini

45 kD starts at amino acid 27 of CHH leader = only pre-sequence cleaved, pro-
sequence still attached

26 kD - partially starts at amino acid 1 of CHH leader = no removal of pre-
: pro-sequence

- partially starts at amino acid 9 of CHH leader = product of
alternative translation starting at second AUG codon

24 kD - partially starts at amino acid 1 of CHH leader = no.removal of pre-

pro-sequence '

- partially starts at amino acid 9 of CHH leader = product of

alternative translation starting at second AUG codon

As mentioned already, the westermn-blots of the cell lysates revealed a pattern of E1 specific
20  protein bands, indicative for a higher degree of correct removal of the CL leader peptide. This
is surprising since this leader is not derived from a yeast. Amino acid sequencing by Edman
degradation of GuHCI solubilized and Ni-IDA purified material indeed confirmed that 84% of
the E1 proteins is correctly cleaved and the material is essentially free of degradation
products. Still 16% of non-processed material is present but since this material is non-
25  glycosylated it can be easily removed from the mixture allowing specific enrichment of

correctly cleaved and glycosylated El. Such a method for enrichment may be an affinity



colum was washed sequentially with buffer A containing 20 mM and 50 niM

i m dazol e, respectively, till the absorbance at 280 urn reached the
baseline | evel. The his-tagged products were eluted by applying buffer D,
50 mM phoswbabmessiét M GUHCL, 0.2 % Enpigen BB (pH 7.2), 2001mkbi/moskazol e.
The purified materials were anal ysed Iys. SDS- PAGE and western 35 bl ot using
a specific nonocl onal anti body di rect ed agai nst E2 (1GH212) (Figure 41)

The WO O 00 urifi.ed E2--H§.p al
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37C in PBS/ 3% enpigen BB) or left untreated. The %sycosyl ated and
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M | | i porgycosyldtidrosiged on a Superdex G200 (Pharnmacia) in PBS 1% Enpi gen BB.
Elution 10 fractions, containing mainly intact E2s related products with a
M between -30 kDa and -70 kDa based on the migration on SDS-PAGE, were
pool ed and eventual |y al kyl ated (incubation with 5 MM DIT for 30 m nutes
at 3PC, followed by incubation with 20 mM i odoacetam de for 30 mnutes at
37C). The possi bl e presence of degradation products after | MAC
purification can thus be overcome EXAMPIE ther fractionation of the intact

Peoul s waORHR A loN 300 B HmTLAR, CHANECRERIP RN o F e Ry i) 025
product f PROPEINEXPRESSED ERIEINSENULAPOSYMORPIEA FROM THRTICSLiR ed.

The total amount of protein products is calculated as pnol of protein
based on the intensity of theERCOINGEONTERUGT Ednan degradati on.
Subsequently, for each specific protein (i.e. for each " detected
N-termnus') the nol % versus the total is estimated. 20 In the current
exper i mete efigiencytdigenoval of the \FLt keaddr petideffrda? CHEEWYIEGBEEE (fedhaom irothise r

vari ant 2+ H clkj cid of the or onta

N-term ?\%’?mg’ﬁ deggteg %asbﬂgn%?ﬁggﬁﬁc? Yia! eﬁsﬁgﬁﬁ%&ﬁ?‘%’t JH"?KB Wﬁ%@‘@hzgdl n

concl usiSinge thé Haizﬂlzlﬁ(aarmam) empé:q&eseeu &ya hisktagpell yrowein @ rapsd 4dd- dEBciblt

protein |sola%F}E wi t hou furthe M rocessug 3\ > 95 %

corrdt | CRPe Al JROtAPTESS @S@ lfzguen \gt; eplieped rqelle| Wasy of

| eader pRPplolH& 3R qumah tkﬁ/efHeeupgélm@wmeeésp&md%(ﬁ&wq)hegp%@ B MO the

E2- H6 prote| n, which wa estimated to occur in 25 %of thé isolated

protein aneI-sT PHpl-& @)mL buffer/g cells). The protein was sulfonated overnight at room
temperature in the presence of 320 mM (4% w/v) sodium sulfite and 65 mM (2% w/v) sodium
tetrathionate. The lysate was cleared after a freeze-thaw cycle by centrifugation (10.000 g, 30

25 min, 4°C). Empigen BB (Albright & Wilson) and imidazole were added to a final

concentration of 1% (w/v) and 20 mM, respectively. All further chromatographic steps were

executed on an Akta FPLC workstation (Pharmacia). The sample was filtrated through a 0.22
pm pore size membrane (cellulose acetate) and loaded on a Ni-IDA column (Chelating
Sepharose FF loaded with Ni**, Pharmacia), which was equilibrated with 50 mM phosphate, 6
30 M GuHC], 1 % Empigen BB, pH 7.2 (buffer A) supplemented with 20 mM imidazole. The
column was washed sequentially with buffer A containing 20 mM and 50 mM imidazole,
respectively, till the absorbance at 280 nm reached the baseline level. The his-tagged products
were eluted by applying buffer D, 50 mM phosphate, 6 M GuHCI, 0.2 % Empigen BB (pH
7.2), 200 mM imidazole. The purified materials were analysed by SDS-PAGE and western-
35  blot using a specific monoclonal antibody directed against E2 (IGH212) (Figure 41). The



30 EXAMPLE 18 PURI FI CATI ON AND BI OCHEM CAL CHARACTERI ZATI ON OF THE HCV El
PROTEI N EXPRESSED | N HANSENULA PCLYMORPHA FROM THE CL- H6- K- E1  ENCODI NG
CONSTRUCT AND I N VI TRO PROCESSI NG OF 116- CONTAI NI NG PROTEINS WD 02/ 086101
PCT/ BE02/ 0@0Ga%/086185 The efficiency of renoval of the CL | ead@®Eopewsd de from
the CL-H6-K-E1l protein expressed in Kg4.polynorpha was anal yzed, as well as
the efficiency of subsequent in vitro processing in order to renove the H6

(hi s-tag):adapt.ar o | nd t he_.Endo, . 7 cessiing site. Si 5 the
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SDS- PAGE foll owed by silver staining or western bl ot anal ysis™ usi ngﬂa
=d and
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Thi s mat euldbe wetimated| Bt @thl tamohint ef protedh pseeigts ric icalgulated e rpnate gofgetateinon) .
Her et o,

lg)gsg(i glil rf]-le intensity of the peaks recovered by Edman degradation. Subsequently, for each
specific protein (i.e. for each ‘detected N-terminus’) the mol % versus the total is estimated.
20 In the current experiment, only the correct N-terminus of E2-H6 was detected and other
variants of BE2-H6 lacking amino acid of the E2 protein or containing N-terminal amino acids
not comprised in the E2 protein were absent. In conclusion, the E2-H6 protein expressed by
H. polymorpha as CL-E2-H6 protein was isolated without any further in vitro processing as a
> 95 % correctly cleaved protein. This is in sharp contrast with the fidelity of leader peptide
25  removal by H polymorpha of the aMF-E2-H6 protein to the E2-H6 protein, which was

estimated to occur in 25 % of the isolated proteins (see Table 3).

30 EXAMPLE 18
PURIFICATION AND BIOCHEMICAL CHARACTERIZATION OF THE HCV E1
PROTEIN EXPRESSED IN HANSENULA POLYMORPHA FROM THE CL-H6-K-E1
ENCODING CONSTRUCT AND IN VITRO PROCESSING OF H6-CONTAINING
PROTEINS



sanples were treated with N-glycosidase F (Roche) (0.2U/ N.g El, |h

I ncubation at 37 Cin PBS/ 3% enpigen BB) or |eft untreated. The

gl ycosyl at ed and degl ycosyl ated El proteins were then separated by

SDS- PACE awo tlogdioed on a PVDF- nenbrane for further anal yecs/Brg2/@dsEdnman
degradation (analysis was perforned ongsaa PROCI SE 492 protein sequencer,
Appl i ed Biosystens). Based on the N-term nal sequencing the anount of
correctly processed ElI product could be estinated (processing includes
correct cleavage of the H6-K-sequence). The total anount of protein
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heparin wa rac El
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al kyl at e@ntjﬁhé/ﬁibstfrﬂiterfatb o;ﬁqllsm()wph)a BObTﬂ)hnprﬂduaederﬂ@ved&ﬁcHG%ﬂnsidﬁ Emarrpl e
16) and _al kyl at ed HCV El a cul tdure of ma n cells transfec
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only be élﬁ§ﬁﬁfégﬁpﬁ\y tstepsuﬁfaomm ESRmE! wheéreny Eﬂdon%mpﬂkéyaai tpménhgz agd ndi ng

with HCV EI from nmanmalian cell culture was conpletely absen By neans of
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agent (i odo-acetam de) used_ in thi
(7-28), containing intact E1 from whlch the N-terminal H6-K (and possibly residual CL-H6-

K) tail is removed (with a Mr between ~15 kDa and ~30 kDa based on the migration on SDS-

PAGE followed by silver staining or western blot analysis using a specific monoclonal
antibody directed against E1 (IGH201), were pooled and eventually alkylated (incubt;tion
with 5 mM DTT for 30 minutes at 37°C, followed by incubation with 20 mM iodoacetamide
25 .for 30 minutes at 37°C).
This material was subjected to N-terminal sequencing (Edman degradation). Hereto, protein
samples were treated With N-glycosidase F (Roche) (0.2U/ug El, 1h incubation at 37 °C in
‘PBS/3% empigen BB) or left untreated. The glycosylated and deglycosylated E1 proteins
were then separated by SDS-PAGE and blotted on a PVDF-membrane for further analysis by
30 Edman degradation (analysis was performed on a PROCISE™ 492 protein sequencer,
Applied Biosystems). Based on the N-terminal sequencing the amount of correctly processed
E1 product could be estimated (processing includes correct cleavage of the H6-K-sequence).
The total amount of protein products is calculated as pmol of protein based on the intensity of

the peaks recovered by Edman degradation. Subsequently, for each specific protein (i.e. for



exanple. This finding further denonstrated the industrial applicability of
the CL- HCV- envel ope expression cassettes for yeast since we specifically
can enrich HCV El preparations 30 towards a preparation with HCV El

pr ot ei ns vwOh2/essheigher degree of gl ycosylation (i.e. norePCyBEen®ydsati on
sites occupied). WO 02/086101 PCTBEO2[g}0064 -87 EXAMPLE 20 FORVMATI ON AND
ANALYSI S OF VI RUS- LI KE PARTI CLES (VLPs) Conversion of the HCV El and E2
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| MAC an centrated by ultrafil'tration as gescrrbed in Exanple 17.

VLP- fsor niedelityrofahorbithanddifél ope proteins with sul phonated Cys-t hi ol groups
The concentrated HCV envel ope proteins sul phonated during the isolation
procedure were not subjected to a reducing treatnent and | oaded on a

si ze-excl usi on chromat ograpy colum (Superdex &Z00, Pharnmaci a)
equilibrated with PBS, 1 % (v/v) Enpigen. The eluted fractions 15 were

anal yzed by SDS- PAGE and western blotting. The fractions with a relative M
-29--15 kD (based on SDS- PAGE m gfrsAMIL)E Wer € pool ed, concentr at ed and

| oaded on Superdex &200, equilibrated wth PBS, 3% K%ﬁ}bet ain,
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concentrated and desalted to PBS, gllgp ) betain. 20 VLP-fornmation of
HCV envel ope proteins with irreversibl'y nodified Cys-thiol groups The
concentr at ed HCV envel ope proteins sul phonated during the isolation
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SDS- PAGEalRfigted HCV E1 from a culture of mammalian cells transfected with a vaccinia expression
20  vector. Surprisingly, a strong binding could only be observed with sulfonated HCV E1 from

H. polymorpha, while binding with HCV E1 from mammalian cell culture was completely
absent. By means of western-blot we could show that this binding was specific for the lower
molecular weight bands of the HCV E1 protein mixture (Figure 45), corresponding to low-
glycosylated mature HCV Els. Figure 45 also reveals that sulfonation is not essential for
25  heparin binding since upon removal of this sulfonation binding is still observed for the low
molecular weight E1 (lane 4). Alternatively, alkylation is reducing this binding substantially,
however, this may be caused by the specific alkylation agent (iodo-acetamide) used in this
example. This finding further demonstrated the industrial applicability of the CL-HCV-
envelope expression cassettes for yeast since we specifically can enrich HCV E1 preparations
30 towards a preparation with HCV E1 proteins with a higher degree of glycosylation (i.e. more

glycosylation sites occupied).



30 Western blotting. The fractions with a relative M -29--15 kD (based on
SDS- PAGE migration) were pooled, concentrated and, to force virus-I|ike
particle formati on, | oaded on a Superdex G200 col umm equilibrated with
PBS, 3% (vwo)2bssta n. The fractions were pool ed, concent parsaosmdesdesal t ed
to PBS, 0.5% (wv) betain in case of Lgdoacetam de-blocking, or wth PBS,
0.05 % CHAPS in case of blocking with NEM and biotin-NEM WO 02/086101

PCTBEO2/ 00064 88 V LP-formati onwﬁ%el ope proteins with reversibly
nodi fied Cys-thiol groups The con rate CV envel ope proteins

sul phonat ed dFORMAMION ANDeANAL VSIS GF VIRUSELEKE PARBICIES (VILPs)r educi ng
treatnent (incubation in the presence of 5 MM DIT in PBS) to convert the
sul phonated Cys-thiol groups to free Cys-thiol groups. Reversible Cys-thiol
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proteins The VLP particle size was determ ned nam c Light Scattering.
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20 VLP-formation of HCV envelope proteins with irreversibly modified Cys-thiol groups
The concentrated HCV envelope proteins sulphonated during the isolation procedure were
subjected to a reducing treatment (incubation in the presence of 5 mM DTT in PBS) to
convert the sulphonated Cys-thiol groﬁps to free Cys-thiol groups. Irreversible Cys-thiol
modification was performed by (i) incubation for 30 min in the presence of 20 mM
25  iodoacetamide, or by (ii) incubation for 30 min in the presence of 5 mM N-ethylmaleimide
(NEM) and 15 mM biotin-N-ethylmaleimide. The proteins were subsequently loaded on a
size-exclusion chromatograpy column (Superdex G200, Pharmacia) equilibrated with PBS, 1
% (v/v) Empigen in case of iodoacetamide-blocking, or with PBS, 0.2 % CHAPS in case of
blocking with NEM and biotin-NEM. The eluted fractions were analyzed by SDS-PAGE and
30 Western blotting. The fractions with a relative Mr ~29-~15 kD (based on SDS-PAGE
migration) were pooled, concentrated and, to force virus-like particle formation, loaded on a
Superdex G200 column equilibrated with PBS, 3% (w/v) betain. The fractions were pooled,
concentrated and desalted to PBS, 0.5% (w/v) betain in case of iodoacetamide-blocking, or
with PBS, 0.05 % CHAPS in case of blocking with NEM and biotin-NEM.
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The elution profiles of size-exclusion chromatography in PBS, 3% (w/v) betain to obtain
15  VLPs of H. polymorpha-expressed E2-H6 are shown in Figure 46 (sulphonated) and Figure

47 (alkylated with iodoacetamide).

The elution profiles of size-exclusion chromatography in PBS, 3% (w/v) betain to obtain

VLPs of H. polymorpha-expressed E1 are shown in Figure 48 (sulphonated) and Figure 49

(alkylated with iodoacetamide). The resulting VLPs were analyzed by SDS-PAGE and

20  western blotting as shown in Figure 50.

Size-analysis of VLPs formed by H. polymorpha-expressed HCV envelope proteins
The VLP particle size was determined by Dynamic Light Scattering. For the light-scattering
experiments, a particle-size analyzer (Model Zetasizer 1000 HS, Malvern Instruments Ltd.,
25 Malvern, Worcester UK) was used which was controlled by photon correlation spectroscopy
(PCS) software. Photon correlation spectroscopy or dynamic light scattering (DLS) is an
optical method that measures brownian motion and relates this to the size of particles. Light
from a continuous, visible laser beam is directed through an ensemble of macromolecules or
particles in suspension and moving under brownian motion. Some of the laser light is
30 scattered by the particles and this scattered light is measured by a photomultiplier.
Fluctuations in the intensity of scattered light are converted into electrical pulses which are
fed into a correlator. This generates the autocorrelation function which is passed to a

computer where the appropriate data analysis is performed. The laser used was a 10 mW



The reactivity of Hansenul a- produced HCV E1-H6 with sera from HCV chronic
carriers was conpared to the reactivity of HCV El produced by

HCV-r econbi nant vaccinia virus-infected 30 mamrmal i an cells as descri bed by
Depl a et awo 02/86M) 99/ 67285. Both HCV-El preparations teptE8E@medsst ed of
VLP's wherein the HCV El proteins wergoal kylated with NEM and biotin- NEM
The reactivities of both HCV El VLP-preparations with sera from HCV chronic
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The observation that sulphonated HCV E1 derived from H. polymorpha still forms particles
with a size in the same range as alkylated HCV El from Hansenula is surprising. Such an
effect was not expected since the high (up to 8 Cys-thiol groups can be modified on HCV E1)
net increase of negative charges as a consequence of sulphonation should induce an ionic

15 repulsion between the subunmits. The other reversible cysteine modifying agents tested also
allowed particle formation, the HCV E1 produced in this way, however, proved to be less
stable than the sulphonated material, resulting in disulfide-based aggregation of the HCV El.
In order to use these other reversible blockers, further optimization of the conditions is
required.

20

EXAMPLE 21
25 ANTIGENIC EQUIVALENCE OF HANSENULA-PRODUCED HCV E1-H6 AND
HCV E1 PRODUCED BY VACCINIA-INFECTED MAMMALIAN CELLS

The reactivity of Hansenula-produced HCV E1-H6 with sera from HCV chronic carriers was
compared to the reactivity of HCV El produced by HCV-trecombinant vaccinia virus-infected
30 mammalian cells as described by Depla et al. in WO 99/67285. Both HCV-E1 preparations
tested consisted of VLP’s wherein the HCV El1 proteins were alkylated with NEM and biotin-
NEM. The reactivities of both HCV El1 VLP-preparations with sera from HCV chronic
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553331.2171. 168 WO 02/ 086101 -91 PCTBEO2/ 00064 EXAMPLE 22 BDI UNOGENI C

EQUI VALENCE OF HANSENULA- PRODUCED HCV El - H6 AND HCV EI PRODUCED BY

VACCI NI A- | Weh&egsmoIVAMVALI AN CELLS 5 The i nmunogenecity of pCT/BE02/00064
Hansenul a- produced HCV El -H6 was conpgyged to the immunogenecity of HCV El
produced by HCV-reconbi nant vaccinia virus-infected manmalian cells as

descri bed by De et. al,. 1n W99/67285. Both HCV- El eparations, .tested
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The yeast-derived HCV El induced upon vaccination a protective response
simlar to the 30 protective response obtained upon vaccination with

al kyl ated HCV El derived from mammalian cell culture. The latter response
was abl e twopr@s@nt chronic evolution of HCV after an aceCEBEMf®@edsi on. WO
02/ 086101 PCTBEO2/ 00064 -92 EXAVPLE 23_ANTI GENI C AND | MMUNOCGENI C PROFI LE
OF HANSENULA- PRODUCED HCV E1-H6 WHI CH IS SULPHONATED 5 The reactivity of
Hansenul a- produced HCV E1-H6 with f HCV chronic carriers was
conpared to the reactivity of HCV produced by HCV-reconbi nant vaccini a
Vi r us- i NfMMENOGENIC EQUIVAILEN CESOH ¢E4NS ENTLAyPROPIGCED BCV B1FH§AND 67285.

ansenul a- pr BGYLEA AP ECEY BE S ACCIRIE Sk atnrfk MAMMEREAR Selfrs
produced by mammalian cells was al kyl ated. The results are 10 given in
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produced E1 were determined. Antibody titers were determined by ELISA (see Example 21)

20  wherein either E1 produced. in mammalian cells (“M”) or Hansenula-produced E1 (“H”) were
coated directly on the ELISA solid support whereafter the ELISA plates were blocked with
casein.

The antibody titers determined were end point titers. The end point titer is determined as the
dilution of serum resulting in an OD (as determined by ELISA) equal to two times the mean

25  of the background of the assay.

Figure 51 shows that no significant differences were observed between the immunogenic
properties of both E1-compositions and that the determined antibody titers are independent of
the antigen used in the ELISA to perform the end point titration.

The yeast-derived HCV E1 induced upon vaccination a protective response similar to the

30 protective response obtained upon vaccination with alkylated HCV El derived from
mammalian cell culture. The latter response was able to prevent chtonic evolution of HCV

after an acute infection.



(chronic infection). In addition thereto, induction of a response to
neo- epi topes induced by irrreversible blocking is less likely to occur. WO
02/ 086101 PCT/ BE0O2/ 00064 -93 Table 7. Antigenicity of alkylated E
(produced wooxesared i an cell culture) or sul phonated El-Hect/BE@iwead in H.
pol ynzoi pl za) was eval uated on a panelgpof sera from human HCV chronic
carriers ("patient sera") and a panel of control sera ("blood donor,

sera"). To this purpose El was b(ﬁgﬂ\mﬁfﬁ SA plates, after which the
pl ates were further saturated with caseln. Human sera were added at a

1/ 20 di | ANTIGENIC ANDIMMUNOGENIQLPROFILE IOF HANSENULAVRRODICED HCV
rabbit-anti-human |1 gG Fc ecj f| ' | abel ed with

per oxi dase. Results are k%smﬁfmgﬂg&A%ﬁ e average val ues are the
averages of the OD-values of all serum sanples tested. patient serabl ood
donor sera sernrHansenul aManmal i anser nr Hansenul amamal i an

177660. cls0rcadyits 0b flaospelaagaduced HEV BbdIowitiesera drops H()5chronic carriers was
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178271. SAshmallfFEel18 (as tledd2ibed Dy 1DéEpH 6t 48 G0 WANHHAS286. B&AMHOY4E Spiepattia0. 534
553380. 4610, 233 55340 60. 084 553451, 4741, 258 ,5535 0. 668,
253550, 4831 AeAsiRad ol id3h Whereins So Riussulisodt ety O gBetsy were
PCTBEO2/ Q@}ffflated and the HCV E1 produced by mammalian cells was alkylated. The results are

10 given in Table 7. Although the overall (average) reactivity was identical, some major

differences were noted for individual sera. This implies that the sulphonated material presents

at least some of its epitopes in a way different from alkylated HCV E1.

The immunogenecity of Hansenula-produced HCV E1-H6 which was sulphonated was
15 compared to the immunogenecity of Hansenula-produced HCV E1-H6 which was alkylated.
Both HCV-El preparations tested consisted of VLP’s. Both VLP preparations were
formulated with alum and injected in Balb/c mice (3 intramuscular/subcutaneous injections
with a three week interval between each and each consisting of 5 pg El in 125 ul containing
0.13% Alhydrogel, Superfos, Denmark). Mice were bled ten days after the third

20  immunization.

Antibody titers were determined similarly as described in Example 22. Surprisingly,
immunization with sulphonated material resulted in higher antibody titers, regardless of the
antigen used in ELISA to assess these titers (Figure 51; top panel: titration of antibodies
25  raised against alkylated El; bottom panel: titration of antibodies raised against sulphonated
E1; “A”: alkylated E1 coated on ELISA plate; “S”: sulphonated El coated on ELISA plate).
However, in this experiment individual titers are different dependent on the antigen used for
analysis which confirms the observation noted with sera from HCV patients. Consequently,
HCV El wherein the cysteine thiol-gorups are modified in a reversible way may be more
30 immunogenic and thus have an increased potency as a vaccine protecting against HCV
(chronic infection). In addition thereto, induction of a response to neo-epitopes induced by

irrreversible blocking is less likely to occur.



-94 EXAMPLE 24 | DENTI CAL ANTI GENI C REACTI VI TY OF HANSENULA- PRODUCED HCV El -
H6 AND HCV EI PRODUCED BY VACCI NI A- | NFECTED MAMVALI AN CELLS W TH SERA FROM
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-95 EXAMPLE 25 GLYCOPROFI LI NG OF HCV EI BY FLUOROPHORE- ASSI STED
CARBOHYDRATE ELECTROPHORESI S (FACE) 5 The gl ycosyl ation profiles were
conpared of Hansenul a- produced HCV El and HCV El produced by

HCV- r econbwoarmsetercci ni a vi rus-i nfected manmal i an cel | s agcuszcretked by
Depla et al. in W99/67285. This was dgpe by neans of fluorophore-assisted
carbohydrate el ectrophoresis (FACE). Thereto, oligosaccharides were
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of the sol utiqn was usted to pH 5.5 wi,ith_congcentrated H3PQ4. To this
sol uti orfle\ﬁé&begd’d‘eg"?n?i dhe murine monoclonal antibodies used were IGH201 (see

(Pepti degMrfiaqey, YiGﬂPﬁsa(ijl@@S@rm@lb)maméﬁaﬁ' &€al. %ﬂw*@‘é@/o@iss), IGH203
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As can be derived from Figure 53, the reactivities of 7 different chimpanzee are identical

when tested with E1 protein produced by either Hansenula or mammalian cells. The
reactivities of the monoclonal antibodies against HCV E1 are also almost eciual. Two of the

20 chimpanzees (Yoran and Marti) were involved in a prophylactic vaccine study and were able
to clear an acute infection upon challenge while a control animal did not clear the infection.
The five other chimpanzees (Ton, Phil, Marcel, Peggy, Femma) were involved in therapeutic
vaccination studies and showed a reduction in liver damage, as measured by ALT in serum
and/or histological activity index on liver biopsy, upon the HCV E1 immunizations.

25  The results obtained in this experiment are clearly different from the findings of Mustilli and
coworkers (Mustilli, A. C. et al. 1999) who expressed the HCV E2 protein both in
Saccharomyces cerevisiae and Kluyveromyces lactis. The purified yeast-produced E2 was,
however, different from the HCV E2 produced by mammalian (CHO) cells in that a lower
reactivity was observed with sera from chimpanzees immunized with HCV E2 produced by

30 mammalian cells while reactivity with monoclonal antibodies was higher for the yeast-
produced HCV E2.



-96 was adjusted to pH 5.5 with concentrated H3PO4. Proteins and

ol i gosacchari des were subsequently precipitated by addi ng 4 vol unes of
acetone (at -20C), and the m xtures were incubated at -20C for 15 mn.
Sampl es wewe oeesdiol f uged at 4C at 13000 rpm during 5 m n. PCT/BR&2/@o&t one
supernatant was di scarded and the pel lgt was incubated at 20C for 1 hour
after 5 adding 150 L ice-cold 60% net hanol. The net hanol supernatant
containing the released oli gosaccﬁm’vﬁﬁlsE s collected and dried by rotary
evaporation (SpeedVac). The dried s gl'ycans as well as reference
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by applying 2 x 100-11L purified water (MI1iQ to the colum. The el uates
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reactions,were al)Jowed _to oceed overnight at except, for; the

reacti on°1f3‘?sal°ﬁlb‘€“i§s R é‘cﬁgsf’hrﬂﬂ{’@@lﬁ’f ‘f‘é}‘? apd ﬁi?l%ﬁ@rqqeuﬁg {>y HIHEEHS ati on
of the exqghtyCokkda3BgoRMNTNEESthald @ N phlyBrightids0, beBv&RS T andUK1 used
were: for al-2_ Mannosidase (Aspergillus saitoi): 2 mJnL, for a-Minnosidase
(Jacks Bemanosacchariggy. Lhisiindigstes ?g@ﬁmm CHRESBIqnHRSler PPRAnEdY leads (9 i,
VO 02/ 084103 ﬁg&fﬁ%oﬁ%f& d‘éﬁs’% Egééh&eé an®$gh ﬁé&TﬂIggaf SRGhd YT t&pef o

sequenci ng of gosacchari 1Tube 2Tube e 4Tube 5 Els
(pnol ) 406080 CHOSBOCkAins-agddddtn i girataine ptdducetl in manmwlimesligdase (L) - - 555

20
EXAMPLE 26.
SEQUENCING OF N-LINKED OLIGOSACCHARADE DERIVED FROM
SACCHAROMYCES- AND HANSENULA-PRODUCED El1s AND FROM Els
PRODUCED BY HCV-RECOMBINANT VACCINIA VIRUS-INFECTED
25 MAMMALIJAN CELLS.

Els (225 pg) purified from a Saccharomyces or Hansenula culture (see Examples 15-16) or
from a culture of RK13 cells infected with a HCV-recombinant vaccinia virus (see Maertens
et al. in W096/04385) and present in PBS, 0.5% betaine was diluted with deglycosilation
30  incubation buffer (50 mM Na,HPO4, 0.75 % Nonidet P-40) to a final concentration of 140
pg/mL. The pH of the solution was adjusted to pH 5.5 with concentrated H;PO,. To this
solution was added 2 U PNGase F (Peptide-N*-(acetyl-beta-glucosaminyl)-asparagine
amidase of Flavobacterium meningosepticum; EC 3.5.1.52; obtained from Roche) and the

sample was incubated overnight at 37°C. After ovemnight incubation, the pH of the solution



Mannosi dase (L)----4 Incubation buffer 4x (L)55555 MI1iQ H20 (L) 151110106
5 Figure 56 shows a hi gher oligomannose consisting of 10 mannose noi eties
coupled to chitobiose. Each term nal nmannose residue is linked by an a 1-3
bond to a wormb&es nal mannose residue. The ol i gomannosePaf/BEIGewes 56 i s
fully resistant to cleavage by the expglycosidase a 1-2 Mannosi dase.
Long-term (overni ght) incubation of the oligonmannose of Figure 56 with the

2o L B Lot 0, B el 2

0| i gos a%ﬁﬁqh&ﬁly\/}iréél ithesbPpedding 4 %luﬁ’fbﬁ RO aydtor@at 1°0¥ eand T Mixtures were
-(3- mannOSéFl chit o%

| ose noi ety can be canverted ose .and
chi { obi gBeite @ugisp LT 2 EBrS A0 Eere R a8 PSS O T S & min.
Accor di ﬁ{] ot Wod His@Rdedind! @p&lb?Wak Seubdebd/ h’to-)ZO°@deB1“lﬁkﬁ§'aﬁé§e
converts e re Fence ol i gosacchar Man-6 (see Figure 55.
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PCTBEOZ/f& 06¢ 1SS @8 rkgas'tvgﬂ@ce(i' i ¢& %ga%ﬁ@a“%{%? ﬁfég%d R4 g6td on of
y

t he exogl'ycoSi dase a nNosi ase w It hus converted to
Man- B5 aSqmadhm'@-ma:ohmm @pmnntérl otfatqrm meight ¢ofie2 cmu{Amelr@am@loscim%, cudekquent

di ti d t 3- |
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were dried and stored at —70°C until HPLC analysis. The eluates of the Els samples as well

20  as the Man-9 reference glycan were distributed over 4 numbered PCR tubes and dried. The
reactions as outlined in Table 8 were performed, all reactions were allowed to proceed
overnight at 37°C, except for the reaction in tube 3 which was terminated after 1 h. The final
concentration of the exoglycosidase enzymes (all obtained from Glyko, Bicester, UK) used

were: for o1-2 Mannosidase (4spergillus saitoi): 2 mU/mL; for a-Mannosidase (Jack Bean):

25 50 U/mL; and for f-Mannosidase (Helix pomatia): 4 U/mL.
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chitobiose through the action of the exoglycosidase B-Mannosidase. According to the

specifications of the supplier (Glyko), a-Mannosidase converts the reference oligosaccharide

Man-6 (see Figure 55.D) to 4’-B-mannosy! chitobiose completely and the further conversion

thereof to mannose and chitobiose by p-Mannosidase is also reported to be complete.

Figure 57 shows a higher oligomannose consisting of 9 mannose moieties coupled to

chitobiose. In this oligomannose, one terminal mannose residue is linked by an o 1-2 bond to

the non-terminal mannose residue. Upon action of the exoglycosidase o 1-2 Mannosidase,

said o 1-2-linked mannose will be removed. Upon subsequent action of a-Mannosidase and

B-Mannosidase, the reaction products as described for the oligomannose of Figure 56 will be

obtained. According to the specifications of the supplier (Glyko), a 1-2 Mannosidase is

capable of converting the reference oligosaccharides Man-9 and Man-6 to Man-5 (see Figure

55) with an efficiency of >90 %.

Figure 58 shows the reference higher oligomannose Man-9 consisting of 9 mannose moieties

coupled to chitobiose. In this oligomannose, all terminal mannose residue is linked by an o 1-



under the sanme conditions as described for the chromatograns of Figure 63.
The results are summarized in Table 9. The sane experinents were repeated
with El's produced by vaccinia-infected cells and 10 surprisingly showed a
conpl et el ywd 2foggiéht pi cture. In the reaction. w thout enPgHBE2/MIc4conpl ex
m xture of carbohydrates was present (ggee Figure 65 and Table 9). The
overall content of nonosacchari de(8)-GlcNAc(2) and
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r epeat edghBRssithfodigeuced El's and surprisingly showed a conpletely
different picture. In the reaction w thout enzynes, mainly two

car béhydrates WO 02/ 086101 PCT/ BEO2/ 00064 -100 with retention tine 672 mn

and 701 min_were pr . pondi t pact hyely: Man- -9.
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with a MRRoSLAaReiRldatta BN BES SR QI Y& Fof the chromatogram in Figure 63;
20 Man-9 only), afier overnight incubation  with o 1-2 Mannosidase (trace 2 of the
chromatogram in Figure 63; mixture of Man-5 and Man-6), after 1 hr or overnight incubation
with o-Mannosidase (traces 3 and 4, respectively, of the chromatogram in Figure 63; 4’-B-
mannosyl chitobiose only), and after overnight incubation with o~ and B-Mannosidase (trace
5 of the chromatogram in Figure 63; chitobiose only). Trace 6 of the chromatogram in Figure
25 63 is indicating the applied solvent gradient. ‘
The products of the reaction of the oligosaccharides of Saccharomyces-produced Els
(obtained after PNGaseF treatment) without exoglycosidases were mainly four carbohydrates
present eluting at 59+1 min (15%), 67+1 min (45%), 70£1 min (25%) and 75+1 min (15%).
The overal content of Man(8)-GlcNAc(2) and Man(9)GlcNAc(2) in Saccharomyces-produced
30 Els was ~65 %. In the reaction with o 1-2 Mannosidase, only the carbohydrates with -
retention time 70%1 min has disappeared. The intensity of the carbohydrate with retention
time 75+1 min remained the same and the intensity of carbohydrate with retention time 67%1

min was increased. This means that not all terminal mannose units have the o(1-2)



reduced to the 4'-(i-mannosyl chitobiose noiety. This nmeans that the
carbohydrate is high mnmannose and all mannose resi dues except one have the
a configuration. Reduction of this 4'- R-mannosyl chitobiose noiety to

chi t obi osew@ag/ogplar ent after overni ght incubation w th RPCNVBRISIdase. The
resulting chromatograns are depicted ig9-Fi gure 66 which were obtained 10
under -t he- sanmecondi ti ons-as descri bed for-the chromat ograns
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structure can be derived framthe structure given'in 10 Figure 62. "1" is
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st r uct ur AREr feadics St 62 Mamb3i3e) (e uxadoliydaes with uetention3BnE/Obha8P5%BE. Cf r om
62r 62" 62:nin have disappeared. After overnight incubation with with o Mannosidase, a substantial
15 amount of monosaccharide(6)-GlcNAc(2) remained in addition to the 4’-f-mannosyl
chitobiose produdt. This is an indication that one of the oligosaccharide branches is resistant
to o Mannosidase degradation. This can be explained by the presence of 1 or 2 glucose-
residues linked to a Mana(1-2)-terminated branch of the N-linked oligosaccharide. A putative
structure of such a glucose-containing oligosaccharide is depicted in Figure 62. The possible
20  reaction products of glucose-containting oligosaccharides is given in Table 10). As no Man-7-
equivalent oligosaccharide (i.e. oligosaccharide consisting of 9 monosaccharides) is
remaining after the o 1-2 Mannosidase reaction, these glucose residues are most likely linked
to the B-branch of the oligosaccharide structure given in Figure 62. It can, however, not be
excluded that both the A- and B-branches of the oligosaccharide in Figure 62 are partially
25 terminated by glucose.
Reduction of the 4’-B-mannosyl chitobiose moiety to chitobiose was apparent after overnight
incubation with p Mannosidase. The resulting chromatograms are depicted in Figure 65 which
were obtained under the same conditions as described for the chromatograms of Figures 63-
64.

30 The obtained results are summarized in Table 9.

The same experiments were repeated Hansenula-produced Els and surprisingly showed a

completely different picture. In the reaction without enzymes, mainly two carbohydrates
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st ruct ur e55. D55. C55. B58 Hp280%20% /// structureb55. E55. D 20 WO 02/ 086101

PCT/ BEO2/ 0W0G62/08614102 Tabl e 10. Products of gl ucose-cont ai PCTIBEN/0GKked

ol i gosaccharides after reaction with-gyo-2 Mannosidase or a 1-2

Mannosi dase and a Mannosi dase. I\/an equi val enta 1-2 Mannosi dase a
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chi t obi GsendWiane I THS overhl Cortéditof MHWEB)-ClcNARY afid Maa(9)BIcNAk(2) in Hansenula-
A cMan- 9Man- 8Man- 6 Branch B no d cMan- 8Man- 54’ I\f mannosyl chitobi ose 5

EXAIVPIC_jE produceshBpA TN " @ Reaesatien Witk & s oy ‘E?fe 10
De
DT orte Heafta MR RTPMAL sQbiDREAALE fbladhy é‘#@%@ﬂ Qi fprenfion 238 2

the avermge AXre® Wverndtht m@xbaﬂmemm Wiith C MhdriokidaseS all @arboRydrite dhkingrwetect
coul d be estimated. Hereto, |es of the purified El-product were

subj ect egdycgd @M&n@n@% igse nB}i‘FtYI i it mppngethaitthe ﬁarhghsﬂsatf 5 Bighe 67)
and fur tn@ael{nosaena?nldyélergann\ése Felidtes excgpq one H%%%’E‘Et onﬁ%u[r)atlfgﬂ Ry % h AR s B2 ket

B-mannosyl chitobiose moiety to chitobiose was apparent after overnight incubation with 8

-

Mannosidase. The resulting chromatograms are depicted in Figure 66 which were obtained
10 - under the same conditions-as described for the chromatograms of Figures-63-65. -t rvone oo

The obtained results are summarized in Table 9.



(Pharmacia). In brief, the gel was scanned and for each specific protein
band and the % of occurrence (its intensity inrelation to the total
intensity of the different bands whereby the total of all bands is 100 %
was esti mawed2f8@hbl e 11). It should be noted that each speCI/BE@/00rOL ei n
band is representing El s-nol ecul es wigty-t he same nunber of occupied N- 20
gl ycosylation sites The obtained results indicated that the main part (> 90
% of t Ngens: 3=, e =P uct; 1. or Y, .an
o tos | oLaR SO AR BN o R DR et o BBl YR S
syst em (S&chlesapidd BdYy-, Mk Huawesulet(“Hp”)-prodiddd &1 4886) as AvsuBinprotitheetd i n

t he vaccj nj erived El product all the N-glycosylatiqn sites.are..occupi ed
(i whi o by hesasneios o155 Ptrelian Sl CTbe ol Bineiin® Ry

NG 73) Ofligesfhhéed WS 1R6 dfonfdtogriphidREbARNCdnRS ORE, il MERS4) ainldOthesi t €) ,
it is quite safe to conclude that the averg}gﬁg nunber. of occupied N

gl ycosy| parbasingsiof assiver qligemaprnse fdlptiveds thetoial @lispmpngse Popiens £8P AoV s)eatc eed
80 % of L0 af BcThost BKAY b OLAA IRl Aboilahfisto imiidAR] FidToferald @Rl | on
of the average nunber £ occupl e glycosylation sites in the El proteins
obt ai nedarfyraffRigves 3962 Oligomamudsyywitipteaminatio I e mamicaésderve besopnarked withay st ens
by nmeang, of SDS- PAGE and Coonpssie Brilliant Bl ue.stgni i ntensit

anal ysi s.§ THUIEAMERNOSES W{hbt%‘&mggglé‘?%e%ﬁi’ﬁ?%@a&?gf‘ﬂéﬁ *rroﬁ_%g&W%’fe RERGht .
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pol yi nor phaExperi nment 1Experinent 2 MN 2998 MN 252527 MWV 213842 MW 182722

~ MW 140 15Rigureqeant it i theoireagtiont withad eyeglyeasidasesy/ER’ bisvhe 29action Mith 8512XAVPLE
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Mannosidase. The oligomannose with retention time 45+1 min is supposedly an
oligomannose comprising 5 mannose residues linked to chitobiose. The oligomannose with

retention time 75+1 min is supposedly an oligomannose comprising 10 mannose residues

linked to chitobiose.
15
(Man-5) Man-6 Man-7 Man-8 Man-9 (Man-10)
Rit: 45+1 Rt: 53+1 Rt: 59+1 Rit: 6711 Rit: 70+1 Rt: 7511
Sc1 / 1% 14 % 42 Y% 23 % 18 %
structure 55D 55.C 59° 57° 56°
' ' 61°
Sc2 17 % / 8% 50 % 6% 16 %
structure 55.E 60° 59° 57° 56°
61°
Vac 1 3% 32 % 20% 23 % 14 % 5%
structure 55.E from 62* 55.C from 62% 62% 62*
& Table 10 & Table 10 | & Table 10 | & Table 10
Vac 1 74 % 2% / 20 % 4% /
structure 35.E from 62* from 62* 62* 62*
& Table 10 & Table 10 | & Table 10 | & Table 10
Hp1l / 2% 7% 54 % 36 % /
structure 55.D 55.C 55.B 58
Hp2 80 % 20 % / / / /
structure 55.E 55.D

20




OCCUPATI ON OF N- GLYCOSYLATI ON SI TES | N RECOVBI NANT HCV E2 Two- hundred (200)
g of the E2-H6 protein produced by Hansenula was 20 degl ycosylated with
PNGaseF. The degl ycosyl ated E2s-H6 was | oaded on a mni-gel (10 g/l ane).
The prot eiwolansksomer e digested with trypsine and endo AspeiNBEIIossses of
the resulting peptides were determ nggh.by Maldi-M5 (dried droplet and thin
| ayer net hod) This nethod can be used to determ ne the degree of

N- gl th I t t.h t.h F th
Coup o chadtii Peadich i sescnntitoe R LR BBt TP D06
- 104 thq@@ggdagemmmaﬁa&wﬁdam{aﬂnammrol yzed to aspartic aci d (5.

The mass erence between these two amno acids is 1 Da which can be
determ ned by nass spectrometry. Addltlonally, t he hydrol yS|s of Nto D

creates ne W . e - . vl ati on
sites in EPs are NA17, NAZ&-eqyivgient \pog $idnse | oY 76,
N623 and Np45 (see Figurle 68). Ml dit i peafuedetterddh of| t hese

gl ycosyl atifon sites that] N-glycosylation was not co because [after
degl ycosyl ation with PNGase F,_ pept|des were found w '
the gl ycosYBaanchlA S0iGic(|Mas 101 T er enMan® Da). The |Mdo-6 of the nymber of
D-resi dues laover the nunijer of N-resj 11133_79_1_\1_35_an imdication to of 1t he
aver age oc( @6%?@(%"‘ 16er| Mam-9 2 prot ~Msa- expressed twafaﬁsenul a and present
in the ané;'_BX‘ériEH&ﬁ‘d'Gl(F Min-g STyt e MpglgycosytatTongs] ﬁarﬂ%sﬁ sugar chain.
These results are sumdrized in Tables 12 to 14. Frgﬂf(g Hl6se Tesults it was
. cal cul at ©d HRa e B L Sen-3e-eG G-D-E B ey , d for.
appr oxi mat ¢ IB}aIF‘th’/J ZfﬁcT ms1Qo " per £ MR- 99I ycosyl at i term ned flrom
tryptic pep Prréﬁ—é L eTE N Ol YEEsy T at T o ST g N gt ycosytat]i on
sited ycosyl at egﬁ;t g ycosy ated N43060%10% N44850%80% N55680%20%
N57690% 0% Ba22AB/BOENGIE40800% 20 Tibhe 13. Per cendd’-@hyameyylat i on
determ ned|fromtryptic |peptides containing two N | chitobiose

EXAMPLE 27
OCCUPATION OF N-GLYCOSYLATION SITES IN RECOMBINANT HCV E1
10
Dependent on the amount of occupied N-glycosylation sites, E1s shows a different |
migration behavior on SDS-PAGE analysis. Based on this property, the average amount of
occupied N-glycosylation sites in the E1 product could be estimated. Hereto, samples of the
purified El-product were subjected to SDS-PAGE and Coomassie Brilliant Blue staining
15  (Figure 67) and further analyzed by means of the ImageMaster' 1D Prime Software packet
(Pharmacia). In brief, the gel was scanned and for each specific protein band and the % of
occurrence (its intensity in relation to the total intensity of the different bands whereby the
total of all bands is 100 %) was estimated (Table 11). It should be noted that each specific
protein band is representing Els-molecules with the same number of occupied N-
20  glycosylation sites
The obtained results indicated that the main part (> 90 %) of the Hansenula-produced
El-product has 1 or more N-glycosylation sites less occupied than the Els obtained from the
vaccinia expression system (as described by Maertens et al. in W096/04385). Assuming that

in the vaccinia derived E1 product all the N-glycosylation sites are occupied (in which the



gl ycosyl ation sites. N-glycosylation Both sites 1 out of 2 sites No site
Cal cul ated for sitesglycosyl atedgl ycosyl at edgl ycosyl at edi ndi vi dual N N417
and N423709%25%%85% N532 and N5400980%20%10% WO 02/ 086101 PCT/ BEO2/ 00064
-105 Tabl ewbd2/o&@ocent gl ycosyl ati on determ ned for NA78 poTAEm/idoch gest .
N-gl ycosyl ation sited ycosyl at edNot gljygosyl ated N47835%5% 5 EXAMPLE 29
REACTI VI TY OF BLOOD DONOR SERA W TH HCV EI PRODUCED BY SA CCHA R OMP CE

S ORHA NS E NY ] S [ by Sacch e xpressed with the
a- VF | eaﬁ?ﬂ?‘ﬁmgnmg 3%561}85 mgggéﬁ B?f?tﬁ?é’nzé% g? %ﬁ O%eégrlgs%ogﬂg%ewhast e cL

| eader) MoERylRALA spY), iif isCguits sde 36 dohdtldd habrisTpl@sgel buidbét dfbocngicdeNe
finally subjected to alkylation and VLP formation as described 1 n Exanple
20. Bot helpeasyiation sifgsria the Hersermyasapispssd Floamotsmgaes gt exsest 89 &0 af the tafaly/ ni
(1h, 370).: 2 ocking of the plate (PBS-0.1% casein, |Ih, 37C) sera
fromH -s%:l?‘ggﬁg%‘w‘%?{%‘ﬁ‘gég{gi ve bl ood donors were incubated at a dilution
of 1/20 (PBS-0.5% casein, 10% (w v) 15 sucrose, 0.2% (v/v) Triton X-705,
1h, 37C). Finally binding was detected using a secondary rabbit anti-human
| gG F specific antiserum coupl ed to peroxi dase (Dako, Denmark) at a

di | uti onTohle W15 FRAMaliGBIf thel Hoetaterivinbet df JSpiddoN-gEiyedylasior Gité in the El

devel opment. Between all_ steps plates were washed 3 tinmes with PBS-0.05%
(w'v) Tviietrinsoobigtped Eewmihe iesrentMopalupaPhqand Veacupa/derq| SO SBIFMSBht i cal
way on l - @lal 1 . : L fod | bed
by Dopl or BT DS TR R Stk BRIAR BRE MNPl dpeifds "RiFRetd

. ti meso t heandg are indicatbdbp thelegmademuthr (Weight. Seh&Figweaet.i vity of all sera in an .
identical set-up but with streptavidin adsorbed to the wells). From Tabl e
15 it can be judged that many (75 % sera show reactivity above the cut-off

Alkylated Els % occurrence
(relative intensity)
Hansenula polymorpha Experiment | Experiment 2
MW 29 9 8
MW 25 25 27
MW 21 38 42
MW 18 27 22
MW 14-15 not quantified not quantified
Vaccinia/ Vero
MW 29 . 100 100
15
EXAMPLE 28

OCCUPATION OF N-GLYCOSYLATION SITES IN RECOMBINANT HCV E2

Two-hundred (200) pg of the E2-H6 protein produced by Hansenula was

20  deglycosylated with PNGaseF. The deglycosylated E2s-H6 was loaded on a mini-gel (10

pg/lane). The protein bands were digested with trypsine and endo Asp-N. The masses of the
resulting peptides were determined by Maldi-MS (dried droplet and thin layer method).

This method can be used to determine the degree of N-glycosylation: during the

deglycosylation with the enzyme PNG-ase F the complete sugar chain is cleaved off, and at



towards the Saccharoi nyces-produced El while only a few sera (6 % show
sone reactivity 25 above cut-off wth the Hansenul a- produced ElI. This
difference in reactivity was attributed to the presence of termnal a 1-3
mannoses |woloedsdier a 1- 2 mannoses on the Saccharonyces- prodseerooets as

evi denced in Exanple 26. Young and cawpikers (1998) already previously
indicated that this type of nmannoses is also responsible for reactivity of

humans ra wit.h acchar o . der i ved npan.. | n. er.to ri. confirm
Chat & hait B Hhe GRGRPELEER TT i BBy Pp o LS It Renl o

thi s typgtwlennhaRos® aailodateds ist N®EvhBSA @f beSttehidficl by eess ppattotedyEl was
repeated wiith dilutions of blood donor sera prei_nc%gé%ed WO 02/ 086101

PCT/ BEO 2x&hinally, the hydrplysigof Aiie)D geatss nevphrleayage sifRs fordAR ASP- DSBS added to
the dilution buffer. As can be judged from Table 16, preincubation with
mannan reduced the reactivity of this EIl wth blood donor sera in a
concent r at i on Bespibledgpcosylation sitdsan Kgs aveiarb, éNugd, NafooNaal Nazl N s30 MNaso( N&66)

sera analyzed. i s.redu 24 wi t hout etitio mannan
Lo 0. o0 Vit N sty Mo R nElgmiR PO v s cdslYelse e o adt O fedrab o
15. Rea%ywsymi@{ sifels ﬂmtwgigaséyiaﬂoﬁaxas 86t doenpl €06, G baise aft eategBack ylaisnByithan
cells. e reactivities above the cut-off value are.indicated. in black

shaded dB¥Pase ks pentiden mernfoundwith ciber Mhpiobhat e ehicantation site (mpge differpmcerd
F5520, Oﬁg%. PBe Fia 30 16 R1theP 3681823 ds 39010h0 Ruflb & 03 NrddRitBs P9ds APmefeatind

0, 0540, 0 F5570, 059 0, 0530, 05 F5580, 066 0, 060, 058 F5590,084 | ' 0, 0560, 053
F5600, 06 the @8@0g06Xup8BR0 00§6I0ED $BUCIDS 8x1E68d by Gansergl) 8GO pESSI 15 1Ig0, 056
o, 0540@%?}%& sample, of a single N-glycosylation site by a sugar chain. These results are

summarized in Tables 12 to 14.
 From these results it was calculated that on average each glycosylation site was
glycosylated for approximately 54 %.
15
Table 12. Percent glycosylation determined from tryptic peptides containing one N-

glycosylation site.
N-glycosylation site | Glycosylated | Not glycosylated
N430 60 % 40 %
N448 50 % 50 %
N556 80 % 20 %
N576 90 % 10 %
N623 20 % 80 %
N645 10 % 90 %

20 Table 13. Percent glycosylation determined from tryptic peptides containing two N-

glycosylation sites.
N-glycosylation | Both sites 1 out of 2 sites | No site Calculated for
| sites glycosylated | glycosylated glycosylated | individual N
N417 and N423 70 % 25 % 5% 85 %
N532 and N540 0% 80 % 20% 40 %




F5710,06 ' 0, 0540, 055 F5720, 061 O, 0550, 056 F5750, 079 0O, 104 0, 0620, 056
F5760, 061 0, 0580, 057 F5770, 063 0, 0550, 058 F5780, 089 0, 0570, 061 F5810, 064

0, 098 0, 0610, 057 F5940, 055 0, 0560, 057 F5950, 059 0, 0570, 058 F5980, 076

0, 0560, 059wb4208510x78 0, 0990, 059 F4530, 059 0, 0570, 06 FA4560pPOTBEG/MHE0, 06
F4580, 055 0, 088 0, 0540, 054 F4590, 054 _9p469 0, 0560, 054 F4630, 83 0, 054 0, 056
0, 055 F4660, 086 : 0,0710, 094 F467* 0,055 0,066 0,055 F4690, 059 74

0. 0570, F4700. 074.1 0..0560, 056. F47 . 057 F4790, 06 0, 075
0. 060, 0 @4‘3{3 el5EY ZY0sY ’E?%%ég?fﬁ‘é‘l%,%g@%%ﬁ%%%%%%mso, 063 0. 0590 053
aver age D NIZFcdkyBhdn D TEGH ooby 65T F b oWeoRIawE 27/ 36 0/ 36 cut - of f

NAT8 35, 5%

5 EXAMPLE 29
REACTIVITY OF BLOOD DONOR SERA WITH HCV E1 PRODUCED BY
SACCHAROMYCES OR HANSENULA

| Els-H6 produced by Saccharomyces (expressed with the a-MF leader) and Els-H6

10  produced by Hansenula (expressed with the CL leader) were both puriﬁed as described in
Examples 15 and 16 and were finally subjected to alkylation and VLP formation as described
in Example 20. Both proteins were directly adsorbed on a microtiterplate at 0.5 pg/mL (1h,
37°C) and after blocking of the plate (PBS-0.1% casein, 1h, 37°C) sera from HCV-screened
and negative blood donors were incubated at a dilution of 1/20 (PBS-0.5% casein, 10% (w/v)

15  sucrose, 0.2% (v/v) Triton X-705, 1h, 37°C). Finally binding was detected using a secondary
rabbit anti-human IgG-F, specific antiserum coupled to peroxidase (Dako, Depmark) at a
dilution of 1/50000 (PBS-0.1% casein, 1h, RT) followed by color development. Between all
steps plates were washed 3 times with PBS-0.05% (w/v) Tween-20. For comparison the sera
were also analyzed in an identical way on mammalian cell derived Els, produced and purified

20  as described by Depla et al. in W099/67285.
The cut-off for this ELISA was set at 2 times the mean of the background (i.e. the reactivity
of all sera in an identical set-up but with streptavidin adsorbed to the wells).
From Table 15 it can be judged that many (75 %) sera show reacﬁvity above the cut-off -
towards the Saccharomyces-produced E1 while only a few sera (6 %) show some reactivity

25  above cut-off with the Hansenula-produced E1. This difference in reactivity was attributed to
the presence of terminal o 1-3 mannoses linked to o 1-2 mannoses on the Saccharomyces-
produced E1 as evidenced in Example 26. Young and coworkers (1998) already previously
indicated that this type of mannoses is also responsible for reactivity of human sera with
Saccharomyces derived mannan. In order to further confirm that the reactivity on

30  Saccharomyces-derived E1 can be attributed to this type of mannose residues, the ELISA on

Saccharomyces-produced E1 was repeated with dilutions of blood donor sera preincubated



% of sera above 6 75 cut-off WD 02/086101 PCT/BEO2/00064 -108 Table 16.
Reactivity of El produced in Saccharonyces cells as in Table 15 but in the
presence of 5 ng mannan/ nL. The reactivities above the cut-off value are

i ndi cat ed woobbssaés shaded cells. Mannan concentrati on SepgmwBroHooogy nll
nmg/ mL5 ng/ mL F5520, 2070, 1280, 103 F553Qp4t870, 0980, 050 F5550, 0660, 0440, 041
F5560, 7690, 5400, 372 F5570, 1580, 0940, 088 F5580, 2500, 0760, 046

3630, 1618 a7 0Ntk iL2Fon mefdly B dibmial Jie o fegtbof Bt As can be

F5720, 4?4agea&7&1 T48c F5,726n08a000318 106 RaT fod66:d 1RSRAEH2, 07485 E1 with blood
F5770, 2160, 0420, 041 F5780, 1250, 1000, 093 _F5810, 0830, 0%40 8)
F5940, 10%000sesinoy qoneesshion seprndevay4a beeeperndderrlo s gl abone (F556) sera

FA500, 0330k 080 emfmob4 RBudetGbY 699 WAfidut competition by mannan to 0.06, using 5 mg
5  mannan/mL).



F4560, 1120, 0500, 043
F4630, 0780, 0430, 041
F4690, 0530, 0430, 041
F4790, 0590VMMMR08048
F4880, 4740, 0900, 046
- 109 Reference Li st Agaphonov, M O, ,
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genes 1n
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i ntegration 0
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Beburov, M Y.,
ﬁ&r&le

F4580, 0860, 0510, 042 F4590, 0540, 0440, 042
F4660, 1720, 1110, 085 F4670, 4200, 1170, 049
F4700, 2200, 0700, 061 F4730, 9240, 1830, 063
F4800, 2810, 1550, 054 F4810, 3550, 0420, OBRGT/BE02/00064
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WO 02/ 086101 PCT/ BEO2/ 00064
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i nt egr arfB8MYMIW di f f er HANSAMLSi |@acepdro ammaliap [yeast (RIABKLUI b
pol ynorgdha DL1. Yeast [Bt541-55[E1 Alber T i, G (1982)
Nucl eot i{de seffbBce of on80&6e |10 gendd,05
Sacchar dnyces Fgggevi si pe. 0,D6HbI . 190456. Amrer er {6052 198pB)
Expressi HES TN YEqPHe U 0 onggEg- et hods | BFYO] -
101: 19226+ 0 570 i ;’554 arid Bal | g‘i 1991)
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reduct i grot—gipgi-rder—by HErSt 0,18 0,059 0,056
F570 0,056 ¥ 0,054 0,055
F571 0,06 0,209 0,054 0,055
F572 0,061 0,4 0,055 0,056
F575 0,079 0,104 0,062 0,056
F576 0,061 0,144 0,058 0,057
F577 0,063 0,224 0,055 0,058
F578 0,089 0 0,057 0,061
F581 0,064 0,098 0,061 0,057
F594 0,055 0,116 0,056 0,057
F595 0,059 0,539 0,057 0,058
F598 0,076 0 0,056 0,059
F450 0,2 0,078 0,099 0,059
F453 0,059 0,128 0,057 0,06
F456 0,058 0 0,056 0,06
F458 0,055 0,088 0,054 0,054
F459 0,054 0,069 0,056 0,054
F463 0,054 0,056
F466 0,094
F467 0,055
F469 0,057
F470 0,056
F473 0,057
F479 0,051
F480 0,053
F481 0,052
F488 0,053
average . off 0
# of sera above 2/36 27136 0/36
cut-off
% of sera above 6 75
cut-off
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manmal , sai d conposition conprising an effective anount of a HCV envel ope
protein or part thereof according to any of clains 1 to 16 and,
optionally, a pharmaceutically acceptable adjuvant. 15 29. A

phar maceut WOM/08@fosi ti on for induci ng HCV-speci fic anti BEGBER2/§H64a

manmal , said conposition conprising dn7effective amobunt of a HCV envel ope
protein or part thereof according to any of clains 1 to 16 and,

opti onal qy axggsPhar maceutical ly acceptable adjuvant. 20 30. A

pharmaceuti cal conposition for inducing a T-cell function in a mammal, said
conposition conprising an effective anmount of a HCV envel ope pr'otei n or
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conposi t i oRlyResMétdnRYe,isidytedf ordagmeht tB&echhB&ct&ize&ml thatdt is thepsro@ity bACt i C
conposition. 32, The phar rraceutlcal conposition according to any of clains
28 t 05 30 WSKERSsion ig a qukewab%a% endcgrpesTharasierizahinghat opAyeraga MAYR 80U LA €4l

conposi ti oy, AGGRHiIfidnQite e Rbre1fiotPlakE. 1O 32 wherein said mammal is a

human.

2. The isolated HCV envelope protein or fragment thereof according to claim 1 wherein
more than 70 % of said core-glycosylated sites are glycosylated with an oligomannose

10 containing 8 to 10 mannoses.

3. The isolated HCV envelope protein or fragment thereof according to any of claims 1 or 2 .
wherein the ratio of sites core-glycosylated with an oligomannose with a structure defined
by Man(7)-GlcNAc(2) over the sites core-glycosylated with an oligomannose with a
15 structure defined by Man(8)-GlcNAc(2) is less than or equal to 0.45.

4. The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 3

wherein said oligomannoses contain less than 10 % terminal a1,3 mannose.

20 5. Theisolated HCV envelope protein or part thereof according to any of claims 1 to 4 which

is the product of expression in a yeast cell.

6. The isolated HCV envelope protein or part thereof according to claim 5 wherein said yeast
cell is a Hansenula cell.
25
7. The isolated HCV envelope protein or part thereof according to any of claims 1 to 6 which
is derived from a protein comprising an avian lysozyme leader peptide or a functional

variant thereof joined to said HCV envelope protein or fragment thereof.

30 8. The isolated HCV envelope protein or part thereof according to claim 7 which is derived
from a protein characterized by the structure

CL-[(Al)q - (PS1)p— (A2)c]-HCVENV-[(A3)q - (PS2)e - (Ad)q]

wherein:
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10.

11.

12.

13.

WO 02/086101 PCT/BE02/00064
-118-
CL is an avian lysozyme leader peptide or a functional equivalent thereof,
Al, A2, A3 and A4 are adaptor peptides which can be different or the same,
PS1 and PS2 are processing sites which can be the different or the same,
-HCVENY is a HCV envelope protein or a part thereof,
a,b,c,d,eand fare O or 1, and
wherein, -optionally, Al and/or A2 are part of PS1 and/or wherein A3 'and/or A4 are
part of PS2.

The isolated HCV envelope protein or fragment thereof according to claim 8 wherein said

avian lysozyme leader peptide CL has an amino acid sequence defined by SEQ ID NO:1.

The isolated HCV envelope protein or fragment thereof according to claim 8 wherein A
has an amino acid sequence chosen from SEQ ID NOs:63-65, 70-72 and 74-82, wherein
PS has an amino acid sequence chosen from SEQ ID NOs:66-68 and 83-84 or wherein PS
is a dibasic site such as Lys-Lys, Arg-Arg, Lys-Arg and Arg-Lys or a monobasic site such
as Lys, and wherein HCVENYV is chosen from SEQ ID NOs:85-98 and fragments thereof.

The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 10
which is comprised in a structure chosen from the group consisting of monomers,

homodimers, heterodimers, homo-oligomers and hetero-oligomers.

The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 10

which is comprised in a virus-like particle.

The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 12

in which the cysteine thiol-groups are chemically modified.

14, The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 13

15.

which is antigenic.

The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 13

which is immunogenic.
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17.

18.

19.

20.

21.

22,

23.

24,

WO 02/086101 PCT/BE02/00064
-119-
The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 13

which comprises a T-cell epitope.

A composition comprising an isolated HCV envelope protein or fragment thereof

according to any of claims 1 to 16.

The composition according to claim 17 further comprising a pharmaceutically acceptable

carrier and which is a medicament.

The composition according to claim 17 further comprising a pharmaceutically acceptable

carrier and which is a vaccine.

A method for producing the isolated HCV envelope protein or fragment thereof according

to any of claims 1 to 16.

A.method for the detection of the presence of anti-HCV antibodies in a sample suspected

to comprise anti-HCV antibodies, said method comprising:

@) contacting a HCV envelope protein or part thereof according to any of claims 1 to
16 with said sample under conditions allowing complexation of said HCV
envelope protein or part thereof with said anti-HCV antibodies,

(i) detecting the complex formed in (i), and

(iii)  inferring from (ii) the presence of said anti-HCV antibodies in said sample.

The method according to claim 21 wherein said contacting in step (i) is occurring under

competitive conditions.

The method according to claim 21 wherein said HCV envelope protein or part thereof is

attached to a solid support.

A diagnostic kit for the detection of the presence of anti-HCV antibodies in a sample
suspected to comprise anti-HCV antibodies, said kit comprising a HCV envelope protein

or part thereof according to any of claims 1 to 16.
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26.

27.

28.

29.

30.

31.
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The diagnostic kit according to claim 24 wherein said HCV envelope protein or part

thereof is attached to a solid support.

A medicament comprising a HCV envelope protein or part thereof according to any of

claims 1 to 16.

A vaccine comprising a HCV envelope protein or part thereof according to any of claims
1to 16.

A pharmaceutical composition for inducing a HCV-specific immune response in a
mammal, said composition comprising an effective amount of a HCV envelope protein or
part thereof according to any of claims 1 to 16 and, optionally, a pharmaceutically

acceptable adjuvant.

A pharmaceutical composition for inducing HCV-specific antibodies in a mammal, said
composition comprising an effective amount of a HCV envelope protein or part thereof
according to any of claims 1 to 16 and, optionally, a pharmaceutically acceptable

adjuvant.

A pharmaceutical composition for inducing a T-cell function in a mammal, said
composition comprising an effective amount of a HCV envelope protein or part thereof
according to any of claims 1 to 16 and, optionally, a pharmaceutically acceptable

adjuvant.

The pharmaceutical composition according to any of claims 28 to 30 which is a

. prophylactic composition.

32.

33.

The pharmaceutical composition according to any of claims 28 to 30 which is a

therapeutic composition.

The pharmaceutical composition according to any of claims 28 to 32 wherein said

mammal is a human.



