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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 El 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



-2 reviews see: Major and Feinstone, 1997; Mertens and Stuyver, 1997). The
El protein contains various variable domains (Maertens and Stuyver, 1997).
The E2 prote2f8eldht ai ns three hypervari abl e domai ns, of MUGTBERKEO6HR| or
dormain is located at the N-term nus of2the protein (Maertens and Stuyver,
1997). The HCV gl ycoproteins | ocalize predomnantly in the 5 ER where they
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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 mbieties 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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20 Oligosaccharides attached to N-glycosylation sites of proteins expressed in P. pastoris or S.
cerevisiae ochimnnl are devoid of such ‘terminal al,3-linked mannoses (Gellissen et al.
2000). Terminal a1,3-linked mannoses are considered to be allergenic (Jenkins et al. 1996).
Therefor, proteins carrying on their oligosaccharides terminal al,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
number 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  wviral 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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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 Saccharomyces 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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production of HCV envel ope proteins. 10 SUMVARY OF THE | NVENTI ON 15 A first
aspect of the current invention relates to an isolated HCV envel ope protein

or a fSUMMARY IOF &afE INNENEION at | east one N-glycosylation site, said
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In particular, more than 70 % of said core-glycosylated sites are glycosylated with an
20  oligomannose with a structure defined by Man(8 to 10)-GlcNAc(2). Furthermore, the ratio of
the oligomannose 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 a1,3 mannose. The eukaryotic cell expreséing said isolated
HCV 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-[(Al)a - (PS1)p— (A2)c]-HCVENV-[(A3)4 - (PS2)c - (Ad)q]
wherein:

CL is an avian lysozyme leader peptide or a functional equivalent thereof,
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optionally, Al a or A2 are part of PSI and/or wherein A3 and/or A4 are
part of ps2. P&h aspect of the invention covers an isolated HCV
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Specific aspects of the invention relate to isolated HCV envelope proteins or fragment
thereofs according to the invention which are antigenic or immunogenic and/or which

comprise a T-cell stimulating epitope.

20 A fuorther 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,
(i)  detecting the complex formed in (i), and

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



The invention also relates to a nethod for producing the isolated HCV

envel ope 25 protein or fragnent thereof according to the invention.

Anot her nMOh@d@8ei1t he i nvention is a nethod for the detectRIBER/0H(6
presence of anti- HCV antibodies in a-§anple suspected to conprise anti-HCV
anti bodi es, said nethod conprising: 30 (i) contacting a HCV envel ope

pr ot ei NMfre BgedifidlekBaf maGs® ﬁlfﬂdyn&)rﬁﬁis]%rkﬁfeppﬁ) ¢l Ui éaé& %o&/t%éd | isPoRakdh

sanpl e under conditions allowi ng conpl exation of sai envel ope protein

or par t uides cempetifitercosditions dn iparicvlagrreidowaiheds may viilizees edid sugpothéo whighl ex
formed | i n iii).inferring f.ro i) the presence of said anti-HCV
ant i bod%%%h;dryga‘f%p%é’ﬁ%%]é’.mw&é rg%"féié@ / BEO2/ 00064 -7 MNbre
specifially, said nmethod nay conprise step (i) in which said contacting is
occurring under conpetitive conditions. In particular, said nethods may

utildze a sollheinyvigppen furthsr plpien to saliegnasiic kitvier tsedeteationiof the presencet dfer eof

is atta :pventj r lLates to _a_ di St . it for.the
detecti %ﬁ?gfc \?ha-lemg?delgse%ged gé}nﬁ %n%&gwéﬁt.cloglc%jlsgsanglﬁﬁgﬁgﬁ%ﬁ%é?ﬂssﬁ clkétd to
conpr i seorapridingH@VHAV i dnodliops , prewird okifart CemTi sicoglisy HEMhe NviedRi8. VISkeei n
or part thereof according to the jnvention, Mdire specifically, said kit
may com&a@%isﬁdl@n@ﬁ(me SRt REN @velone protiar@grarhihersehatiached 40 asol i d
supportsohjdcgug&g,t.i nvention also relates to a nmedi cament or a vaccine
conprising a HCV envel ope protein or part thereof according to the

i nvéhtion. Al so covered by the invention is a pharnmaceutical conposition

for induci ng,gﬁ HCV- .15 specific |m"ane response |n a mapmal ,_said
conposi ti on vagtilqualéﬁr ?t?%g’t‘? TRECLABIERT Ot VAIACITERFBIRGHE O Bl GPeor
par t thﬁfo@émo@f&pﬂleieeﬂaéc@rdiﬂgtdﬂﬁ&%ﬂkh@&h.and, optionally, a

pharmaceuti cally acceptabl e adj uvant. Sai d pharmaceutical conposition nmay
alternatively be capable of inducing HCV-specific antibodies in a nmamal

O ot 09 BT8R, LUREDRT, 1 BRIy ELADBLIORE 1 R 4w
iEtGEEB’&;I E) g.ﬁ%gitéicﬁnﬁ@imcﬁéﬁohﬁmm d Map@ddl | @il @mposficd TRIPRIng & FHIBAmoft@RE
a HCV envelope protein or part thereof according to the invention and, optionally, a
pharmaceutically acceptable 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 pPGEMT-E1sH6RB which has the sequence as defined
in SEQ ID NO:6. '

Figure 2. Schematic map of the vector pCHH-Hir which has the sequence as defined in SEQ
30 IDNO:9.

Figure 3. Schematic map of the vector pPFPMT121 which has the sequence as defined in SEQ
ID NO:12. |



Figure 1. Schematic map of the vector pCEMI-ElI sH6RB whi ch has the sequence
as defined in SEQID NO 6. Figure 2. Schematic map of the vector pCHHHir
whi ch hasWh/0§elflience as defined in SEQ 30 ID NGO 9. Fi glid/BER288Mdmat i c
map of the vector pFPMIi121 which has t-Be sequence as defined in SEQ ID
NG 12. WO 02/ 086101 PCT/ BEO2/ 00064 -8 Figure 4. Schematic map of the

vect or PRV -CridnEhnafid iy Sptﬂ'éa%ét&eplsﬁqqe@Hﬁ—EﬁHédm%ﬁﬁag fhessl%%lﬁrgel\g 13.
Figure 5.7 Schematic map of the vector pFPMI-M-a-El-Ho6 I ch has e

sequencéefaed i SEFIDNND:1h SEQ I D NO 16. Figure 6. Schematic map of the -
vect or pUCL8- FMD- MFa- E1- H6 whi ch has the sequence as defined in SEQ ID
NG 17. 10 Figure 7. Schematic map of the vector pUCLl8-FMD- CL-E1l-H6 which

has t heFﬁ@QU%(&héﬁlatiQ%%ﬁSﬂ thd) veEs bEPN@-Rfka-F1-01¢" @hith BaN@ERid GelBPaOf
the vector pFPMI-CL-E1l-H6 which has the sequence as defined in SEQID
NO 2. dgurddguBSEQID Sehknmatic map of the vector pSP72E2H6 whi ch has the
sequence as defined in SEQ ID NG 22. Figure 10. Schematic map of the
vect or pMPT121 whi ch has the sequence as defined in SEQ 20 ID NO 23.

Fi gure FipurS6hseitic i &f tht RectsepUan SFRPYIVINGE]B26 bithishhaahhd asquehe: as
sequence as  defined in SEQ ID NO 24. 25 Figure 12. Schematic map of the

vect or PNPEAiFERERIDHQibi-ch has the sequence as defined in SEQ I D NO 25.
Figure 13. Schematic map of the vector pM~30 which has the sequence as
defined in SEQID NO 28. 30 Figure 14. Schematic map of the vector
pFPMT - CEighnze F6 Seltingdtichasp bh thesesgteg i eC SFMIBOLAR T HOWHICR Hab tiNsedRience 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 PCT/ BEO2/ 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. Schen®¥Q ®@/08ek91of t he vector pFPMI-CL-E1l whi ch has t he PSAERENOB06AS
defined in 5 SEQ ID NO 36. Figure 17.-9Schematic map of the vector

pUC18- FMD- CL- H6- E1- K- H6 whi ch has the sequence as defined in SEQ I D NO 39.

10 Fi gupfg“;g.15$@aﬁggﬁgﬁ&rﬁsgggoffl)ﬁmt%%tog%@f 8- PRAMET G Nl s WU 6D,BA% e

sequence as defined In D NG 40." Figure 1 chenmat i ¢ map

vect or pofir@8 IMSEChIIANO:3he sequence as defined in SEQID NO41. 15 Figure
20. Schematic map of the vector pYI GGE1H6 whi ch has the sequence as defined
in SEQID NO 42. Figure 21. Schematic map of the vector pSYl which has the

sequencgigige 461 $deehatib b @l pA3T-CTi- i ' e
vect or ﬁal\/FElsHGa whi ?hg hasv%ﬁoerl\ﬂs@equegegg@iﬁ?aﬁedggﬁE%%Q%ﬁ% %Q 25
Fi guf e 3BQIENOwti c map of the vector pBSK-E2sH6 which has the sequence as
defined in SEQ ID NGO 45. Figure 24. Schematic map of the vector

pYl GGHCCL- 22aH6 whi ch has the sequence as defined in SEQ ID NGO 46. 30

Fi gure BigurSchenSdhemationg dfhevestdr pDTYB ENHBEL M- e ag WRRhSBHUECE as
defined in SEQ ID NO 47. 02/ 086101 PCT/ BEO2/ 00064 -10 Figure 26.

Schemat Pedugegs asfdefined ipedHQID PNPB?- whi ch has t he .sequence as defined in SEQ
ID NO 48. Figure 27. Schematic map of the vector pYlI G/E1 which has the
sequence as defined in SEQ 5 ID NO 49.

10 Figure 18. Schematic map of the vector pPFPMT-CL-H6-K-E1 which has the sequence as

defined in SEQ ID NO:40.

Figure 19. Schematic map of the vector pYIG5 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:43.

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 pPBSK-E2sH6 which has the sequence as defined in
SEQ ID NO:45.

Figure 24. Schematic map of the vector pYIG5SHCCL-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.



Figure 28. Schematic map of the vector pSYlYlI G7/Els which has the sequence
as defined in SEQ ID NO50. 10 Figure 29. Schematic map of the vector

pPl CZal ph¥WA @R8¢l has t he sequence as defined in SEQ | D NOTHBE2@DMdr e 30.
Schematic map of the vector pPl CzZal phal®- whi ch has the sequence as defi ned
in SEQID NGO 52. 15 Figure 31. Schematic map of the vector pPlICZal phaE

whi ch h : ' ' : ' : ic
b s i A A e S S T
in SEQ ND:4O 58. Figure 33. Schematic nmap of the vector pPlICZal phaE EI sH6
whi ch has the sequence as defined in SEQ ID NO 59. 25 Figure 34. Schematic
map of the vector pPl CZal phaD E2sH6 whi ch has the sequence as defined in

SEQ I D 3u$P27.HH BkhstiSmap 8¢ ARIRLIE pVEGTR] M%@%ﬁeg@%c%@héﬁlﬁ@iﬁ%ﬁ@ _
whi ch has the sequence as defined in SEQ ID NO 61. 30 Figure 36. Schematic

map bf HM&Qué2t or pUCI8MFa whi ch has the sequence as defined in SEQID
NG 62. WD 02/ 086101 PCT/ BEO2/ 00064 -11 Figure 37. Elution profile of size
excl usi on chronmat ography of I MAC-purified E2-H6 protein expressed fromthe

MrFa- E2- Finex ps.mb@gﬁ&ﬁﬂaF en mea&@iongsmmvﬁgew;ﬁmm e 5&uendd® définak irs
indicates the elution volume (in ). The vertical lines through the

el uti onSBRAPINE:50. ndi cate the fractions collected. "P1"= pool ed fractions 4
to 9, "P2"= pooled fractions 30 to 5 35, and "P3"= pooled fractions 37 to
44. The Y-axis indicates absorbance given in mAU (mlli absorbance units).
The1- aKigare DOl Svht@ati¢ hap eff tHel vedtoy pPICEalplm Avhichihguthe s3@uenddies dbfinke ient
pools and fractions collected after size exclusion chronatography (see

Fi gure §E§2 IRNQ:Hnal yzed by non-reduci ng SDS- PAGE fol | owed by sil ver
staining of the 10 polyacrylam de gel. The anal yzed pools ("P1", "P2", and
"P3") and fractions (16 to 26) are indicated on top of the picture of the
si | ver - Figuradl. Sphbmatit miah f treftec{or pRECZAfHald rvéhichnbliasahe edjubine as defined in

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.



sizes of the nol ecular mass markers. Figure 39. Fractions 17 to 23 of the
si ze excl usion chromat ographic step as shown in Figure 15 37 were pool ed
and al kyl wtoewt/osdioer eafter, the protein material was subj e®cuBR/0Bwo H
treatnment for deglycosylation. Untreatpgd material and Endo Htreated
material were separated on an SDS- PAGE gel and blotted to a PVDF nenbrane.

e r oat AR ST PGS ptleh So e B o TP By b N BRI R BP0 40,
Vst er nedpredsedftahythe 311 EzzeHet expreRiRSH @ setnlla ¥ PhRSSRA(sENERRRNB ALY IMhECES

cerevisiae. _The Western-bl ot was devel oped using the El -specific
monocl ofHF BHEHBDME Phation orplume (s mi)4 The wisrticak |1’élﬁs pirsugl tha plugien profle 5 or

7 days R{a%&]'e%(cé@‘%sﬁﬁfek%&e?’r@ Boofed fgg u%ﬁ&ﬁ*}%o'“?l’@ﬁ &L@ﬁﬁf %@3{ grmed

wi th pSYl Yl G/E i‘gure r|S|ng Be"hué
sequéncas, emnlo‘éﬁaﬁ’g pdméedcﬁaakms Iy®0o44/.rfEhd &’aaj@g npﬁmesdz&)spﬂiaﬂémlgﬁven ifcmAdG.

Lanes 5-7. reSS|o t aft r. 5 days expression,

respect (W%IF OFWnﬁe u@&*ﬁcﬁ?fﬁrﬂ}@éﬁ‘@?‘tﬁ%@et@f"éﬁ@fw WeHingbn pSYl aMFEl sHeaYl G
(SEQ I D hK)44 Figure 22) 30 conprising the nucl eoti de sequence encodi ng
the a-mating factor | eader peptide joined to E1- H6. Lane 8: nDIecuIar

vei ght Figuke38. Hhe Wiffiremspamss ambifrectiond .collerted 8fterpsire bidiubidh shipnmthgrah

PCT/ BEORPO SRR 3PN egEed i noiapene ST TRCE THGS %Lxéa%?ai@gggﬁ%l
af f i t yolgwrmﬁﬁw%%p%e %A@&h ﬁmlg (ped «pB2- 4 ArP) ghd ﬁ%ﬂ%(xﬁs(?@% '%3 ard

processed from CL by H. ’pol yi nor pha (see anpl e
Pr ot ei n¥diggtedionftep efthewpieprefaf sl sﬂdnls:st@mmh gsl At the 1aft (land “B"deieanditated theons

(I anes d by reduci ng SDS- PAGE fol | owed by silver
st ai ni nglz%f%%eﬁlae rglgsop %ISCtur e) or by western blot using using a

speci fi ¢ monocl onal anti body d| rected against E2 (B, bottompicture). The

si zes of t he _nol ecul ar mass markers are indicated at the left. Figure 42.
EI ut i onFiguge 3P cFiastiansd 7rtp 23tof| thngize Brwsiem giramaip sanbic sep as MIOWIDA igkierm

pur {11 Gat P en° SPO R Rt JReRated I phckyin RALRBCKAL LBt Sy Jinfoobiona
(see ExaegientlBy degdlpesylatiomrUmestedqnatbdidiraat @hdo H-treated material were separated
on an SDS-PAGE gel and blotted to a PVDF membrane. The blot was stained with amido
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 E1 expressed in Saccharomyces cerevisiae.

The Western-blot was developed using the El-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)

comprising 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-

Heé.

Lane §: molecular weight markers with sizes as indicated.

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

cells.



with buffer A (50 mM phosphate, 6 M GuHC1, 1 % Enpigen BB (v/v), pH 7.2)
supplenented with 26 mMim dazole. After sanple application, the colum
was washewosegsentially with buffer A containing 20 nM arrTHRRENNDO64

i m dazol e, respectively (as indicated.pgn 15 chromatogram . A further

washi ng and elution step of the His-tagged products was performed by the
sequential application of buffer B (PBS, 1% enpigen BB, pH 7.2)

suppl emented with 50 mM i m dazol e and 200 nM i m dazol e respectively (as

i ndi cat Bigue® 4¢hAARES OF &Y immébialibansel fdnaﬁﬁhﬂﬁ%hl\m{a@og%?ﬂye(wmepm pool
1 (fractions 8 to 11, wash with 50 M im dazole). The eluted material was

col | ect B&Hfsproteim pxnressed By end procgssed dropp CorE2nkloeio i2-Hh byoldl rdonerphddsscons
c3 tol6 ' Lo O . ! L
obsor bantatfiE 7E oty e 08 FRLGR, FARGIBN0 anGlckty Mt @hess, 5

Analysi ® Df weleeanhiviaed piirreducik BBSKRAGERbDbWED by Stieestgiing ¢f2he gxp(Lsepd by
and processed from CL-H6-K-E1 to H6-K-.E1 by H. pol,%/rmy;(gha. Proteins in the
wash pobicture) osby (westean bhof using uging #isereific moppgaaal gatibesdydirectied sgaingt B4 (H:1)

were anglyzedic e). S Gk, B0 ARSI A B{akﬁﬂﬁfi(epé’ §iirL&f§a‘LedS§t%@lie%g of the gel

(A, top picture Proteins present 1n the sanple before T1TMAC (lane 2), in
the fl owthrough pool (lane 4), in wash pool 1 (lane 5) and in the elution

pool (lane 6) e.anal yzed_.h stern bl ot using,a specific.opnoclonal
bt bod RS d21 EdvichRrads ofithe BN G P RAREEPIR FIGn Al b NdOA EeliER | n
l'angy 3) (Cﬁ@ﬂﬁin?'%%ﬁa@@e Fheo il g6 R, BlhrBSi) PRIKE barifit A8 Me B1€onated
indicated at the left. Figure 44. Elution profile of the second | MAC

& h { ?rmitp ﬁgfléqﬁi)pr@m'emro?%@dNW-E]ED_QMUJM(SGQ Eneinplei 1{8@ M@f&m@fﬁﬁqﬁbb}m t wi th
i t+, a r r of ,EL_resu e jn vitro
proces s?’vﬁé %?}&eﬁ_é_(&@ E}M(Pg‘ﬁﬁ%%ﬁfec éﬁ\? ﬁ’r’ﬁ@eL &H’@?‘%ﬁnzl% ?‘anv)t’ ﬁiﬁﬂ@osu@ ! .n!‘eiihe WO
02/ 0861Gith PO BERRIIRRE A frerlsdndpl © ¥plitaGeid) Rhyvaslui@l WaCk8shet Redichfifle Riith

fractions (1 to 40) that were screened for the presence of ﬁs-_products.
The frabtffand (cpotanipg) 20 coM adni Y iniYla dmidarolsr gespssevely r G mgliqated ofer e

pool ed. Y- axi.s Al fadi . absor e, Qi kA AN

i £5) < Bagelhhs o' AEN EAPRE SR Y His R Modlucs RS BlARARA

Vst er nbptiet seqitaltinbaplicaibrcat butter OB, 119 Enpiden BB g1t 723Rdispledaatd Rgthwi t h
bi otinyl ated heparin (see al so Exanple 19).. Els preparations purified from

HOV- 1 oo S Matmidazele e 200, PRSI iaZele sDReiveR) (Srindispicdean chiaaieram)
- H. . ) | kah t
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vertical Tine“shows a ern-
imidazole). The eluted material was collected as separate fractions 63 to 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-E1 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 of 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 E1 resulting
from the in vitro processing of H6-K-E1 (purification: see Figure 42) with Endo Lys-C. The



10 biotinylated El specific nonoclonal |1GH 200. The panel left fromthe
vertical line shows a Western-blot devel oped with biotinylated heparin.
Fromt hesWO®486108 it is concluded that nminly the | ower-RYyBERPPMHed E 1
s has high affinity for heparin. Lanesi3M nol ecul ar wei ght marker

(rmol ecul ar weights indicated at the left). Lanes 1: Els from manmal i an
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(SEQ) pﬁl@fégk?ﬂ@dﬁt%%@h@BLH- pol ynor pha- expressed E2-H6 in its

sul phonat e orm submtted to a run in PBS, 3%betain to force virus- |ike
particle formati on by exchange of Enpigen BB for betain. The pool ed
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20. Figure '47. Size exclusion chromatography (SEC) profile of the purified
H. pol yvastipiea-vimgpnissied dmemmabian nclk suliyrey bateagrespdnby sfbmabimeairte weteun in

PBS, 3% betainto force.vigus-. ik rticle for i y 0

Enpi ge naI}?%’ZF%T T%eetp 9 .ng% e)Ef PN e’?’rcglc 1% %%0“?08 co nE %t%x}ﬁ%@gd%@%%ﬁ %@maihg

i ndicat gidtiBylatellB1 Jpeeifié-ashsecloal IGH! B9, Ihs paberne fainy e Vétticaline (dibivk ia
absor bance units The X-axis indicates the elution volunme in nL. See al so

Exanpl eWesgm-iot @év@ewﬁowitb@pésdﬂﬁédnsmn--@@mﬂgﬁﬁ gesulfs 1isjsz eoneluded dhagn
h t C i f if] | ha- d Bl i
1 ool DRLAPRE Py B Gldkade (X neb Bty B bt VIO DTS SXPOPERST B 1T

vi r us- | Lies Mranblechler Weightmbdier (yolecxuddnangghte indieqpedye thdBBft).or bet ai n. The
pool ed fractigns:contai ni s are_ indicated by "-*". The Y-axis

the VL
i ndi cat%@@aﬂs@%’gﬁ@énmﬂ%?ﬁlﬂmx@ Vigted dungdsolttidhce units). The X-axis
i ndi cat epel uti > " i re 49. Si
ndie EandsPepel pl & re\égédtﬂé% Polfthor ipﬁ&%n@kﬁﬁh(ﬁ%&?é@u?igg%olﬁioﬁu ize

excl usi on chromat-ogr aphy ( e of the puri H.  pol yrnor pha-
expr essbaheE3: Ehs-Hosexatdesdddtyed. padymorpsabnd alkghitddoluaingasolatronPBS, 3% betain to

The. pool BT et RBEBhERI PG TR VEbSeare i BaRsaD) Brhenprafie
i ndi cates absgnhipngRdyéaRiol Bromshd Oy d-thiol.

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 formatién 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.



absorbance units). The X-axis indicates the elution volune in nL. See al so
Exanpl e 20. Figure 50. SDS-PAGE (under reducing conditions) and western
bl ot anal W& ®/08610VYLPs as isolated after size exclusion clraanEtagnephy
(SEC) as described in Figures 48 and 4&. Left 15 panel: silver-stained
SDS- PACGE gel. Right panel: western blot using a specific nonocl onal
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cont ai nijgessed Bhanas ad iﬁina{eﬁffbrm FuBthiteed t4%)rin i@PBS, %H@Q’@fh toofordélsRus-like
cont ai ni ng al kyl at ed E cfr. F| gure 49 See al so Exampl e 20. 20 Figure
51. El pargalecfeanatwnr@hﬁ%ﬂ e Emlgenm for betains dhe IPQOlﬁficfERSFB@éﬁ Emtqmmg)
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anti bodies present 1n Ser af ter vacel nation o OdL(l in

mammal i gisoftRhéSuditsPPrieanakik inditated the elutivA&olunad in L. Fee ms@@mm 20.
Hansenul a- produced El (bottom panel). The horizontal bar represents the

mean anti body titer. The end-point titers (fold-dilution) are indicated on
the Y- 25 axis. See al so Exanple 22. Figure 52. Hansenul a- produced El was
al kyl at Eiguge A9) Bize saablpblonaﬁleum(tbg‘aphsa@li@bat@die of the pELfiQAHs gblyehosplppor t

to det 1 t tbd in saafter
vacei nabTieE] S eI b PR dhdetn e Mo hae h RyPReCaRUlS
panel ), paticlefibBhatdD MAeLdhaRtd 6NE 1g&1®13 vibi Betbi@nqﬁetpbarearﬁaawgﬁsdccﬂtaﬁﬂﬁgt was
sul phonat ed (bottom panel). The orizontal bar represents the nean

ant itbodghet VLBs .arqedieatedl pyi frt>7t iTher ¥-akisoindiadids iahsorbpneer given ridi wAledmdh t he

Y- 02 086101 PCT/ BEO 064 15 53.
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and HCV El produced by H pol ynoTpha were coated directly to ELI SA pl ates.
End point titers of antibodies were deteremned in sera of chinpanzees
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nonocl on ant | bodi es rai se agal nst El produce an cel
( bot t onmisphtedl 3fter Grergprahzios chionangmapldy BEC) aw@smlpndcnprﬁagm@s 48 aintl y49. Left

ted Phi, | d.F
Do abL i b RO SDsy EAGEGHel Righ PRk Bey g bieh e Apee i foeaclaptly
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produced b nsenul a. The end-point titers (fold- 10 dilution) are
i ndi cat weigots indisated sk ithe le§idargss rmlanf)NeLPMonﬁugng eulalaonated El (cfr. Figure

el cased): Frdht ereEPr SEE LRy RN LR R 200 st B R BB e 1 an
cells and from E1l-H6
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 E1 (bottom panel). The horizontal bar
represents the mean antibody titer. The end-point titers (fold-dﬂution) are indicated on the Y-

25  axis. See also Example 22.

Figure 52. Hansenula—i)roduced E1 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.



protein produced by Hansenul a. 15 Lane 1: G ucose | adder standard with
indication at the left of the nunber of nonosaccharides (3 to 10,

i ndi cat edW§02@8610d GL0). Lane 2: 25 g N-linked ol i gosacchdGTfREI2(086dased
from (al kyl ated) El produced by mamalsian cells. Lane 3: 25 gg N- |inked
ol i gosacchari des rel eased from (al kyl ated) El-H6 produced by 20 Hansenul a.
Lane 4: 100 pnoles maltotetraose. See also Exanple 25. Figure 55. This
figure shows the sinplified structures of the reference oligonannoses Man-9
25 ( Fi gHigard53.41CVNEInp®ddeddiyr BCY5reBYmbidant-vac¢ikiaguins-ibfec@) mavamakan éeligur e

55.D d - Fi 55.E). " "= . 'g vo= .
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| i nkage between 2 nannoses, respectively. The brackets in Figure 55.B an
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|l eft of, the b ket 0 i 1-2 to 2 d. 1, ..
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hi gher ol i gomannose consisting of 10 mannose noieties coupled to

chi t obi veinatedc BlackrfilledabarpaRhBe plase iceated ivgth Ehkweduspd &y mamnglipeeglis.o a
non- tepm nal se, resi due. ..fhe thi oj nt i rOw, |:ndi s the
o1 goseQBHLPTEeE bonaaigria S 15 Bl Raa, Y <850 WS FALES
(none f @itutiol) Sre@hdiBABREN GREY -axishSednldd ELdmplevar d or | eftward pointing arrow
i ndi cates the oligosacchari de bonds which are prone to cleavage by a
Mannosi dase after renoval of the a 1-2-1inked nannoses (not applicable to

this ol t , %EM‘ LI i 0.6, €

ol i gos aig%ﬁg? ?%gﬁﬁ%)rg @%eﬁlﬁ%tgﬁg%o ong%[e%@ﬁg@&/dég% g{/&%& Sk}%ﬁ%%@éﬁﬁglg é&gf ter
r enoval froi BhprodutédiisecbcombimsesaccinGeeirad-sifeckedampinenalién cdlls didgivore EFHO6ThI S
figure shows a higher_oli go[rannose consi sting of 9 mannose noi eties

coupl edPHOlIRROdBERIINIas§ IR s ol i gomannose, one terminal mannose resi due

i's {4 nkegh oy @lcde 1dddér g@ &Q/iﬂﬁﬁdi@&’cibrf A1 A o TBORLSBer SiShsHéRacchRgadshi n

upward poi nting arrow I ndi

icates the
(3 to 10, indicated by G3 to G10).

Lane 2: 25 pg N-linked oligosaccharides released. from (alkylated) El produced by
mammalian 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
l (Figure 55.E). “Man” = mannose; “GIcNAc” = N-acetylglucosamine; “o” = 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.



ol i gosacchari de bonds which are prone to cleavage by a 1-2 Mannosi dase, the
thick upward 15 or leftward pointing arrow i ndicates the oligosaccharide
bonds whi W ®/08619t one to cl eavage by a Mannosi dase after RERBKEI0WH t he a
1-2-1inked mannoses and the enpty dowaM@ard pointing arrow indicates the

ol i gosacchari de bonds which are prone to cl eavage by (3 Mannosi dase after
renoval I qgﬁ- . i - Lhi s
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r ender sSe¢dvlsp Bxamypedbe fully resistant to cleavage by a 1-2 Mannosi dase.
Thelthick upward pointing arrow i ndicates the oligosaccharide bonds which
are Oprone to cl eavage by a Mannosi dase and the enpty WO 02/ 086101

PCT/ BEOR{gR@OGH. This’ fidamnWaivek @qhghérn@li%ﬂmw&&a&iag dthe @hirdes aseibiads de
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structure fully resistant to cleavage by a 1-2 Mannosi dase. The thick
upwat d poliefivernigpamtingariavdindatates thheligoshichasdatninas mdhechbarn gsongtid cleavags byr one
to cl eavage by. . a nosi dase_and . t down d pointing arrow,.

nd ot BaTiRbdeACaP GeBon ke L A A Y AV A g
Mannosi At g =4 ) I a, 20.
Figur e B0 {Richks IR Ak dhaldininds ERH SERRASE ooRRel b MR R e
noi et i esftere@UPVRAf tRe Clinkabinessed. Set hisé FahingRM®Inose, one term nal mannose

residue is linked by an a 1-2 bond to the non-term nal mannose resi due.
The thin upward pointing arrow i ndicates the

20 Figure 58. This 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 a Mannosidase after removal of the o 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 o 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



15 ol i gosaccharide bonds which are prone to cleavage by a 1-2 Mannosi dase,
the thick upward or leftward pointing arrow indicates the oligosaccharide
bonds whi W ®/08619t one to cl eavage by a Mannosi dase after RERBKEI0WH t he a
1-2-1inked mannoses and the enpty dowaward pointing arrow indicates the .
ol i gosacchari de bonds which are prone to cl eavage by (3 Mannosi dase after
renoval :@%FB
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resi dues of the A- or B-branch ("A -Y" and "B -Y in the Figure) is
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PCT/ BEO2/.Q00064.. - 18 Figure. 6 action p odycts of 9 after
ovethi ght Wﬂgéﬁel%‘? W%Wab?fs%?f"hhﬁ‘i‘}ia%f;?c éwgggsepar ated on a
TSK gel - Ami de-80 (0.46 x 25 cm Tosoh Biosep) colum coupled to a Waters

Al'liance HPLC station. Separation of the oligosaccharides was carried out
at ambi Bigure ertp&itag uigereashdw<0 antiighémeligwhananse fomiviingsefed whn®sd Yoeicies c

acid in 5 ceto ile.a | vent B consisted of 0.2 %.acet. c %
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linear increase to 45 % B o I fteen col um conposi tion of
t heizl ubhma&hhm@mbomﬁ wihidh st @ooe td tleavagg by dr1 aszmm&w@ss ohe éitk Bpward

solvent A (v/y). The elution ti i.s indicated jn _m nutes on the X-axis.
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("2") shows the elution of a mxture of Man-5 and Man-6 after
after removal of the a-linked mannoses. See also Example 26.

20
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 a 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 a 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 o 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 3 Mannosidase after removal of the a-linked mannoses.

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



overni ght incubation of Man-9 with a 1-2 Mannosi dase. Traces 3 and 4 ("3"
and "4") show 15 the elution of 4'-J3-mannosyl chitobiose after 1 h and
over ni ght wionwsetoi on, respectively, of Man-9 with a- MannaiTdgBe/oodbrace 5
("5") shows the elution of chitobiose_gfter overnight incubation of Man-9
with a- and (3-Mannosi dase. Traces 1-5 are represented as overlays, as
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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
HPIC 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-



The peaks, when present, indicated by the letters Ato Kon top of the
Figure represent: A, chitobiose; B, 4'-(3-mannosyl-chitobiose; C, Mn-2;
D, Man- 3; wB o2Maerd; F, Man-5; G Man- 6; H, Man-7; |, Man-PCT/BE02NB0%48; and
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4' - (3-mannosyl -chitobiose; C,_ Man-2; D, Man-3; E, Man-4; F, Man-5; G _Man-
6, H Maeecosidasemrivere sppamted- @ aghokkeelviinides0 €udo &1 3% qmeahgsicl Bigsep)
column coupled to a Waters Alliance HPLC station. Separation of the oligosaccharides was
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 overnight 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



10 Figure 66. The reaction products of the oligosaccharides derived from
Hansenul a- produced Els after overnight incubation with or w thout

exogl ycoswdemascmer e separated on a TSK gel - Am de-80 (0. 4&TxBEB/OaIsH Tosoh
Bi osep) columm coupled to a Waters Al ljgance HPLC station. Separation of

t he oligosaccharides was carried out at anbient terrperature at 1.0 nL/mn.
15 Sol vent, A consisted.of Q,.1% acetic.acid.in a et.Qn nd olvent B
consi st BGURHI0E, FeRSEHERY e Willy 4 °§}d?stel et {$f ati klg S}\?gtseﬁl g 9Eon of
2- AB Ia&%&&cﬁhﬁ&@m@@rﬂ&m%ﬁo&@w '11@@ac&hﬁh—tkh‘iﬂsﬂ&e@&n&f%ﬁah&@@élﬁst hfgerf OF 5
colum volunes followed by a linear increase to 45 % B over fifteen colum
vol unesovefinghtcinmpssionivith of antp-Mintosidases draeestl-§ srei negiesertted amovedrlays, igght Y-

axi s as % sol.vent | vent A (v/vVv el on_tjim cat d in
ot oceuh TRt Bas3Bhorelt pa 1 p e 00Tt hiaBl TS imaeat R AhS Bt g
2-ang nogﬁ%@g}éa%n(z AB) -1 abel ed. ol i gosaccharides. The excitation

wavel ength of 2-AB is 330 nm the em ssi on wavel ength 420 nm Trace 1
("1") ofhe heakshwhemprsgerinindiveied tyhibe detiers dntook al fogorebe Fagurel E@r@s@n‘i Vied

R e Y e R T e S T

Hansen%%rmﬂwcre%ﬁ{@ JaMa%ts %&r@lw&}m edRAbIAnRle MrN-9 With a 1-2

7"

Mannosi dase. Traces 4 (™3" and "4") show the elution of

ol i gosacchari des derl ved from Hansenul a- produced El s after overni ght

i ncubation with a- Mannosi dase. Trace 5 ("5") shows the elution of

ol i b‘)osapchari des derived from Hansenul a - produced Els after overnight

I ncubat R r¥iek NTiRe rdBod Bro¥B&n O kitkasIBsosddchafdes ldepivad ErodD HufRhfELHbetcedS
overlays, as such their respective baselines are not all on the zero |evel.
Trace BEIY afeer)ovm@m moelbammvewﬁlp pr withoelgixpglycosidases wate sepgapd ooge vl gel-

PCT/ BEO 0 aks se d Ato
K on t O%ng«? gﬁ éO gure gleS)rs%}éghc%@h S) 0%51%% ?ﬁo%ed%éﬁ%ttgrg Atiﬁancg%ﬁlfé &hish.

-(3- n@ép&ﬁfﬁibh &fhihe Qﬂig@%cheﬁideg/&sms%anﬁl;d bﬁﬂat%mﬁenﬂ\@ﬁlpéranﬁe aMirG 5[1L/ﬁ5,1n Man-
6 H Mn-7; |, Man- and 10. See also
Fi gifr e %qlverseﬁscm@daqfél Lé@get&rﬁflct@oa&ﬁ@@#@lemm solvept B Bpﬂﬁéstéf? (giip 2 r(g aeﬁtwa

t
Ui s | R SRTor R R T R " SOPiadoh i 1204 LEPRIURATCNALE) 18 carriet

nmol ecul auit usinigdtst% B izderatit &a Sadohinue voblebies fdlliweeddy a laidayinat@sb 1EI4§ Yrivdueed by
Hansenu pol m)rpl ( ; Lane. 3: ted Els pr ced by Hansenul a
pol ynoréﬁ%\en(@ g’ﬁ“éesﬂ ﬂ}ﬂ W%SEH’HE%J tggﬁﬁ{%?ﬂcgé’ eB€IS iCals At 318 pha

axis as % solvent B in solvent A (v/v). The elution time is indicated in minutes on 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 o 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.



10 (2.5 g); Lane 5: alkylated El s produced by HCV-reconbi nant vaccini a
virus-infected vero cells (10 jig); Lane 6: alkylated El s produced by
HCV- r econvbd nzegé1macci ni a virus-infected vero cells (5 g)PCL/aRe/00064

al kyl ated El s produced by HCV-reconbipgant vaccinia virus- infected vero
cells (2.5 g). See al so Exanple 27. 15 Fi gure 68. Sequence of HCV E2-H6

prot ei SE th ..nd 0

sequen?gé)pegf ’t“ﬁléenéj gﬁe\é\%c ER d§9t6frleo éﬁerriw’ 'I%% ﬁt%}gg?lg{g%gﬁrﬁs Br%'%}tdués
are CORMRGHiES; Bnhﬂpéﬁﬂnfoﬁﬁldﬂﬁt@&obéf a, hﬁaﬂ:’M@SMaﬁ-ﬁ@m 2E M€ 5] adiviat ed
with a "*" under he sequence. The Asn-residues are prone to proteol ytic

cl eava@eHpMankg [ARfanL]; J,eMd@ﬁis andKnika-10THee plos Exampledogl ycosyl ation sites
in E2-H6 (SEQ I D NO 5) are N417, N423, 20 N430, N448, N478, N532, N540,
N556, N576, N623 and N645 accor di ng to the nunbering in the HCV
pol ypr Qti%h@, 61.NSDS-BA GBS a@dl gsid) WA eC 66N, BNMlhnt Ndlle MGRingNEH E1N1;ﬁﬂemm57
N173, N193, N240 and N262 in this f| ure. See also Exarrpl e 28.
02/ 086 PoAtuPETPBEoZs o] by HEN FRCOEDIBESCRF R Crescpieriqd mw&lﬁmﬂﬁn wor k
| eadi n it b d: exp 0

Jhf d*}ge\;lﬁgﬁg{mo%wﬂk bQ1wigh tmavgana BB Rrlea AP RESRRORaRE o:

gl ycos e e proterns 1n cchargnyces cerevi sl ae,

past f)r latkydietl EDs pevdsediiby Aok ptigmoasiand93ig)] Eartby3 eﬂgyletss B8 p(DCBduS:atﬂ d SCV
envel O e roteins as rotel CO r| sSIgn ept e seguenc I ne
t 0 sai S@ﬁd@%b@w&ﬂm @i o %ﬁg}%eiwagx Hci%al& flﬁ%e%l?l MQ‘@”%@%“

enygl Ogg églggaﬁ 58X st%a%'ﬂgomga %iztﬁé?‘;r }éﬁ?&haﬁp&%ﬁﬁ ymrlﬁfecmvwsr

very d see arrp es More specifically the S
cer evi sele(10glg) difa;ab &t nlkylateel Ets produced oy HGV-aemdnfiingmo vyenmip virueipieeisd ed

HCV envel op | ns syI ated.in nner .resenbli.ng .

cor e- glvﬁ@oﬁé Sa& ﬁc@f@}ﬂ?‘@ym Llf?‘é Ws%éﬁgr%@g@&lﬁn VBFCHiraBlst ori s
wer e h){ﬂ%agawg@sdéhgwg”gyggbtagogg@lnbperzfeports that proteins expressed in
this yeast are normal|ly not hyperglycosylated (Gellissen et al. 2000,

Sugrue et al. 1997) Upon further, analysis of the glycosyl ation patterns

O O R s REBAORE Ky St RRAEAE (SISRA A IE b BP0k
nmamel ifggnedts! Goxéd sél@én&dd)’ Bfﬂ&] a@lycofsylufw prb&din. tTe %lz&ﬁsﬁ'[médaéﬁﬂ@@ﬂﬁ;%d HCV

envel ope proteins displa cosylation pattern )
advant #egeuryerted inte) Aagﬁ@%@ue@ byldh@B age F'i zyme apd é‘f’f‘alﬁé@ﬁeé VEEE | ca’tnidf’ﬁ of

inexpostd g ng hs 2EHbE e PRERT - Bl adasdy kS A

endoproteinase. The possible N-glycosylation sites in E2-H6 (SEQ ID NO:5) are Nyj7, Naos,

20 . Na430, Naag, Nazg, Ns3a, Nsao, Nsse, Ns76, Ne2z and Ness according to the numbéring in the HCV
polyprotein; these sites are numbered N34, Nao, Na7, Ngs, Nos, Ni4g, Nis7, N173, Nios, Nosg and

Nasz in this figure. See also Example 28.



20 enbodi nents of the present invention as presented below. A first aspect
of the invention is related to an isolated HCV envel ope protein or a
fragnent waoeneséioconpri sing at | east one N-glycosyl ati on SIAEBE®RADE4Pr ot ei n
or fragment thereof characterized ingsat it is the product of expression
in a eukaryotic cell and further 25 characterized in that on average up to
50% 518 9 0 0 g 9 9 0 59% 60% 61% 62% 63% 64%
65% 6&}%&?@@%8(3&?%%%@%@@ 74% 75% 76% T77% 78% 79%
or 80% of the N-glycosylated sites are core-glycosylated. Mre specific
thereto, nmore than 60% 61%_ 62% 63% 64% 65% 66% 67% 68% 69% 0%
71% 72% 730, Wty leading tpedhe PW%?HWB‘%GH‘?@% itgpgs ebpokven 2thet @apresgan, ofgso,
86% 7t % o] 96 0

Nt y ool ARG it o B g g Al CherSanlle S pqioris and

st r uct UHensieflaped ey phanes pbsmblé)by @l:p:rbh%ax(nzof said\HCY eelopé pottios apro@inst he

above N-glycosyl ation characteristics, e ratjo sites core-
gl ycosyfRRYIRG tth signab| p N PFORIENGH tJan r Qe tside I'fé}{( ?5“’ RENREQESHS 0\ ¢ he

sites C%irgo SE ?%fx fﬁ%%@l i HC\a%n%lblg?HR)‘P&Hss @xoﬁ% 86101 PCT/ BEgeast species

Man( 8) ess than or equal 2/ 00064 -23
0. 15, Owgse, (bo%yerovety dﬁfeﬁ&t (@ae4Bxarﬁp1¢sl6 00433 amd Zﬁ)BMorEmptm’écaﬂyr éle S.

ol qommAERUee CeREATIPIoBoS e YR80 T gl rmgie-exprotied FCY* Ehftope
16915% 841 3] Tehber s 9o W10 051008, AT SHTANG0RAopcS

gl ycosyl ated Sites gl ycosyl at ed h an ol i gomannose with a
struct upl@ten@eﬁme@e@ynl\ﬁmb@ p@tqnz)s) W rhApQrg)ycoss}éatnéaiwmtehaarhgramorts that

V() BB e JoyS R Sy e P Bl B O Bttt

N- gl ycosiygras ko4l g)gt@ in two prot e| ns may be occupied by a different
ol i gomannose. 10 The term” prot ein" refers to a poﬁ%mar of am no acids and

does not r ef ¥por dumhes paalysisof the ghtcasBrtiameatisrrsaeic HCM Ripdeing arpdperdsin S.
|
ol i pePér Sine ( gipgo klxﬂg%hbﬁﬁéﬁtﬁaﬁ@f kg‘;‘fag}oé%gp eXCJPi HOG_e0GhbikA¢ \%CIBIa

pro e| n. IS oes no post - expr essi on

nodi fi cairisingectaf mutenatinmceis) it Wwarsvepisingle foxgidwhmtsrhb Mzmla podtugddaiCons,
phosphoryl ati ons and he like. Inclyded wthin the definitjion are, for
exanpl eSAY§ P?p@&t‘i’l%}%s isRlaved @i lycomdatign maHEma e U8 VEY ANAREEERHSN O d

(i ncl udj r [ t tisges
T St pEHAORLS, M SIEEE IS0 RROE nlopeghaenR
art, bthampibau R &l2K\yand Q6LRN)i Hlgs uawcpentm ﬁmiung islrbffeadeiirthe different aspects and

20 embodiments of the present invention as presented below.

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%,
T1%, 72%, 73%, 74%, 75%, 76%, 17%, 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



Wth "pre-pro-protein” or "pre-protein” is, when used herein, neant a
protein conprising a pre-pro-sequence joined to a protein of interest or a
protei n comgp2iesérng a pro- 20 sequence joined to a protein RET/BERAI@ST ,
respectively. As alternatives for "pressequence", the terns "signal
sequence", "signal peptide", "leader peptide", or "l eader sequence are

the. 1 ouphodidEra e 8B haf, b QAR ARE RN £ G 3pbdnr Pl el Bobe'©

(N-) gl YNfgﬂy&o@ﬂaﬁﬂn cHAtBcteS4tn Aai B SoERMEROses c%hﬁﬁﬁies@ﬁﬁh&@%, 199, 1824}a17%,
peptide”, or "leader sequence" is cleaved off, i.e. "renpved" fromthe

pr ot ei nl§%, Eopk4%%,i 13¢6:t1380, il ind 0% 8Yu EMe &% S Stotegmipebebp magfosant er est
at the on the lumnal side of this ER by host specific proteases referred
to as signal peptidases. Likew se, a pre-pro-proteinis converted to a

pro-gor ot ei n yRAN “thw@dsm'a@édl Sifest @lych&/latedrBiitiofant BRgdemnOep et AYs@icrirke
nature of the "pro” amno acid sequence, it can or can not be renoved by

t he hosdefipetl byeWpr(@84e il AGlANAC(RY ds pregniihat @%N—Aymylatqdr@mmmgr%ycgﬁﬂa’@% no

acid se n C r 3

cer evi R eaengtiny MATE SR E MR B SRR hellt 2 1oy &
or HCV E2 enpetilipe ddé:0tigit fheddand NiddydosylBgsesite M%qjayteﬁlauﬁhymmceuped gy be
derived froma HCV strain of any genotype. Mre specifically, HCVENV is

chosen % didferanh eligemeaiose- ani no aci d sequences consisting of SEQ WO

02/ 086101 P /e » agug g\aﬁ@ Sgusne i ch

ar eﬁgt I eastcﬁé)% 298%561%% tégéyf%i %&ft @amg aﬁge%frg)zggnent f Cl\eﬁ*r%y

t her eof length ofithe Ipfddinaﬂ thmnpephdas;l(ﬂ@opdpades; raad qbeb@dptid@e agg owjgedfrithootheer ved

am no aci ds. as describhed above, I’ISI sting of Me |L.e, Leu
&

and VaI efinitipn of R5pigine 4 iR Al gPeSAH“ﬁ refE’S/ oar Epoftf?é‘p %?fbmé’éﬁ%ﬁg‘msng of
Phe, Trpr@0 oTé{ﬁ, fot %M@%B/cézﬁzﬁ{bﬁb StckiBtiths, ﬁﬁ&pﬁ&%@oﬂs artdBe ElEé)‘H?cluded

consi st| ng group consisting of "Cys, Ser and Thr; and
t he gr owphinahe |dsﬁmngn afe, Abmexampl &l polypivbtidessetinfing ahé pr mdie an@ognes Htf:\an

en el ope pro r.el at t | tid I th .
not opgedoctsih el gien on s aeriEen. amcs tifu P e oS R a8 11 Gy res)
defl ni n&b@ﬁtu{eealﬁkagéaeaﬁ@e‘u AR oHRP A i @libiEkndwitinEhe @ft, bHB nE&rdl@gadaﬂmngn

addition to 10 a cosylation site. These envel ope prot eins may be both
nmononer g, nonetagyr 300¢W| c or hono-oligoneric forns of reconbinantly

expressed en (] o} rot el ns., pica 1 he quen fi i tope
correspond tg\?hhepﬁn?rﬂc?r%tend S’Zqé’éen%f ¥e'H(l)f ai }Vﬁ ‘fsﬁ&e%rgg n?éﬁﬂg %?Ortgﬁl on
of HCV {@hbriveig h%%lptcﬁﬁthﬁlcﬁﬁohﬁb@ t6 WpedteinUéf iafsesdor anabiefuesnmisitde prat i ve
amno acid residue that do not destroy the epitope).
20  sequence joined to a protein of interest, respectively. As alternatives for “pre-sequence”, the
terms “‘signal sequence”, “signal peptide”, “leader peptide”, or “leader sequence” are used; all
refer to an amino acid sequence that targets a pre-protein to the rough endoplasmic reticulum

29

(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, HCVENY is chosen from the group of amino acid sequences consisting of SEQ



15 1t will be understood that the HCV epitope nmay co-locate with the

gl ycosylation site. 1In general, the epitope-defining sequence will be 3 or
4 am no awicdw/osenol ength, nmore typically, 5, 6, or 7 am n®CaBER/HODIG4] engt h,
more typically 8 or 9 amno acids in |gpgth, and even nore typically 10 or
nore amno acids in length. Wth respect to conformati onal epitopes, the

| ength e-defi.nin e ca ctt atk.ons,
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i nterveni ng sequences may not affect the conf or mat i onal epi t ope provi ded
sequenc%%fanér|hlr19élélﬂl§§f°éblcf’%%%méd’ﬁ%ﬁ*m ©bh are maintained (e.g. cysteines

invol ved i nnlg‘ ore! péécﬁ?caﬁ nﬁillenr?mb "%W&%yehcg}e te?ds"?él’ate?ttg a)%olﬂlyeg ide or an

conformatio tope e for or nore essen regi ons
of subumialspueftharetid (g, ahmgﬂqms) oompeasieg (anodrmgo raefd se’élslemt&e(dmﬁ}'er ainino aa:ld

i o SEAP e AR B IEREOTCSBTPHE D& ife SIgraDE et PEip: Pt
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cur r ent hgmécebgrmmereg uenue sofo rec@nlbmamsly betmeged gertvelope npntoymm Tymicallyh, the ¢, 1
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7b, 7, EBRegiP of BV QBither Pentibdllst 8 JiaS LN RAENS beER0b dues b2 theaRfivd@mino

02/ 086101 PCT/ BEO2/ 00064 -25 subtypes thereof) or 13 (and subtypes

t her eof jcidresisy that demohdeshryy dhefdpifepe)HCV (sub)type. It is to be understood
t ha the am #%1ﬁ3>e%§1derg ARl Ithaltl heri'gcgre%ltﬁ@ 159 oI55 E S DRl th%e%ygc%éyélat?érhg teI I near

seq ence be T'n ersperse er of almn no

formng a cmngafefm,t therpltoerddfidpe. sequdite vHﬁAbeambr geqsindfacidedn pé@s}g Rhore
i nvention conprise confornational epl topes fromthe El  and/or

(envel op@icallipraPnat oimmeycidy Felepsthggais tipicall & ar ¢ smine acéiﬁélalepéﬂlcémdr @€Bond
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Thus, the amino acids defining the epitope can be relatively 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 designatéd 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, 11, 2a, 2b, 2¢, 24, 2e, 2f, 2g, 2h, 2i, 3a, 3b, 3¢, 34, 3e, 3£, 3g, 4a, 4b, 4c, 44, 4e, 41, 4g, 4h, 4i,
4j, 4k, 41, 5a, 5b, 6a, 6b, 6¢, 7a, Tb, Tc, 8a, 8b, 9a, 9b, 10a, 11 (and subtypes thereof), 12 (and



(G akoui et al., 1993) of the HCV polyprotein and also to be an envel ope
protein. Upon expression in a vaccinia system (glycosylated), it is

bel i eved W® Ré¥el0an apparent gel nol ecul ar wei ght of abolRCT/BER[DB64|t i s
understood that these protein endpoi n2§-are approxi mations (e.g. the
carboxy termnal end of E2 could lie somewhere in the 730-820 am no acid
region, | ' L £y, Y/ Tt
pref er asgﬁtyg%%%,ére??c?l{rq%@?d %g{ﬁg%%%%&g)?%?my?%%r n787%: d%f(‘%%d }g(g\g ,(Sllg 1 ,e §t218) .
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the i nvention and that WD 02/ 085101 PCT/ BEO2/ 00064 -26 any HCV isol ate

from t ypRS, 7190, 8003809 816, 829). The B, p@tein taylalso tepexpresil togetherywith Fér andéer

genotype o IS it ur | E2 .se e

pract i c@r%iaatlgﬁ?{a’raé’gg’ﬁ? Hi(?ﬁ/azﬁt%f(% .a‘nﬁéf ﬁﬁzg??f wg@6&e?£qr %@3@%@@[1@2 HCV
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and/or P7 (aa 747-809), and/or NS2 (aa 810-1026), 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 “E1” 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
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The presence or absence of a conformati onal epi to&e can be readily

det er ni aldl 00hpoowited st seni ygre hes ettt §.g¥ith af-1 iand pTeé said whvdhoperprefains Hedyde

(pol ycl onal V\Dlg /086101 PCT/ BEO2/ 00064 -27 serum or nonoclonal to the
conf or nBPPEREHC %i tope) and conparing its reactivity to that of a
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any). In such screeni ngE ) i
20 more than one El or E2 monomer, e.g. EI/E1 dimers, E1/E1/El trimers or E1/E1/E1/El

tetramers and E2/BE2 dimers, E2/E2/E2 trimers or E2/E2/E2/E2 tetramers, E1 pentamers and

hexamers, E2 pentamers and hexamers or any higher-order homo-oligomers of El or E2 are 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 {/irus including for example those described by Maertens et al. in W094/25601 and

WQ096/13590, both by the present applicants. Such mixed oligomers are still homo-oligomers

within the scope of this invention, and may allow more universal 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
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ot 1 o ERERTBERESS: B o a7 ahSS b e dlenalt YRR Gt T BRI ek an be
achi evethduthtch@ohfath@thdte (bh %sﬁ,@si? Nsrede@f inNypeB, 16062, T7, 8 hdS Gatisenvei allhat
t hese codons encode amino acids different fromN in the case of N, and/ or
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T B 8 L s ausor it ol
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DO bRl S SEE 2RSS o) o 7
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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 § 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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20 0.30, 0.35, 0.40, 0.44, 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%,

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

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 a.1,3 mannose.
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20 17%, 16%,ylS%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, or 5% terminal o.1,3

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 uvarum, 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 Schwanniomyces,
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



specifically, the isolated HCV envel ope protein or part thereof according
to the invention is the product of expression in a Hansenula cell. Even
nor e specbvfd&aiskﬁm the isolated HCV WO 02/ 086101 PCT/ BEOZ/&QQ%Z/OO&Q

envel ope protein or part thereof accorgjng to the invention is the product
of expression in a yeast, e.g. Hansenula, cell in the absence of
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part of PS2.

With “an avian leader peptide or a functional equivalent thereof joined to a HCV

20  envelope protein or a part thereof” is meant that the C-terminal amino acid of said leader
peptide is covalently linked via a peptide bond to the N-terminal amino acid of said HCV
envelope protein or part thereof. Alternatively, the C—terminalr 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-[(A1), - (PS1),—
(A2).]-HCVENV-[(A3)y - (PS2) — (Ad)s] 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 after and/or during isolation and/or purification of
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preferably into an Arg-residue.

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 preferentially 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.
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or 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 usually 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
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20 1999). Said exopeptidases comprising a recombmant is-tag (allowing removal of the
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peptidase from the reaction mixture by 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)yd - (PS1/2)pe — (A2/4)cs] 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
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chemcally no anot her aspect of the current invention re at es to
any of ¢helopspkatiadr @gment 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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in a structure resenbling lysine, in

and glutamine, respectively. In analogy, these amino acids are preferably used in direct

20  mutation of cysteine. Therefore, the present invention pertains to HCV envelope proteins as

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
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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-SO3
(sulfitolysis; (Kumar, N. et al. 1986)). Reagents for sulfonation are e.g. NaySOs, 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 uM-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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concentration nore preferentially ina concentration of 1-50
mV and evesferatiellyied ecurwnnhraiiolnwfllﬂlo mM;

4. by thiol stabilising conditions such as, for example, (i) cofactors as metal ions (Zn*,
Mg®), ATP, (ii) pH control (e.g. for proteins in most cases pH ~5 or pH is preferentially
thiol pK, -2; e.g. for peptides purified by Reversed Phase Chromatography at pH ~2).

20 Combinations of 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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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, desulphonatior;df 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
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(1) 30 enzymati Cc cascade pat hways or uci ng conpounds. Enzyres
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reduction of disulfides and have also been shown to be effective in
reduci nk- ¥858" bridges in vitro. Disulfide bonds are rapidly cleaved by
redyced thioredoxin at pH 7.0, with an apparent second order rate that is
around 104 tines larger than the corresponding rate constant for the
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can b SRR LSS LY. hacressed by B8 REURAL L SRl PR AL SR gR A 1
reduce g of@idendi fielddifle antibody formation, cellular immunity, hypersensitivity, or
immunological tolerance. Cellular immunity refers to a T-helper cell- and/or CTL-response.
20 The term “antigenic” refers to the ability of a protein or a substance to causes the
formation of an antibody or to elicit a cellular response.

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
epitope 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 petipheral 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 *1Cr 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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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., Eugene, OR, USA), avidin or streptavidin. It should also be noted that
“a vaccine” or “a medicament” may comprise, in addition to an active substance, a

“pharmaceutically acceptable carrier” or “pharmaceutically acceptable adjuvant” which may
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adjuvants (Virus Research Institute), or blockcopolymer based adjuvants such as Optivax

(Vaxcel, Cythx) or inulin-based adjuvants, such as Algammulin and Gammalnulin (Anutech),

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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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,



oral ingestion, enteric application, inhalation, aerosolization or nasal
spray or drops. Solid forns, suitable for solution on, or suspension in,
i qui d vehiocl2aserpni or to injection nay al so be prepared. PlTeBERep@rat i on
may al so be enul sified or encapsul ategysin |i posones for enhancing adjuvant
effect. The pol ypepti des may al so be incorporated i nto | mmune Stinulating

VWO 02/ 08(%9{)%i C{/ E02/.00064 .-42 g}o? l.exes t@ggt h sa nl n flor
exanpl e OIjO CXRISENPE @ F%%lgg?ursocﬁ G ‘?I’ie? |“\‘7‘8 mount
of an agdid i/sea %&ﬁéﬂ IS naBiSralde béclﬁ%lgaﬂﬁ/cléi& hel c@fcohﬁbﬁs@b&\l@ast ﬂﬁﬂhﬁ&a@ Geid
conmponents. ective anmount” of an active substance neans that the

adm ni sﬁﬂ%@@ﬁ%ma@m}b’ agsasiated args afliyrranihedemucleiepdifler in a singl e dose or
as part of aTﬁ § “?&gm?clgftfdg’ct‘ gxgqn{.\&% cpa{cj?cﬁ’enﬁﬁc?&c 3%1dt g@énrc@m“nﬂéle 1deg

di sease or for- dest re ries’depéndi
upors t heeghesbt, h“rm@bl@raycﬁi eddlectitwrdi“bligshuefeotibe’, i rp@@bﬂ”duaf‘pﬁmeb’e whepatied, the
taxonom ¢ group of the_ individual to be treated (e.g non- human

pri mat eherpipjraer do nugleetides, ¢ither gikpaysleofidsy, dceﬁmmuehea@%ﬂs Eent#ﬁlﬁﬁw@ee%%m to

t th
For mul o0 SkEFhiqiEt el % CARRRRS (el £o8 pB e o S e ey
of the shpedd g rl:gamﬁ’edh Qen). shill ethe furttetmyenhclbde tioutde-stranded (ésgpmdtsmgle-h at

t he anmount in arelati eI hroad range that c b eterm
t hr oughst rage“& rﬁ%s) thY sawgpeotl%%a? Wl o, drEiRrstrARde) Pelyguglgot 6n§@g0tfmf‘% a S@oo

9/ dgse, indRIE 8RN Fkiasds frfo@ﬁ‘icgnénst SuchORs n%ﬂ%Q%n ABfioh! SR "E%?m dRy be

a single dose schedule or a multiple dose schedule.. The vaccine y be
adni ni ssubsttitipm of emg irandwenofinihe mabtrhldy ocenmting mgl@b‘adasrwlthgmmloglﬁlﬁmt her

aspect of the current ion relate d, for, produci ng the
so1 at eRoshEr EHbaPBe D BE SR Shen A UFESEYIEOL B lg Lo Che

i nvent i RibonS@bstideet had f@moRiqodysi NITRL) F@éx?ﬂ%@ﬂl&bﬂ)&)tﬁéﬁt &sN @NTPA! tand
thereof is e.g. conprisin t ransf or mat’i on a host cell with a

r econbi dideaxynibeneslentides e &NTRset or conpri sing an open 20 reading frame
enCFSd ing sai ]g}lcleot%cﬁag\éa ggrge[rﬁépt;eel' lgel ratctlt ec%% (Zl)P%ngescen g%] or% egﬂhoSt

cel I'S capa Sal enve ere

Sai d nephwaghdreicentlly bhe;ﬁth i6gaRAidyes 6ﬂbvﬁtlhvaa§urm@e@hhaﬁbai Ra@&h 1@15&1 log plefmﬁ)n
sui table nmediumto obtain expression of said protein, isolation of the

expr essEgoERbPERA(FRR-a cul ture of said host cells, or from said host
| | S d b (13 2 S
cell's. Said ts58kghis g ig}?%{clbggd s 0 %cf%fc Bge Hﬁc(l&lh)ac gﬁ%ﬁ?en%{-: Sﬁgﬁ?l R

cells in the presenc opl ¢ agent
of the mysteenenubiet agd mypsculdT, t‘dsi@dnadleaicted “pobd’eon$rivhel’ elso @rbohpass

Chen cal pie Tef 4ds BNAR XK Snafbgmedn whieE Y6Y Bhakoond ia Gstudopigidy ' "
consisting of N-(2-aminoethyl)-glycine units rather than a sugar. PNAs mimic the behavior of
DNA and bind complementary nucleic acid strands. The neutral backbone of PNA results 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. LNASs 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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20 (i)  detecting the complex formed in (i), and
(i)  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.
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(i) i rom presence of sal ant | S In’'said
sanpl e.pH and ionic strenght using an excess of antigen. The incubation of the antigen with the

20  specimen is followed by detection of immune complexes comprised of the antigen.

Design 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

ImmunolonTM), diazotized paper, nylon membranes, activated beads, and Protein A beads. For
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In an immunoprecipitation or agglutination assay format 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 label 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
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20 A further aspect of the invention relates to a method of inducing a HCV-specific

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 administering 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. -
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20  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
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 a 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)-GIlcNAc(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 a.1,3 mannose.
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particles of spherical nature which can be empty, consisting of a shell of envelope proteins in

which lipids, detergents, the HCV core protein, or adjuvant molecules can be incorporated.
20  The latter particles can also be encapsulated by liposomes or apolipoproteins, such as, for
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 patticles 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 E1 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
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expression in a yeast cell such_as Hansenul a cell. Said isolated protein
of Pt e?lag?ef%f?en?F%@M@fﬁ)ﬁ%‘f%ﬁfﬁeéﬁn&g. be a viral envelope protein or a
fragnent thereof such as a HCV envel ope protein or HBV (hepatitis B)
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proteins inc uman | mmunodef i ci ency Vi envelope protein
gpl20 ahspatitis & vérus e(HIPE) pnotlepnpraséing i rog fael tregiofig switableh dorFhsey i iadeae.
In general, said isolat eqn. rotein of i.nterest or fragnent thereof can be
any pr ot ¥TPHGREEi F gt Hes: N ‘8’1 Etg‘QQFgPPBﬁn%'har acteristics of the current

i nventi Q. 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;
(i)  causing expression of said HCV E1 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 (i) 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
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which are usually round (see further)- shaped and which usually do not

cont ai n nor enedmaniemsiaiggtudturaayer of HCV envel ope proteins. A typical

exanpl e of such smaller particles are rosette-like structures which consi st
of | ower nunber of HCV envel ope proteins, usually between 4 and 16. A
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(ii)  causing expression of said HCV E1 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.



to a specific organ or tissue. Smaller particles may al so form smal |
spherical or globular structures consisting of a simlar smaller nunber of
HCV El orweRoamswmol ope proteins in which |ipids, detergentPCT/BEIR/OMEY core
protein, or adjuvant nolecules could bg.additionally incorporated, or
which in turn may be encapsul ated by |iposonmes or apoli poproteins, such as,
10 for exanple, apolipoprotein B or |ow density |ipoproteins, or by any

ot her nmeans of targeting said particles to a specific organ or tissue. The
size (i.e. tiencdi @egk@et iBledibs aada¥Rtd @b iangetho® @i el e raconibiasiroetk-by
the well -known-in-the-art dynamic |ight scattering techniques (see further
i n exangyesykisd HorY yeass nuefigias) gt By wegrtherepp asodeseribgd Apove, b evhashestidal |y
bet ween e r renti b e g ween
3 to 20T b S denE Y TRk g e Sblooka e A et Bl HoRMo B 1CET
ri ms | ncheayiddl end/af endyhetipheasnt i nvention relates to a nethod for purifying
core glycosylated hepatitis C virus - -(HCV) envel ope proteins, or any part
thereof, suitable for use in an inmunoassay or vaccine, which nethod
conpri si ng: [ j : I : ' i_nus
strains tr an%%g%’n%lg%\%m&%mgér@gﬁ\% o%gg%éﬁgqgﬁt?ggiwhg ar%ISJ iH %%Mﬁ%%#gro HgHC\/ E2
pr ot ei nglyasyhund HAM vehstrpeotkinsj nr aay gartt thiteof,cad descaberbdbaere iff ivhick audi ng
expressjon of said HCV. El and/or HCY E2 gene,.pr any part thereof; and
(iii) p‘ﬁ‘ieﬁ’?%ﬁibﬂ’?gpré’%ﬁcﬂo%gyShﬁ?lﬁﬁldgﬁnéfse’é?aﬁ%@fm‘%nd/ or HCV E2 protein, or any
parf{, thereof, 25 fromsaid cell culture. The invention further pertains to
a nethod for purifying core-glycosylated hepatitis C virus (HCV) envel ope
protei ns, orHemy, hamresehicingeftionsildot rgltes tb armethed ifer purifyingnsecaslsiagntsore-
vacci ne,, whi ch dc rising; 30 (i),.qrow ng.Hansenul a or_ Sacghar.qmyces
gl ycos yglé{f‘?séff?t‘?ﬁnmipé'te?sgiﬁgteWagg £8Y el %gfeﬁy %Sgd%sﬁfv@? 0 JEOVg"e ne V‘Z}H@Béfugg an
HCV El anrdblibldf¥ideioR by théicalaheaRYs REM of BREAOTEM 6t a Mixdutt tiahdof. cul ture
medium (ii) causing expression of said HCV El and/or HCV E2 gene, or any
part thereof: and WD 02/ 086101 PCT/ BE0O2/ 00064 . -51 (iiJ) .pyrifying said
i nt Facel | ul a‘Tllley PESSBRle EERIIQNh RS0 JRlptes Sip| & ComPREiioR) as dfimsd %@VF Eﬂn‘%braggpei n,
or any . f U RO NEh VS I ; i i on
Fur t hor o B s O e oy e oo ot o hopaE 2
Vi rus (picle)therev I Theecope-glyebsdated praieciys Bay E21 hel/eoE]/E8uift thblpessémtrinugdionn an

i nmmunoassay.,. or .
may,yfor example, be combined with other HCV antigens, such as, for 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). 1t should-be stressed that the whole content, including all the definitions,
of the latter document is incorporated by reference in the present application.
25 ,

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



vacci ne, which nethod conprising: (i) grow ng Hansenul a or Saccharomyces

gl ycosylation mnus strains transfornmed with an envel ope gene encodi ng an
HCV El anWoR/BEN1E2 protein, or any part thereof, in a JETWRBEROOWH| t ure
medi um in which said HCV El and/or H3g-E2 protein, or any part 10

t hereof, conprises at |least two Cys-am no acids; (ii) causing expression of

sai d HQCy. El Ezi;gzn r e, ; d ol ek £ yibn
sai d C(C)ai/1 g gl %{ggéé;}r/a%l%e EI g%m ; o%%&%? I':atz C%%o%lgﬁylagéra Sé]‘ilddé’gr ?M 'ltiéﬁlfé?ﬂelo? ,

i n whi ch sai ebnfByisation with adidy¥ RNA veeviae sotbysifiomtiecthéch fayd cérerglakylated/ or
enzymatic nmeans, from sogid culture, 15 The ] on further .pertains to a
met hod for pﬁ’r"lefWF’riPéOtE’Sr %@W{%é’?ﬁ]&]ﬁe@&n@méﬁgﬁw(@) VAT SLOPRe’ O3B 15 pe

proteins, or,anvidatd skaf868ustyd WrtAMifedeBl tiHRCinkvAD IBRMBQASSArOfting
vacci ne, which nethod conprising: (1) grow ng Hansenul a or Saccharomyces

gl ycosyl at i ofimmimteryalst omi ns transformed with 20 an envel ope gene encodi ng
an HCV El.. and/or .HCV, E2 protein, or an re. t of ,..kn ui t.abl e

cul tur eEllrlr)edi eHer Klﬁomgcﬁlf’%?ﬁy&nﬁe{? g}a%gﬁgﬁ@rotp@rﬁ(ég pﬁp%‘#eéi Wi}h ﬁpleéﬂ TVl ¢

t hereof, conprises at least two Cys-am no acids; (ii) causing expression of
said HCV EIl and/or HCV E2 gene, or any part thereof; and, (iii) purifying
sai d i ntra-chi thid sagardeipslesddbe clrae tadt\ic HEM BN HCNnEICOBmBATIBEN FIVPESEs 25
protein

i ch S aPieyes B EaICE apBRPE pe o tobiifiok S B2 R ARR S ST

enzygrat péptiaBadther AHOY peptiged)tor l{p@i«t@ Bf kA ps isf Moaddvigr, ielsab &% undestosetthad f or
purifying reconbinant core- cosyl ated HCV yeast proteins, or any part
t her eof 5214 SIGH pepiidss Lomarispn HG Vh enrlene remtides, 3oclpdipg i loak? ok LB pertidss.

heparin WY . C te r | Nng J I at es
Co’a morBuliee) BeleAyR RS RRor B R e HES bod KSR 18000 HEY
pr ot ei npeptide @nfragaeit theeneoh, itam dsef tHeeabakoshemien thehidV JaNA vachewi cal
neans i s sul fonation, WO 2/!%%?101 PCT/ BEO2/ 0006 -52 Hence, .éhe rPresent

i nvent i SRASEDOmRTIses prgtege 1M@801P5>ra°5§rfinrc 1Rg HEY SRR PREREPHEFS 1 1tem

o VOSSO gy oy 190X Racind healqEoratne Losg e
i rr ever picfdrentptlyto€ aticleiv abids encoding HCV envelope peptides, possibly in combination with
a HCV-NS3 DNA vaccine composition. In this regard, it should be clear that an HCV DNA
vaccine composition comprises a plasmid vector comprising a polynucleotide sequence
encoding an HCV peptide 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 usual function. Thus, transcription regulatory elements operably linked to a

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



5 chem cal and/or enzymatic nmeans. Hence, the present invention also
relates to a nethod for purifying reconbi nant core- glycosyl ated HCV yeast
pr ot ei ns, waro2amylopart thereof, as descri bed above, in whi G;CTEEN/00064
irreversible protection by chem cal nsans is iodo-acetainide. 10 Hence, the
present invention also relates to a nethod for purifying reconbi nant core-

gl ycosyl.at ed . st proteins, .o art, thereof,, as _descr.i bed ove,
i ORI e K08P oEpStead e MR b R B it B0

Bi ot i n_‘&iﬁ%rqfec@r%r_)ﬁsb%iﬁcg&%@q&@ncéﬁm-@@eIﬁﬁ@ss%ﬂgt:esﬁmgfentl on also relates to a
conposition as defined above which al so nprises HCV core, El, E2, P7,

co I
NS2, NSlternstivgly, Nisa BNASBecing, gy benisisensd dhiepah adive yestor sugthas adsmovire
core-gl y| at ei . F2, and/or E1/E2 of the present invention
may, f&%%%i ﬁ%p§$5§g%%3ﬁ§?gggﬂﬁith ot her HCV antigens, such as, for
exampl 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 cysteine residues, and even nore preferentially sulfonation of
cyst ei nes. 0: NSt r84 i fd i iae! vdiag
sul fonat i on%%gp%gtgnl e%%?éi?@g?tewg%%l n %ngél\/%gttr ;ﬂgﬂls bg{oggl f‘ﬁ’és@
( PCT/ EFR&hf}2&saty mdrély Sthatiat v endsineeos echstrhed tot destrivhad lemit dind mméntionnalangi ng
all the definitions, of the latter docunment is incorporated by reference
in the Y#esent application. 25 Al so, the present invention relates to the
use;pf a core-glycosylated envel ope protein as described herein for
i nducing i nmunity agai nst HCV, characterized in that said core-
gl ycosyl at ed envel ope protein is used as part of a series of tine and
conpounds. In this regard, it is to be understood that the term"a series
of time and conmpounds” refers to 30 adm nistering with tine intervals to an
i ndi vidual the conpounds used for eliciting an inmune response. The latter
conpounds may conprise any of the follow ng conponents: a
core-glycosyl ated envel ope protein, HCV DNA vacci ne conposition, HCV
pol ypeptides. In this respect, a series conprises adm nistering, either:
(i) an HCV antigen, such as, for exanple, a core-glycosyl ated envel ope
protein, with tine 35 intervals, or WO 02/086101 PCT/BEO2/ 00064 -53 (ii)
an HCV antigen, such as, for exanple, a core-glycosyl ated envel ope protein
in




conmbi nation wth a HCV DNA vacci ne conposition, in which said
core-glycosylated envelope protein oligoneric particles and said HCV
DNAvacci nvocarmge®it i on, can be admi ni stered sinmultaneous|IRCT/RE02AD064
different tinme intervals, including aissalternating 5 time intervals, or
(iii) either (i) or (ii), possibly in conmbination with other HCV pepti des,
wth ti als. In this regard, it should be clear that a HCV DNA
vacci nﬁé‘h@%@ﬁ ion conprises nucleic acids encoding HCV envel ope pepti de,
including El-, E2-, E1/E2-peptides, NS3 10 peptide, other HCV peptides, or
parts of said peptides. Morreover, it is to be understood that said HCV
pepti des conprises HCV envel ope peptides, including El -, E2-,

E1l/ E2- pepti des, other HCV pepti d%?(AM pahts thereof. The term "other HCV
pepti des” refers to any HCV peptide or I1‘ragrrent thereof. Initem(ii) of

t he sabove schemNstUm@N@FPFPmMEQMGSHﬁmwmmm eferential ly
nucl ei ¢ aci ds encodi ng HCV envel ope peptides. In item15 (ii) of the above
schenme, the HCV DNA vacci ne conposition consi sts even nore preferenti ally

O U RN R0 rE S ARG ARSI IGRre RORSLRI 10 RATRLNAHLON

with e’’conposi t1ron d be cl ear

t hat arbﬁmwa B&aﬁelsﬂaﬁeweaﬁﬁ iHak GBerC 06MuGRE iA aPhARNEp \peweamfec tiatlysi ng
a pol ynucl eoti de sequence encodi n&@an HCV pepti de as descri bed above,

oper ablthe hudklecactdosqqﬂelmcﬁnp@dlng) ther gV lélsOprytezx@ (FHQAPNG:2) measipdenedradicern, a

"pl f
alrcl)o her(g%ﬁefe & gzr%qeu&%{;es @Eﬁ ch i arellggls g’g%egza?%r?%%ﬁlﬁfsﬁg?er r e 8%)ect o('?lg %%g(ratl "

those GBRAREALP Ehase@TONBUIFHERhdS Seh@McaVIRL  eXRicehdonfcaf cortratigs e-aci ds
to which they have been Ilinked. In general, but not limted to those,

pl asni dneténg faetor)ar e circul ar doubl e st randed DNA | oops which, in their
vector form are not bound to the chronosone. As used herein, a 25

"pol ynucl eoti de sequence" refers to pol ynucl eoti des such as

deoxyri Rpmug! £ifUIE defitdAk, hasabébn WhBtractad Hagiringt the CHIDBIHE DIt d
(RNA). The termshould al so be understood to jnclude, as eqal val ent s,

analsogsEeRIdanid; frrgmensy byDRIE seawndess cdpning dcdknd Radgethl Bgd. 248 $orgs, lgre
(sense Roe M SEASHe B }féioéff&})&{lgt]ﬁﬁﬂ]dﬁ* tQ[gtyM {;H"Je }é@ﬁﬁsﬂlr%n'ﬁ’é@ ‘AC%E)E&' n,

the term” "transctiption regu nucl eot |
sequene@aMﬂMﬁhaégﬂkﬂMﬁ&bﬁ?@@nﬁu&@xﬁ@dh@@&hatory el ements, such that upon
introduction into a living vertebrate cell it is able to direct the
cellular machinery to produce translation products encoded by the

pol ynucégﬁéljaggn Ofﬁes_ﬁ@gﬁgd;j%gbﬁ?ﬁg ﬁalé nked" refers to a juxtaposition

wherei n the conponents are ured so as to performtheir usual
f unmt i dfhe EbG DNArfsagmignt |(cmlmggul RECYr typellbnBig prafgie mnmytmg okt aping

nucl eot ch(gg ﬁgg@é}gieqfaéls éigrPgat[)ed Wll%h 6e[—t11fs§cg§1<l:lue%; éﬁ& RG? lezvgsnlso e%%YdPCR

nucl eot?
from the plasmid pGEMTE1sH6 (SEQ ID NO:6; Figure 1). The following primers were used

thereto:
- CHHEI1-F:5-agttactcttca.aggtatgaggtgegcaacgtgtecg-3’
25 (SEQ ID NO:7);
The Eam1104I 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
- CHHEI1-R:
30 5'-agttactcttca.cagggatcctecttaatggtgatggtggtggtgec-3’
(SEQ ID NO: 8);
The Eam1104I 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



WO 02/ 086101 PCT/ BEO2/ 00064 -54 Those skilled in the art can appreciate
that different transcriptional pronoters, termnators, carrier vectors or
speci fi c yénR/08eduences may be used succesfully. Alternat iRCAVBEO2{0PES4 DNA
vacci ne may be delivered through a |ivs-vector such as adenovirus, canary
pox virus, MVA, and the like. 5 The present invention is illustrated by the

Exanpl es aa%e@ﬁtfo; ﬁ'iérh:l&ﬁﬁgﬁfc tc&ﬂﬁé are oY ifi StaREE THR %hxnéri{é&’ﬁés%@%%égl &Od

are not construed to rest or t"the invention I'n any way

02/ 086101 aRGSenBEdREANMGHIthinThe eﬁi(AK/Hie%Z -Ep6ANRE, EndudinCONSTRUCTd @\adFthree
pFPMT- MFa- I -H6 HUTTLE VECTOR Pl a or senul a pol ynor pha

t ransfor e Rshu e iae slgr &8 ‘?Ib‘f“}dotgb% l’%’@SlBFPMT MFa- El - H6 shuttl e

vector #gs réae&sh GRRBE Wad @&hs'uﬂltéﬁ Rl fial RoAsHd Hf 0 mnédneduhm 200 of
nucl eic aci d sequence encoding the HCV Els protein 5 % was cl oned

afted akadB1CHHedrzad G GLsii® eaHPI2pNCax primess GHéIﬁSF Iayqbélﬁj{EleBnﬂNTP s

hor none ic ubsegu nged.f or der uenc
Saccharéﬁ‘?&gI B@%i |Xa e %%/%Hﬁgggdﬁmplg&e ]%\6]?54 B%?rr ?ﬁf %e has
been co r e @;gb—&n I ) cgagh}ﬁ%gﬂ—ll 3 nment
by the gigmgﬂ?g%n?%gieggte trllﬁc}d (( ge%dtﬂ@ Tlg%%a 3)%{ g%ér:talg J. A lcgagg\;w

Ther et 01681n834H s- H6- encodl ng DNA fragnent and the pCHH- Hir-derived acceptor

pl asm d were enerat PCR as de C eratl on of
B o 6P R e P s SRR R AR 85880t - (codi ng for Hov

typeg | b1 El entoptiehnsepnggesti ng of the amno acids 192 to 326 of Els
el ongated with 6 His-residues NGO 5) was isolated by PCR_ fromthe

pl asni d2pdeyetes p63¢ sEaupukgt 093’[%&”3@ s¢g annprlng af 93564 #sl 110 see eongRiEw used
t her et o: atgk“iEl F:5'-agttactcttca. aggtatgaggtgcgcaacgtgtccg-3'

3. termination at 4°C.

Then 5 pL 10 x buffer 2 (Expand Long Template PCR System; Boeringer; Cat No 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.cetctttteccaacgggtgtgtag-3’
(SEQID NO:le;
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.ctgecaggcatgecaagettggeg-3°
(SEQID 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



25 (SEQ ID NO 7); The Eaml 104l site is underlined, the dot marks the
cl eavage site. The bold printed bases are conplenentary to those of priner
CHH-| i nksondmsmm mar ked bases anneal within the start reg/®20b06k
(192 326) in sense direction; and - | -R 30
-agttactcttca. cagggat cct cct t aat ggt gat ggt ggt ggt gcC- 3' (SEQ ID NGO 8); The

Eam 1041 S|te i s underl kst e The bol d
printed b&SK4S %ﬂée%f’rﬁ @%gﬁb%ltc&m?gc% rdin g?[r%dei’fa?)é%gl ﬁl c RPOINE R as es
form ng ”ﬁ%nﬁg{é"ﬁ S te WO 02/086101 PCT/ BEO2/ 00064 -56 usefull for later

cloning procedures are printed in italics. The non-nmarked bases anneal in
antis en”ﬁlaae cHactbat mdrtumei whs constimtesingd foflowhetotal -vbBlanoﬁ 50 phalondimig 2h@gstfop

codon a t ad en the cod

ite. @ EkEireRenp kB AR AN PP R R e NS B TBE 50
gL contgh foutfr BqE3dakdl ILda@ard ﬂm@vﬁ 3 SBerirRa6 T 1of
pri nerséOE—%iH%g)ggl\ggéQObgHEr C(E dNTP' s é(nggcﬁ at .ﬁ;t |\/p m%g ufﬁ‘}a\]f%]gg\gl

( Expand83ing5Teé mplYMQEaS@@RLXS()ES(p@Id Lm’ﬁcmplgéer PCRaYysin; Emg@sﬁ)at Ne. 53
polyrrelrzgg m X (Expand Long Tenpl ate PCR System Boeringer; Cat No 1681
834). ﬁr am 1l was used, said program consisting of the follow ng steps:

10 1. dpﬂ@%}dﬂﬁ@.wagasdégmﬁe@é}%ve&vaslﬁe@ycl es of 30 sec denaturation at 95C,
30 sec annealing at 65C, and 130 sec elongation at 68C 3. term natl on at

4C. TheFhe 3 pho Ok buffarér (Expamdben T eraplgte i SastempBremsigst:drt NsokS1ngé):  cat

No 681 83 g ch);
AR Cue WP BB e R P LR (AN cpcl B B L C BT B
f urt heradﬂml fof theagangile WiSive® o eograioll] emd fgrtidrognplifi@tionngass perfignekl t he
foll owi ng steps: 1. denat aruatl on: 5 mn at 95C 2. 5 cycles of 45 sec
denat ur Bllosingprogee 2 3 dews bech#RoxFi ng at 65C, and 130 sec at 68C 20 3.
termnation at 4C. CGeneration of pCHH Hir-derived acceptor plasmd

Generation of vector pCHHE1
15 The Els-H6-encoding DNA fragment and the pCHH-Hir-derived acceptor plasmid generated
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 Eam11041. Subsequently, the E1s-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 EcoRI/BamHI fragment of pCHHE1 was ligated with the EcoR1/BamHI 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 DH5aF cells.

Several transformants were analyzed on restriction pattern of the plasmid DNA and a positive
30  clone was withheld which was denominated pFPMT-CHH-E1H6 (SEQ ID NO:13; Figure 4).



The acceptor fragnent was made by PCR fromthe pCHHH r plasmd (SEQ I D
NG 9; Figure 2) and consists of alnost the conplete pCHHH r plasmd,
except thWO @2W861¥iLr - codi ng 25 sequence is not present in RAIEGBERZROGHoduct .
Following priners were used for this BGR 1. CHH1links: 5 -agttactcttca.
cctcttttccaacgggtgtgtag-3' (SEQ ID NO 10); The Earn 11041 site is
underlined, the dot marks the cl eavage site. The bold printed bases are
conpl ementary to those of prinmer CHHEl-F. The non-marked bases anneal

Wi t hi n Gbgerafion e gFPMTMF&HEL-B®quUence in antisense direction; and 2.
MF30-rechts: 5'-agtcactcttca. ctgcaggcatgcaagcttggeg-3'. (SEQ 1D NO 11);
The Eaniiinaityl thejshuttiesvegios @FPMVAEYEFo-Hé- Wamen@at?tggyglgéa%g%ﬂmet fsagmends, bol d
pri nt edsrﬁk%gies e%rﬁ .conpl ementary to those of priner CHHEL-R The non-mar ked
bases a FERFYHP A he WO 02/ 086101 PCT/ BEO2/ 00064 -57 pUCL8 sequences

behind {hensd ogrerh EEbRIBEMET BigkkOpPPMEChiKIEQ IDPEONY] Piguiv®y fromthe
insert. The reaction m xture was constituted as follows: total volune of 50

I(_:Hcolnt ad-nitleg0.- 240 Bep Ry Hinddlp fragmenti i @G I8aMFp (FERHP NO@A¢ Rigyre3em &1 pri ner Sd
H-1 i o & ' ; .
Cong Telpi 08 S4beRD 8 Bergfil Keghentot ER43s R g€ phlguor ooty acH pPPUADATS,

(Expand LaHH-FEMd.ate PCR System Boeringer; Cat No 1681 834). Program 1

was as descri bed above was used. Then 5 gL 10 x buffer 2 (Expand Long
Tenpl ate PCR System Boeringer; Cat No 1681 834), 10 40 L H2O, and 5 L of

PP T i e R R R

f ol | owi foflopimgsrane:®: as descri bed above. Ceneration of vector pCHHEl 15 The
El s- H6-§nco,di n%&g\ﬁ ff(riggmsnt and the pCHH Hir-derived acceptor plasmd
gener at ed PHRF B4 Td8scri bed above were purified using the PCR product

Bubsequent Ty R o T e e e W T
Ea7nl | 041 NGeubpegdent|y, the Els-H6 DNA fragment was ligated into the
{)ﬁ](;lll-é- Hi 5 dp?‘lli‘l’lle\ll%q baaglg_ aEnc:)r plasmd using T4 |igase (Boehringer) follow ng
5’-agttacggatccttaatggtgatggtggtggtgecagtteat-3’
(SEQ ID NO:15).
The reaction mixture was constituted as follows: Reaction mixture volume 50 pL,
pFPMT-CHH-E1-H6 (EcoRI-linearized; 15 ng/uL), 0.5 pL; primer MFa-E1 f-Hi (50 pM),
20 0.25 pL; primer E1 back-Bam (50 uM), 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 8§34)
Buffer 2 (10 x concentrated), 5 pL; Expand Long Template PCR System Polymerase mixture
(1 U/uL), 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

Hindlll site plus a six base pairs overhang) and downstream flanked by a (cloning relevant)

BamHI site and a six base pairs overhang.



20 specifications of the supplier. E. coli XL-CGold cells were transforned
with the ligation mxture and the plasm d DNA of several

anpi ci | | i WOr@4Bet0ant col oni es were anal yzed by di gesti on MGIBERHR64and
BanHl . A positive clone was sel ect edsand denom nated as pCHHEl . 25
Generation of vector pFPMI-CHH E1H6 The EcoRI/BanmH fragnent of pCHHEl was
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Generation of pFPMI-M-a-El1-H6 Finally the shuttle vector pFPMI-M-a-El-H6
was gengaahiddvasyselecigd ahd demfminited es prRINeviFe;E1-8ki (SEQ ByNentts Fimire §). 5 1.
the 6.961 kb EcoRI/Bai nH digested pFPMI121 (SEQ I D NO 12; Figure 3), 2.
the 0.245 EcoRIIH ndll| fragnent of pUC18-Mra (SEQ I D NO 62; Figure 36),
and 3. the 0.442 kb Hindlll/BarH fragnment of a 0.454 kb PCR product
derived frompFPMI- CHHE 1 H6. 10 The 0.454 kb PCR product giving rise to
fragnment No.3 was obtained by PCR using the following priners: 1. priner
MFa-ElI f-H : 5'-aggggtaagcttggat a@gg%géﬁégaggt gcgcaacgt gt ccgggat gt - 3" ( SEQ
ID NG 14); and 15 2. prinmer El bdck-

5" - ggt t acggat cCEMREIRUCAWIN @t FEPIACeY-kTats SHUTHERVECHORLS) . The
reaction m xture was constituted as foll ows: Reaction m xture volune 50 L,
pFPMTI- CHHEl - H6 (EcORI -1i neari zed; 15 ng/L), 0.5 L; primer Mra-E1 f-H (50

M, 20,0.25 L. prinmer El back-Bam (5 . 0.25 |; 'S I 2 , 5
U oned) Pisfids g Hainda peRBGHER i ol Stpoiee SR BcmBhen e
Mannhei gapxgatciNg 1 468 dn@dé VectBibEEondtrlidBd ¥n BREC QB Ahrgidy from bFPIIPRIF.-LoNng
Tenpl ate PCR System Pol ynmerase m xture
E1-H6 (SEQ ID NO:16, Figure 5).
15  In a first step, the MFa-E1-H6 reading frame of pFPMT-MFo-E1-H6 was subcloned into the
pUC18 vector. Therefore a 1.798kb Sall/BamHI fragment of pFPMT-MFoa-E1-H6

(containing the FMD promotor plus MFo-E1-H6) was ligated to the Sall/BamHI vector

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 (pUCI18-FMD-MFa-E1-H6). The ligation mixture was used to transform E.coli
DHS50F’ 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 fepface 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: 5'-tgcttcctaccactagcageactaggatatgaggtgcgeaacgtgtecegge-3" (SEQ ID

NO:18);




(1 UL), 0.5 L. The PCR program consisting of the follow ng steps was used:
25 1. denaturation: 5 mn at 95C 2. 29 cycles of 45 sec denaturation at
95C, 45 seo @msewlii ng at 55C, and 40 sec elongation at 63CTIBEMRM®NIGNAti on
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denaturation: 15 min at 95°C

2. 35 cycles of 30 sec denaturation at 95°C, 1 min annealing at 60°C, and 1 min elongation
at 72°C
3. termination at 4°C.

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/pL): 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
up in 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/uL), 2 pL 10-fold concentrated T4 polynucleotide kinase reaction buffer

30  (Boehringer), and 1 uLL 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)
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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 MFo-E2s (amino acids 384-673 of HCV E2)-VIEGR-His6 (SEQ ID
NO:5) was isolated as a 1.331kb EcoRI/Bg/II fragment from plasmid pSP72E2H6 (SEQ ID
NO:22, Figure 9).This fragment was ligated with either the EcoRl/Bgili-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



reaction resulting in blunt ends with 3'- and 5 -OHgroups. Therefore, the
PCR product was treated with T4 pol ynerase (Boehringer; 1 UL): to the

r emai ni ngw¥bo2losefor PCR reaction mx were added 1 L T4 pol waEngseoassd 4 L
dNTP's (all at 2.5 mV). The sanple vva_§5225 i ncubated for 20 mn at 37C.
Subsequently, the DNA was precipitated wth ethanol and taken up in 16 L
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concent]rzgt}iéég(s%gjﬁp% yﬁ%%’lpég%g%ﬂg?sﬁgcste eaction buffer 30 (Boebringer), and
1 L ATP (10mM. The sanple was incubated for 30 mn at 37C. Subsequently
the DNA was applied onto a 1% agarose gel and the correct product band was
i sol ated by neans of the gel extraction kit (Q agen) according to the
suppjier's conditions. Fifty (50) ng of the purified product was then
self-ligated by use of T4 |igase (Boehringer) WO 02/086101 PCT/ BEO2/ 00064
-61 according to the supplier's cofiNAMBRhE4 After 72 h incubation at 16C,
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(harboring CL-E1(192-326)-H6) was ligated with .10 EcoRl /BanH -di gested
pFPMT 1 24eap&sg cldpingOnethod Kragigets, 18)A. dadrSorgee Jr4ald96dn, T4 |igase (Boehringer)
has been used according to the supplier's recomendati ons. The DNA in the

| igation sanple was precipitated with ethanol and dissolved in 10 L H2O E.

col i DHpanbratioa®f E2s 86 endodashNAEdoiiehy 10 L of the ligation sanple, and
the plasm d DNA of several anpicillin-resistant colonies were analyzed by

di gést i 4 fimttthe EBRIsequencaangadngPEAdHi (ouiso erighd8h3q 653 oh NN B2 extendad; SEQ
D NO 21...Fi Q e i . ' )
6. 06kt iR Bty By S ATCR i R Rt JRUIEC Sp G RO:3] vl AR At
sequencthrepSP20E2H6 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.aggecataccegegtgtcaggaggg-3" (SEQ ID

20 NO:26; the Eam1104I 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.cagggatccttagtgatggtggtgatg-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 EcoRI/Bglll 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;



EXAMPLE 3 CONSTRUCTI ON OF pFPMI- MFa- E2- H6 AND pMPT- MFa- E2- H6 SHUTTLE
VECTORS 25 Plasm ds for Hansenul a pol yi norpha transformati on were
construct ad @osé@h| ows. The DNA sequence encodi ng t he Mra-pcasgk@mods@ aci ds
384-673 of HCV E2)-VIEGR Hi s6 (SEQ I DgsNO 5) was isolated as a 1.331kb
EcoPJ/Bgl Il fragment from pI asmd pSP?3E2H6 (SEQ | D NO 22, Figure 9).This

fragment was |i ted th the EcoRI /B I I I ed ve FPMT121
( SEQ | [?Wng ;ﬂé 2 yIETISe x| Shep: ‘@TBP]é‘t %?ﬁéé’? T4 30
DNA | i g85&id ‘%ﬂ.{ gi%rgllgg@)nhel m according to the suppl ier's

recormendatl oﬁs After transformation of E. coli and checking of plasmd
DNA i soTbaE@Rmr@mdlﬁGwBEMg ofrthe §fllomiegstsps Wys wsedt ri cti on enzynme di gesti on,
positiv I ones Wer ?B &d and the resulting shuttle WD 02/ 086101

PCT/ BEO2/ atlona s“are denoni nated pFPMI- MFa- E2-H6 (SEQ | D NO. 22,

Fi 9U5r e 211)1 coRI ePBPBﬂME@derﬁ%ﬂl&{@or{ 2t DN cZ3nedtingu 8542) andr1eapeslbhdtelor. 5
ON OF pFPMT-CL- E2- H6 SHUTTLE VECTOR The shuttle vector

pFPMT CL 5268%63 vvas assenbl ed in a three-step procedure. An 10 internedi ate

construgt ,was_prep in which the E2 codi ng sequence was cl oned behind
t he srﬁnéﬁ’mglé% Bﬁgéggf a-anyl ase of Scl awanni oi nyces accidentalis. This

was donghdyid NE 16 RHBURES %éx@mmuoﬂgmﬁ@m&é’mspsteﬁ BBeriggtg;, Sarye, 1681 A.
1996). GCeneration of E2s-H6 encodin fragnent 15 At first the DNA

sequencB bl HOEad6 LH 06 TBodGEP g 419 PO s earion ! EpMe S instiaddC TR : 1

ol 11185 RERAER o M PRO N o FEOE R B By FER SR PRSP R e
used prPORMpBogEHE: dmm@ﬁ@giof%%lﬁ%hﬁg smps: MF30E2/ R and have the follow ng

sequences priner MF30E2/ F:  5' - agt cact cttca. aggcat acccgegt gt caggaggg- 3'
(SEQ I D Sonagesatign: 3R £aM°C 1041 site is underlined, the dot marks the

enzyme' s Gl £anage 4 'sksd%ﬁa]hgaﬁ t956@d3?ﬁseg]%n%$b§ gat% %@fl%lh%lo%?&ﬂﬁi at

sequence is°printe e non- anneal wth the codons
of E2 (ame8dCaci ds 384-390 of HCV E2); - primer M30E2/ R

15 3. termination at 4°C.

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’-agtcactcttca.cctcttgtcaaaaataateggttgag-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'-agtcactcttca.ctgeaggcatgeaagettggeg-3” (SEQ ID
NO:11; the Eam1104I 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).



5' -agtcactcttca. cagggat ccttagtgatggtggtgatg-3' (SEQ ID NO 27; the 25 Earn
11041 site is underlined, the dot marks the enzyne's cl eavage site; the

bol d pri nivedy2/08emes are conplenmentary to the bold printed ggasgs20bosar i mer
MF30- Rechts (see below); a BainH sitg to be introduced into the construct

is printed initalic; the non- marked sequence anneals with the stop codon
and the six terminal H s codons _of 384-673)- VI -H6 (SEQ ID. NG 5). 30
The r eal§ BACHABMETEE S %ﬁ%@ﬁdﬁsefgﬁ%@s:fteﬁf SR %&ES? Mﬁwﬁ%’%& 5)%61&0
cont ai nj ) 1 f 4 6, h 0.2
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30 sec denaturation at 95C, sec annealing at 65C, and 1 m n el ongation
at 68C tBe etongatiovatitherwhich #@re Prendeddrogn 1 nonwtelo fHopiputes (EkphBEPAHAY Tenpl at e
PCR System Boeringer; Cat No 1681 834), 40 L H2O, and 5 gL of [dATP,

dGTP, and dTTP (2mM each); 10mM 5-net hyl -dCTP] 10 have been added to the

sanpl e denéraGdn fof 983t vagExarm 3, and it has been continued with PCR
program 4 consisting of the follow ng steps: 1. denaturation: 5 mn_at 95C

2. 5 cyEheE2uH6480 BaWafragmeniand pMBYedernpdasecnipidasmid pbiainassy PaRd 1
m n. el ongat | t, .6 -t erm i . Lali rived
Lok o988 B R S S AP A 08 3 00 o RIFRPPERT (20
| D NO: 28odiitguree I@rifiedh@ithaaCR oprodas purifivation Het Qivgbe) acqhdip tol dsmi d
excluding the codons of the mature a- 20 anyl ase of S. occt%gent al i

modi f i cHIPPBESS fusfraciaens. PepsearerivnevirEiedntrBaute & 5y dpcs SeDRER Wt The
fol I ow pg,,$83040 1 iPA JHES Sin¥RS s ¥ Hacrmed WilBthe MMP3d-88K=d acceptor plasmid was

performed by using T4 ligase (Boehringer) according to the supplier’s recommendations. The
15  ligation mixture was used to transform E.coli DH5aF cells and the plasmid DNA of 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 o-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: - o

25 5-tgcttcectaccactagcagcactaggacataccegegtgtcaggaggggeag-3” (SEQ

ID NO:30); and

- primer CL2 her:
5'-tagtactagtattagtaggcttcecgcatggaattcactggccgtegtttta-

caacgtce-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



-agtcactcttca. cctcttgtcaaaaataatcggttgag-3' (SEQ ID NO 29; the Eam 104l
site is underlined, the dot marks the enzyne's cl eavage site; the bold

printed &% ¢@8tio1i s conplenentary to the bold printed "aga'T/edo2@bicaer
MF30E2/ F (see above); the non-narked gyad the bold printed bases anneal wth

the 26 term nal bases of the codons of the a-Anylase of S. occidentalis in

(sE0 | t9ventie ApRigsie veanapompn o] NG fup e, 260l 87 SR A RRGoe e’
enzyne @ﬁé@%}/@&%@ﬂe&% ?gfy 38 c@ E)ﬂet@ AN ot thé&elPRPl RN YR t he

bold printed "cag™ of pri see above); the 'non-marked bases
anneal evﬁthé]ocpatd@al&emmbmqasnc@owisthle@admr[sfoftﬂhma\samb'sozyarchme{séqumee a- Anyl ase
of S. occidentalis in pM=30) %82/ 08610 PCT/ BE02/ 00064 -64 The reaction
mi xt ur el ReRC %6‘1”@?%8@@6“5%@6@1406 1 gtt8tﬂéq oJSViREPBEA8Y L cont ai ni ng 20 ng

of &he B I3 0, each 0.2 gMof priners M30-Links and
I\/F305 Rglc h'? lgﬁdnclfjla\llt%&?qs 1?&1%@%

each , I'x buffer 1 (Expand Long Tenpl ate PCR
Syst em 2.B86&rdyclge of 3Catc Mmafb@ion 583%)’ C, P n8nanpedlipget 8%, rnd 1(1Bkpelndgdtiong
Tenpl at e P%%stem Boeringer; Cat No 1681 5 834). The sane PCR prograns
(prograns af 4) as described above were used, except for the elongation
times Wi ¢iehienexikended from1l mnute to 4 mnutes in both prograns.
Ceneration of vector pAMY-E2 The E2s-H6 encoding DNA fragnent and

pMF30- dEhd fcél@“amg:eqapmn plistwre wavbsesi pdMByEPCORng/1D)weHe reorerr@ll & 090t hei r

respectiy, e 0 ro

br oBuct Vie? o3 e aineh (LD E2 oo T ¢ B 38 b Bt L
accor di Bgpahe L&? Tedithte EPCR  BPgémUdsdediger; ngiasmueasl Y3uheBwiir £i @d x
fragrrents wer e ested separately with _Eam 10041, Ligation of the E2s- H6
f r agnengongertratedie %NﬁsoE@@nd\lwga eBpletsr Pﬁ%%ﬁt@nmymﬁ@m BYREEE b\ /usdng T4
l'i gase 6$ |I’ll’l nger) according to the supplier's recommendati ons. The 15

| i gation Xxture was used to transformE. coli DH5aF cells and the plasm d
DNA of TFleyvesdlking @Km’lp@dwswalmeym%}bgelmpmm ofliaglés tapamnse ﬁelpﬁﬁmt fove
clone was selected, its Iasmg f.urth ated as AIW E2

uti 15 zeleation the e Rrasmsat vae moried agdo o B et Aoy eptines VG Bész 4
vect or n&&%@ra@réﬁﬁlﬁg B %n@sb‘w&{& 5 ﬁépﬂf-ﬁ%%ﬁsd TthQreP@IR pfi % %B@nerase

mut age sin er-to replace the codons a-anyl ase signal
sequenc@oshtihgdrhEU pd.d oves adﬂed; teethavesadual 9§ ed yPER praction cpluam:@ alompivgth 4 pL

furt her@;g’gg :&g%nMde ﬁ) T € samp ervsl;'c{?ssigcu%d{eg%o 2 ;[nrllr? atf§7r c. Su geq%@nt?y the%lqg of

avi an |
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 uL
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 uL 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 sample).

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.



ORF (SEQ ID NO 1). For this nutagenesis follow ng priners were used: -
primer CL2 hin: 25
5' -tgctt colcaemgeiopgcageact aggacat acccgegt gt caggaggggcag- 3'pdrakkdz/obdes NO. 30) ;
and - primer CL2 her: -66-

S'-tagtactagtattacrtaggcttcgcat gQaattcactggeccgtcgtttta- caacgtc-3' (SEQID

NG 31). 30 The underlined 5' the prinmers contain the DNA
sequenc@e’é‘fraélﬁﬁt??dh‘é‘iﬂﬁVSFtOFIPgI’PmﬁEro H87yne pre sequence. Primer CL2 her
I ncl udeg $964 1b! EARTEA AT rECAR: évhé @éo&a%d %ﬁpb@cmmzm@%arb@ﬁﬁg icgt.i on

sites. The non-underlined regions of e prinefs anneal with the <codons of
am no akE2(@84 ei7Au¥IEGBAH 6 par@oPasdigakd 1(11@|_tﬁe FoR1l/Bemtihdigaited pFRMIT131 ¢SEQt ar t

R e

designeg %ﬁe@ﬁ%ﬂdﬁﬁ’oﬂs hens apRidat s%lrgﬁé\/%aﬁgreegﬁﬁawd wile e@layolr Bl AgoRgdting 0
codons the a-anyl ase signal sequence with the codons of the avian

| ysozyneL praers dfirewes uschhte PERforen&tdoGrDHAeF b eeliso arpeditive cdonti wes vothhpld

foll ow ng progr.am aturation: 15 m at . 9 0 sec
dnat ur A gh i ety ThaHRrtG PHeTRbE tefmi APRNIAChPaRe (5R7 0
3. termpfid-on E@éuré@ The followi ng reaction m xture was used: pAMY-E2 (1
ng/ L), 1L; priner CL2 ‘hin (100 10 M, 2 L; primer CL2 her (100 M, 2 L;
dNTP's (2.5mM each), 8 L; H2O, 76 L; Expand Long Tenpl ate PCR System
(Boeringer; Cat No 1681 834) Buffer 2 (10 x concentrated), 10 L; Expand
Long Tenpl ate PCR System Pol ynerase m xture (I UWL), 0.75 L. The resulting
PCR product was checked by gel electrophoresis on a 1% agarose gel. Prior
to 15 ligation the PCR fragnent was nodified as follows. The 3'-A

over hangs were renmoved by T4 pol yFEAMBLESsulting in blunt ends with 3'-

and 5'-COH grou gﬁuﬂfi was added to
t he residual ??Négreac({”ﬁé%ﬁ#%?@ﬁ%% ﬁ\}mﬁfq’ (ﬂ,;#{;q 2.5 mv
each). The sanple was incubated for 20 min at 37c. Subsequently the DNA

was precipitated with ethanol and dissolved in 16 L deionized water. This
was!¥ ol Teaeansiyctipn 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'-catcacaaatatgaggtgcgcaacgtgtccgggatgtac-3” (SEQ
ID NO:37).
-Primer H6KRK her neu:
5'-gtgatggtggtgtcctagtgectgectagtggtaggaagcatag-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),
1pL; primer H6K hin neu (100 uM), 2pL; primer HGKRK her neu (100 pM), 2uL; dNTP's
(2.5 mM each), 8uL; H,0, 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 pL.

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



20 ki nase treatnment to add 5'-phosphates to the blunt-ended PCR product. To
the 16 L dissolved blunt-ended PCR product were added 1 gL T4

pol ynucl e®td @&98i0hase (Boehnger, |1U L), 2 L 10-fold conc&ilyBENRH00p4

pol ynucl eoti de ki nase reacti on buffer-g7/Boebr nger) and 1 L ATP (10 mM).
The sanple was incubated for 30 mn at 37C. The ki nase treated sanpl e was
subsequen : r on a 1 % agarose gel. The product band 25 was

i sol at ed.kﬁ%&ma%?extract ed fromthe agarose slice by neans of the Gel
Ext r act Analiqudt of (K BGR Bimplecaasdinalyz¢don hd %6 agapbseage] © chechrsindavhichsvasFi f ty
(50) ng of t e rlfled product was then self-ligated by use of T4 |igase

(Boebrl‘P?@@F )di ng to the supplier’ conditions. After 16 h incubation
at 16C 14 fQWEh h | 96 "t b&ifet Rick@t&RoWItEY aeth 3o and
di ssol vedéPigan 20 %_@H%O%Yér %g%sl o(?l}nsarrppag@pig 30 E coélléﬁq0 15‘y gel | S were

t r arssf areagbnwiesuitidgin bluit enewith $at anslrd’ ﬁﬁmr@;ps%h@rc@re é@ﬁlecrpmmnmg 9%l st ant

cl ones t her chara z v restr n_an ,I t d
o s ¢ me BB T . Er Gt e B vera e BUE T =t WP as
used fop fipt bek). THeQhhplalisdnsutRgeddRs 00 inkiactt BRt@WubWILERAY BELDNA in the

PCT/ BEO /00064 -66 Generation of shuttle vector pFPMI-CL-E2-H6 A 0.966 kb

EcoR 1mmﬂlleWaagmmtamdwths@h@pémddléﬁﬂlmgﬁaug@H6 (harboring CL- E2(384
202 SRR 5P Pl et R Sfteh B i RO PER T AP Gl PEEMIA !

( SEQ e réaction ehringer

usegh actrdreliony {o0 thd1e16d pSUENsbREd Sblaﬁmhdeﬁone:R 'ﬁhﬂulct gadre oaiﬁd%an‘pl ngzg
precipitated with ethanol and di ssolved in ter. This S yse

t r ansf apelyEIctesttide pymse (Beghringer; gl %BH |2véLc]fQ)f?éd \Rﬁ%‘:eﬁfrﬁﬁﬂ el4ipo é(’f‘“t‘cé?onde

5 cHOED BRSSP O RS

pFPMI- Q34 #id-3FICSHUTTLE VECTOR 15 The construction of the shuttle vect or
was co rlsed of two steps firs step the 8- FMD- CL- H6-
constr u wbsgauently tag %aml%wawpéﬁea@ntﬂ 3 L asd C’Sﬁﬁ@a%g%g prect pepduct o i

P i EnVR% HS&Y A étﬁimh@ Qdebrddeg R0%he KLBBIe® s Donditibhe

f ol ovm ng pri%rs wer e usgeg: 28 -Pri ng§1ag§§ hi n %u: e SUpplic's lcbnditi

5' - cat cEifyaéitat gagydt hegpadigt gtainggdat ghar-teen (sSE@igated by use of T4 ligase
(Boehringer) according to the supplier’s recommendations. After 72 h incubation at 16°C the
DNA in the ligation sample was precipitated with ethanol and dissolved in 10 pL water.
E.coli DH50F’ cells were transformed with 5 pL of the ligation sample. The plasmid DNA of

20  severa]l 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 Bcll 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 Bcll/HindIll fragment of the unmethylated plasmid pUCI8-
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/HindlII fragment of plasmid pFPMT-CL-E1 (harbouring
the missing part of the El reading frame starting from the Bc/I site, without C-terminal His
tag, as well as the pFPMT121-located elements except for the FMD promoter) were prepared



I D NO 37). -Primer H6KRK her neu:

5' - at gat ggt ggt gt cct agt gct gct agt ggt aggaagcatag-3' (SEQ ID NO 38). (The
bases proWiad2Wg§61@didi ti onal codons are underlined.) 25 The HOFBERABIGHON
m xture was constituted as follows: pg€l8-FMD-CL-ElI-H6 (2 ng/L), 1L;
primer H6K hin neu (100 M, 2L; prinmer H6KRK her neu (100 M, 2L; dNTP s

(2.5 n1\g§ %E - LOPg;; E.ﬁmP : IjrRger;
Cat No 2@?&3&&% ﬂé%f%& eﬂg al; !L%uce(xpgg%cent r%%%gl)@ 8 0 E%éﬁ%z%ﬂ‘gﬁ%@f’g% ate
PCR Sy sileatcoriihy ne tiesaippliat sismecificatibils) Subsegbertly, 8@ MmioRGRxprograamlarsdd
consisted of the foll ow ng steps:. -, denaturati.on step; 15 mn - 35
cycl es @fa@eces%n%ﬁélplﬂsameﬁrbl‘%te Rpsting pusieiile ﬁ@’éllz?‘i]‘dg'ﬁf IIB‘@@?I t&%séﬁﬁen
el ongatjion ., 3ixA2C WRDAABEI0H RET/ 50,006 ramSY £ - cJIE TOPIBE dehy Rre4C.
An ali QL%'[ O%f ltxﬁ”gr Fgﬁusarrp e was anal yzed o%@gral%%gér%se gel to checrli3 its
si zes, whinsformad byc electeaiorgtion. ®itkby uLThE teaidewmited Fempie. AleyplesaigDNA ovh t he
PCR product. were renoved. by a T4 pol.ynerase . 5 action. resul ti i.n bl unt
ends wi K8l tesyliigs @mwﬁ@r%&ﬁ@f THerEr ors ,an?léfz?f{@ FetHTiNR 570B° G1EeSBet e
PCR fe%&tﬂzdéﬂiv‘é’eél@n@@%dwﬁhﬂeﬂ 4nBOdBRARS&] PBPRIT-CNOEes-K-E1USE) IBNNOH@L
dNTP's (2. 5mM each). The sanple was incubated for 20 min at 37C.
Sybseqdﬁguﬂeyl,S).t he DNA in the sanple was precipitated with ethanol and
di ssolved in 16 gL H2O Subsequently 5'-phosphates were added to the
bl unt -ended PCR product by a kinase reaction. 10 Therefore, to the 16 L
di sgol ved bl unt-ended PCR product were added 1 L T4 polynucleotide kinase
(Boehringer; 1 UL), 2 gL 10-fold concentrated T4 pol ynucl eoti de ki nase
reaction buffer (Boehringer), and 1 gL ATP (10 mM). The sanple was
i ncubated for 30 mn at 37C Subw ¥ ¢t he sample was applied onto a 1%
agarose gel and the correct produc and was 15 isolated, by neans of the
?gg) ext rafmmrsh kORl\(L@rf 'SQNW())FEHANSM A PO ORRAHA ANB SELRCTIONOF Fifty
ng of the purified product has_then been self-ligated by use of T4
| i gase (Boebringer) according TW@&W 4% s recommendations. After 72
h ipcubation at 16C the

H.polymorpha strain RB11 was been transformed (PEG-mediated DNA uptake protocol
essentially as described by (Klebe, R. J. et al. 1983) with the modification of (Roggenkamp,
R. et al. 1986) with the different parental shuttle vectors as described in Examples 1 to 5. For
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.



DNA in the ligation sanple was precipitated with ethanol and dissolved in
10 gL water. E.coli DHoaF' cells were transformed with 5 gL of the ligation
sanpl e. Th® @lwdewid DNA of 20 several anpicillin-resitantrcioBmmioes4nwas

anal yzed by restriction enzyne di gestiggn, a positive clone was wthheld
and the correspondi ng pI asm d denom nated: puUC 8- FMD- CL- H6-E1-K- H6 (SEQ I D

N30, Bt bl FERRASShSBlie AN AL, ASSGONaL gl

Bel | coh@sitNeaigvdsnuiofed TWH/YEE plt Be®inBehlbkted an 2 6l 8AE and ﬁlcﬁbett&i ﬁﬁlMB on
umet hyl ated DNA, an E. coli darn: strain was transformed wth

i nvol vel apmesiipaed phares THSE ail-plsauet mias sed sEcesdenrador 29 gilr éhai<?)ﬂ%shd
FPMT - - f.

ot ¢ 1 TS TPl (bR SHEUS Srebithn ol BT SRE AAGRS QLSRG 0 By |

lé n lnﬁtth%hlaﬁ&dgmba@m ;:B7E131}\sf Z%Waf $8 mr ﬁf)gro@ttgflo:% Me(gHewisJ gddedléslo}u&e Cughf i[Eoer Lgkb
cl UHi n ragnent of the unnet e asmi -El -

( har bouRfpgj: thROXESRN essetich &t %b%‘ﬁﬁ%t tépipe g qﬁé H’%llﬁﬁﬁlof?l&ﬁcﬁhqflﬂfé

start ofFl éout%ﬁtgdta% £8P Zkbo Bt ﬁemmek &%}?%gegéecﬁic }@amqu&%fw s El

(har bour i ng m ssing part of t rea tarting fromthe
Bel | sidm]yzad bl GDS-PAGH/ W esiérn Mistting. skherefereveelll pellsts tree piiliz&Rinlsanipbeat ed

E@%E&%f%é@%ﬁ%ﬁé shiRd ard PP eieq B KR 9o OB B agaed g3 2
ligase {43geky LImide geﬂﬁi@hﬂdf@hua@et%ﬁotZandfb&ﬁ@eomﬁeg bftot MBoSHRMbIeEr ' S

speci fi cat | ons ubsequently, the ligation mxture was placed on a piece
of ni t rmembtapks Rotsendse deecldpedatsingp sp¢01§icenumlee gui-Bhi(Kdd 208 @rmpmnoager to

desal t t

e ool i 4G5S B PONERbL MadtsBT B R RO By sTish ARt B ROBSE AT,
desal teld{o&@éfDiPGwaJ ﬁ@d&ls@@d@nd 2B B Sta&ﬁﬂgmé pérESriletlivich BBELBCIP. | n-resi st ant
col oni es was ana yze restriction enzyne di gest I on. A pOSI tive clone

was wi t Posétive séﬁamsmew%h@lécfo igvestigatiorEl (SEQ | D NO 40, Figure 18).
RA@@%@?@ N 5%%/1@%6%\%% @f&?ﬂ%ﬁ%ﬁgm @r éﬁgr mofggsllog; of
( PEG nmegle atg@d el stiih ake mclaidoeth YNB plate and used to inoculate 2 mL YPD. These
cultures were incubated as described above. This cell suspension was used to inoculate a
second seed culture of 100 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 described conditions. 24 h post induction, {he experiment was stopped and cell pellets
collected by centrifugation. The expression level of the five different clones was analyzed by
25  SDS-PAGE / Western blotting (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 I'UCL (MUCL), Université



essentially as described by (Klebe, R J. et al. 1983) with the

nodi fi cati on of (Roggenkanp, R et al. 1986) with the different parental
shuttl e vect@roseds described in Exanples 1 to 5. For eaclrawsEmiooreaat i on,
72 uracil-prototrophic colonies were sglLected and used for strain 20
generation by the follow ng procedure. For each colony, a 2 nL liquid

angl o dsyitBoE Kb, Eif o Hashybbic, R, Rl Blisdd Ebs G BUBMS o

as the ltwvstn-msaﬁel Bﬂgﬁh@@ndl?askﬁ@l\dlj@llaﬂit@ilo@ﬁumb& MUd4e8@s of the first
passagi ng step were used to inoculate 2 nL fresh YNB/ gl ucose nmedi um
Again, the cultures have been incubated as descri bed above (second
passagi ng step). 25 Together, eight of such passaging steps were carried
out. Aliquots of the cultures after the third and the eighth passagi ng
steps were used to inoculate 2 nL of non-selective YPD medium (Difco).

After 48 h of incubation at 37C ( gle 45; the so-called first
stabilization step), 150 L ali quowﬂggg YPD cul tures have been used to
inoculate fresh 2.  AHN¥ I?E”r%@ ygrngmfsﬁ@cwlm—ypgl{as descri bed above

(second stabilization step) ts of the cultures of the second
stabilization step were then streaked on plates containing selectlve
nacrosco

YNB/ ag hese ates were bat ed for, four
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was;fef jneidas a fifidizi, 520 %ﬁx‘%ﬂt fiof JOEMTEE1EXP(SEQI D NGNE) Bigh. 1)Vhich
02/ 086101 PCT/ BEO2/ 00064 Expressi on anal ysi's was erformed on

smal | - svad madhbluet-ended Kuging Td rDi}iA mlmr@m} ang sloppd iethe PfYIGﬁtVteﬁér SEen LAY
menti o agar ate_an ted YPD uhat 48 h
as rrent g)nzeldag 2. ThiERs ﬁfi § ase %?588 %L accggﬁj %gulnrg u?% g g II 1%

shake f4Rsificatistlst The clofbid waeseh t(laltq@te msﬂssettoa@ gfRginent anagjdifel slb@tﬂ@
flask was incubated on a rotary 5 shaker (200 rpm 37C). After 48 h of

growt h andyinnisape e dhe aiEicading prauende: (e lfgstion imiytvee veh tepsioraedihEeddi on

diff I
Col Poct BHSRR b ob uiieuperSo AThERER TERcor BRtg utlih Rl BEE ot ©

expr es s Ay ?é%ﬁid%ﬁ%l@%tl@@%h@%ﬂﬁé@ [543 () %Qtvhtﬂhgld e aeifiaateé! ds
pellets were solubilized In sa% buffer (Tr| sHC - SDS) and i ncubated

for > 1BYHHUHESICEST; 3Lk w9 ated on a 10 15%

| d d bl otted |
Pt ocel e P e as iR ntiu 8 gﬂeﬁf%@sgﬁfeet B s P ol fefioh 8 Bt
ant i - El ta6y (b @0dsferféd MB&#@H@%gmeﬁ?(gfiM%iXﬁprIMH&ﬁ% thy BMRENtdenstedt al .
| -

in W96/ 04385) as first antibod bi t Mouse- AP was used as second
ant 2bod¥..c@i/&i aeneyisigasppet benﬁﬁ}edvqmorr(Sﬂ@THBdNﬁ 21, Figure 43). 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
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 plasmid 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



Positive strains were withheld for further investigation. 15 Five of these
positive clones were used in a shake flask expression experinent. A col ony
of the r¥€BIBIWE strain was picked from YNB pl ate and udEd/BE20pdul ate 2
mL YPD. These cultures were incubatedias described above. This cell
suspensi on was used to inoculate a second seed culture of 100 nL YPD
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expr esskigore@dsasmi d was constructed as follows. An El-codi ng sequence was

10 isolated as a Nsll | Eco52l fragnent from pGEMI-E1sH6 (SEQ I D NO 6, Figure
1) Ihich was made bl unt-ended (using T4 DNA pol ynerase) and cloned in the
pYI G5 vector (SEQ ID NG 41, Figure 19) using T4 DNA |igase (Boehringer)
according to the supplier's specifications. The cloning was such that the
E | s-H6 encoding fragnent was joined directly

EXAMPLE 9
CONSTRUCTION OF pSY1YIG7E1s 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 suppliet’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 pYIG7EL1 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 DH5oF’ cells and the plasmid DNA of several ampicilin



and in frane to the aMr-codi ng sequence. The ligation m xture was
transfornmed in E. coli 15 DH5aF cells. Subsequently, the plasm d DNA of
several awg @io6m1resi stant clones was anal yzed by restrirdi/BED20D@@St | ON
and a positive clone was w thhel d and.gdenom nated as pYI GGE1IH6 (I CCG3470;
SEQ I D NO 42, Figure 20). The expressi on cassette (containing the

aMF-- sequence anltcci’theEs ?dw relo wth a H.s- tag) vvastra sferred as
2 Bantl SPPAGERONS 786 ARSART pvi EEEthe | e SBitioRy A tgRtve 10, v
col il & gEKINd &t@@erﬁ%atémmm@mtsqSEQSEqu%m@aga&ezﬁl gure 43). The
ligation was performed with T4 DNA |igase (Boehringer) according to
supplier's conditions. The ligation mx was transforned to E coli DH5aF
cells, and the plasm d DNA of several anpicilin resistant col onies was
anal yzed by restriction enzyne digestion. A positive clone was wthheld
and sdenom nat ed pSYl aMFEl sH6a (1 CCG3479; SEQ I D NO 44, Figure 22). 25
EXAMPLE 8 CONSTRUCTI ON OF pSYYI GSE2H6 VECTCR 30 The S. cerevisiae
expression plasm d pSYYI GSE2H6 wa EXAMPLF Y ed as foI |l ows. An E2 coding

sN(e_)-ng,nc |gur:§%§§)ltA |%(3F/a§§?a£ﬁg{)ﬁ}r¥ en eﬁum ng T4 t%%%??e) and

subsequently WO 02/086101 PCT/ TScl oned in the pYl G vector
(SEQ I D NO 41, Figure 19) using T4 DNA |igase (Boehringer) according to
the supplier's specifications. The cloning was such that the E2-H6 encodi ng
fragment wasp) Qhged Hif@hld tyRRY1)cBsyidREnbRehRE o AN rpBREd bhr SROUBR Frer- The
ligation mxture was et hen %ﬁgngyc r%{ed to E. eco1 1 Dl—lr56§ celrfpg t he SI asmd
DNA of w@s@i 1na&mcbaﬁamcesesarstzane, Hrpitah esrepmisg avas| seep. Blyis sersering twasn

di gesti.o hel d . and om na ed a G5HCCL- 22aH6
(| oo amed SaeliRepaet Brllly @l Trise s S0 RS melebs R e g
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transferred as a BainH fragnent (3281 b;& pYl GGHCCL- 22aH6 into the
Ba?nHI '&hp@hﬁé@sﬂatl@bpwf&l Oéermvtam ae opyye hﬁmrtnaéwmgk gecttahoesd NG,

Fi f
ncaby ai gt Mgt 8! R RES VB, 10 BB Pl A ek R AT,
col i DHe@krimesls|smdatedomietdd asia ty OIS DI Tieev Rl of ratfRiich hadnstetsdes ttanher

col oni estu(\l/\/aés anal yzed by restriction enzynme digestion. A restriction
S 1€a.

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 wsed 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 E1

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 characteristicé 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.



positive clone was w thhel d and denom nated pSYYlI GSE2H6 (| CCQ2466; SEQ I D
NO 47, Figure 25). 15 EXAMPLE 9 CONSTRUCTI ON OF pSY1Yl G7Els VECTOR 20
The S. cavev?/eiéa@®@ expression plasm d pSYLYlI G7El s was consPeBEaT0a6:
follows. An El coding sequence was igglated as a Nsll|Eco52l fragnment from
pCEMI-Els (SEQ ID NO 6, Figure 1) which was nmade. blunt-ended and cl oned
into the pYI G/ vector (SEQ I D NO WJ&I e 26) using T4 DNA |igase
(Boehringer) according to the suppfi u{}em fications. The 25 cl oni ng was
such t hatONSTFUCTEON AR EPICAAPRAN BIBH 6] ANDGP I ZAs1 AR FasH6 VECTORS to t he
aMF- codi ng sequence. The ligation mxture was transfornmed to E. coli

DHsaF' cells, the plasmd DNA of several anpicilin resistant cl ones

anal yz S i

denon el Sl et SRR G s bt Rrarp Ml AT ORI BB
( cost aiveetg(Thligogtn; | SFHQIED NI @qUEFigare@I Th haefirkd sté];iébZd 3&d)r wadidapted 3D ordegi on)
was transferred as a Ba7nJl fragrrent 2790 bp) pYI G/El . into the

BarH! - d¢ geadledonimg afdhy FEcodiag swusnes lp@ﬁlz b@ﬁwétth%ck?@@gs site SE@e@%boas

Fi gure SQI‘%)I T’Bgesg gﬁ‘bl%gse é?:ﬁ%@r qfﬁ&e il %%’?_%%MA WESE e(séﬁe\?fth 19, f

accordi ng supp r's co R ons: M X Was {ranstor e
col i DHbdRoric&hé é1@stdwﬁsmepq&’aadmnd1 H&Agmbssg&anélthﬁﬁ:i@dm fragrivit (lﬁig@ﬁﬁdﬂﬂl
PCT/ BEO2/ 00064

si st an | oni es nalyzed by restr [ nzyme
di gest i°%6NeCLRL) JESi 1?‘?%9@ (?P ﬁ’@nﬁé‘igy\mqaﬂ‘ﬁ@ & egheriE ik é@&ge @*? %@F%ﬂt(SEQ
ID E%h%;g&é% HARQMYGES,
CERl’EVOI %%g\éﬁ%&% %CE%E WTRAN FORNMAI (})'-all%lt%er o over?gmgs "
hyper - grgsenzydiapeaficplighhentetides yihling pBiGxdpladl” (FEQH B! NO:BYdiigexPlgssed in
Sacchar t ant..scr eenl ng was set-up. This screening was
based @%wﬁﬁpﬁﬁgﬁbﬁﬁﬁg %’o%u % . et al. 1991), whereby spontaneous
recessimyg folq)c;\x,@g\(,ﬁ@ggﬁg@ﬁﬁ%wgmgd rrut ant S were selected. Initial strain
sel ection was perfornmed based on the glycosylation pattern of invertase,

as obser vivd cafstectingpPleadd1alDél ect rophoresis. A strain,
15  8822: 5’-TCGAGAAAAGGGGCCCGAATTCGCATGC-3’ (SEQ ID NO:54); and

8823: 5°-GGCCGCATGCGAATTCGGGCCCCTTTTC-3° (SEQ ID NO:55)

which yield, after annealing, the linker oligonucleotide:

TCGAGAAAAGGGGCCCGAATTCGCATGC (SEQ ID NO:54)
20 CTTTTCCCCGGGCTTAAGCGTACGCCGG (SEQ ID NO:55)

- for constructing pPICZalphaE’
8649: 5’-TCCGAGAAAAGAGAGGCTGAAGCCTGCAGCATATGEC-3’ (SEQ ID NO: 56)

8650: 5’-GGCCGCATATGCTGCAGGCTTCAGCCTCTCTTTTC-3” (SEQ ID NO:57)

25  which yield, after annealing, the linker oligonucleotide:

TCGAGAAAAGAGAGGCTGAAGCCTGCAGCATATGC (SEQ ID NO:56)
CTTTTCTCTCCGACTTCGGACGTCGTATACGCCGG (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 Ns/1/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



15 reduced in glycosylation capabilities, was withheld for further

reconbi nant protein expression experinents and denom nated strain | YCCL55.
The nat uregdo8iioat | on has not been further studied. Sai bCcT/BE02/00064

gl ycosyl ation-deficient strain | YCCL55 was transformed with the plasmds as
described in Exanples 7 to 9 essentially by to the lithium acetate nethod
as describped b 20 Flble (Elble, R 1992). Several U a caonp nt.ed

st r ai ns(ui@eel HPR e ol msHIse) i lgated mtoyRither pfl@/@%lgqu pq’raRPéCgépgg)élé‘?ﬁ’gyused
to inoc 9 : es were incubated for 72 h,
37C, 20 h?[%cftnhcg)g&gggﬁ%é{%eg%ﬁ%%m%%gél?%‘ga%%tﬁﬁ'ur e supernatant and

i nt r aceThaligatiohmaigturensenasdraasfanatd/ well dorT@XMFe ssllandgfladshid BNAes seremalbl ot
devel oped with a El _specific ri ne nonocl onal tibody (1.GH 201). A high
pr oduci #§°¥y Fﬁ%b“’t%scomnﬂfﬁh@i‘%y ng]r“%y ST GOR L Y B SRS HOR ?c’gbﬁﬁﬁ ci‘?&%‘ e¥¥on of
protei Ng k1§ BEd Rendrihhidd PPRSZ NEEPB Y4 g@@@b%_bups,@gtmnmomt, Fisedsyamng s
hanpered by the suboptimal growth characteristics of such strains which

| eads tPl&ZalpheE EIsHOECSSGH# H; SEAND Nous9, FigwedB), yéspbdively.t he desired
proteins conpared to wild-type S. <cerivisiae strains. The yield of the
desired proteins was still substantially higher than in 30 mamual i an
cells. WD 02/086101 PCT/ BEO2/ 00064 -73 EXAMPLE 11 CONSTRUCTI ON OF

pPl CZal phaD E1lsH6 AND pPl CZal phaE ElsH6 VECTORS The shuttl e vector

pPl CZal phaE' E1lsH6 was constructed starting fromthe pPl CZal phaA 5 vector
(I'nyjtrogen; SEQ I D NO 51, Fi guregl%?/%M[}JLrEE%fi rst step said vector was
adag ed in order to enable cloning o he codi ng sequence directly

behi nd t CONSERVAUEIGN {GF pPICAaIphEB2EINH6 SNELBPIC DsiphsE MR 6OV ECTEORS
respectively. Therefore pPl CzZal phaA was digested with Xhol and Notl. The
di gest was separated on a 1 % agarose gel and the 3519 kb fragnent (nmjor
part C ) i n Jr , i:gn kit
(@ ageny® ShrdepydRne FAFHGHOT Rab RCAE AR SRED gl aCks SEhEREL A

( Boehr i Bgenpledtcording to the supplier's conditions in presence of

i fi | .eotid i el di Pl SE D Fi 30
or Ippl B ;‘Ec?%%w“ tig%}sloga?ﬁﬁ?sea %‘M&%Egr;%@ﬁ%&mgp' PRt EaEI AR b
wer e us : -~ I : <. . . "
jiby NO#s! £leufd Q§% " ﬁ%@%&%@%ﬁﬁﬁ@ with & g%ggﬁgcuon kit (Qiagen) afte

5' - TCGA Q I'D NG 54
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’EQsH6 (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.



8823: 5' - GGCCCCATCCGAATTCGGECCCCTTTTC- 3" (SEQ I D NGO 55) which yield, after
anneal i ng, the linker oligonucleotide: TCGAGAAAAGGGECCCGAATTCGCATGC ( SEQ

| D NGO 54) WR02@$FIPTCCCCCGECT TAAGCGTACGCCGG ( SEQ | D NGO 55)  RCTyRE02/00064
constructi ng pPl CZal phaE 8649: 5' - TCGAGAAAAGAGAGGECT GAAGCCTGCAGCATATGC- 3'
(SEQ I D NO 56) 8650: 5'-GECCGCATATGCTGCAGGCTTCAGCCTCTCTTTTCG- 3" (SEQ ID

e AL R s BB 05 1 Bghombadrous ot e

& OCACHEOGT AT Aéﬁ@ﬂlﬁ&t(s&EQGemsm 57)2®0) The peeviduahyt ised\tect or s
Pl Czal h D' haE w t t tl
behi nd ¢ Sesadgg%% R AR F N A e TP O

STE13. .Then F. st&@gbﬂeégﬂm&%e' p?@dcﬁfsQﬁlsp?@eé aNDhgaEbROAk cdshgizRNt

from pGEMI- D NO 6, Figure'l). The fragnent vvasggurl fied using
a gel  ext rsa@hsamad IantW(ldatsa@aE’qccwftoewcessmmatMm srfectfivellyli the SHCYnenwelops

agar ose Th u fra unt - ended 02/ 0861

ST BRop P sHoTuch] By g% g ST T BeE Ot on TSPl et e fE e
PPl CZal phaddsionr pRdhédadddtpdd ifliweedrh-Plotd i ﬂdteﬁﬂgelgomemecﬁdnverammﬁs@lmg
pr ot ease cleavage site. The ligation mxtures were transfornmed to E. coif

TOP | Qpastqrésidellsland pl asmid DNA of several zeocin resistant colonies

anal yzed by restriction enzynme digestion. Positive clones were 5 wthheld
and denom nat ed pPl CZal phaD ElsH6 (1 CCG3694; SEQ ID NO 58, Figure 32) and
pPl Zal phaE E1sH6 (1 CCG3475; SEQ I D NO 59, Figure 33), respectively. 10
EXAMPLE 12 CONSTRUCTI ON OF pPI CZal phaD E2sH6 AND pPl CZal phaE' E2sH6 VECTORS
The shuttle vectors pPl CZal phaD and pPlI CZal phaE' were constructed as
described in Exanple 11. 15 The % q_fi'Bpg sequence was isolated as a
Sai | I Kpnl fragnment from pBSK-E2sH Si‘ NO 45, Figure 23). The fragnent
was puri fCEHLTURE CONPITEONS ROR St CCHARQMBEEY GEREVISIsd) #AVSENUSHM t he

di gest on a 1% agar ose ge T |t made bl unt - ended
(using T4 DNA pol yneri s%émﬁﬁg@&#%ﬁ%@%}‘ al phaD or

pPl ¢Zal phaE' directly behind the respective processing protease cleavage
site.

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



20 The ligation m xture was transfornmed .to E. coli TOP | OF cellls and
the plasm d DNA of several zeocin resistant col onies was anal yzed by
restrictiwo@nsywe di gestion. Positive clone were w thhelrTash20e0sani nat ed
pPl CZal phaD E2sH6 (| CCG3692; SEQ I D N0, Figure 34) and

pPlI CZal phaE E2sH6 (1 CGG3476; SEQ I D NO 61, Figure 35), respectively. 25

TRANSF GRRIRNTSC 36T o S9OSR O RO (5 20V 4 LR Db sofin® B e

11 and ¢ were transforned to P. pastoris cells according to the
supplier”s conditions (Invitrogen). An El- and an E2-producing strain were
wi thheld for further characterization. WO 02/086101 PCT/ BEO2/ 00064 -75 The

HCV envel rot eins e in..P. J: a yeast strain well
known f@?&?ﬁéﬁmlﬁ%tquaﬁgef%rh%?g@%é?%?gggleglfvﬁgnﬁ?fggrﬁ%frﬁrrlasl |y absent (Gellissen,
G 2900) and previously used to express dengue virus E protein as GST
fusion (Sugrue, R J. et al. 1997) enarkably the resulting P.

pastori s-expressed HCV Bmf’é'll‘ﬁﬁ'é_ pr ot eﬁi Sf‘FQ‘PGinstpl ayed a cqgnpar abl e

gl ycosylation 5 as is phsery AWty :?Fg‘acwf:h‘arrm‘-nyces strains. Mire
specifically, the HCV edg\glﬁe1 %o%ﬁrg pr ot eiusrn?s gro uced by P.| pastoris are

hypergl ycosyl ated (basggHon the nol ecd.2r i ght of thg expression
products detected in western-blots ofi proteins isaolated fromtransforned P.
pastoris cells). 10 EXANALErawhebrsrURE COMDPTrONEuRER SACCHAROWCES

CEREVI SL4E, HANSENULA HROAMORPHA-AND-PHCHIA—PASTORES—5 Sacchar onzyces
cerevisiae Cell banki ngﬁ_ nc;uﬁéo@ersgt%?r)gconbi nant cljone a mast erycel I
bank and worki ng cel |l paakioner € prepar@d— 1.&xya*vi al s re prepared froma
m d-exponentially grown _shake flask culture (incubatio 20 conditions as
for fernentation seed cagitatices, see belX¥w 20@ppeer ol was added (50 % fi nal

* yolume replacement per minute

v e

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 FtOH 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.




cone.) as a cryoprotectant. Fermentation Seed cultures were started froma
cryo-preserved working cell bank vial and grown in 500 nL 25 nedium ( YNB
suppl ementverhyséfar 2 % sucrose, Difco) in a 2 L Erl enneyer mzfobmks at
37C, 200 rpmfor 48h. Fernentations \A§7r7e typically performed in Biostat C
fermentors with a working volunme of 1 L (B Br aun Int Mel sungen,

Germany). The fernentation medi um contain 1% Ye 2% one
ond > JeaCHES S RS BSBy G- PEPYSREEY B Ghgks P
f oam ag&ﬁhmfoﬁs TR A U hfntaRibh asegd @hl%&r@é Vied TGS TIYEEE H4Psdld psocantingl | ed

during t ermentation, applicable Set-points are summarised in Table 1.
Di ssol vmrhcc)wgeryopaﬁec&aﬁcade controll ed by WO 02/ 086101 PCT/ BEO2/ 00064 -76
agitation/aeration. pH was controlled by addition of NaCH (0.5 M or H3PO4
solution (8.5 9% . Table 1. Typical paranmeter settings for S. cerevisiae

f er rent@dRpgtiorp Paraneter set-point Terrperature 33 - 37 C pH4.2-5.0 DO
(growt h phase) 10 - 40 % air saturation él nductlon) 0- 5%aerat|on 0.5 -
1. 8 vvn¥eedayltungs were gBted fro0G arperpreseryed (78° )e\pw

f er ment t he tion o ngthe
gr owt h %@é&@m ég%bogép%%ﬁlcae%?dr% 17 Wt i" %g%éggfz b? f%))‘thPLC
anal ysi erfReia i WER tﬁﬁb&l erfoPmeCBIRTE ) ferrﬁkt{tbﬂ@gmtﬁ'l@ Witk ho]lai‘h%&ff 15he
di ssol ved oxygen was controll ed by cascade control (agitation/aeration).

After clonfi.Bragn at. a@é@ls@weno Fegnamyc H@gefetm@lt#&rbmdag%u@n&mﬂdeﬂ tp Yeast
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st epwi s€ er 0 maln dentration at
appr oxi fsainedg¢n0. 5 % (of f-1i ne

Temperature, pH, air-in and dissolved oxygen were typically controlled during the

fermentation, applicable set-points are summarised in Table 2. Dissolved oxygen was

controlled by agitation. pH was controlled by addition of NaOH (0.5 M) or H3PO4 solution
15 (8.5 %). '

Table 2. Typical parameter settings for H. polymorpha fermentations

Parameter set-point

Temperature 30—40°C

pH 42-5.0

DO 10 — 40 % air saturation
aeration 0.5-1.8 vvin*
agitation 150 — 900 rpm

* volume 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.
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EXAMPLE 15
LEADER PEPTIDE REMOVAL FROM MFa-E1-H6 AND MFa-E2-H6 PROTEINS
EXPRESSED IN SELECTED YEAST CELLS '

20 The expression products in Hansenula polymorpha and a Saccharomyces cerevisiae
glycosylation minus strain of the HCV E1 and E2 protein constructs with the a-mating factor
(oMF) 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 oMF-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,
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of S. cergvisi were furthex analyzed, .Si bot Qt IC s (aa
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NO 63; said 25 HCV proteins are furtheron in this Exanpl e denoted as
alVF- El - BBSHAGCE NFigope gf) were pooled and alkylated (incubation with 10 mM DTT 3h at RT
15  followed by incubation with 30 mM iodo-acetamide for 3 hours at RT). Samples for amino-
terminal sequencing were treated with Endo H (Roche Biochemicals) or left untreated. The
glycosylated 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, ;che 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 after 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.
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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
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aMF sequences containing oMF sequences
- 6% of proteins cleaved between | - 25% of proteins with
aa 192 and 193 of E1 correctly removed oMF
- 30% of proteins with correctly
removed ocMF
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 aMF leader peptide

including CHH (leader sequence of Carcinus maenas hyperglycemic hormone), Amy1 (leader
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descri bedwappagéiopody 12D1 1F2 in Exanple 7.4 by Mertens@EtiB@2o0icd
Wp96104385. 25 WO 02/086101 PCT/ BE02/ Q@064 -81 Table 3. Identification of
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10  although several different sequences were recovered (see Table 4).

Table 4. Identification of N-termini of CHH-E1-H6 proteins expressed in H. polymorpha,
based on N-terminal amino acid sequencing of different protein bands after separation by

15 SDS-PAGE and blotting to a PVDF membrane.

Molecular size | Identified N-términi

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 western-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 E1. Such a method for enrichment may be an affinity
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15 ENCODING CONSTRUCT

The efficiency of removal of the CL leader peptide from CL-E2-VIEGR-H6 (furtheron in this
Example denoted as “CL-E2-H6) protein expressed in Hansenula polymorpha was analyzed.
Since the HCV E2s (aa 383-673) was expressed as a his-tagged protein, a rapid and efficient
20 purification of the expressed protein after GuHCI-solubilization of collected cells was
performed on Ni-IDA. In brief, cell pellets were resuspended in 30 mM phosphate, 6 M
GuHCI, pH 7.2 (9 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
um 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 GuHCIl, 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 Jevel. 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
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PROTEI N EXPRESSED | N HANSENULA PQLYMORPHA FROM THE CL - E2-1I1-1Ig@. ]ar% ENCODI NG
CONSTRUEL PHBMePHTcloe AR yuigttes ahd &b Ifovteddycnohabar Wilheth Pab iqdogsrtamide

CL- E2- V, rh Iet BhS n " s HBle) 1RAQEEI N
expres s%’gql%n l?ﬁg(ﬁ%gn%tl gﬁdg}l yrl':?lr?o %%gﬂ%ggga%hgi S/)ge(g%g%hg?ﬁ%eﬁo %éQSHC,\/eEZS (aa
383- 67 urifixatiex parethse tie aseraohe bytadgghet fprotibedtivn of thapitatt arduetffyi meastof20

purt L ogtl on, oL he Sxpressed, prol oln gl er U solubi Ly g an. ol .
resuspepgthal fq3thdidd BROSRAGE 65 ES pMduct from which the CL leader peptide is removed
could be estimated. 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 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 E2-H6 lacking amino acid of the E2 protein or containing N-terminal amino acids

not comprised in the B2 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



QHCL, pH 7.2 (9 nL buffer/g cells). The protein was sul fonated overni ght
at room tenperature in the presence of 320 nM (4% w' v) sodium sulfite and

65 MM (2%w 0)os6@eli um tetrathionate. The |ysate was cl eargd/gdd2®6063
freeze-thaw cycle by centrifugation (14 000 g, 30 25 nmn, 4C). Enpigen BB

(Al bright & Wlson) and i m dazole were added to a final concentration of
1% (wv) and 20 mM respectively. Al further chromatographic steps were
executed on an Akta FPLC workstation (Pharmacia). The sanple was filtrated
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< Izoeader EE egct)rlltg(nalnlgsln{agtngi/ ﬁ%m which 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 (incuba;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 vﬁth N-glycosidase F (Roche) (0.2U/pg E1, 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



could be estimated. The total amount of protein products is calculated as
pnol of protein based on the intensity of the peaks recovered by Edman
degr adat i g o2pgbeequent |y, for each specific protein (i.ectiBxo20e6h
"detected N-termnus') the nol %vers_ﬁ_%_the total is estimated. 20 In the
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pr otsei nﬁdél?gfﬂ;@% Basds 930 EXAVPLE 18 PURI FI CATI ON AND BI OCHEM CAL
CHARACTERI ZATI ON OF THE HCV EI PROTEI N EXPRESSED | N HANSENULA PCLYMORPHA
FROM THE CL- H6- K- E1 ENCODI NG CONSTRUCT AND I N VI TRO PROCESSI NG OF

H6- CONTAI NI NG PROTEI NS WO 02/ 086101 PCT/ BEO2/ 00064 -85 The efficiency of
renoval of the CL | eader peptide fromthe CL-H6-K-El protein expressed in
H. pol yrnorpha was anal yzed, as well as the efficiency of subsequent in
vitro processing in order to renove the H6 (his-tag)-adaptor peptide and
the Endo Lys-C processing site. SEAMPLEEIHCV Els (aa 192-326) was

exp essed and
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elution profile of the | MAC chr onreHB®ARIN ¢ purification of H6 K-E1 (and
possi bly residual CL-H6- K-El) proteins is shown in Figure 42. After

SDS- PAGE and silver staining of the gel and western-blot analysis using a
speci fi r )
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alkylated 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).



1 %(v/v) Einpigen B, pH 7.2 (buffer B) foll owed by washing with buffer B
till the absorbance at 280 nmreached the baseline I evel. The flow through
was col | epioegd/osenodi fferent fractions (1-40) that were scriggngshfoodest he
presence of Els-products (Figure 44). ¢khe fractions 20 (7-28), containing
intact El fromwhich the N-term nal H68-K (and possibly residual CL-H6- K)

tail is renoved (Wth a M betvxee&-iS E_%g@nd -30 kDa based on the

m gration on SDS- PAGE followed b ai ning or western blot analysis

using a Speciﬁdm{Eﬁf&N?ﬁ@? ﬁlggL QOFVIRtSCAIREP ARTIE ES (GBS . were

pool ed and eventually a incubation wth 5 MM DIT for 30 m nutes
at 37C, followed by incubation with 20 mM i odoacetam de 25 for 30 m nutes

t 370, Thi i jected to Nt i nal, . i
degr aduCPEYFoREr SEdlCy iR ) EiiebiRe s oErs SPERLedt of PROREReeraals
(Roche) 14 @ 28¥18 \aLps Whs Hoaiaitanyak d3deribed By TR %41 HPWIY/dBRS ahd Ibef t

untreated. The glycosyl ated and degl ycosylated El proteins were then
separ at Bdstian SD8- PABOGIM 050 Briefly often qplyDRtine wib it batssorniedr A hee vaasihgsi s

e Lk e O A R S s T L

amount  GhHCY kA &lilbHolt QL ASER6ribdd inE-eehité 1708 sdafedasbicimtwee cEisegeasiyng
i ncludes correct cleavage of the H6-K-sequence). The_total anmount of

pr ot ei nPpHdlotVMAS andicengeatraigd &y whrdiltraffonynssieasriped i Egamnletlile i ntensity of
t he Ooeaks recovered by Edman degradati on. Subsequently, for each specific
pro% ein (i.e. for WD 02/ 086101 PCT/ BEO2/ 00064 -86 each " detected

N-t er m WILP-foridationlf HGCVenselspé peottink afith sulphdnated €gs-thiol glvmpsur r ent
experinment, only the correct N-term nus of El was defected and not the

N-t er ni Rie emegatiited BOCevslang proftgins éWPEOI@Fedl-ig‘-’Wgéﬁ‘? 138%&8’8! Pfor‘féﬁ?‘é"s Fere ROl tr o

pr OCGS%LE)%CI?@H EJ"QQre&é(c?ﬁ?ﬁlg t&éﬂ? A8 1add & 2 é(i?é]g)(ogl%?(%?{;)%rﬂa@rﬁ}jﬁbolumg

CL- Ho- protein to protein was esti nmat occur wth a
fidelitgSupbrdenIG200hBierSacit) edxiiveicE with RBS SPEO(WV)EREENAlheGiuted fractions

LOW GLYCOSYLATED CV El BY PARI | n,.ord to fi. i fi
pur i¥i cHFIS é@’tzé‘bg%ﬁ'ﬁégge%\%‘y?ﬁn BP - r?gefﬁagﬁ%fe‘gél? aggllaflgedwﬁgglﬁgﬂscw th
heparin afdpaby %WPAH%O%'%@% YeRWBod16d, RioAdertit e AT dad¥d HSSSpeAdta

consequently 15 binding to the HCV envel ope has_already been suggested
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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 jodoacetamide-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.



analyzed in mcrotiterplates coated with either sulfonated HCV El from H.
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(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 HCYV 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



X200, equilibrated with PBS, 3% (wv) betain, to enforce virus like
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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 HCYV 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 E1 produced by HCV-recombinant 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 E1 proteins were alkylated with NEM and biotin-
NEM. The reactivities of both HCV E1 VLP-preparations with sera from HCV chronic



15 VLPs of H. pol ynorpha-expressed E2-H6 are shown in Figure 46

(sul phonated) and Figure 47 (alkylated with iodoacetam de). The el ution
profil es @fo @ogerngxcl usi on chromat ography in PBS, 3% (W V)pdagsiu2/e0de@ Obt ai n
VLPs of H. pol ynof pha- expressed El ar g shown in Figure 48 (sul phonated) and
Figure 49 (alkylated with iodoacetam™de). The resulting VLPs were anal yzed
by SDS- PAGE and . 20 western blotting as shown in Figur 0. Size-analysis
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measurenents were taken. The results of these experinments are sunmarized in
Tabl e 59Dsvajygs|od aB semassgmmesgestednani ¢ 1i ght scattering analysis on the

I ndi cat ed VLP-conpositions of HCV envel ope proteins expressed by H.

art 1ol es] Cys (MBI eRUlA [FPORETORYg, - 11q (IR Ee PEVEmAEN bhonat | on 25- 45
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forns part|itlees 1.218 1.159 55337 . 1.591 1.416

17767 1.513 1.363 55348 1.392 1.261

L7777 0.806 0.626 55340 1.202 . 0.959

17784 1.592 1.527 55342 1.599 1.477

17785 1.508 1.439 55345 1.266 1.428

17794 1.724 1.597 55349 1.329 1.137

17798 1.132 0.989 55350 1.486 1.422

17801 1.636 1.504 55352 0.722 1.329

17805 1.053 | 0944 55353 1.065 1.157

17810 1.134 0.999 55354 1.118 1.092

17819 1.404 1.24 55355 0.754 0.677

17820 1.308 1.4 55362 1.43 1.349

17826 1.163 1.009 55365 1.612 1.608

17827 1.668 1.652 55368 0.972 0.959

17849 1.595 1.317 55369 1.506 1.377

55333 1.217 1.168 ge 4




with a size in the same range as al kylated HCV El from Hansenula is
surprising. Such an effect was not expected since the high (up to 8
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charges as a consequence of sul phonatiogan shoul d i nduce an ionic 15

repul sion between the subunits. The other reversible cysteine nodifying
agents tested also allowed parti Eb@ﬂm 33 on, the HCV El produced in this
way, however, proved to be less stable than the sul phonated materi al,
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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. For the

bottom part of Figure 51, antibodies raised following immunization with VLPs of Hansenula-

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 chronic evolution of HCV

after an acute infection.



Serum Serum 17766 1.218 1.159 55337 1.591 1.416 17767 1.513 1.363 55348
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0.959 ARAIGHNEOAND m@m@Emma)mE OB 3BBSSENVLA-PRUIBUCEDACY
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HANSENULA- PRODUCED HCV El ElsHﬁNbHIﬂWﬁUbﬂﬁﬁMEF@v VACCI NI A- | NFECTED

MAMVALI AN CELLS 5 The i mmunogenecity of Hansenul a- produced HCV El- H6 was

conpared to the inmunogenecity of HCV El produced by HCV-reconbi nant
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i ntramus cutaneous I n lons with a three week i nterval between
each anﬁéstedicd:bnsrsmds |o£ch@ sofwhiargn Ethei Wah2&uld-prodoerdaiHCYigEQ. pﬁ%lm hyeteogel

Superfo rk b ten days after th zatlon
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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 E1 in 125 pl 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 E1; bottom panel: titration of antibodies raised against sulphonated
El; “A”: alkylated E1 coated on ELISA plate; “S”: sulphonated E1 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 E1 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.



15 determ ned. Antibody titers were determ ned by ELI SA (see Exanple 21)
wherein either El produced in mammalian cells ("M') or Hansenul a- produced
El ("H') Wor®/08edted directly on the ELISA solid support RUHEBEGZOI®H t he
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15 conpared to the i nmunogenecity of Hansenul a- produced HCV El - H6 whi ch was
al kyl ated. Both HCV-El preparations tested consisted of VLP's. Both VLP
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i ntranuscul ar/ subcut aneous injections g th a three week interval between
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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.
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24 | DENTI CAL ANTI GENI C REACTI VI TY LA- PRODUCED HCV El - H6 AND HCV

El PRODUCED BGIVECO Pk GFINERC R BEWYALB XY ICEORS PRORE-ASUSFROM VACCI NATED
CHI MPANZEES 5 The reactivities of the El groduced by HCV-r econbi nant

vacci ni a virus-inf ectARBRIHYRRARE EeECT ORESS-(He(Floduced by

Hansenul a (both al kyl ated) with sera from vacci nated chinpanzees and with
nonocl onal anti bodi es were conpared. Thereto, said El proteins were coated
di r ect I'phd glybbdyBhiopl proitesf wereosmhalnd sHumsdrufRpeiutddeHoNaEesandi HEVC &S ei n.
The end 10 point titers of antibodies. binding the El_ proteins coa]bgé to the
ELI SA prragdessdyis FeY wpeamigantt weck ipahidertek mengheliavorelspisc APICEDFIMYne

ool Rl AL Q0 ths, Ao o ANTHL o R S s o
descr i beectiophtregisp(FAQR). THeeetouvligmacadhaddésomate aelbisbddiien Hiegrodecel bgH201L
(see mammalian cells or Hansenula by peptide-N-glycosidase (PNGase F) and labelled with
10  ANTS (the El proteins were alkylated with iodoacetamide prior to PNGase F digestion).
ANTS-labeled oligosaccharides were separated by PAGE on a 21% polyacrylamide gel at a
current of 15 mA at 4°C for 2-3 h. ‘ From Figure 54, it was concluded that the
oligosaccharides on El produced by mammalian cells and E1-H6 produced by Hansenula
migrate like oligomaltose with a degree of polymerization between 7 and 11
15 monosaccharides. This indicates that the Hansenula expression system surprisingly leads to

an E1 protein which is not hyperglycosylated and which has sugar chains with a length

similar to the sugar chains added to E1 proteins produced in mammalian cells.

20
EXAMPLE 26.
SEQUENCING OF N-LINKED OLIGOSACCHARADE DERIVED FROM
SACCHAROMYCES- AND HANSENULA-PRODUCED Els AND FROM Els
PRODUCED BY HCV-RECOMBINANT VACCINIA VIRUS-INFECTED
25 MAMMALIAN 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
png/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 overnight incubation, the pH of the solution
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Hansenulolioby. pEht isdepld glay clilitediaséth( RNGRS purfiedamatd aDalI@)M and mhplidl ANES

(the EI proteins were al kylated_w th iodoacetam de prior_to PNGase F
di g&st i Sphadexn&md. qolwan édiamriey 85 be@ha@g‘g‘e@ hé%% hapeBiasgienskercogRled 2196

pol yacr yl an . ™ é?)flmf%é il for 2-3 h. From Fi gure 54,
it was eéo%%ﬁ%%gjtsﬁg% \?ﬁgﬁ}%ﬁeﬁg&acc ari des %n 1 produced by manmal i an
cel | s afihe Bbeldd ohigosheckeidey wdamneleted|ty applying 2 x 100-pL purified water (MilliQ) to

the column. The eluates of the reference carbohydrates (Man-9, Man-8, Man-7 and Man-6)

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 a1-2 Mannosidase (4dspergillus saitoi): 2 mU/mL; for o-Mannosidase (Jack Bean):

25 50 U/mL; and for B-Mannosidase (Helix pomatia): 4 U/mL.



mgrate like oligomaltose with a degree of polynerization between 7 and 11
15 nonosaccharides. This indicates that the Hansenul a expression system
surprisi nglo02f08elds to an El protein which is not hyper gl yWgeBH03108¢$4and
whi ch has sugar chains with a length -9gimlar to the sugar chains added to
E1l proteins produced in manmalian cells. 20 EXAMPLE 26. SEQUENCI NG OF

N-LTNK EHARADE BERLVEDL RO, SACHAROM QRS AND
HANSENEf%qEE%g El's { Wss S&%E Y HCV- RECOVBI NANT VACCI NI A
VI RUS- | NFECTED 25 MAMMALI AN CELLS. El's (225 g) purified froma
Saccharnm}r‘pq aor._Hansenula culture s 15-168) or — froma culture
of RK13 cells infected with| aupcy- (iE}Eﬁ%i niﬂ%e fa;aﬂm%’ i P]EFSS( see Maertens
et al . [ETYPE04385)—and—prEsEnt HoEBS, [ Bod Yt belEs e Wagsg Tt Ut ed wi t h
degl ycqsi PP o 30 | ncubat o buf £ br (50 I Na2HPGY 0. 75 % Nohi det  P- 40)
to a fijnal-2oaaeenridasd (@) of | 140 gf#l,. The pH of-the splution|was adjusted
to pH 5.5 wth concentrated! H3PO4,. [ To this solution 5_added| 2 U PNGase F
(Pept.i dex Mintiasiditsy (hbkt a- gl icosani nyl ) - asparagi ne5 ani dade of

FI avobacterium nmeni ngosepti-cum—EC 3-5-1-52—obtainredF+gmReehe) and the

LI I\ A Y]

sanpl e ViR annesigsae GH-dover ni ght at B7C. Aftéer overhight cubat {on, the pH
of the fz §10 - PCT BEQ2/ 00064 —96 adjgsted—to pH 5.5

W th COWPYQ eins and ol ggsacch;rsiﬁcbjes Ngre subsequent |y
preci pi{tMiled BHyOd@d) ng 4 vol usres of 1acetopéo(at 20C), and the|m xtures
were ilncubated at -20C forl15 m Samples werelcentrituged at 4C at 13000
rpomduring 5 mn. The acetone supernatant was di scarded and the pellet was
i ncubated at -20C for 1 hour after 5 adding 150 gL ice-cold 60% net hanol .
The net hanol supernatant containing the released oligosaccharides was

col lect Biguansb dshews layhiphdraslyecavaposeatomistigSpee )/ acnnosehmothtice dofipled gby cans
as well as reference o]igosaccharides (all from d ykqg, Bicester, UK, _see
Fi gur e gsiobigan- Baghitermipabaweressriesidug i Haled Wiynas of 19 hrio9as @RRTiergEnal

its), - 7 i Yy ) . _ g
van & (P6 ghednd THS MEDRRNAGs o bley SBO5Und, IRBARAGE MMLAAR WY b, o
(2- AB) &:a38)ch§ifadetn UM ahndid®be. ModgABmH (overnibhtNaChiRitidniof toligoki@Aaose of0 %

DMBO) to obtain a final glycan concentration between 5 and-100 M The
gl ycan Eiginet Soowithalse ¢loglycosidaseat-dhnhosidase gl resulitin 6Bavagsf afall @dinkegest(es,

10 12, o 1-3, o 1-6), but not of the B-linkages. The resulting oligosaccharide will thus be 4°-B-

mannosyl chitobiose. This 4’-B-mannosyl chitobiose moiety can be converted to mannose and
chitobiose through the action of the exoglycosidase f$-Mannosidase. According to the
specifications of the supplier (Glyko), a-Mannosidase converts the reference oligaséccharide
Man-6 (see Figure 55.D) to 4’-B-mannosyl chitobiose completély and the further conversion
15  thereof to mannose and chitobiose by $-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
20  P-Mannosidase, the reaction products as described for the oligomannose of Figure 56 will be
obtained. According to the specifications of the supplier (Glyko), o 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

25  coupled to chitobiose. In this oligomannose, all terminal mannose residue is linked by an o 1-



the sanple was m xed by vortexing. After conjugation, the excess of 2-AB
was renoved as follows. The sanple was diluted with 16-L purified water
(MI11iQ WwWed2#8pldied to a 15 Sephadex G 10 col um (di anet ACTHRENR/084m¢ hei ght
of 1.2 cm Anersham Bi osci ences; couploggd to a VacElut system Varian)
after the columm was pulled dry. The | abel ed ol i gosacchari des were el uted

by applyin X, 100- rd ] Mk | i . | uat es
of the ér/é)f) g‘% gtﬂc%]%oglr%gﬁéafr a aggo%al\/geﬁidé{g' IEZL{Jr?h 9 Ct’f\(/)glns) éqgen%zkg%bg}d%g\ec?ey ried
and st quieghoaidase!/ Afarintilll it be ab@eytet S0 MireS ehdsaidisg af tHehwpeditisatiangl s as
wel | 20 as the Man-9 reference glycan were distributed over 4 nunbered PCR
t ubes amplisritet> Stfe Subsegnenbaigestipnowith jondinpesidess| vellscopyers Nyar-$ dp fed- al |

reactions wer.e | Jowed to proceed overnight at 37C, except for the
react i JRFTRSYBECS%%i ch was terminated after 1 h. The final concentration

of tshe FReQ@hieSHUBS 8iffR&) FeRtibRkibeo bt aidiackd ihambld §were Biddas tacgentrifgalused
were: for al-2 Mannosi dase (Aspergillus saitoi for a-Mannosi dase

2 mJm; :
(Jack Begwym evapoms®rgrnp; a dyqphilizer and miorerbat d&é"@ Upl B LSomralyss . Befeyen .
VO 021 056401, PCT) PRI 00000 < 7 A0 o LHE W RUGLATELSON WS
sequencitiy "6t ,Oof °g0sacehari des: 'I(uge Ube %ﬁgse %%ge }I%Ibe 5 Srlllzl S
(pnol ) 188424400 48K 460A4RR-80 (0.8 MPsnas] Tesh Kighdp) coimn eouplal fobn Woatedase
(pL) - - 555 éS Mannosi dase (gL) - - - - 4 Incubation buffer 4x (L) 55
5 5 5 AMlianeedIPPOstatipnis 11 10 10 6 5 Figure 56 shows a hi gher ol i gonannose

congy Stééri&grsalﬂgn s tﬁ‘él;blﬁ&gésgg%ﬁké S de@létta@a arEAORIPSBrERE A ¢ Bl

mannose ue'is an a 1-3 bond to a non-termnal nannose
r esi dueSol¥idnt Aotdngstearuf Ok atetlel agid i ds6tonirifeldnt golvest 3 camsistedoit). 2 & agptichy

the exog|ycaosi dase a.l-2 Mannogi dase. Long- over ni ght), i ncubati gn of
the ol iag&lfé-ﬁrfﬁsf&e%fﬂm%m waisy E%ﬁaté%ogé}%ﬁ fﬁ@%ﬁ@&@%ﬁ%ﬁlﬁw%m il
resul t ﬂu&hgé‘gaﬂ% Rbcrafid R sl bRaPesuinds fllotved bya Hireds indrehsdth.450%4tB B@dr Of
the (3-11nkages. The resulting oligosaccharide will thus be 4'-(3- nmannosyl
chi t obi fofseen cPhingn MoluBesrannosyl chit obi ose noi ety can be converted to

mannose and chitobi ose through the action of the exoglycosi dase
(3-%nnosi dase. According to the specifications of the supplier (dyko),

a- Mannogi JRaggecRMIRbEchiiRie MEEKE0 CRitRk HFTAL &hAl IMigh-7 is eluting at 59+1 min,
Man-8 at 6742 min, and Man-9 at 7011 min; 4’-B-mannosyl chitobiose is eluting at 101 min
and chitobiose at 6:t1 min (not shown). This is exemplified for the reaction products of Man-9
after overnight incubation without exoglycosidases (trace 1 of the chromatogram in Figure 63;

20 Man-9 only), after 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 a-Mannosidase (traces 3 and 4, respectively, of the chromatogram in Figure 63; 4°-B-
mannosyl chitobiose only), and after overnight incubation with a- 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 591 min (15%), 67+1 min (45%), 70£1 min (25%) and 7541 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 7521 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)



Man-6 (see Figure 55.D) to 4'-(3-mannosyl chitobiose conpletely and the
further conversion 15 thereof to mannose and chitobi ose by (3-Mannosi dase
is al so regore8eltto be conplete. Figure 57 shows a hi gher MIT/BR#MIods e
consisting of 9 mannose noieties couplowd to chitobiose. In this

ol i gomannose, one term nal mannose residue is linked by an a 1-2 bond to

t he non-term n I es] . ct 4 J 1-2
Mannosi %)élgl , aﬂé‘%.i @gﬁ%@%@ﬁgﬁﬁ@@ﬁ&%ﬁ%@%&WMaﬁﬂ%sg&arsé%gve i po%sgu s:‘agrgnt
acti on RfiucdNennes JaseniRdl dbtdbiosyBNRies, dasemehiiethat @l t@bohydag el Bighs
described for the oligomannose of Figure 56 will be obtained. According to
t he spemidricsetndal nehnodecesidpgsl axeept(0Ge ke thear ¢ordfiguativosRedustion of thaspabl e
of converting the reference oli gogacchari des Man-9 and. Man-6 to Man-5 (see

Fi gure Bownogiv ghifehiesermeielhioychiiobloss wes appageit S ISE O LHBIREL PROFtOne Wi

hi gher i o] C LSt 2 Pl edl e 3 to
chi b S EAL e Nl bl e AR08 T S Bk e SRR 1 oy
an a 1 WdepHeOR6EChNBEDhBES ALQ0i06d for-tA8 cRrdnmatoirtuns af Mogure €8 T atesnbinaes e
resi due. Upon actipon of the exoglycosidase a 1-2 Mannosidase, Man-9 wil |

t hus besu%%%eaé‘aTP]ble%an-S, according to the specification of the supplier
by > 90% Subsequent digestion with a-Mannosi dase will convert Man-5 to

4' - (3- mannosyl chitobiose. 5 The contents of the different reaction tubes
as i ndi Tt eaine rexpaidhent8 wenceregedted! with &1egmodidedgat vacaniaunieeied pastlatand or

i | yophi.|. | d.stored -70C until HPL | ysj.s. Bef | yi
to The’ SERINPED hoNed amaraPlcely SIat) Bicbtnot) Tatchali b 3T gadl Shrsty Auat or
and | oggsled MidtufSI6f dalroAFiAes 8P Bredént X(séd Fidtire FeSAtE Bhils @p) TEO|dveFall

coupled to a Waters Alliance HPLC statjion. 10 Separation of the

ol i gosaestrat | afemonesacelaridecd-@oNAsf2) asnsi armosasapatde(Ur@chtAC2)owigs /i o

Sol A i ] f % i id, i . ONi i.l e,.and |
coner o AReCRR3I3 Sih 8- 7 Mantefifs! SeGSPrudtal TRt RR o ¥ |
2-AB | ﬁgv@hésgﬁop%g&ah%ﬂe@%eﬁ@@tqﬁwﬂaﬁgn VA Wil B MRS %dBsd, SOGIRLanGalf OF 5

col um vol unes tollowed by a linear increase to 45 %B over fifteen colum
vol wresamdimt The med@uehaddab)-Ghsclar fedminddn 6 additédnuttdo ntheatt’-B3hanmionyl
Man-7 is eluting at- 591 mn,, Man-8 at 672 nin, and Man-9 at_ 701 m.n;

4" - ( 3- neHGEPF PEIUEL DI S & %Hélqaflp%&ﬂaépn%ﬁmﬁmg%%ahmet HicBewlsdrsig i n
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residues linked to a Manau(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 comsisting 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 B 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



after overnight incubation w thout exoglycosidases (trace 1 of the
chromatogramin Figure 63; 20 Man-9 only), after overnight incubation, with
a 1-2 ManWes2486W1(trace 2 of the chromatogramin Fi gure BI/BERGIHe of
Man-5 and Man-6), after 1 hr or overni@ht incubation wth a-Mannosi dase
(traces 3 and 4, respectively, of the chromatogramin Figure 63; 4'-(3-

mannosy| ...chi.t ohi L) f.t i " & i 1. )
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Saccharonyces-p ed 30 Els was -65 % In the reaction™with a 1-2
Mannosidased tonhy 4t-penamobyihgtdiobioss nwdi¢th. Tres erbnothat theecarBthydiate makigh
di sappeared. The intensity of the carbohydrate with retention tine 751 mn

r enai nedantese sathell saaneseacsidesieren; ope have ey enndigaraiiopnR educpr PHHIE e 671

mn was, i ncreased. .This neans that.not all termpal mannase uni.ts ve the
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4' - (3-mannosyl chitobiose noiety. This neans that the carbohydrate is high

manivos eurgledthalshmagombtensrassiesuied ductbp chromatagagas ehligares a1 gur at i on.

Reduct i.gn q{t At hd'os 4l - %3- mannosc%ll ”lﬁam,\:fb' ose noiety to chitobi ose was

appar ent "SSP EPCOTEFE FrFUPREHASt Porti Th (3 5 mannosi dase. The resul ting
chromat ograns are depicted in Figure 64 which were obtained under the sanme
conditions as described for the chromatograns of Figure 63. The results are
sumari zed in Table 9. The sane experinents were repeated with El's produced
by vaccinia-infected cells and 10 surprisingly showed a conpletely
different picture. In the reaction w thout enzynes, a conplex m xture of
car bohydrates was present (see Figure 65 and Table 9). The overall content
of nonosacchari de(8)-d cNAc(2) and nonosacchari de(9)-GLcNAc(2) was 37 %
"After reaction with a 1-2 Mannosi dase, the carbohydrates with retention
times 701 and 591 mn have di sappeared. After overnight incubation with
with a Mannosi dase, a substantial 15 anmount of nonosacchari de(6)-d cNAc(2)
remained in addition to the 4'-(3-iannosyl chitobiose product. This is an
i ndi cation that one of the oligosaccharide branches is resistant



to a Mannosi dase degradation. This can be explained by the presence of 1 or
2 glucose- residues linked to a Mana(1l-2)-term nated branch of the N-Iinked
ol i gosaccW& 1248610 put ati ve structure of such a gl ucose- ASIVBER0PP4

ol i gosaccharide is depicted in Figurelf2 The possible 20 reaction products
of glucose-containting oligosaccharides is given in Table 10). As no Man-7-
equi val olgi | I okl.gos i iStl :
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i ncubation with with a_Mannosi dase al]l carbohydrate chains were reduced to
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appar enfinlaidtie chi@tgsdel ght i ncubation with 1i  Mannosi dase. The resulting
chromat ograns are depicted in Figure 66 which were obtained 10 under the
santS conditions as described for the chromatograns of Figures 63-65. The
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obt ai netd—resutt;smaresstum i FabkeT9: 21-086LA L -PCT BRR2/ 48064
-5 - l\/fﬁ'kfj{ ﬁﬂd—? 4 Mhh-G %ﬁﬁﬂ‘ﬁ%
101 Table 5. & (R osed L eul oG {7 pm 1 G251 on 7311 oprighiiases
Sc 1 / 1% 14 % 42 % 23 % 18 %
structure 55.D 55.C 59° 57° 56°
N ) 610
Sc2 17 % / 8 % 50 % 6 % 16 %
structure 55.E 60° 59° 57° 56°
61°
Vac 1l 3% 32 % 20% 23 % 14 % 5%
structure 55.E from 62%* 55.C from 627%* 62% C62%
& Table 10 & Table 10 | & Table 10 | & Table 10
Vac 1 74 % 2% / 20 % 4% 4 /
structure 55.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
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Branch B + 1 Glc | Man-9 Man-8 Man-6

Branch B no Glec | Man-8 Man-5 4’-B-mannosyl

chitobiose
5
EXAMPLE 27

OCCUPATION OF N-GLYCOSYLATION SITES IN RECOMBINANT HCV E1

10

Dependent on the amount of occupied N-glycosylation sites, Els 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 représenting 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



20 WD 02/ 086101 PCT/ BEO2/ 00064 -102 Tabl e 10. Products of

gl ucose-containing N-1inked oligosaccharides after reaction with a 1-2
Mannosi daw® @roselol- 2 Mannosi dase and a Mannosi dase. Man- eqvieitenvosa 1- 2
Mannosi dase a Mannosi dase product (1)oproduct (after (1)) Branch A + 2
dc Man-10 Man-8 Man-6 Branch A + 1 G c¢c Man-9 Man-7 Man-6 Branch A no dc

Man-8 Man-5 4'-(3-aRn I | Lobi ose .Bra + c Man-10 Man-9 Man-6
Branch %qge%eGuﬁ@gﬁ-@%ﬁﬁDS%k% O%r%%anBargﬁ%‘z% c‘ﬁ/&f—@ mgcéred as one

4" - (3- "%S}B%%ncsme oRii93fite SafXVRbicldde HaPWRARYERLOnubibe YOI BN
SITES I N RE | NANT HCV EI 10 Dependent on the anount of occupied

N- gl ycoglytesylationsiteei, thelEnseoie-caprassed Elanpteimiensanot excdsd BAViesH thn total

SDS- PAGI% al“@'eg\f]—i @.c SBzeﬁeod n this property, the average anount of occupied
N-gl yco 3?1‘3 Fonss PESMN tRe B product could be estinmated. Hereto, sanples
of tshe purified El-product were subjected to SDS- PAGE and Coonassi e
Brilliant Blue staining 15 (Figure 67) and further anal yzed by neans of the
| mageMaster 1D Prinme Software packet (Pharmacia). In brief, the gel was

scanne r C pecif i i > 2 cl hts
i nt ens?}‘gﬁgnﬁ?e}?sgl?ﬂa@ P\ﬁtoﬁ%@% %ggltn%te g?\’g%tc ?flﬂg?& pﬁ%ﬁ%}%@gn‘#{eggﬂﬁe %er eby
the t oprateisy otsthined &oes tHesHaAeny podsnephd end edecfrialb® ddbressioh syhtemk dybe
noted that each specific rotei.n ba} d is representi ng El s- npl %ﬁul es wth
the sar@eaiinterDoft A€ dpi {porpassig Byt {}@BS%USF ENg IRtERSIY HAnagisSa il At #1918y ¢ s

[ ”dioiatﬁﬂldg Qf’)etlﬁgﬂgg R 3?&?131&1516(:51&199/6{) t. &ke FliRrdgNSenul a- produced El - product

has or nore yCco ation sites 1ess occupied than the El s obtai ned
fromthe vaccinia expression system (as described by Maertens et al. in
V096! 04385Wt % occurrence
(relative intensity)

Hansenula polymorpha Experiment 1 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



in the vaccinia derived El product all the N-glycosylation sites are
occupied (in which the WO 02/ 086101 PCT/ BEO2/ 00064 -103 sequence "NNSS"

(SEQ | D N@o/@)oseid1 position 233-236 of El is considered as pgneBE02/00064
gl ycosylation site), it is quite saf Ql?ﬁ concl ude that the average numnber
of occupied N glycosylation sites in e Hansenul a- expressed El protein

does not exceed 80 % of the tal, available N-glycg ion sites. 5 Table
11. EstiPFefmsies t}t‘%O%S_P&’{PéF%fg gl Fedotoc HBRE &@@@;@% EAgRY Hffgaf%‘rs in
the Bl 0Leimse A5 anlifd atfdgorr;t1h9aHaﬂ§ﬁruahaoeoaét&mlm%afﬂgssv@%emhwer 0

expressi on systens by neans SDS- PAGE and Coonassie Brilliant Blue

st ai ni ngdditiveailyi, the lodedlyss of NThD qeasessiaw cledvaganides far theiAnhi ¥ ahzdndy t hei r
mol ecul ar weight. See Figure 67. Al kylated Els % occurrence (relative
intensity) Hansenul a pol ynorpha Experinent 1 Experinment 2 MAN29 9 8 MV 25

25 27 MW 21 : i N.&d t b TN
Vac c?;s i nial Ver ggsl\S/;ﬁA)/geZ gwlég%@?%g g%% %ﬁpﬁﬁﬁ%@ﬁﬂ%&}#ﬂ@, IC\;:%’I\}-\%%’?/NC%YL%%I ON

SI TES | Ns7RESRNBRMANTssbHEveeEFigmpo 68 nitabd-NIS ognalysis showpe fop-¢ash pebiteesa

produced_b nsenul s. 20 .deql ycosyl at ed wi.t h PN T . .
o) ycotyraiv LORSEES BV oy SRyaRRL NECR Sl nln RS dea Maion i,
bands veNeash HeehedesWdrb fdundpsitingitRaill emlat hepifosylhoBes@nsodiffetice 1
resul ti ng)n eptides were determ ned by Mal di-M (dried droplet and _thin

| ayer rieahddy rativpidhersember efdPrresedugs edertthe gemberpidtresidicy ghjcs an grdication

conts et U gyPhes SHEohy Wer ALY BRALE LM 55, AR BT A sERSHTB08E,
analyzed 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 %




-104 the sanme tinme the asparagine (N) is hydrolyzed to aspartic acid (D).
The mass difference between these two anino acids is 1 Da which can be
det er m neghgnp/88®$ spectronetry. Additionally, the hydrolpsige®fooddst 0 D
creates new cl eavage sites for the As_g%fu enzynme. 5 Possible glycosylation
sites in E2s are N417, N423, N430, N4 NA78, N532, N5405 N556, N576,

N623 and N645 (see Fj gur 68). Mal di Jysis_s d for each of these
gl ylcosyTﬁilPéﬂ-éQ’?eé‘égltyﬁ%ﬁi ?@O&I%F@?%eétfw‘gﬁiag?‘i N(fﬂ%ﬁ ‘ete, because after
egl ycosytatd t pE found with either N or D at

t he gl)g%g%g illacgirl\&nssﬁt?e z@sgylggeg =reng§E P % The ratio of the nunber of
D-resi doey8over the nunB&roof N-reshbéues gives apn indication 10 of the
average_accupation_over all E2 proteins expressed by Hansenul a and present
in the analyzed sanple, of a si ngl e N—glycosyl ation site by a sugar chain.
These results are sumarized in Tables 12 to 14. Fromthese results it was
cal cul ated that on average each glycosylation site was glycosylated for
approxi mately 54 % 15 Table 12. Percent glycosylation determ ned from

trypti c peptides containing one tion site. N-glycosylation site
d ycosyl ated Not gl ycosyl at ed MW&?‘%% N448 50% 50% N556 80% 20%

N576 90% 1G¥ A NGFVIFL OB FLOOPDONIR MR 2 W IPRIECHE1 PROISOCED ByOosy! ation

determ ned fromtryptic peptides containing two N- glycosylation sites.

N-gl ycosyl ati on Both sit 88 CCRAROMYCESQREANMSENUEACal cul ated for sites

gl ycosyl at ed gl ycosyl ated gl ycosyl ated individual N N417andN423 70% 25% 5%
85% N532 and N540 0% 80% 20% 40% WD 02/ 086101 PCT/ BEO2/ 00064 -105

Els-H6 prodliced by Saccharomyces (expressed with the o-MF leader) and Els-H6

1.0 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, Denmark) 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 reactivity 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 El 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



Tabl e 14. Percent glycosylation determ ned for N478 in Asp-N di gest.

N-gl ycosyl ation site dycosylated Not gl ycosylated NA78 35% 65% 5 EXAMPLE

29 REACTI Wiolpg/08510BLOOD DONOR SERA W TH HCV EI PRODUCED BY pcafsidbbtfleWYCES OR
HANSENULA El s- H6 produced by Saccharopyges (expressed with the a- M- | eader)
and El s-H6 10 produced by Hansenul a ?gxpressed with the CL | eader) were

bot h | fi d i hed i EXx I 1 d, 16 , f i nal
oubj corah & ok G | O e/ Ok ST B RACTBIE 200b A8 AUt s P8 e ot
pr ot ei NINer BoiT8fd 16/ P?é%&%@ﬁql §ih fhatha] RULERIRE AdaBti 7%@@1%@ bboa 370

and aft’er bl ocking of the plate (PBS-0.1% casein, |h, sera from
HCV- scréewederaamd coegratiptien dépsodend ovryrts bagsgroumiclgiels det @t b on (2560 werof

1/ 20 (PBS: 0. 5% casej 10% (W v SHCrpse 2% (v/iv) Tri X 70 | h,
370y FORER (IR O vEean o 0d? yatRGP S SedRa by shatbal bt 08 B

| 9GsF spesidhimr pnti serum coupl ed to peroxi dase (Dako, Denmark) at a
dilution of 1150000 (PBS-0.1%casein, |h, RT) followed by color

devel opnment. Between all steps plates were washed 3 times with PBS-0.05%
(w/'v) Tween-20. For conparison the sera were also analyzed in an identica
way on manmalian cell derived El's, produced and purified 20 as described
by Depla et al. in W99/67285. The cut-off for this ELI SA was set at 2
times the nean of the background (i.e. the reactivity 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
towards the Saccharoi nyces-produced EIl while only a few sera (6 %9 show
sonme reactivity 25 above cut-off with the Hansenul a-produced El. This
difference in reactivity was attributed to the presence of termnal a 1-3
mannoses |inked to a 1-2 mannoses on the Saccharoi nyces- produced El as

evi denced in Exanple 26. Young and coworkers (1998) al ready previously
indicated that this type of mannoses is also responsible for reactivity of
human sera with Saccharoinyces derived mannan. In order to further confirm
that the reactivity on 30 Saccharonyces-derived El can be attributed to
this type of mannose residues, the ELI SA on Saccharoi nyces-produced El was
repeated with dilutions of blood donor sera preincubated WO 02/ 086101

PCT/ BEO2/ 00064 -106 (Il h at 37C) with 1 or 5 ng/nL mannan (Sigm) added to
the dilution buffer. As can be




judged from Tabl e 16, preincubation with mannan reduced the reactivity of
this EIl with blood donor sera in a concentration dependent way to
backgr ounWQ ®8¢1for all but one (F556) sera analyzed. (RGIABENQDOG64
reduced fromO0.24 wi thout conpetitionidy mannan to 0.06, using 5 ng 5
mangan/ m.). WO 02/086101 PCT/ BE02/ 00064 -107 Table 15. Reactivity of E
pr oduc 1 tii L1 es
above t %mgl}?aﬁ%?ﬂ Bgﬁg e |n |cate %a @g}é}l [ﬁadeggh mﬁﬁlsmelrcg?n&rﬁh\é

HansenMe&tﬁm%bwﬂmmt-wmelm1nkﬁcamﬁ in Blackihddede8l52 + : + 0,056 0, 05
F553 0,062 0 056 0 052 EGRRS Q0 06.0 079 Q0 054 Q0 051 F556 Q0 073 <+ 0 054

0,051 [seBmmmros9 + 0 |Hsgsenul [Saccharomyces (Mammakiam| Fs50 Rlamk + [+
0,056 (, 053 F560 0, 04810, 052 0)B%2 F562 0, 0861 + 0, 053] 0, 053 | F563 0,/064 +
686(1)55 056556570 0, 0.18 4 0, 0A056 + | 0, 054]000®55 [F572
: , . T : + ,
F577 0,}963— 855 o456 FLEA : ,% (@/Eﬁ) 8%6400@@8,0 257
0, 057 Q&FEﬁf’ Q55 4 Rﬁgﬁ D. 058 ’G
F556 0073 0,679 0,054 |’ 0,051
F557 0,059 0 0,053 0,05
F558 0,066 ) 0,06 0,058
F559 0,084 0.309 0,056 0,053
F560 0,062 0.338 0,052 0,052
F562 0,056 0,128 0,053 0,053
F563 0,064 0,18 0,059 0,056
F570 0,056 0 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 0,20 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 0,055 0,083 0,054 0,056
F466 0,086 0,208 0,071 0,094
F467 0,066 - 0,344 0,055 | 0,055
F469 0,059 0,074 0,057 | 0,057
F470 0,074 0 0,056 | 0,056
F473 0,094 0.80 0,054 | 0,057
F479 0,06 0,075 0,06 | 0,051
F480 0,053 0,30 0,056 0,053
F481 0,059 0,39 0,071 0,052
F488 0,063 0,46 0,059 | 0,053
average 0,072 0,242 0,058 off O
# of sera above 2/36 27136 0/36
cut-off
% of sera above 6 75
cut-off




F598 0,076 + 0,056 0,059 F450 + + 0,078 0,099 0,059 F453 0,059 + 0, 057
0,06 F456 0,058 + 0,056 0,06 F458 0,055 0,088 0,054 0,054 F459 0,054

0, 069 O, OW® 6/ebrd1 F463 0, 055 0,083 0,054 0,056 F466 O, O§FTIBEN26d40, 094
F467 0,066 + 0,055 0,055 F469 0, 059 _g §_74 0,057 0,057 F470 0,074 + 0,056
0,056 F473 0,094 + : + 0,054 0, 057 Qf 9 0,06 0,075 0,06 0,051 F480 0, 053
+ 0,056 0,053 F481 0,059 0,071 0,052 F488 0, 0630, 059

0, 072 oTshle 1$. dbwchivity of Eleprodypes, én Sesthasomysss el asclatf%gﬁ? 31% Bt worhs
above 6 rZ%ncg g% 5%%&@9 8%&8%9 }ea%ﬁqﬁlég%&ocﬂgé t—éf%%luz%pé &dﬂc@ted@ﬁ%ﬂc.kw ty
of El pllj'ouce I'n h I's

accharomyces cells as 1n Table 15 but 1n the presence
of 5 nushadethedtlsml. The reactivities above the cut-off value are indicated

in black —shaded cells., Mannan conceptration O ng/nL 1 ng/nL 5 ng/nlL  Serum

nr F552 0,207 0, 128 dVlapganpaneentiatiom oag 0, 050 F555 0, 066 0, 044 0, 041
0 mg/mL | 1 mg/mL |5 mg/mL

Serum nr

F552 0,207 0,128 0,103
F553 0,487 0,098 0,050
F555 0,066 0,044 0,041
F556 0,769 0,540 0,372
F557 0,158 0,094 0,088
F558 0,250 0,076 0,046
|F559 0,300 0,077 0,066
F560 0,356 0,088 0,044
F562 0,122 0,106 0,089
F563 0,164 0,091 0,049
F570 0,110 0,043 0,040
F571 0,212 0,057 0,042
F572 0,464 0,087 0,043
F575 0,095 0,081 0,062
F576 0,138 0,042 0,043
F577 0,216 0,042 0,041
F578 0,125 0,100 0,093
F581 0,083 0,064 0,042
F594 0,102 0,044 0,041
F595 0,520 0,088 0,044
F598 0,340 0,054 0,042
F450 0,053 0,060 0,053
F453 0,116 0,049 0,044
F456 0,112 0,050 0,043
F458 0,086 0,051 0,042
F459 0,054 0,044 0,042
F463 0,078 0,043 | 0,041
F466 0,172 0,111 0,085
F467 0,420 0,117 0,049
F469 0,053 0,043 0,041
F470 0,220 0,070 0,061
F473 0,924 0,183 0,063
F479 0,059 0,049 0,043
F480 0,281 0,155 0,054
F481 0,355 0,042 0,046
F488 0,474 0,090 0,046
average | 0,243 0,089 | 0,062




F556
F559
F563
F572
F577
F594
F450
F458
F466
F470
F480

10

15

20

25

0,769 0,540 0, 372
0,300 0,077 0, 066
0, 16¢/d028d109, 049
0,464 0,087 0, 043
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F571
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F598
F456
F463
F469
F479
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0,138 0,042 0, 043
0,083 0,064 0,042
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0, 059 0, 049 0, 043
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25 WO 02/086101 PCT/ BEO2/00064 -117- CLAIMS 1. An isolated HCV envel ope
protein or a fragnent thereof conprising at |east one N- glycosyl ation
site, saiwopnaseion or fragment thereof characterized in trT/BRO02i0806M he
product of 5 expression in a eukaryafi¢ cell and further characterized in
that on average up to 80 % of the N glycosylation sites are

core-glﬁ W@t ed. 2. The isol ated HCV envel ope protein or fragnment thereof
accordi @ laim1 wherein nore than 70 % of said core-glycosyl ated
sites are glycosylated with an ol i gonmannose 10 containing 8 to 10
mannoses. 3. The isol ated HCV envel ope protein or fragnment thereof

accor di hg AmisetrjedoHHGY #inwelope protgin therfedgmenh dhereeli epraprising ak least one N-

core-glycaosyl at.e .t h_a e i t £ i

Van( 73 - G ERRe R DR 87 RAPAS bl haPlel Gk P aF N prlhctor s
a 19 strugpresordinf 4 echringtic\il (B -ftediAb bR tetiged BSthat hinavepsigeagiial 80t % d&F. 45.
4. The isolated HCV envel ope protein qr fragnent thereof according to any
of cl ai ms the Neglgosylpesitessas epreighyemdaitdses contain less than 10 %
termnal a 1,3 mannose. 20 5. The isolated HCV envel ope protein or part

t hereof according to any of clains 1 to 4 which is the product of

expr ess?.omhensalatgéd3CVcalvelops. profein bs dlagiment tHexéof rvedrdmg for dbier A wherpiar t

t hereof accordjng_tq claim5 wherein said yeast ce]l is.a Hansenzula cell.
25 7. The ni‘%’fBIdé‘i“eao &C@féﬁ@&%ﬁ@?%f’@fq@ﬁ% SHf B@r%ly?%gaé%ff W&ﬁc‘a&r @i‘g‘?&“aﬁlﬁos‘fﬂy of
claijgs 1 tc8mgin‘ﬁﬂi§{'b %dﬁlagg(;sie&ed froma protein conprising an avian |ysozyne

| eader peptide or a functional variant thereofjoined to said HCV envel ope
protein or fragment thereof. 30 S. The isol ated HCV envel ope protein or

part thereof .accordi to,claim7 which i erived froma pr.ofein
Char act or (1PedsHyed R ep i iletn P hrgtngr hspescorgides 0 P defir L 57
(PS2)e - (GARHdih theVags OF BitesWRr{Sly0&EAAdd With 2BEA26RRRAe withlBstidenirs dafinedvi an
| ysozyne | eader peptide or a functional equivalent thereof, )

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 al,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-[(A1), - (PS1)p— (A2)c]FHCVENV-[(A3)q - (PS2)e - (A4)q]

wherein:



Al, A2, A3 and A4 are adaptor peptides which can be different or the sane,
PSI and PS2 are processing sites which can be the different or the sane,
HCVENV i swa (Xo¥e@nvel ope protein or a part thereof, 5 a, pcwBe@io®sand f
are 0 or 1, and wherein, optionally, N and/ or A2 are part of PSI and/or
wherein A3 and/or A4 are part of PS2. % The isol ated HCV envel ope protein

or fragnent thereof .according to claim8 erein said, 10 avian |lysozyne
| eader pept i de it %%@Hﬁoﬁ’ﬁeﬁéa(%épﬂptggﬁéﬁg%“@éﬁ GO Rt ofb NG 1. 10.

The isol ated e e i del AgEE N L tRek gipg to claim$8
wherein A hd§H§¥L5§¥%%9§%F§J§%ﬁE€ %%K%Eosenq%Pg%?%%%E?%ﬁﬁgi:63-65, 70-72
and 74-82, VPR &idPSPSehpascessingsites whadi cindedbedifferat ostie skmem SEQ | D

NCs: 66- 68 a -84, or rein PS 15 is a dibasic site such as Lys-Lys,
Arg-Arg, Lygﬁgggﬁgﬁﬁ“% MSYelaPe RTHEROp AT ??%ésuch as Lys, and wherein
HCVENV i s chosep 4 .omu$R d B \N@8g85-98 and fragments thereof. 11. The

i sol ated HCV envel ope protein or fragnent thereof according to any of
claims 1 to Whereinhoptionalycddpmidesdil arezpast ofURS luprd/ohwhengicf gérandhéﬁglrmp
consi sting g%gg@ﬁ%%grs, 20 honodi ners, heterodiners, hono-oligoners and
hetero-olig ) . The isolated HCV envel ope protein or fragnent thereof
according to any of claims 1 to 10 which is conprised in a virus-like
particle. 25 13. The isol ated HCV envel ope protein or fragnent thereof

accor di g The isehatebHCY anvelope nreteitpor fragnygat Bigraoh eceoydingithelain B syhegpin 5pd ar e
hem cal | i fied, .1 | sol ] i f t
Cheleor atelRiishens ko dpias SR80 i ool AR KL ARG RIThEd By SEOTERABIE!

i sol ated HCV envel ope protein or fragment thereof according to any of
claims 1 to 13 which is immunogenic. WO 02/086101 PCT/ BEO2/ 00064 -119 16.
The i soltildg isgtsred AlfeY sprclppoPoisin 6F TrRemgHehereoR assdng de SN fgWherelng of
clains 1 i j - { 3-457 7085C 583 1 \krei
conpri si nglg%%éﬁg%%a%g%%%% &eerslve Sgrﬁéogfgig(e}iq? %]r@g:‘%r aég5ﬁe7nf7 t ﬂereo? *5 e
accor di ng PSchaany aafine haid ssquknteochbSen fr8m SH@ 10 NiPo0&6-68 and &8 SdrodiwigrdioPScl ai m

ol {Sur ' heris 2(1: 81%%1‘0 Ss{tg guc% a% qgrrs-ﬁ/%,e tg‘-&? l,lL%/sgACr%ea%El%)rlgiys or a monobasic site such

as Lys, and wherein HCVENYV is chosen from SEQ ID NOs:85-98 and fragments thereof.

11. 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,

20 homodimers, heterodimers, homo-oligomers and hetero-oligomers.

12. The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 10

which is comprised in a virus-like particle.

25 13. 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
which is antigenic.
30
15. The isolated HCV envelope protein or fragment thereof according to any of claims 1 to 13

which is immunogenic.



carrier and which is a nedicanment. 10 19. The conposition according to
claim17 further conprising a pharnmaceutically acceptable carrier and

whi ch is wo/@agstee. 20. A nethod for producing the isol at gi1riRi2enws! ope
protein or fragnent thereof according;;do any of claims 1 to 16. 15 21. A
met hod for the detection of the presence of anti-HCV antibodies in a sanple

suspected to conprise anti-HCV antibodies, sajd nethod conprjsing:. (L)
cont actk%&haqu&%ﬁ@éﬁ ‘ES(B’Q{O[BP@F%FIH 0g fragment t%’ﬁ‘@?é%ﬂcoﬁt%%@cﬂnﬁg’gfiﬁuﬁﬁ t‘bgg
clainms 1 ich IsBs Sl £ under conditions allow ng conpl exation of
said HCV Céérél)\tlllg opsé prote%?g%r part thereof with said anti-HCV
anti bodies, (ii) detecting the conplex fornmed in (i), and (iii) inferring
from(ij) the presence of.said antj- ti bodies ip.said.sanmple, 22.. The
e nod Lo oG SRan cRUmHSE Rholbeirds Ol CBELDE ; el : BAPR: hercor
OCCUr Ii Ng a4 edihg t@Feiahistiit4qecondi tions. 23. The method according to
claim 21 wherein sai'd HCV envel ope protein or part thereof is attached to
a solid support. 30 24. A diagnostic kit for the detection of the presence
of anti- antibodies in.a sanple ected to conprise anti-H
ant | bodl b e SimaORitps detabiife 15 Ut 1oaERT e et B A G BBk, L tppuls
accor di ng ck@iecAiyd 9hickliah fedibatnentl 6. WO 02/ 086101 PCT/ BEO2/ 00064 -120 25.
The di agnostic kit according to claim 24 wherein said HCV envel ope protein
or part thereof is attached to a solid support. 26. A nedi canent
conpri sy I . i | f I 5
ol ot 58 phlbo R sCRTARE RS Elsha 27 BBk SR AECHANGCAR Atodlte,
t her eof ace@ietbPwhizhdgy vadcirel aims 1 to 16. 10 28. A pharnaceuti cal
conposition for inducing a HCV-specific i mmune response in a mamual, said
conposition conprising an effective anmount of a HCV envel ope protein or
part theyeo b38udi ' 1878 prStef6h QM dnP BRbdoY acrdi
Phar mcaits Sy oo duril ST R TEnvkidg pHbteR6h R IRk Cof acdbrding

to any of claims 1 to 16.

15
21. A method for the detection of the presence of anti-HCV antibodies in a sample suspected
to comprise anti-HCV antibodies, said method comprising:
1) 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
20 envelope protein or part thereof with said anti-HCV antibodies,
(ii)  detecting the complex formed in (i), and
(iii)  inferring from (ii) the presence of said anti-HCV anfibodies in said sample.
22. The method according to claim 21 wherein said contacting in step (i) is occurring under
25 competitive conditions. ‘

23. The method according to claim 21 wherein said HCV envelope protein or part thereof is

attached to a solid support.

30 24. 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.



15 29. A pharnmaceutical conposition for inducing HCV-specific antibodies in
a manmal, said conposition conprising an effective anount of a HCV

envel ope wdhsenopr part thereof according to any of cl aipgg/Beheodkd and,
optionally, a pharmaceutically acceptahle adjuvant. 20 30. A
pharmaceutical conposition for inducing a T-cell function in a mammal, said
conposition conprising an effective amount of a envel ope protein or
part t hex 48 dlagosic gacp%rda}@tooﬁlagv%wﬁimtrb sag '@f& 5 qurnig‘iey} Op part

phar maceuiy Lale ¥ .ipeR&PLAPIEd sgghdtvant . 25 31. The pharnaceutica

conposi tion according to any of clainms 28 to 30 which is a prophylactic
conposition. 32. The pharnaceutical conposition according to any of clains

28 to 30 ' .' th ' it . 30 33,, Th har,. [
: oot 40 enmeRisma T & G Y S OB 8 TR e B R s
uman. claims 1 to 16. :

27. A vaccine comprising a HCV envelope protein or part thereof according to any of claims

1 to 16.

10 28. 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.

15 29. 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.

20  30. 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.

25 31. The pharmaceutical composition according to any of claims 28 to 30 which is a

. prophylactic composition.

32. The pharmaceutical composition according to any of claims 28 to 30 which is a
therapeutic composition.
30
33. The pharmaceutical composition according to any of claims 28 to 32 wherein said

mammal is a human.



