WO 2007/ 010028 PCT/ EP2006/ 064489 1 TITLE OF THE I NVENTION Cell line for
produci ng coronaviruses 5 FIELD OF THE I NVENTI ON The invention relates to
medicine. In particular the invention relates to the production of

coronavi r usee 28070m00as  hunan SARS- CoV. 10 BACKGROUND OF PRHEER2DMSERHBON Sever e
acute respiratory distress syndrome (SARS) is a new respiratory disorder in
humans that is caused by the SARS corognavirus (SARS-CoV). The disease
energed at the beginning of 2003 in China and various other portions of
South East 15 Asia and has since then rapidly spread throughout the world.
Al t hough the di sease had di sappeared by June 2003 its re- energence cannot
be excluded. Therefore, nmuch effort is __currently being put into the

devel opnment of therapeutic aﬁggggﬁéghgﬁﬁeﬂﬁgﬁﬁgé&nents for SARS-CoV. 20

Al t hough SARS:-1Ca\ nies fphybogeneins aldryndirstused fromall previously known
human and ani mal coronaviruses, significant progress has been nmade in
under st andi ng the nol ecul ar and cell biology of SARS-CoV. Next to the
conpl et es sequence of the SARSHIQY oyengrerfe@eridyra et al. (2003); Rota et
al. 25 (2003)), Li et al. @2003 have recently 1dentified a zinc

met al | opept TRRSEVeRtdPrat 8RLe FeT o @lediRgnen e ar taaeEe T EP%teln) as a
functional {geaptidn R aBARS:EoMe PHotiuaRdon Bh&lonavh edges ragal disng the
nol ecul ar and cel | biology of SARS-CoV have offered avenues for devel oping
anti-viral RemarBEARSICo¥s vaccine strategies. The devel opnent of a vaccine
protecting agai nst SARS- CoV has mainly focused on two strategies, i.e. the
use of WD 2007/010028 PCT/ EP2006/ 064489 2 inactivated whol e SARS- CoV ( Tang
et al. (®2004); Takasuka etEEﬁEﬁBQQEQAﬁiJﬁEﬁ_ﬂHE_ﬂigﬂof SARS- CoV prot ei ns

(Zhang et abeyedLQ0ke ¥@Q %T@"l &%Q%é {}z al(SA(R%grog%)a ddpctivated

whol e virus vaccines are u y prepare uci ng
respiratory dlsorder in humans that is caused by the SARS

coronavirus (SARS-CoV). The disease emerged at the beginning
of 2003 in China and various other portions of South East

15 Asia and has since then rapidly spread throughout the world.
Although the disease had disappeared by June 2003 its re-
emergence cannot be excluded. Therefore, much effort is
currently being put into the development of therapeutic and
prophylactic treatments for SARS-CoV.

20 Although SARS-CoV is phylogenetically distinct from all
previously known human and animal coronaviruses, significant
progress has been made in understanding the molecular and
cell biology of SARS-CoV. Next to the complete sequence of
the SARS-CoV genome (see Marra et al. (2003); Rota et al.

25 (2003)), Li et al. (2003) have recently identified a zinc
metallopeptidase, angiotensin-converting enzyme 2 (ACE2
protein), as a functional receptor for SARS-CoV. This and
other knowledge regarding the molecular and cell biology of
SARS-CoV have offered avenues for developing anti-viral as

30 well as vaccine strategies.

The development of a vaccine protecting against SARS-

CoV has mainly focused on two strategies, i.e. the use of



5 anounts of virus in cell tissue culture and then rendering the virus
harm ess wi thout destroying its inmunol ogical properties. For optiml virus
production in cell culture, it 1is pivotal that the respective virus is
capabl e of wofzectoiengs the cells and replicating in the cetl/EPim/dadse only a
10 limted nunber of cells have been reported to be susceptible to SARS-CoV
infection and to support SARS-CoV repligation in culture (see Mdssel et al.
(2005)). The nost frequently used <cells in that respect are kidney cells
derived from African G een Minkeys such as Vero or Vero E6 cells. A

di sadvant agend&e iasseel awadlwi $ARIHRee (cahfsSet Sal nt(erooal) FaTakhadultaheyt require

t he presence, of m and/ oy the adherence to a sal ort for growth
resul ting i A puf %sq: 436)1'[ ] {\ﬁ $3F étly SAResheY %%O'iﬁellnls ghaggaﬁfbr‘?lous system

for |arge-se¢ab@) pregigcieironl . Frrddwrneie, et her ce(dop4ane mabchivminzd 20
Recently, it_was shown that cells refractory to SARS- CoV infection could be

rendered pelf?LRiXidFUor 26ARRETAFS NSy Kt PB‘T’P%@Fde}Wr B8E8PRGIRY FAAFES onal

receptors iafoudt¥ ohuiTBdsACE2céECantstie ER1 MR LQ0R @3248Fchde shown t hat
human 293T cells transfected with the ACE2 protein supported 25 SARS- CoV

repl i cati ontBRd” Wiet%e NG 8BF e 1 dtoUthEeFEEaUERT O DL MSARSOEHSAL However , the

yi el ds obt ajpgge Wi idy . tﬁ%sreo?@lr{él Wars Lewareki d1g iRr eduet Lent#B.d hads usi ng
them economcally wunattractive. Taken together, there is still a need in

the art foisSaPhaltvdd thRtpEbEUES IRETARS- THYUS % deesbleePr E9ER@ANB0 t hat

| nproves O”tﬁé‘ec@ﬁssta!nragrﬁgic&\‘:ﬂﬁ ri& $USt 80Py, ®PeLill gghlyaon the yields
obt ai ned. WD 20071010028 PCT/ EP2006/ 064489 3 The present invention

addr essé$ t hisitrdunpegr ofi dehbs IEvembegnhoeRer rast itva beebhscémER Isel | s)
expressing EQe AEL o WPLY %'crc‘ h§‘r§€ %elshgpSJﬁtyeszkﬂ‘oe&%CtrégﬂcQ{% S_'%RS' CoV

yi el ds. They ave as a urt ant ag at they are extensivel
docunent ed antltlbleet@(eebéfha\?ellﬁtt&]b- p(r2@@é$§s o’fheupm%zl |fr1rgquest;|é¥)e¥mdon growt h

and growch Lagter. | ndeRendese: cpDaellOcet 16 GELIAY Ribioa Al fcaFopeci ally

the fact tha S can rou n-suspension in a h
r epr oduci bl éremmri¥enkeys such as Vero or Vero E6 cells A dlsadvantage

15 associated with these cells is inter alia that they require
the presence of serum and/or the adherence to a solid
support for growth resulting in purification and safety
issues as well as a laborious system for large-scale
production. Furthermore, the cells are not human.

20 Recently, it was shown that cells refractory to SARS-
CoV infection could be rendered permissive for SARS-CoV
replication by expressing a functional receptor, i.e. the
human ACE2 receptor. In WO 2005/032487 it was shown that
human 293T cells transfected with the ACE2 protein supported

25 SARS-CoV replication and were suitable for the production of
SARS-CoV. However, the yields obtained with these cells were
low making production methods using them economically
unattractive. Taken together, there is still a need in the
art for a method of producing SARS-CoV in a host cell system

30 that improves on the existing cell culture systems,

specifically on the yields obtained.



sonet hing that makes themvery suitable for |arge scale 10 production.
Moreover, the cells of the present invention can advantageously be used for
the replication of various isolates of human SARS- CoV and are further not
only suit alWe2oof/erooishe producti on of SARS- CoV, but al sopCemErpioedsiass on of
ot her human coronaviruses that nmake use of the ACE2 protein 15 as a
functional receptor. DESCRIPTION OF THg FI GURES Figure 1 shows binding of
SARS- CoV S protein fragnments (amno acids 318 to 510) to PER C6(r) cells
expressing ACE2 20 protein. Variant F conprises nutation N479S and vari ant
H conpri ses mut ahe0opse &M Rnve3606n &dd2RsdM88Gs 1487 Sy qapanedgt o

w | d-type S318-510 fragnment. SUVMARY OF THE | NVENTI ON 25 The |nvent| on
provi des cAT&aLY; PuBR ?ecﬁmﬁr G8UePnGHER o9&V PEBERSS NP 45 8FEFr ed

enbodi ment greecal | shase ddiRs gehbsuexpiessing hhen hswmn-ARESipnatei n. The
invention further provides nethods for produci ng coronaviruses, in

particul ar THRESPEYY, 2feki TRY WSS GAVERRATRINNEE SOCHETRE LB TEITRILPTI ON OF THE
| NVENTI N Q2@ A4 04 0928 Bk EP2RA6; 064 8&%he ﬁ)r'o@eé‘-sfbf SlpASNaGly, t he present

i nvention enconpasses cells expressing the human ACE2 protein. As it has
recently bedifPepsiiAbl YHAMEIACER gerethof3Hphindaseademet rmadedoticome of
severe acutgd %%@ngamwhéymr ORRpEE L) (P theLlradl - th2004d \cea168kh5S
expressing a variant of the ACE2 protein are also part of the present

i nventi on. Baikdovghraht strRAngion éoursleighdni Irepbedeapalt enaghefruasti oni ng as
a receptor Jo‘?[{etﬁ ﬁﬂ’ A ¢8lhSy §£ télﬁ&%‘i%”%b?”}?f& Hedygmortal i zed
retina cells. ave been derived fromretina cells eby Irmortalization
10 wit hl%dmmﬂmmgom Mexpmrrops the. gel Hl dfartdeEpBesequentemit ioTheakl A
Sequences ThKA2a4a0RL. | W Uehee 0 LRE! Lo PrIdageRQuS, adenad Tus ELA
pronoter, but be control Ied eterol ogous pronoter, such as
for inst ancnesczialteh{ pf omwtaer .SARSt-Aofr enélamdwafslrtthamsﬁot nomigy a\miit‘abtly, whi | e
E1B prOtelnﬂﬂg%he production of SARS-CoV, but also for production of
other human coronaviruses that make use of the ACEZ2 protein

15 as a functional receptor.

DESCRIPTION OF THE FIGURES

Figure 1 shows binding of SARS-CoV S protein fragments
(amino acids 318 to 510) to PER.C6® cells expressing ACE2

20 protein. Variant F comprises mutation N479S and variant H
comprises mutations K344R, F360S, L472P, D480G, T487S
compared to wild-type S318-510 fragment.

SUMMARY OF THE INVENTION

25 The invention provides cells suitable for producing
coronaviruses. In a preferred embodiment the cells are HER
cells expressing the human ACE2 protein. The invention
further provides methods for producing coronaviruses, in
particular SARS-CoV, making use of the cells.

30

DETAILED DESCRIPTION OF THE INVENTION




15 anti-apoptotic activities. Furthernore, E1A may aid in increasing
expression levels fromthe cells. Preferably, the cells according to the
invention are derived fromprimary cells. They may be cells of any origin,
and are prevereiloyo2f human origin. In one preferred aspauip20dcivedssel | s are
20 derived fromprimary human enbryonic retina cells, in other words, the
cells of the invention are derived fromprimary human enbryonic retinobl ast
(HER cells) and conprise in their genonme sequences that encode E1A and ELB
of an adenovirus. Primary HER cells can be isolated fromfetuses 25 (see
Byrd et al. Ir( JaQ&Z)rstByspleet ele Hrk888)) invémninm e@hiczapasseofcdlies cells with

adenovi r al uenc S nst ance been ribed in US patent

50004 128 SRAGAITRGE)® AR EhOITon PR nd- bt PeRafeHBRE edien

i mort al i zetbwid hnElt segregess galgmoaphagenad mes adfiebe Sbradiaiofed by t hat
met hod. Ot her cells /eixpress i ng E1A and E1B of ap .adenovirus_can be prepared

accor di ngl y>*\WB2667616628* PSYAET ABA4ETS SEHe Shodt - pht%Yed HER

cells foy thelretdhgdssandgusesarieintt be thyvexdioprateigehts assqlgpesited at
the ECACC on_29 February 1996 under. nunber 96022940 or a derivative
thereof. Cnk H1e PFPSPRAI 28PN Sphe ViRBFaNt SGCULAeCf ntRWES%N, and 5

havi ng the sharadeeichphbts of thRtaehksiqdepasitedabrt her EGACGgender nunber
96022940, is nmarketed under the trade mark PER Co(r) by Crucell Holl and

B.V. PER C6TR§ @IS OfofNe henvesirisss 88t E hempisedneedppet taa i Ifeans cel | s

froman upsideamQ pdeWNstFEAR RESRAYE L Oha A HASC @Rk O 5 I, 4O Japst ream or
downst ream passage of cells as deposited under ECACC no. 96022940.

PER C6(}9 behdveslspertensi Bl herftiansgsy hang- fHA iansk FABesereerdast-med human
293 cells thgt é‘l%v%e%ﬂu%c@?erﬁ‘a HET'%B%E' Eﬁf’lxpé/néeh%fElthé‘fg'Qﬂh&jé?{Qus

adenovi rus. Furthernore, 366 | s have been fully characterized and
have been 1&deRUimmst @éAvErym@mJ@néqu\temyy M e W@thehh@é By gnificantly

e eenomneLE: SOGERR b MSERL) Mt uSP RS BRI, 00 R actor
suspensi on EkAgpjﬂQﬁqmyhas transformlng activity, while E1B protein has
15 anti-apoptotic activities. Furthermore, E1A may aid in
increasing expression levels from the cells. Preferably, the
cells according to the invention are derived from primary
cells. They may be cells of any origin, and are preferably
of human origin. In one preferred aspect, the cells are
20 derived from primary human embryonic retina cells, in other
words, the cells of the invention are derived from primary
human embryonic retinoblast (HER cells) and comprise in
their genome sequences that encode E1A and E1B of an
adenovirus. Primary HER cells can be isolated from fetuses
25 (see Byrd et al. (1982); Byrd et al. (1988)).
Immortalization of the cells with adenoviral El1 sequences
has for instance been described in US patent 5,994,128.
Accordingly, an embryonic retina cell that has been
immortalized with El1 sequences from an adenovirus can be
30 obtained by that method. Other cells expressing E1A and E1B

of an adenovirus can be prepared accordingly.



reproduci bl e manner is sonething that nakes themvery 20 suitable for

| arge-scal e production. Mreover, the fact that they can grow in defined
serumfree medi um devoid of any hunman or animal serum proteins, and their
grow h is worepatonwke with roller bottles, shaker fl asksecspruosaressd | asks
and bioreactors, with doubling times of about 35 hrs 25 nakes them suitable
as hosts for growing viruses. The E1A apd E1B sequences can be derived from
any adenovirus serotype including adenovirus serotypes 2, 5, 12 and 35
(for other suitable adenovirus serotypes see for instance Table 1 in EP 1
054 064). 30 A cmld maetopdepgridd tHEIR icBYERt fON HRY Me@RPHESEn@ uses

pol ynucl eoti de encodi ng .t he human ACE2 protejn stably WO 2007/010028

PCT/ EP2006/ 964450 l“é’eP%tl@@r afed*§ o atshéea‘é%"rﬁdc arifattg‘rei 5FAGY ¥ Part of an

aut ononous| yel & £ atoioBgureét Ofumdere.960Be9 hoing ACE2 1REet €& Nchdmys he
transiently expressed, but for long-term hlg yield expression of the
human ACE2 B’F%t%]t"rf“g‘toéﬁlaéléﬁﬁr%%]s]l Nesugehy ffsﬁrr éde FRVBRREP M ds, a cel |

accordi ng tRathey itheerhia@Bcte5i SNHNRET eHet G EXPIRTD st REANEIBMMACEZ prot ei n.
For exanple, the cells of the invention may be transforned using

expr essi on 5%@%@%&““@9?0%@%%% i&l m@ﬁ‘F%ﬁ% ugderr Epei EBdd%n and/ or
endogenous expf ess] %@?'b‘%ﬁ?ﬁ;?e??dﬂ@ 10, Sl gCt ahL &g kan 9¢0e pg.the same

or on a separate vector ow ng e I ntroducti on of the vec or cells
may be allpmepbé.eocg‘rmWef plreéLth dﬁ;;sluclatannemarmexémadlfaoheimre they are

switched to sel ective ur pose of t tahle marker is to
confer resi SPARCE & gI%gEPFB%amé%cfs%@el P& %r(ges gl %I 83/5 2%rowt h and
recover yo of upsettesant hat dostieeessh ubdysa@xpoeEssel he a%CE@pps@tednuncR&si st ant
clones of stably transfornmed cells may be proliferated using tissue

cul ture techrfteuey afdPspPlat PR G4 klﬁé1alv§so¥>et:h%r|¥ﬂ/é’rﬂqdéﬁngAtE@‘Pl culture

conprising a,puf {ddie @faRsklSmedh AREORIE NG 110 1 el RUGBL L O, Iedr kew se
part of the present invention and may be used in the nmethods below. In

anot her aspeBRortde a6y &t LbA B o8HES 4rABt ddRNYfirus. Furthermore,

PER.C6® cells have been fully characterized and have been

15 documented very extensively, while they behave significantly
better in the process of upscaling, suspension growth and
growth factor independence. Especially the fact that
PER.C6® cells can be brought in suspension in a highly
reproducible manner is something that makes them very

20 suitable for large-scale production. Moreover, the fact that
they can grow in defined serum-free medium, devoid of any
human or animal serum proteins, and their growth is
compatible with roller bottles, shaker flasks, spinner
flasks and bioreactors, with doubling times of about 35 hrs

25 makes them suitable as hosts for growing viruses.

The E1A and E1B sequences can be derived from any
adenovirus serotype including adenovirus serotypes 2, 5, 12
and 35 (for other suitable adenovirus serotypes see for
instance Table 1 in EP 1 054 064).

30 A cell according to the invention may comprise a

polynucleotide encoding the human ACE2 protein stably



produci ng a coronavirus, e.g. a human SARS-CoV, by infecting a cel
according to the invention with a coronavirus and 25 harvesting the
coronavirus fromthe nediumor the cell. In an enbodi nent the production
met hod conpwo=ew/émes st eps of a) providing a human cel | PGBERMOSUMGI4Rd above,
e.g. a human cell that is derived froma primry human enbryonic
retinoblast, said cell conprising in itg genone sequences 30 that encode
E1A and E1B of an adenovirus, with a nucleic acid nolecule encoding a hunman
ACE2 protein, WD 2007/010028 PCT/ EP2006/ 064489 7 b) culturing the cel

under condi inosgraidd dhblte t£bhe gexpriessiaonrdil tde dwipanrtACE2aprotein, c)
infecting the_cell ith a coronavirus, and d) harvestin e_coraonavirus
from the nBardmmSE e SEBt oA ST clatorar & Eui Th CTPBr LGB : FATE R
expressi on aiythe AGR2iphel ¢i expddisedyapuberachicavedern, aogheptdienal nedi a
of the cells. If necessary, the nedia na be nodified e.qg. for, appropriate
sel ecti on, ﬁﬁEﬁ??ﬁ%ﬁﬁi9§ntﬁ? h?Wﬁﬁuﬁqé?np5¥t??%n§EéLHﬁi%§ﬁFegﬁé°%Lﬂ§|Jre

condi tiofns pesfdhed.cahnl stBvehw@sdd enpecal us€cofndwlr L8t Snedticar e wel |
known 10 to those ordinary skilled in the art. The engineered cells are

cul tured unddreRHMAATEEGNSOCBROTRT S &S NPRED PRt REGF 8+ FPRe coronavi r us.

Harvesting BR¥mSi&l tt1RS <8008 88 {GRE iinven@h88I ¥ef bl he aREeduURES €HIRNavi r us
can be recovered/ harvested fromthe cell free extract, but also 15 fromthe

cul ture nmedPURTeNBtHOIECEETEebbdermay ceaEdifrvhialenigingecExtracts or

cul ture nedium ke Wel lankNeWNeAQoddiousMRpskEL] &0 dinrddhe sabhqand may incl ude
centrifugation or chromatographict steps. Preferably, the human cell used in

the met RBd FS1PERIGH mMprksTdeppsi eedhendere ECAGD rfo.SePEOR294BeQDr a
derivative thef&ofng 'ﬂ?leaéli‘l"t%ﬁﬁE@Por?’ﬁ%ol%ge%c%‘ﬁ, R oGl bels capable of

growi ng in suspension and/or can be cultured in the absente of serum In a
preferred eabbdvento drevcbpondv? rdays §nseheenechdd oyedirebgfor® consi sting

of coronavi EHéfSa%@thtc‘ﬂ%d 250 Poc A flLB1 2S f’né %etgato% Bgrtf}@f ectious
entry. Such cofonaviruses 1 nclude, but are not Tim'ted to, hunan
selectable marker is to confer resistance to selection, and
15 1its presence allows growth and recovery of cells that
successfully express the ACE2 protein. Resistant clones of
stably transformed cells may be proliferated using tissue
culture techniques appropriate to the cells of the
invention. A cell culture comprising a multitude of cells
20 according to the invention is likewise part of the present
invention and may be used in the methods below.
In another aspect, the invention provides a method of
producing a coronavirus, e.g. a human SARS-CoV, by infecting
a cell according to the invention with a coronavirus and
25 harvesting the coronavirus from the medium or the cell. In
an embodiment the production method comprises the steps of
a) providing a human cell as described above, e.g. a human
cell that is derived from a primary human embryonic
retinoblast, said cell comprising in its genome sequences
30 that encode El1A and E1B of an adenovirus, with a nucleic

acid molecule encoding a human ACEZ protein,



coronaviruses includi ng human SARS- CoV isol ates and human CoV-NL63 (see

Hof mann et al. (2005)). In an enbodinent the engineered cells nmay be
suitable for producing all human 30 SARS-CoV isolates (for a list of known
human SARS-woVoo7isakat es see Table 1). WO 2007/ 010025 PG1ABRR0GHR6AE64459 8
The human ACE2 protein can be transiently expressed but is preferably
stably expressed. The nucleic acid nolecule encoding the human ACE2 protein
can be provided to the cell by a suitable nucleic acid construct, e.g. a
vector. Vectors 5 can be derived fromplasm ds such as inter alia F, Ri,

RP1, Col, pBRaaz;urTL@g tie, c@IL ur@%ﬁbdﬁdlﬂﬂﬂgﬁ%uilt@t}lasfbﬁnbda | anbdoi d,
ML3, Mu, Pl, P22, even T4, T7, pl ant. vi ruses; or
ani mal viruSEre cﬁ5|EEeo?uTqﬂaACF@CPB?t?%“déﬁeﬁ&éﬁ?tbﬂgtTE?rQQﬂinblnant

procedures §oth awedrbBagndus heameld)s hagedst iy noduehbireRaef riv€ctns i n host
cells can be effected by inter_ alia calciumphosphate transfection, virus

infection, BEAESENT 2R RBEI SR LY '@¥hﬁ§@éﬁt?¥ﬁ1CH%HHSF@CF%H1%P?¥%HSfeCt|on or

el ect r opor agkFess i VRCHEr ShEBNCIHE AWLRRANOUS] ¥ HLPWeCaLhAGvOs Ry replicate
15 together with the chronosone into which_ they have been integrated.

Pr ef er abl y, CoOmeeeNGlsMedhe aph dite C6 Lhor Bf Reesceirgm #he keedia TRE choi ce

of the markgg sydmyridepend. OﬂortiﬁiﬂHﬁ%Ea€§|éélégtféﬁo'%ﬁpl%ki&%%&ﬂ% i s is not
critical to the invention as is well known to persons skilled in the 20

art. They i heduefeoro@f &reanporiptimn. eah?ocuk’@hraﬁwmmdltlﬁéémi rkhepur onyci n,
hygromyci n, c%f?&'ih n Q)é%ghgsrg&%egﬁgeg&tﬁ&mﬁ%& ESP%”P% RHJWMS

(HSV- TK) , ydrof ate uctase g rom nouse necessary,
vect or slﬁaytoc@mﬁa sindg narruskel kedadind thel ectul @henemrlﬂgartehﬂeCACES protein 25

oper ably 11 0ked. 10,008 GnalDr el el aBhd, IRl eo ¢ae BOSALAGPLE el NS of

pepti des that can be use tion purposes. ot erns or
pepti des i nthedeyrdyutviame . nﬁarV¢stmngemawost§ﬂtn&HIaa@meaS-CPanS§erase

mal t ose blndb éHOH%FnB ggtal b|nd|n golyhlstldlne green fluorescent 30
&

uce rona
protein, | ugi erase and 0si dases ?%e nucl ei ¢ aci d

recovered/harvested from the cell free extract, but also

15 from the culture medium. Methods to recover viruses from
cell free extracts or culture medium are well known to the
man skilled in the art and may include centrifugation or
chromatographic steps. Preferably, the human cell used in
the method is PER.C6® as deposited under ECACC no. 96022940

20 or a derivative thereof. In a preferred embodiment the human
cell is capable of growing in suspension and/or can be
cultured in the absence of serum.

In a preferred embodiment the coronavirus is selected

from the group consisting of coronaviruses using the ACE2

25 protein as a receptor for infectious entry. Such
coronaviruses include, but are not limited to, human
coronaviruses including human SARS-CoV isolates and human
CoV-NL63 (see Hofmann et al. (2005)). In an embodiment the
engineered cells may be suitable for producing all human

30 SARS-CoV isolates (for a list of known human SARS-CoV

isolates see Table 1).



construct may conprise an expression-regul ating nucleic acid sequence. This
termas used herein refers to pol ynucl eoti de WD 2007/ 010028

PCT/ EP2006/ 064489 9 sequences necessary for and/or affecting the expression
of an operwmbhky7lotmked codi ng sequence in a particul ar haatep20sganassm The
expression-regul ati ng nucleic acid sequences, such as inter alia
appropriate transcription initiation, % termnation, pronoter, enhancer
sequences; repressor or activator sequences; efficient RNA processing
signals such as splicing and pol yadenyl ati on signals; sequences that

stabilize cytoplmsmhenaRNACES greeReaschhate aitharcentl yasshadda efiki ci ency
(e.g. ribosone binding sites); 10 sequences that enhance protein stability;
and when deg?ﬂ%ﬁﬁferéBgﬁeﬁE ¥ IFXPTEARSAC e MY S RIS EE i CHF be any

nucl ei ¢  acéftsaGdeREE BHENM NECHMCHrvkEYnidard hR RSt iaegand siRofce1g6h0i ce and
can be derived fron1%enes encodi ng proteins, ich are either honol ogous or

het er ol ogou?Y t SUAEaRLSt MYGL DY ATLENF OTREr Ydents - O cat VRt &hd &RHOEYnent of

expressipn-c4 LMY AbirNged CEMGNGAS snd 508 éNed anttRe ReEson, skil lgd,in the
art. Expression and/or transfection vectors frequently used include plasmd
vect ors andC®et RBRRPds eSOl Pl BismiaF oy e €POREAS iaRhagiest ERFRda$ nlamidapr esent

i nvention ag,fiRidiQvi fusesphaver 2@bheqdi spdvant age hhat t3 hey, | afect and
integrate only dividing cells. Qher problens include cunbersone

pr epar at i onetadvd Rlangt iehges bvwn iandmalsyeusemsThai aheiom of ndw t ed genes,
difficultiesed i Con bLLLAG: Lo PRRW HOGonBXRIAS H:aReaBPds (RO ROIENT T al for
geneti c danage due to randomintegration i n the ﬁost genone. Safety

i ssues thatandrthse ceidm thed uskntofoduetioni susestiorst he haporetldrsy i nvol ving

potenti al t%r# Gid ie‘%%eg?é&t%g%ﬂély ailrig%édéﬂﬁr?%fho%gggtgan | nfect human

cells, are a further sad age o e use roviruses. 30 In another
aspect the tramerfidcgnopy ovides infresttiod, PEAR-vextcempmediaged he step of

i nactivating_or t%gnuat'g t he har esteg ggﬂgp%&j% gttggeo£§@ﬁ£jvated or
at t enuat ed F52Bo2b B ERs006 ! oaA5Y 5 -
Vectors may be autonomously replicating or may replicate

15 together with the chromosome into which they have been
integrated. Preferably, the vectors contain one or more
selection markers. The choice of the markers may depend on
the host cells of choice, although this is not critical to
the invention as is well known to persons skilled in the

20 art. They include, but are not limited to, kanamycin,
neomycin, puromycin, hygromycin, zeocin, thymidine kinase
gene from Herpes simplex virus (HSV-TK), dihydrofolate
reductase gene from mouse (dhfr). If necessary, vectors may
comprising a nucleic acid molecule encoding the ACE2 protein

25 operably linked to one or more nucleic acid molecules
encoding proteins or peptides that can be used for isolation
purposes. These proteins or peptides include, but are not
limited to, glutathione-S-transferase, maltose binding
protein, metal-binding polyhistidine, green fluorescent

30 protein, luciferase and beta-galactosidase. The nucleic acid
construct may comprise an expression-regulating nucleic acid

sequence. This term as used herein refers to polynucleotide



10 coronavirus may be purified before, during or after the inactivation or
attenuation step. Purification may be perfornmed by nmeans of purification
nmet hods suitable for viruses such as for instance centrifugation through a
5 gl ycerol wo0i9mo@Bd ot her net hods well known to a perBCHER006/#48P nar y
skill in the art. Inactivation may be perfornmed by nethods well known to
the skilled artisan such as ganma- or &V irradiation, heat treatnent or
treatment with chemicals such as fornal dehyde, acetone, al cohol and

al kyl ati ng agents 10 |i ke ethyl ene oxide, ethyleneimne, acetylehtyl eneim ne
and B- pr opsetiaet e nefeelsksawy nfiot lend/mactif fat t ony sthep elkbeessiosest nmay be
tested for the abs gfelof igfec ivi%y in _cell cuIH#pe. Methods to test if a
virus is stPPICPHIECY Jé 6P PaFtHY SAUEBRDI &1 f PATTAST G4t 88%Rre al so wel |
known to therd&nijpen.s@heskixplredsiontteguant in@neec bhisenree dokegnéeeds,vity i s

est abl i shed, the thus obtained inactivated virus preparation, can be used
f or fuLthersbﬁ?p%§é§”:FgéabﬁcﬁPéﬁPﬁﬁéﬁéﬁrgf?%%?%%ﬁﬁiﬁ#E&PF hagéaﬁtes thg

virul ence otethenatiirdis $@ohmbabr, elHdneghskluescsd; Idepakis¥6r bt can no
| onger cause di sease. 20 The npbst common net hod of attenuation involves

adapting or §5h1 SHECT FFERERST ne SRRt BYRPTY RS 19 tSHEPaLRes " bse their

adapt ation &8 spEididslddla Besyaddie 4M0%h 6QFRRNS Y nceBt bpgt of virus
attenuation is prolonged tissue culture growth. Prolonged tissue culture

growt h i nvoP¥aRl} e @iteglasnit sBR: ic FSQUFBCHE atat iNRNCRe virus for nany

generati ons P 410 dN@ A4S APL (DAYl RAbbloke ViddiRNtsik@s)tissue culture
there is no selection for virulence and the virus loses its ability to

cause dil8easeduamees itdsiie cBHRREP PTARIM SE2hELHL Y Oranst vlget Fepietd.at t enuat ed

vacci nes iss3Queh&f erablyy chhaitt herSa® sReckesod hataidel 2R Nectdnat ed
with the attenuated vaccine in order to decrease the chance WO 2007/ 010028

PCT/ EP2006/ 864489ecquencst shewiing aebictiton inothhechessArganigm fht respect
o S3PLEaPIR P dcosghl e bl Lihes SYALEngT Yeokatsl) vat ed o

which are either homologous or heterologous to the host

15 organism. The identification and employment of expression-
regulating sequences is routine to the person skilled in the
art. Expression and/or transfection vectors frequently used
include plasmid vectors and retroviruses. Plasmid vectors
are preferred in the present invention as retroviruses have

20 the disadvantage that they infect and integrate only
dividing cells. Other problems include cumbersome
preparation and relatively low titer, size constraints on
inserted genes, difficulties in controlling or ensuring
expression, and the potential for genetic damage due to

25 random integration in the host genome. Safety issues that
arise from the use of retroviruses in the laboratory
involving potential toxicities, particularly from viruses
that can infect human cells, are a further disadvantage of
the use of retroviruses.

30 In another aspect the invention provides a method
further comprising the step of inactivating or attenuating

the harvested coronavirus. The inactivated or attenuated



i n vacci nes. Vaccines may be fornmul ated by neans known in 5 the art. Usually
this may involve the addition of an adjuvant and/or a suitable carrier. In
an enbodi ment the virus titer of the coronavirus harvested is at |east

4.00, 4.25wd®d0p1062875, 5.00, 5.25, 5.50, 5.75, 6.00, @cAmEP2606064a8%. 75,
7.00, 7.25, 7.50, and 10 preferably at least 7.75 loglO TCID50/m after 24
hours post infection. Furthernore, thgypresent invention provides the use
of a human cell according to the invention for the production of a
coronavirus, preferably a human coronavirus such as 15 human SARS- CoV or

HCoV- NL63. cdienhuiefsCcedy Wegairdifngdt Betdiee, iduvenyi 68 £atealge be used for
the screening of antiviral agents against a coronavirus. The antiviral
agents can PECHHBPELHN T ARG EARBsSERRL BFAddEaEhen iiddiify of the virus

to the recepirorAbdabfefdadde  @uepEOraf W c@Roat thetHAGRR &£ protein in
any other way. They can for instance be obtained by neasuring the binding

of “a candi d&trSes| 88gle®s ofthenstePrs epntefoantésnorh¥deoél s bearing the

ACE2 pr of eidn aRdo1MBYsh{6h Ut CRERI-CAL L RUPNNGS knBRRT LHes pRalyPept i des,
anti bodi es or fragnments thereof 25 In yet another aspect, the invention

provi des a erimedy Fbill dentlilfyiang -alneteite cvapabl e opet fhintsict Phig

cor onavi 1 Usned:lRClibon RAAPT:d ehlel CRLL DM 4ha 8! Badh COMMEBINO Lhe  steps
of a) incubating a cell according to the invention wth a coronavirus in

t he presenc® dimdadbhsbheor, ofeathd 3@ toanti dattereadimeot| eitanchdmniagdser mi ni ng

whet her the esen candj l.e _inhi bj Vi rus
Mnfectton undr a2 Fepflatifad A KIABhE, MRl RIS ahe PLY S EALRBMNERS
2007/ 0100281 PET/ERZ068¢ 064UBY, et ytlkatisbver alcesyépbtpietdionimet kods of t he

i nvention incl udi. i t a i hcu iQn _condjtions n
optinizati&%%n%$ﬁ§gefﬁﬁggéﬁgﬂ§ﬁ§8% ngﬁ%aﬁéfr;yiggﬁpé ﬁgéébe ?ﬁ%ggi Fggether
bef ore bei ngpycdrt aeseddwidh tHee abelehse dheinfrecgnitiiop ahsoebl provi des a

met hod, for SELSSH MipBRoant iy iadl, ol oyl &, 4hat o5, capRble of Jreduci ng

partly or completely inactivated are also well known to the

15 person skilled in the art. Once absence of infectivity is
established, the thus obtained inactivated virus preparation
can be used for further purposes e.g. vaccine preparation.

Attenuation reduces the virulence of the virus so that,

although it is still alive, it can no longer cause disease.

20 The most common method of attenuation involves adapting
organisms to growth in unusual conditions so that they lose
their adaptation to their usual host. The most commonly used
method of virus attenuation is prolonged tissue culture
growth. Prolonged tissue culture growth involves infecting

25 tissue culture plates with the virus for many
generations. Due to the virus not having to be virulent in
tissue culture there is no selection for virulence and the
virus loses its ability to cause disease. The tissue culture
that is used for production of attenuated vaccines is

30 preferably from the same species that will be vaccinated

with the attenuated vaccine in order to decrease the chance



wherein the nmethod conprises the steps of a) contacting a cell according to
the invention with a surface protein of a coronavirus in the presence or
absence of a candidate 10 antiviral nolecule, said surface protein being

i nvol ved i nwomoomiinggs of the coronavirus to the human ACECPERMeH/1s4482XPr essed
by the cell, such as a coronavirus S protein, b) neasuring the binding
interaction between the cell and the surface protein, and c) selecting a
candidate antiviral 15 nol ecul e whereby the binding interaction in the
presence of the candidate antiviral nolecule is reduced or decreased when
conpar ed t oofhembirnimgdtabar ast tion dikstilbe absenoe fspethencaadi dat e

antiviral nolecule. Mnhranes bearuﬁgﬁthe ACE2 rotein may al so be used in
the above sEPLLEidT MHHEITSFhes o6 E1§uéﬁﬂr?mﬁ§% s may al so be used in a

screeni ng assay TmSethdotisereendNGiipayad tohsadviansker negnpounsts t hat
specifically bind to the ACE2 protein. Since the ACE2 protein plays a role
in entrancelBf VREFIMGS VGCGRATT rTReLe TOGRHLALRRAPIYSARENELY AN HeoV- NL63,

into celks, taychr2> &Qfmq#nqﬁlmapem%qdel Phd r&ali@enobrpPEgVent i ng
coronavirus infections hus, the present invention provides for a nethod

for screenlﬁ@léﬁﬁﬁ@dHWHOIMHléhléﬁb%ﬁnCQH¥l§rfunctlon of the human ACE2

protein. These Cﬂwmo@)ﬁehﬁh@ét ithe chpaptden f cto*}%n!%@??@é or.
Compounds and nol ecul es that nay 30 be identified wth

screeni ng/ i denvesiedtisomtsérasti dn00 met-RSd éf5@hei(ﬁhe@tp@n he3Sbe derived

froma vari et y,of ur, di h al | LbeAri or m Xxtures
of WO 2007/%1%8285ﬁ?#/é%?%06§0%248 QK§3%?zgfuz gﬁ%%%uﬁdgg < ret hods may

invoIvelﬁeapmefﬁgablﬁaaﬂmlﬁdshg7075e#quWdﬂﬁéDQ/mbletu¢e o hoomsopndtto the
cells of §f85€§§§t i nvention or nmenbranes thereof bearing the ACE2
protein. Binding nmay be measured directly or indirectly. 5 Binding my be
nmeasur ed dlrectlyurEMHnmxanptbe pyemaansnaéntia@qhxa&smslahedumetmfthe

C Y B B e P SRR T By FRR ™ ©
conpetitionomnahcardd&ﬂxﬁusd)pceﬁeeﬁblyna hﬁhenn@@smnavn;u@fsuch as
15 human SARS-CoV or HCoV-NL63. The human cell according to the
invention can also be used for the screening of antiviral
agents against a coronavirus. The antiviral agents can be
molecules or compounds that affect the binding of the virus
to the receptor or affect the receptor function of the ACE2
20 protein in any other way. They can for instance be obtained
by measuring the binding of a candidate molecule to the
cells or membranes of the cells bearing the ACE2 protein and
may include chemical compounds, peptides, polypeptides,
antibodies or fragments thereof
25 In yet another aspect, the invention provides a method
for identifying a molecule capable of inhibiting coronavirus
infection and/or replication, the method comprising the
steps of a) incubating a cell according to the invention
with a coronavirus in the presence and absence of the
30 candidate molecule, and b) determining whether the presence
of the candidate molecule inhibits coronavirus infection

and/or replication. A person skilled in the art is aware



10 binding of a candidate nol ecule may, for exanple, also be determned in
a cell-based assay, wherein it can be determ ned whether a candi date

nol ecule is able to block the coronavirus fromentering a cell. In that
case it canwbeoo7detoes m ned whether, in the presence of trE/ERIGdaBE 15
nol ecul e or conpound, cells can still be infected with the coronavirus.

Alternatively, |abeled human SARS-CoV $oprotein or a fragnment responsible
for binding to ACE2 protein can be contacted with cells of the invention in
the presence or absence of candi date conpounds. Next, it can be determ ned
20 i f the cemsh catveremnpaupdsmaﬂfeemehbae afrodhd 1®1fve8t|i)6ﬁ)tﬁi1cﬂludiﬂ’ngfragrrent

bound to the cells. Candi date ecul es or s can be chem cal
conpounds o4 iSEEREs 8D ”b"?‘ﬁ?rtloﬁnlc%ﬁ’r@s r% aﬁPFb’BH’?%fsl‘B’r ant i body

fragments. The vicandiaddt €h80tLCdH @ ter mﬁsna@@wdnarpaybebmﬁaaab&®ﬁferbl nding to
25 the ACE2 rotein or ﬁ be capable of binding to a protein _of the
cor onavi r usPE AR PEA PN CPRERCES DI dRIFBR Febts cathiorVenEROR2ke S protein.

Al ternativepyovides GandiidabiersP| ROWR ingr ak APOUNG JTBMOL BedlY @idter way
decrease or inhibit/abolish virus entry and/or replication. The candi date

nol ecul es ot S 3RREHSoGRdECERaINHO IERRTAPE @Bbromddilr Y PnFREPRIR &IFd/ or

repl [ Cf'iti ONyE&Fe 1€ thgedek AoHEE i <@fs Eﬁgaétélgs %3 gr)e\égm:h@gm @y onavi rus
i nfection. WD 2007/ 010028 PCT/ EP2006/ 064489 EXAMPLES To ilTlustrate the

i nvention, €&kl faJERLRG ERakpe e@%lopr@%@eﬁd surH@cexanrpFes: atfe anot

| nt ended tOc!aféHathﬁ% $60Pfe prédeddie oknypOLian di aa%)én}ﬁ@é{ f &xanple 1
Ceneration of a stably transfected hurran ACE2 PER. C6( fl line 10 To

eval uat &0t henabiidaly modegrdey SARSL Cowvfand préofegin mi@uqavnmls‘e@,d om PER. C6(r)
natural TecBarar Far e B e R B R AR R LGS PeR Oo(r)
cells wer eexpresteat tbad tivet hehlplsasm @scar c9ronp tihmisc BNAr s bglende
measuring the binding interaction between the cell and the
surface protein, and c) selecting a candidate antiviral
15 molecule whereby the binding interaction in the presence of
the candidate antiviral molecule is reduced or decreased
when compared to the binding interaction in the absence of
the candidate antiviral molecule. Membranes bearing the ACE2
protein may also be used in the above selection method. The
20 cells and membranes may also be used in a screening assay
used in screening compound libraries for compounds that
specifically bind to the ACE2 protein. Since the ACE2
protein plays a role in entrance of certain coronaviruses,
such human SARS-CoV and HcoV-NL63, into cells, such
25 compounds may be used in treating or preventing coronavirus
infections. Thus, the present invention provides for a
method for screening compounds, which affect this function
of the human ACE2 protein. These compounds may inhibit the
function of the receptor. Compounds and molecules that may
30 be identified with the screening/identification/selection
method of the invention may be derived from a variety of

sources including chemical compound libraries or mixtures of



15 encoding the ACE2 protein (see Donoghue et al. (2000) and Tipnis et al.
(2000); see al so GenBank nunmbers AAF78220 and AAF99721; and SEQ ID NO 1).
Stabl e transfectants were selected using standard techni qgues known to a
per son ski Iwedooziomoehe art (see Coligan JE, Dunn BM Pl cegierzhoc/o&@ed cher DW
20 and Wngfield PT (eds.) (2001) Current protocols in protein science,
volume |. John Wley & Sons, Inc., NewyYork). The cDNA encoding the ACE2
protein was cloned as a Hindlll-Xbal fragnent in pcDNA2004neo(-) (SEQ ID
NO 2). DNA transfections in PER C6(r) cells were performed using standard

t echni ques. (125 uStaabl eonpomesds warhe sekbrcliedndn itnke lpeeseaser ofg &he ng/ m

418 (G bca). i . 2 it d [ fl t try.
Transt ect e TUE RBr & PROHH o TR DTS TS RANER M Pt RCmal n
pol ycl onal g idredieas (REEhSyat efs nembosnofne e fabe4Ci ndeiles Aggre washed

three tines with PBS 3Q.containing 0.5% BSA, incubated for 45 mnutes with
phycoer yt hr??f’-ﬁ?dﬁ’j'u&éf‘gﬂn‘?:(%y )o£ %@ﬁﬁ@i}%%n‘ﬂn Y PGB 2007/ 010028

PCT/ EP2096/ 64#8% mbi9d BBahyZad &N 3 rEACSEAl f dlexusibng, CB:Lfdtasd Jro software

(Becton Dickinson). Analysis revealed that approximtely 40% of the assayed

cl ones exprt3d 2ACES1pEBE eV HED Ale cPaftdatemilessilRy REEding i n bound t he

SARS- CoV S31BsbHe feagieal iiiee 15Xampt eaxdiileowl naExas®l ¢ 2 Production of
human SARS- CoV on ACE2 protein expressing PER Co6(r) cells 10 To eval uate

whet her st ab$3sUAERY- fPanBiREiRA PER capf}date|nod egle BeY Md¥&EI W for human
SARS- CoV ango&;s%wﬂo%dwwﬁ(??(fwéleaﬁ PUABE: SRS @Y. mbhEee: felsr of ACE2

protein expressing PER C6(r) cell cultures were infected in parallel wth
human SARS- Gondimca il ar candsdatd modecyleunay plfia eyxappleb #hdedts on (M) of

0.1, SARS- o, IS Kea VEL 01 Sl don veLEy | liuded ;a5 0g,pgei L ve control

cell line. Supernatants of the Infect ures were harvested and
snap- f r ozendaterni@@g ahethel2a @hdigigtgndo¥eciguris pbie taflekadkorthepi).

After collectlon Al @l b SAMPLESy i dS SHPET NAL ARt WEKE it can be

determined whether, in the presence of the candidate

15 molecule or compound, cells can still be infected with the
coronavirus. Alternatively, labeled human SARS-CoV S protein
or a fragment responsible for binding to ACE2 protein can be
contacted with cells of the invention in the presence or
absence of candidate compounds. Next, it can be determined

20 if the candidate compounds decrease the amount of S protein
or fragment bound to the cells. Candidate molecules or
compounds can be chemical compounds or can likewise be other
molecules, e.g. antibodies or antibody fragments. The
candidate molecule or compound may be capable of binding to

25 the ACE2 protein or may be capable of binding to a protein
of the coronavirus involved in infection and/or replication
such as the S protein. Alternatively, the candidate molecule
or compound may in any other way decrease or inhibit/abolish
virus entry and/or replication. The candidate molecules or

30 compounds that do inhibit coronavirus infection and/or
replication can be used in methods of treating or preventing

coronavirus infection.



20 thawed and cleared by centrifugation. Serial 10-fold dilutions were nade
and titrated on a confluent culture of Vero cells to determne the titer.
The calculated titers indicated in Table 2 show that PER C6(r) cells

expr essi ng wheoveni0d8E2 protei n are capabl e of produci ng PEARB2006N64 25
level s simlar as those observed for Vero cells and higher than those
observed for other cells such as 293T gglls engineered to express the ACE2
protein. Exanple 3 30 Binding of spike protein fragnents to ACE2 protein
expressing PER C6(r) cells WD 20071010028 PCT/ EP2006/ 064489 16 Fl ow
cytonetry analysis was used to assay binding of reconbinant fragnents of
the S protein to ACE2 transfected PER C6(r) cells. PER C6(r) cells
expressi ng ACE2 were incubated forE Sat 4C with saturati ng

concentratimns 10hsAvEtS tRggetden818npléhd rRgneRtsg ERAssTIdLtHr@n and
expression of reconbinant S fragnments was perforned essentially as
descri bed iRFWVaRedenTRei femtles are2005)intgnded o Limho thicis§eP818- 510 of

the S1 subwy t-n@f igbgngp&ﬂgeirglaylgo%gt. ein of SARS-CoV strain Frankfurt 1
were transiently expressed as 10 nyc/ Hi s-tagged proteins in 293T cells and

purified using N - chromatography (for am no acid sequence of w ld-type

Frankfurt %;%g-eﬂo fragment see SEQ ID NO 3; for amno acid sequence of
S318-510 f ncl udi ng signal sequence, nyc tag and his tag see SEQ ID

NO 4). 15 Nextgrasebecbé€da ntattiliyonsaderevesd fumanpabER sheRl. ta®rare 1 ISARS- CoV S
protein sequences were introduced in the S318-510 fragnment. The nutations
correspond tdSwutations found in strains BJ302 cl.2 (variant F; GenBank no.
AY42907;  nut atrooavhii96) e aBAITOAAS (nar Isars-Ebv GenBasdhegio. 20
AY525636; nutations K344R, F360S, L472P, D480G, T487S). After three washes,
bound fragrRtongeiauges eet R o8 Gwlleytbakt FSCAPAINGSESY bGXRIES TRy

bi oti nyl at %ﬁ%&!ehwﬁ-@&ﬁefp%g CRa0he cha%i)qt gng%wy J!kaeg)t. o@nd
streptavi di n-conjugated phycoerythfin (Caltag). I ncubati ons and washes
wer e for inter alia human SARS-CoV and HCoV-NL63, PER.C6® cells
were transfected with a plasmid carrying the cDNA sequence
15 encoding the ACE2 protein (see Donoghue et al. (2000) and
Tipnis et al. (2000); see also GenBank numbers AAF78220 and
AAF99721; and SEQ ID NO:1). Stable transfectants were
selected using standard techniques known to a person skilled
in the art (see Coligan JE, Dunn BM, Ploegh HL, Speicher DW
20 and Wingfield PT (eds.) (2001) Current protocols in protein
science, volume I. John Wiley & Sons, Inc., New York). The

cDNA encoding the ACE2 protein was cloned as a HindIII-Xbal
fragment in pcDNA2004neo(-) (SEQ ID NO:2). DNA transfections
in PER.C6® cells were performed using standard techniques.
25 Stable clones were selected in the presence of 0.5 mg/ml
G418 (Gibco) . Expression of ACE2 was monitored using flow
cytometry. Transfected cells were incubated with goat anti-
human ACE2 ectodomain polyclonal antibodies (R&D systems)
for one hour at 4°C. Cells were washed three times with PBS
30 containing 0.5% BSA, incubated for 45 minutes with

phycoerythrin-conjugated F(ab')2 donkey anti-goat IgG, and



25 perfornmed at 4C in PBS, supplenmented with 0.5% bovine serum al bumn
(BSA). Binding of the anti-ACE2 1gG and the reconbinant S fragnment reveal ed
that no loss in ACE2 expression was observed after 18 passage nunbers (data
not shown).wA=oetoomsi n Figure 1, all fragnents were capedi/Er2066/06889bi ndi ng
to the PER C6(r) cells expressing ACE2 protein, with the strongest binding
detected for wild-type S31B-510 WD 20075010028 PCT/ EP2006/ 064489 17
fragnent and fragnent variant F. The binding of S protein fragnents of
several human SARS-CoV isolates to PER C6(r) cells expressing ACE2 protein
shows t hat thel ¢add ncan Fbescalsia@l.lﬁ @ sphgdOEBLGusEN PSARSoEeVatsol ates in

general . e 1. List u SARS- CoV | sol ates that can be grq

ACE> pr ot i NEEKEPbRIEIG "BBR) CALTI LU SSURR HD S AFBLCRAER Gl Ab Conbank
FASTA SARSoEOEKéHﬁégdy%dA815H6§5éXﬁﬁEm%%HFHSEZ¥%rdﬂ§ﬂw eh@lAXﬂ&%489 37576845
genone. SARS coronavirus EJO1 SARS coronavirus nglete AY278488
30275666 gBRORESSISARECES Bﬁa‘&‘ﬂrhsb%lj’@ztém@%r%Ya\WG BI0Sra st et e
AY2784875314@@83ﬁﬁmgﬁ@D@Ebe§&RS.COfOHaVIrUS BJ03 SARS coronavirus BJO03,
conpl ete AY278490 31416305 genone. SARS coronavirus BJ04 SARS coronavirus
BJ04, conplete AY279354 31416306 genonme. SARS coronavirus BJ2232 SARS
coronavi r usgBdadZe SARS coronavi rus CUHK- AGOL SARS coronavirus CUHK- AGOL,
AY345986 33 conpl ete genonme. SARS coronavirus CUHK- AQQ2, SARS

cor onavi r us POORRC N2 ehyital @M@iﬂ@@?O@Bé?ﬁ%OQrOQﬁﬂﬁﬂaépéeSARSJcoronaV|rus
CUHK- AGD3 S@§§ 8%£E§X{ us CUHK- AGD3, AY345988 33114214 conplete genone.
SARS coronavirus

10 To evaluate whether stably ACE2-transfected PER.C6®
cells were permissive for human SARS-CoV and supported the
growth of human SARS-CoV, three sets of ACE2 protein
expressing PER.C6® cell cultures were infected in parallel
with human SARS-CoV Frankfurt 1 strain at a multiplicity of

15 infection (MOI) of 0.1. SARS-CoV permissive Vero cells were
included as a positive control cell line. Supernatants of
the infected cultures were harvested and snap-frozen at -
80°C after 12, 24, 48 and 72 hours post infection (pi).
After collection of all samples, the supernatants were

20 thawed and cleared by centrifugation. Serial 10-fold
dilutions were made and titrated on a confluent culture of
Vero cells to determine the titer. The calculated titers
indicated in Table 2 show that PER.C6® cells expressing
human ACE2 protein are capable of producing SARS-CoV to

25 levels similar as those observed for Vero cells and higher
than those observed for other cells such as 293T cells

engineered to express the ACE2 protein.

Example 3
30 Binding of spike protein fragments to ACEZ protein

expressing PER.C6® cells



SARS coronavi rus CUHK- Sul O SARS coronavi rus CUHK- SulO, AY282752 38304867

conplete g

enome. SARS coronavirus CUHK-WL. SARS coronavi rus CUHK-W ,

conpl ete

AY278554 30027610 genone. SARS coronavirus cw037 SARS coronavirus cw0d49
SARS cor ongng Toor5016838 SARS coronavi rus FRA, conpl et e AY32O01282038848015

genonme. SARS coronavirus Frankfurt SARS coronavirus Frankfurt 1, AY291315
1 conpl ete genone. SARS cor virus GDOL SARS coronavirus GA ,
conpl ete AY278489 31416290 genone. SARS coronavirus GDO3TO013 spi ke SARS
s GD03T0013 gl ycoprotein gene, conplete cds. AY525636 41764105,

SARS cor onavi r us rHh 9% pARR tGQF aRaYEUS ¥IPhseaonpl £t £a ABIN0G 37960831
genone. SARS coronavirus GZ- A SARS coronavirus GZ-A, farti al AY394977

31581502

coronaviru

37624320
AY394978 3

genremeinarRS ragreRavi Phist ity -SBPSARSIR oF @ VA

Fan2igctednpl et e

conpl ete A\%giggé 5%3%%2]3 RS‘???%%?%?E@%%?%%%@@? S&E?Eog%ggago%fi Cc);ﬁa\cl:l rus

GZ- D, partifakr AYBOUOSX 7624328 sgemate ng\OoR08t ANIRE BETMEP2006/ 064489

18 SARS_co

i RS ' 02 | et e AY390556 41323719
genonme. SSARSICET ORBYA 111 CIASTSARS, COPBIAVIFHEh U CBEAEEAP T AT04490

34482141 geronBinoMRS clofagmavit b Usa 3450 fOARSA Cos oeatvi a1usy @450,

conpl ete

AY304495 34482146 .genone. SARS coronavirus 0 RS coronavirus GZ60,
58n3 BHlnT i s

partial AY362481°%248 148

r

etk Hrg leor!
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SARS-CoV strain Frankfurt 1 were transiently expressed as
myc/His-tagged proteins in 293T cells and purified using Ni-
chromatography (for amino acid sequence of wild-type
Frankfurt 1 S318-510 fragment see SEQ ID NO:3; for amino
acid sequence of S318-510 fragment including signal
sequence, myc tag and his tag see SEQ ID NO:4).

Next, selected mutations derived from published human
SARS-CoV S protein sequences were introduced in the S$318-510
fragment. The mutations correspond to mutations found in
strains BJ302 cl.2 (variant F; GenBank no. AY429073;
mutation N479S) and GDO3T0013 (variant H; GenBank no.
AY525636; mutations K344R, F360S, L472P, D480G, T487S).
After three washes, bound fragment were detected by flow
cytometry analysis by using biotinylated anti-myc antibody
(Santa Cruz Biotechnology Inc.) and streptavidin-conjugated
phycoerythrin (Caltag). All incubations and washes were
performed at 4°C in PBS, supplemented with 0.5% bovine serum
albumin (BSA). Binding of the anti-ACE2 IgG and the
recombinant S fragment revealed that no loss in ACE2
expression was observed after 18 passage numbers (data not

shown) . As shown in Figure 1, all fragments were capable of
binding to the PER.C6® cells expressing ACE2 protein, with
the strongest binding detected for wild-type S318-510
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associated with pneumonia AY518894

46369870

Table 2. SARS-CoV titers measured in culture supernatants

5 harvested after 12, 24, 48 and 72 hours post-infection of

PER.C6® and Vero cultures at MOI 0.1. Titers were expressed

in logl0 * logl0 standard error.

hr
PER.C6®-ACE2 Vero

pi
12

5.05%0.16

5.05+0.16

5.30+0.19

7.30%0.23

7.05£0.16

7.05x0.16

24 7.93%0.13

7.55%£0.25

6.9310.13

7.43%£0.18

7.18x0.21

7.05%£0.16

48 | 6.05+0.16

6.18+0.18

6.43%0.18

7.05%+0.18

6.80

7.43%0.18

72 16.80%0.29

6.18%0.30

5.9310.21

6.80+0.18

6.55%0.16

6.68%+0.13




genone. SARS coronavirus BJ302 clone 1 AY429072 38016580 WO 2007/010028
PCT/ EP2006/ 064489 22 spi ke gl ycoprotein gene, conplete SARS coronavirus
BJ302 clone 2 AY429073 38016582 spi ke gl ycoprotein gene, conplete SARS
coronavi r usv@a®@rioeisone 3 AY429074 38016584 spi ke gl yceprareiosogesye,

conpl ete SARS coronavirus BJ302 clone 4 AY429075 38016586 spi ke

gl ycoprotein gene, conplete SARS corongyirus BJ302 clone 5 spike

gl ycoprotei n gene, conplete AY429076 38016588 SARS coronavirus BJ302 cl one
6 AY429077 38016590 spike glycoprotein gene, conplete SARS coronavirus
BJ302 clone 7 AY429078 38016592 spi ke gl ycoprotein gene, conplete SARS
coronavirus BJ302 cl one 8 AY429079 38016594 spi ke gl ycoprotein gene,

conpl ete Human coronavirus NL63 Human Coronavi rus NL63, conplete AY567487
49035964 genonme Human group 1 coronavirus Human group 1 coronavirus

associ ated wth pneunoni a associ ated w th pneunonia, AY518894 46369870
conpl et & genone Table 2. SARS- Ca¥RVENGH &L red in culture supernatants
harvest ed afitoercric)1 2411a888and 72 hours post-infection of PER C6(r) and
Vero cultures at MJ 0.1. Titers were expressed in |ogl0 |oglO standard
error. hr PER CB{rof2 REES V&1P6® "pi 12 5. 050.16 5.050.16 5.300.19 7.300.23
7.050. 1» 7. 050.1L6 Meddn,7 s&30. 13 7. 550. 25 6.930.13 7.430.18 7.180.21 7.050.16
48 6.050.16 6.180.18 6.430.18 7.050.18 6.80 7.430.18 72 6.800.29 6.180.30
5.930. 21 6.800.18 6.550.16 6.680.13 WO 2007/ 010028 PCT/ EP2006/ 064489 23

<120> Cell line for producing coronaviruses

15

<130> 0122 WO 00 ORD
20

<160> 4
25

<170> PatentIn version 3.1

30 <210> 1
<211> 805

<212> PRT
35
<213> Homo sapiens

40 <400> 1

Met Ser Ser Ser Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr Ala
1 5 10 15

45
Ala Gln Ser Thr Ile Glu Glu Gln Ala Lys Thr Phe Leu Asp Lys Phe
20 25 30

50 Asn His Glu Ala Glu Asp Leu Phe Tyr Gln Ser Ser Leu Ala Ser Trp
35 40 45

Asn Tyr Asn Thr Asn Ile Thr Glu Glu Asn Val Gln Asn Met Asn Asn
55 50 55 60

Ala Gly Asp Lys Trp Ser Ala Phe Leu Lys Glu Gln Ser Thr Leu Ala
65 70 75 80
60



5 SEQUENCE LI STING <110> Crucell Holland B.V. Van den Brink, Edward N. 10
Ter Meul en, Jan H <120> Cell line for producing coronaviruses 15 <130>
0122 WO 00 ORD 20 <160> 4 25 <170> Patentln version 3.1 30 <210> 1 <211>
805 <212>vwRiRT00780213> Hono sapiens 40 <400> 1 Met SeictihRoos@EsaSer Trp
Leu Leu Leu Ser Lau Val Ala Val Thr Ala 1 5 10 15 45 Ala Gn Ser Thr Ile
Qu du Gn Ala Lys Thr Phe Leu Asp Lys,Phe 20 25 30 50 Asn H's Qu Ala

G u Asp Leu Phe Tyr Gn Ser Ser Leu Ala Ser Trp 35 40 45 Asn Tyr Asn Thr
Asn Ile Thr Gu Gu Asn Val Gn Asn Met Asn Asn 55 50 55 60 Ala Ay Asp Lys
Trp Sex Ala She Leu Lys Qu Gn Ser Thr Leu Ala 65 70 75 80 60 WO

2007/ 010028 P&y EPZB’(B‘GZG(B&ME%U a9 @S“I\@t’ Ty Va2 Py E%’UGIGI n dulle Gn Asn
Leu Thr Val Lys Leu GAH 8590 95 51lou Gn Ala LEU Gn G n Asn Gy Ser Ser
Val LeusSer Glu Asp Lys 100 105 110 10 Ser Lys Arg Lou Asn Thr Ile Leu Asn

Thr Met F*ErLeqqqgn p}qaLeEyglnFﬁgp Asn Gly Ser Ser Val Leu Ser Glu Asp Lys
10 105 110

10 Ser Lys Arg Leu Asn Thr Ile Leu Asn Thr Met Ser Thr Ile Tyr Ser
115 120 125

Thr Gly Lys Val Cys Asn Pro Asp Asn Pro Gln Glu Cys Leu Leu Leu
15 130 135 140

Glu Pro Gly Leu Asn Glu Ile Met Ala Asn Ser Leu Asp Tyr Asn Glu
145 150 155 160
20

Arg Leu Trp Ala Trp Glu Ser Trp Arg Ser Glu Val Gly Lys Gln Leu
165 170 175

25
Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg
180 185 190

30 Ala Asn His Tyr Glu Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu
195 200 205

Val Asn Gly Val Asp Gly Tyr Asp Tyr Ser Arg Gly Gln Leu Ile Glu
35 210 215 220

Asp Val Glu His Thr Phe Glu Glu Ile Lys Pro Leu Tyr Glu His Leu
225 230 235 240
40

His Ala Tyr Val Arg Ala Lys Leu Met Asn Ala Tyr Pro Ser Tyr Ile
245 250 255

45
Ser Pro Ile Gly Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly
260 265 270

50 Arg Phe Trp Thr Asn Leu Tyr Ser Leu Thr Val Pro Phe Gly Gln Lys
275 280 285

Pro Asn Ile Asp Val Thr Asp Ala Met Val Asp Gln Ala Trp Asp Ala
55 290 295 300

Gln Arg Ile Phe Lys Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu
305 310 315 320
60

Pro Asn Met Thr Gln Gly Phe Trp Glu Asn Ser Met Leu Thr Asp Pro
325 330 335



115 120 125 Thr Gy Lys Val Cys Asn Pro Asp Asn Pro A n Gu Cys Lou Lou Lou
15 130 135 140 Qu Pro Gly Leu Asn Gu Ile Met Ala Asn Her Lou Asp Tyr Asn
145 150 155 160 20 Arg Lou Trp Ala Trp Gu Ser Trp Arg Her Au Val Gy

du
Lys
du
Arg
Ay
Pro
Met
Al a

Thr

Adn
Met
Ay
Adn
Lou
Asn
Hi s
Ser

Lowo 2@3/010828 175 25 Arg Pro Lou Tyr A u G u TyrcYar20balosdsssu Lys Asn
Ala Arg 180 185 190 30 Ala Asn H's Tyr Gu Asp Tyr Ay Asp Tyr Trp
Asp Tyr Gu 195 200 205 Val Asn Gy Val Asp Gy Tyr Asp Tyr Her Arg
Leu Ile u 35 210 215 220 Asp Val Qu H's Thr The Qu Qu Ile Lys
Tyr Gu H's Lou 225 230 235 240 40 His Ala Tyr Val Arg Ala Lys Lou
Al a Tyr Pro Her Tyr 1le 245 250 255 45 Ser Pro lle Ay Cys Lou Pro

Le T 527 0 Phe Trp Thr Asn Lou
Lo&l \/%{1 Pysgﬁ Vé{ G ys %‘E 5@"0828@“ étryg Ash 116 Asp Val Thr

Al a SNot VaI Asp Gn Aa Trp Asp Ala 55 290 295 300 G n Arg Ile Phe Lys

G n

AIaGI L rTheVIHerV y. L 05 310 315 320 60 Pro Asn Met
)é§ %;p P fi %%£ULyT§ﬁgl)§§%3§ g'

a y Woash ‘érﬁéﬁ\ds P %95 330 335 WO

2007/ 010028 PCT/ EP2006/ 064489 25 Ay Asn Val Gn LyS Ala Val Cys H's Pro
Thr Al awl'rp Asp Lev Gy 340 345 350

5
he Leu Thr Ala His Glu Met Gly His Ile Gln Tyr Asp Met Ala
370 375 380

15 Tyr Ala Ala Gln Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe

385 390 395 400

His Glu Ala Val Gly Glu Ile Met Ser Leu Ser Ala Ala Thr Pro Lys

20 405 410 415

His Leu Lys Ser Ile Gly Leu Leu Ser Pro Asp Phe Gln Glu Asp Asn
420 425 430

25

Glu Thr Glu Ile Asn Phe Leu Leu Lys Gln Ala Leu Thr Ile Val Gly
435 440 445

30

Thr Leu Pro Phe Thr Tyr Met Leu Glu Lys Trp Arg Trp Met Val Phe
450 455 460

35 Lys Gly Glu Ile Pro Lys Asp Gln Trp Met Lys Lys Trp Trp Glu Met

465 470 475 480

Lys Arg Glu Ile Val Gly Val Val Glu Pro Val Pro His Asp Glu Thr

40 485 490 495

Tyr Cys Asp Pro Ala Ser Leu Phe His Val Ser Asn Asp Tyr Ser Phe
500 505 510

45

Ile Arg Tyr Tyr Thr Arg Thr Leu Tyr Gln Phe Gln Phe Gln Glu Ala
515 520 525

50

Leu Cys Gln Ala Ala Lys His Glu Gly Pro Leu His Lys Cys Asp Ile
530 535 540

55 Ser Asn Ser Thr Glu Ala Gly Gln Lys Leu Phe Asn Met Leu Arg Leu

545 550 555 560

Gly Lys Ser Glu Pro Trp Thr Leu Ala Leu Glu Asn Val Val Gly Ala

60 565 570 575

Lys Asn Met Asn Val Arg Pro Leu Leu Asn Tyr Phe Glu Pro Leu Phe



Lys Gy Asp Phe Arg Ile Lou Met Cys Thr Lys Val Thr Met Asp Asp 355 360 365
10 Phe Leu Thr Ala Hs Hs Qu Met Ay Hs Ile Gn Tyr Asp Met Ala 370 375
380 15 Tyr Ala Ala G n Pro Phe Lou Leu Arg Asn Ay Ala Asn Gu Ay Phe 385
390 395 400WORP/OQR8 Ala Val Gy GQu Ile Met Ser Leu SerPCA/EP2M64638Y Pro Lys
20 405 410 415 His Leu Lys Ser Ile Gy Leu Lou Ser Pro Asp Phe G n G u Asp

Asn 420 425 430 25 AQu Thr Qu Ile Asp Phe Leu Leu Lys G n Ala Leu Thr Ile
Val Ay 435 440 445 30 Thr Leu Pro Phe Thr Tyr Met Leu GQu Lys Trp Arg Trp
Met Val Phe 450 455 460 35 Lys Ay Qu Ille Pro Lys Asp G n Trp Met Lys Lys
Trp Trp G u Met 465370 475 480 1395 Arg u Il1é°Val Ay Val Val Au Pro Val
Pro Hs Asp Qu Thr 40 485 490 495 Tyr Cys Asp Pro Ala Sex Leu Phe H s Val

Ser Asn Asprnlyrp Sef Lihesp &S00sb0hs 230 serdbnel Va@ Ay grdpér T\ Thr Arg Thr Leu Tyr
Gn Phe G n Phe G®h Au Ala 5180520 525 50 9%8u Cys G n Ala Ala Lys Hs Qu
Gy Pro Leu H's Lys Cys Asp Ile 530 535 540 55 Ser Asn Ser Thr u Ala Ay
G n Lys LouasbhepAsh eMetyd eld ApGirhedr 24515501555 126@er Ay Lys Ser A u Pro Trp
Thr Leu Ala LedoG@ u Asn Val &al dy Ala 6@0565 570 575 Lys Asn Met Asn Val

Arg Pro'leu Leu Asn Tyr Phe @ u Pro Leu Phe WD 2007/ 010028 PCT/ EP2006/ 064489

26 580 585 ﬁz%OSer Ala Leu Gly Asp Lys Ala Tyr Glu Trp Asn Asp Asn Glu Met
625 630 635 640

15
Tyr Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Gln Tyr Phe Leu
645 650 655

20 Lys Val Lys Asn Gln Met Ile Leu Phe Gly Glu Glu Asp Val Arg Val
660 665 670

Ala Asn Leu Lys Pro Arg Ile Ser Phe Asn Phe Phe Val Thr Ala Pro
25 675 680 685

Lys Asn Val Ser Asp Ile Ile Pro Arg Thr Glu Val Glu Lys Ala Ile
690 695 700
30

Arg Met Ser Arg Ser Arg Ile Asn Asp Ala Phe Arg Leu Asn Asp Asn
705 710 715 720

35
Ser Leu Glu Phe Leu Gly Ile Gln Pro Thr Leu Gly Pro Pro Asn Gln
725 730 735

40 Pro Pro Val Ser Ile Trp Leu Ile Val Phe Gly Val Val Met Gly Val
740 745 750

Ile Val Val Gly Ile Val Ile Leu Ile Phe Thr Gly Ile Arg Asp Arg
45 755 760 765

Lys Lys Lys Asn Lys Ala Arg Ser Gly Glu Asn Pro Tyr Ala Ser Ile
770 775 780
50

Asp Ile Ser Lys Gly Glu Asn Asn Pro Gly Phe Gln Asn Thr Asp Asp
785 790 795 800

55
Val Gln Thr Ser Phe
805
60 <210> 2

<211> 5549



Thr Trp Lou Lys Asp G n Asn Lys Asn Ser
Pro Tyr Ala Asp A n Ser
10 Lys Ser Ala Leu Gy Asp Lys Ala Tyr Gu Trp Asn Asp Asn G u Mt
635 64070 2®7@y028_ eu Phe Arg Ser Ser Val
645 650 655 20 Lys Val

605
620
630
Leu
Arg
Al a
Lys
Leu
Lou
Phe
Phe
dy
Asn
805

Asp Trp Ser

Val
Pro

25 675 680 685 Lys Asn Val
Ala lle

Lys Asn @ n Mt

Asn Asp2psn bNyQ5 710 715 720 35 Ser

Ay Prao

ny; RAéﬁ}léggfls

Gy Val Val

Met Gy

o

al

Phe Val
Ile Lys Val

odi2o 730 735 40 Pro Pro Val
740 745 750
Thr Gy Ile Arg Asp Arg 45 755 760 765 Lys Lys Lys Asn Lys Ala Arg Ser

Lys Gy G u Asn
G n Thr

Il e Val

Val

Ser

Gy Trp Ser Thr
Arg Ile Ser

Al a Tyr Al a PNBIEPA#0G/06348D Tyr
Ile Leu Phe Gy Gu du Asp Val
660 665 670 Ala Asn Lau Lys Psp Arg Il e Ser Phe Asn Phe Phe Val
Ser Asp Ile Ile Pro Arg Thr G u Val
690 695 700 30 Arg Met Ser Arg Ser Arg Ile Asn Asp Ala Phe Arg
Leu Gu Phe Lou Ay Ile Gn Pro Thr
Ile Trp Leu Ile Val

Gy lle Val Ile Leu

Gu Asn<2g({]>o Tyr Ala Ser Ile 770 775 780 50 Asp Ile Ser
Pro Ay e An Asn Thr Asp Asp 785 790 795 800 55 Val
6010<21<(2>3>2 p<NR2004549 WO 2007/ 010028 PCT/ EP2006/ 064489
<400> 2
gacggatcgg gagatctccc gatccectat ggtcgactct cagtacaatc tgctctgatg 60
ccgcatagtt aagccagtat ctgcteccetg cttgtgtgtt ggaggtcgct gagtagtgceg 120
e cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgce 180
ttagggttag gcgttttgeg ctgcttcget aggtggtcaa tattggccat tagccatatt 240
20 attcattggt tatatagcat aaatcaatat tggctattgg ccattgcata cgttgtatcc 300
atatcataat atgtacattt atattggctc atgtccaaca ttaccgccat gttgacattg 360
attattgact agttattaat agtaatcaat tacggggtca ttagttcata gcccatatat 420
29 ggagttccge gttacataac ttacggtaaa tggcccgect ggctgaccge ccaacgaccce 480
ccgeccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag ggactttceca 540
30 ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac atcaagtgta 600
tcatatgcca agtacgcccce ctattgacgt caatgacggt aaatggcccg cctggcatta 660
tgcccagtac atgaccttat gggactttce tacttggcag tacatctacg tattagtcat 720
> cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat agcggtttga 780
ctcacgggga tttccaagtc tccaccccat tgacgtcaat gggagtttgt tttggcacca 840
40 aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgc aaatgggcgg 900
taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc gtcagatcge 960
ctggagacgc catccacgct gttttgacct ccatagaaga caccgggacc gatccagcct 1020
+ ccgecggecgg gaacggtgceca ttggaagett ggtaccggtg aattcggecgce gecgtcgacg 1080
atatcgatcg gaccgacgcg ttcgcgageg gceccgcaattce gctagegtta acggatcectce 1140
50 gagtctagag tttaaaccgc tgatcagcct cgactgtgec ttctagttge cagccatctg 1200
ttgtttgcce ctecceegtg cecttecttga ccectggaagg tgccactcec actgtecttt 1260
cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg 1320
> gtggggtggg gcaggacagc aagggggagg attgggaaga caatagcagg catgctgggg 1380
atgcggtggg ctctatgget tctgaggcgg aaagaaccag ctggggctct agggggtatc 1440
60 cccacgcgec ctgtagegge gcattaagcg cggcgggtgt ggtggttacg cgcagegtga 1500
ccgctacact tgccagegece ctagegececg ctectttege tttettecect tecttteteg 1560

5 595 600
610 615



27 <212> DNA <213> Artificial sequence 5 <220> <223> pcDNA2004neo(-) 10
<400> 2 gacggat cgg gagatctccc gatcccctat ggtcgactct cagtacaatc tgctctgatg 60
ccgcatagtt aagccagtat ctgctccgtg cttgtgtgtt ggaggtcgct gagtagtgcg 120 15

cgagcaaaat woa¥dgjor®Wesm acaaggcaag gcttgaccga caattgcat g FEgarRewHe448B80
ttagggttag gcgttttgcg ctctttcget aggtggtcaa tattggccat tagccatatt 240
attcattggt tatatagcat aaatcaatat tggctagtgg ccattgcata cgttgtatcc 300
atatcataat atgtacattt atattggctc atgtccaaca ttaccgccat gttgacattg 360
attattgact agttattaat agtaatcaat tacggggtca ttagttcata gcccatatat 420
ggagtt ccgc Featdat aafrtticat ggrarmata ggecedd crtggetyaetgecietaaégacce 480
ccgecccattg Rcatcaataa . dgacgiatgt.q ga%&%%@cgtgqg@g%pQ@écegaggctga%& cca 540
ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac atcaagtgta 600
t cat at gcta |geatge ceeteead vHatFrccoat Garggoedagcygeactpacrt ggeatta 660
tgcceagtac aLaacct Lel.aa0aglLise.d ablloncag .63l claca.tat tag cat 720
cgctattacc afggtgatgc ggtttiggca gtacatcaat gggcgtggat agcggtttga 780
ctcacggg a tat{ggRagtwotecaccucabtt gacgboaalsagggagttbdogaabt t ggéaacca 840
aaat caatgg gactttccaa tgtc a_caactccgcc, ccattgacgc aaat cgg 900
taggcgt gt a tgéagctg%ggaagtgagatﬁc%?gtg%atq%%atgcacﬁ getegt Fra %ga%%%“g? calgg(?cgc 960
ct ggagacgc ®aiwcacceaagistd cgacctc cat agaagacwascyggagcsgat coagcct
ccgcggceegg acggt gca ttggaagctt ggtaccggtg aattcaggcgc gccgtcgacg
atat cgalng FLcbuRr Gag TIen S aeRg D S srlaT B LT ah BT P M ggki Dot o
gagt ct agag dcht-aascegectgat cagect oL greigiglecctelsagtiqgecacagcnat ct g

ttgttthCC CtCCCCCQt?tCCttCCRt%a ccct gaag tgccactccc ath%CCttt
cot aat apan TOTAAAPT HEA CUCALT YT o JRIP Al I e S UL T t ct4Ug0g
gt 9999t 099 geagoacags:-anggagyaad-atl:gaganga: oaalkageagereat gotggyg

ctctatgget tctgaggcgg aaagaaccag ctggggct ct agggggf at c

at gcggt
gcggt ggg tcececgggagl ttggatatce at ctgatcaaga gacaggatga ggatcgtttc

20

25
30

35
40

1020 45
1080
1140
1200
1260
1320
1380
1440

50

55

25

30

35

40

45

50

55

60

gcatgattga
tcggetatga
cagcgcaggg
tgcaggacga
tgctcgacgt
aggatctcect
tgcggcggcet
gcatcgagceg
aagagcatca
acggcgagga
atggccgett
acatagegtt
tcctegtget
ttgacgagtt
ccgecttceta
tccagegegg
ataatggtta
tgcattctag
cgacctctag

ateccgcetceac

acaagatgga
ctgggcacaa
gcgeeeggtt
ggcagcgegg
tgtcactgaa
gtcatctcac
gcatacgcett
agcacgtact
ggggctcgeg
tctegtegtg
ttctggattc
ggctacccgt
ttacggtatc
cttctgagceg
tgaaaggttg
ggatctcatg
caaataaagc
ttgtggtttyg
ctagagcttg

aattccacac

ttgcacgcag
cagacaatcg
ctttttgteca
ctategtgge
gcgggaaggg
cttgctcectg
gatccggcecta
cggatggaag
ccagccgaac
acccatggeg
atcgactgtg
gatattgctg
gccgetceeeg
ggactctggg
ggcttcggaa
ctggagttct
aatagcatca
tccaaactca
gcgtaatcat

aacatacgag

gttctecgge
gctgcectcectga
agaccgacct
tggccacgac
actggctgcet
ccgagaaagt
cctgcccecatt
ccggtettgt
tgttcgccag
atgcctgett
gccggetggg
aagagcttgg
attcgcagceg
gttcggtgcet
tegttttecg
tcgececaccece
caaatttcac
tcaatgtatc
ggtcatagcet

ccggaagcat

cgcttgggtg
tgcegeegtg
gtccggtgcec
gggcgttecect
attgggcgaa
atccatcatg
cgaccaccaa
cgatcaggat
gctcaaggcg
gccgaatatce
tgtggcggac
cggcgaatgyg
catcgecttce
acgagatttce
ggacgccgge
caacttgttt
aaataaagca
ttatcatgtce
gtttcctgtg

aaagtgtaaa

gagaggctat
ttceggetgt
ctgaatgaac
tgcgcagctg
gtgccgggge
gctgatgcaa
gcgaaacatce
gatctggacg
cgcatgcceg
atggtggaaa
cgctatcagg
gctgaccgcet
tatcgectte
gattccaccg
tggatgatcc
attgcagctt
tttttttcac
tgtataccgt
tgaaattgtt

gcetggggtyg

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480



60 cccacgcgcc ctgtagcggc gcattaagcg cggcgggtgt ggtggttacg cgcagcgtga 1500
ccgctacact tgccagcgcc ctagcgecccg ctcecctttcge tttettcect tectttectcg 1560 WO
2007/ 010028 PCT/ EP2006/ 064489 28 ccacgttcgc cggctttccc cgtcaagctc

t aaat cgggg wat@opimesa gggttccgat 1620 ttagtgcttt acggcacaiEP2@8o0cagraaa
aacttgatta gggtgatggt tcacgtagtg 1680 5 ggccatcgcc ctgatagacq gtttttcgec
ctttgacgtt ggagtccacg ttctttaata 1740 g§ggactctt gttccaaact ggaacaacac
tcaaccctat ctcggtctat tcttttgatt 1800 tataagggat tttggggatt tcggcctatt
ggtt aaaaaa tgagctgatt taacaaaaat 1860 10 ttaacgcgaa ttaattctgt ggaatgtgtg
tcagttaggg tgtggaaagt ccccaggctc 1920 cccaggcagg cagaagtatg caaagcat gc

at ct caat t a GtEAGFER LT Gt §tegFRa-1Y8EreIets aéb‘-’(:&??ébé@ifa%%%cég&ba ggcagaagt a
tgcaaagcat QeatckeaadcciRY ARG 2040648138656 Ge&Lblaactssprgeccat cc
cgcccctadac tccgeccagt tccgecccatt 2100 ctccgeccca tggectgacta atttttttta
tttat gcaga YYCEHFAYGEC EEET EFYLLHRTEETF PO CIGayet 4t t9ecayaai§tag t gaggaggcet
tttttggagy Hed-0a9€htdagl 9ca8AGEI2%a0kcodtE CLOAERAL Ligaatat ce.at ttt cggat

ct gat caaga gacaggatga ggatcgtttc 2280 25 gcatgattga acaagatgga ttgcacgcag
gt t ct ccgc aceerTgygere B gerarc238trprgerut At cepgycataa’hgacaat cg

get get ¢t 02 Loaeasel .16 Uact 02400, 6806063000 GEQELEI0UL, £ LT Gt ca
agaccgacct gtccggtgcc ctgaatgaac 0 tgcaggat ga ggcagcgcgg ctat cgtggc
t ggccacgsgc Qegcgrt otivctgey caageioge25Rerasitgctcegatigt ctegremet gaa’ygggggaaggyg
actgget gt atloogedad. aloccadade. 2ol0. .42 Aggalel celgheat cheac ctigcteetg
ccgagaaagt atccatcatg gctgatgcaa 2 tgcggcggcet gcatacgctt gat ccggct a
cctgcccatt t@ga@me@aﬂgg;ygﬁaa@attceatﬁc@@acgqeataecg,agng aageeasgt acto2cggat ggaag
ccggtct gt atca a acg 2760 a catca ctggFg ccagccgaac
tgttcgc%:(gg 5 ‘i°8%ta°§§?§°“’gggtéat %g% gggcz%':fﬁa”%cégcgg%a%ga Fefe tggggtg acccat ggcg

atgcctgctt cg@@gaat; ab&twcggtggaﬁacaz&&@ggt% ab@gmgatccﬁccacttcti ggattc atcgactgtg

ccggct C gctatca 2940 acata ccat tattgct
gagggctggg gg%igtg‘ taa fHace ggagsfﬁiégta?gécatggé’gggcf a& gtcggccgcg ccgg
attcgcagcg @aige@m@tgt:aascatacgwactaeta?,%@gac@@ attt@acagagtg&gcectttgﬁt gﬁgccg ggact ct ggg
gt tcggt gct atttc attccacc 3120 ccgccttcta t aaa gcttcggaa
tcgttttccg %683 E&@%Ct GIRLyaP L R3186° 55 %tﬁ‘ig%aé@cc@% g ct ggagt t ct
tcgcccaerc &aaaidyglibdtradtbtggagedabga32480attac gegcagaaaa aaaggatcte 4380
aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt 4440
aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa 4500
> aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac agttaccaat 4560
gcttaatcag tgaggcacct atctcagcga tctgtctatt tcgttcatec atagttgect 4620
40 gactcccegt cgtgtagata actacgatac gggagggctt accatctgge cccagtgcetg 4680
caatgatacc gcgagaccca cgctcaccgg ctccagattt atcagcaata aaccagccag 4740
ccggaaggge cgagcgcaga agtggtcctg caactttatc cgecctccatce cagtctatta 4800
* attgttgccg ggaagctaga gtaagtagtt cgccagttaa tagtttgcge aacgttgttg 4860
ccattgctac aggcatcgtg gtgtcacgect cgtcgtttgg tatggcttca ttcagecteceg 4920
50 gttcccaacg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget 4980
ccttecggtee tccgatcgtt gtcagaagta agttggecge agtgttatca ctcatggtta 5040
tggcagcact gcataattct cttactgtca tgccatccgt aagatgcttt tctgtgactg 5100
> gtgagtactc aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgec 5160
cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg ctcatcattg 5220
60 gaaaacgttc ttcggggcga aaactctcaa ggatcttacc gctgttgaga tccagttcga 5280
tgtaacccac tcgtgcaccce aactgatctt cagcatcttt tactttcacc agecgtttctg 5340



at aat ggtt a caaat aaagc aat agcatca caaatttcac aaataaagca tttttttcac 3300
tgcattctag ttgtqgtttg tccaaactca tcaatgtatc ttatcatgtc tgtataccgt 3360 60
cgacctctag ctagagcttg gcgtaatcat ggtcatagct gtttcctgtg tgaaattgtt 3420

at ccgct cac wabtwcou®a aacat acgag ccggaagcat aaagt gt aaa GEAVERZYGop48M80 WO
2007/ 010028 PCT/ EP2006/ 064489 29 cctaatgagt gagctaactc acattaattg
cgttgcgctc actgcccget ttccagtcgg 3540 zgaaacctgtc gtgcaagctg cattaat gaa

t cggccaacg cgcggggaga ggcggtttge 3600 5 gtattgggcg ctcttccget tcctcgcetca
ctgactcgct gcgctcggtc gttcggctgc 3660 ggcgagcggt atcagctcac tcaaaggcgg
AteeseagaRItaeay gifgatiacByReradl AatyeaygaaxIgracatgf@a gcaaaaggcc

&@QQ@%Q%9&m§§%§%9Q9&Qa§Z§9u%££RQ9&QQQgQﬁ&%E&E?atMQQQCtCCQCC

t aat acggt t
agcaaaaggc
cccct gacga
t at aaagat a
t gccgettac
gctcacget g t
acgaaccccce
acccggt #ag
cgaggt at gt
gaaggacagt
gtagctctig
agcagat tac
ct gacgct ca
ggat ctt cac
at gagt agac
tctgtctatt
gggagggct t
ctccagattt
caacttted c
cgccagttaa
cgtcgtttgg
cccccatgtt
30

35

40

45

50

55

60

gcat cacaaa aat cgacgct

caagt cagag gt ggcgaaac ccgacaggac

@e@gwgtamcac@ece@@g@a%%@aaa% Jgedacent egteccgmget ettt gt tccgaccc

m%ﬂ%%%?@%%&c

cgttcagccce
HeHcghetta
a9gcags get
atttggtatc
#tecgf€aaa
gcgcagrass,
gt ggaacgaa
ctagatcctt
Lhagtetgac
tcgttcatcc
e Ciat dhgger
bt cagcaat a

gaccgct gcg
t cgccact gg
acagagttct
t gcgctctgce
caaaccaccg
aaaggatctc
aact cacgtt
ttaaattaaa
agt t accaat
at agt t gcct
cocagt etRye 4680l .cHdt gatracdlgyageccca cgct caccgg
accagccag 4746°

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620

tcccttcggg aagegtggeg,ctttctcaat

20 aggtcgttcg ctccaagctg ggctgtgtgc
ccttatccgqg taactatcgt cttgagtcca
cagcagccac tggtaacagg attagcagag

25 tgaagtggtg gcctaactac ggctacacta
t gaagccagt taccttcgga aaaagagttg

30 ctggtagcgg tggttttttt gtttgcaagc
aagaagatcc tttgatcttt tctacggggt
aagggatttt ggtcatgaga ttatcaaaaa

35 aatgaagttt taaatcaatc taaagtatat
gcttaatcag tgaggcacct atctcagcga

40 gactccccgt cgtgtagata actacgatac

ccggaagggc c¢gagcgcaga agt ggtcctg

cgcctccatc cagtctatta 4800 45 attgttgccg ggaagctaga gtaagtagtt
thagrcd tsgegel aacytat Ybt@u4860ys teatleget aer aggeat cgt g gt gt cacgcet

tatggctt ¢l ttcagectccg 4920 50 gttccddacq at caaggcga gttacat gat
gt gcaaaaaa gcggttagct 4980

Ala Asp Tyr Ser
35

Cys Tyr Gly Val
50

Val Tyr Ala Asp
65

Ala Pro Gly Gln

Asp Asp Phe Met
100

Ala Thr Ser Thr
115

Gly Lys Leu Arg
130

Pro Asp Gly Lys
145

Leu Asn Asp Tyr

Val Leu Tyr Asn Ser Thr Phe Phe Ser Thr Phe Lys

45

Leu Asn Asp Leu Cys Phe Ser Asn

Lys Gly Asp Asp Val Arg Gln Ile

75 80

Ala Asp Tyr Asn Tyr Lys Leu Pro

Ala Trp Asn Thr Arg Asn Ile Asp

105

110

Tyr Lys Tyr Arg Tyr Leu Arg His

125

Asp Ile Ser Asn Val Pro Phe Ser

140

Pro Ala Leu Asn Cys Tyr Trp Pro

155 160

Thr Thr Gly Ile Gly Tyr Gln Pro
170 175



ccttcggtcc tccgatcgtt gtcagaagta agttggccgc agtgttatca ctcatggtta 5040

t ggcagcact gcataattct cttactgtca tgccatccgt aagatgcttt tctgtgactg 5100 55
gt gagt act c aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgcc 5160
cggcgt caat ve@o@gatoaz® accgcgccac at agcagaac tttaaaagtg ®CaapPeedoopes?20 60
gaaaacgttc ttcggggcga aaactctcaa ggatcttacc gctgttgaga tccagttcga 5280
tgtaacccac tcgtgcaccc aactgatctt cagcatcttt tactttcacc agcgtttctg 5340 WO
2007/ 010028 PCT/ EP2006/ 064489 30 ggt gagcaaa aacaggaagg caaaat gccg
caaaaaaggg aataagggcg acacggaaat 5400 gttgaatact catactcttc ctttttcaat
attattgaag catttatcag ggttattgtc 5460 5 tcatgagcgg atacatattt gaatgtattt
agaaaaal aa 4EaAaLA0GA 4! L6agpeA. 3RP0LCALLLE GoF Y- ARAagLgcea cotgacgle 5549
10 <210> 3 <211> 1930 <212> PRT 1& <213> SARS <400> 3 Asn Ille Thr
Asn Lau Cys Pro Phe Ay du Val Phe Asn Ala Thr Lys 1 5 10 15 25 Phe Pro
Ser Val Tyr, Ala Trp Gu Arg Lys Lys Ile Ser Asn Cys Val 20 25 30 30 Ala
Asp Tyr Ser *Val Lau Tyr Asn Ser Thr Phe Phe Ser Thr Phe Lys 35 40 45 Cys
Tyr Gly VaI Ser Ala Thr Lys Lou Asn Asp Lou Cys Phe Ser Asn 35 50 55 60 Val
Tyr Al al Asp Phe Val Val Lys Ay Asp Asp Val Arg Gn lle 65 70 75 80 40
Ala Pro Gly n‘LI'hr Gy Val Ile Ala Asp Tyr Asn Tyr Lys Leu Pro 85 90 95
45 Asp Asp £he Madb Gy Cys Val Leu Ala Trp Asn Thr Arg Asn Ile Asp 100 105,
110 50156\I a<2'1l'2h>r P%er Thr Ay Asn Tyr Asn Tyr Lys Tyr Arg Tyr Leu Arg His

<213> Artificial sequence

20
<220>
<223> SARS-CoV S protein fragment S318-510 incuding additional sequences
25 <220>
<221> SIGNAL
<222> (1)..(21)
30
<223>
35 <220>
<221> BINDING
<222> (220)..(230)
40
<223>
45 <220>
<221> BINDING
<222> (235)..(240)
50
<223>
55 <220>

<221> PEPTIDE

<222> (22)..(214)
60
<223>



115 120 125 Gy Lys Leo Arg Pro Phe Qu Arg Asp Ile Ser Asn Val Pro Phe Ser
55 130 135 140 Pro Asp Ay Lys Pro Cys Thr Pro Pro Ala Leu Asn Cys Tyr Trp
Pro 145 150 155 160 60 Leu Asn Asp Tyr @y Phe Tyr Thr Thr Thr Ay Ile Gy
Tyr G n ProwWOoZs®/0@gs8 175 WO 2007/ 010028 PCT/ EP2006/ 0644 8BCT/BH20T6/06448p g Val

Val Val Leu Ser The Qu Lau Leu Asn Ala Pro Ala Thr 180 185 190 5 Val 10
<210> 4 <211> 240 15 <212> PRT <213>3Artificial sequence 20 <220> <223>
SARS- CoV S protein fragnent 5318-510 i ncudi ng additional sequences 25 <220>
<221> SIGNAL <222> (1)..(21) 30 <223> 35 <220> <221> BINDI NG <222>
(220)..(230) 40 <223> 45 <220> <221> BINDING <222> (235)..(240) 50 <223>

<400> 4

5 Met Ala Cys Pro Gly Phe Leu Trp Ala Leu Val Ile Ser Thr Cys Leu
1 5 10 15

Glu Phe Ser Met Ala Asn Ile Thr Asn Leu Cys Pro Phe Gly Glu Val
10 20 25 30

Phe Asn Ala Thr Lys Phe Pro Ser Val Tyr Ala Trp Glu Arg Lys Lys
35 40 45
15

Ile Ser Asn Cys Val Ala Asp Tyr Ser Val Leu Tyr Asn Ser Thr Phe

20
Phe Ser Thr Phe Lys Cys Tyr Gly Val Ser Ala Thr Lys Leu Asn Asp
65 70 75 80

25 Leu Cys Phe Ser Asn Val Tyr Ala Asp Ser Phe Val Val Lys Gly Asp
85 90 95

Asp Val Arg Gln Ile Ala Pro Gly Gln Thr Gly Val Ile Ala Asp Tyr
30 100 105 110

Asn Tyr Lys Leu Pro Asp Asp Phe Met Gly Cys Val Leu Ala Trp Asn
115 120 125
35

Thr Arg Asn Ile Asp Ala Thr Ser Thr Gly Asn Tyr Asn Tyr Lys Tyr
130 135 140

40
Arg Tyr Leu Arg His Gly Lys Leu Arg Pro Phe Glu Arg Asp Ile Ser
145 150 155 160

45 Asn Val Pro Phe Ser Pro Asp Gly Lys Pro Cys Thr Pro Pro Ala Leu
165 170 175

Asn Cys Tyr Trp Pro Leu Asn Asp Tyr Gly Phe Tyr Thr Thr Thr Gly
50 180 185 190

Ile Gly Tyr Gln Pro Tyr Arg Val Val Val Leu Ser Phe Glu Leu Leu
195 200 205
55

Asn Ala Pro Ala Thr Val Ser Arg Gly Pro Phe Glu Gln Lys Leu Ile
210 215 220

60
Ser Glu Glu Asp Leu Asn Met His Thr Gly His His His His His His
225 230 235 240



55 <220> <221> PEPTIDE <222> (22)..(214) 60 <223> WD 2007/ 010028

PCT/ EP2006/ 064489 32
Ser Thr

lie
Pro
Trp
Leu
Ser
Asp
Gn
Phe
Thr
Ay
Phe
Trp

Tyr Asn Ser Thr Phe 50 55 60 20 ®Bhe Ser Thr Phe Lys Cys Tyr

Al a Thr

Ser
Pro

Tyr Gn 5Pr ccrByis fArgaVabn ot Nadanlefbbes e dolakeés bgucloned
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15

20

25
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<400> 4 5 Met Ala Cys Pro Ay Phe Leu Trp Ala Leu Val
Cys Leu 15 10 15 du Phe Ser Met Ala Asn Ile Thr Asn Leu Cys
Phe G yw@RwWw70E02810 20 25 30 Phe Asn Ala Thr
Gu Arg Lys Lys 35 40 45 15 1le Ser Asn Cys Val Ala Asp Tyr Ser Val
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Lys Lau Asn Asp 65 70 75 80 25 Leu Cys Phe Ser Asn Val
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Tyr Al a
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J. Virol. 78:6938-6945. 36 CLAIMS 1. A human cell derived froma primry
human enbryonic retinoblast, said cell conprising in its genonme sequences
that encode & MWAR esiisderivech from anplinans hubiasr aotheyenie detinoblast, saite cel | i s

engi neered t Si ; %ﬁ&“ i h n,.c agcording to
claim1l, V\here%ifﬁamég@ﬁ ‘ltig I né%u%ég%ighgbtt%m pﬁigsar{(ﬁgl‘ ﬁm ACE2
protein is aag@EmWRIs aharactedepdsi thdt theloell BGGinsered 6923@4éks the A human

cell accordi { Lm1 or 2, wherein the human ACE2 protein is stably
expressed. 4HQ'R3M¢§E8 l:B'Pteé'?"oduci ng a coronavirus, said nethod conprising

the steps of: a) providing a human cell that is derived froma primary

human embryonic retinoblast, said cell conprising in its genome sequences
that encode” Alnraaa cell @ceprding teielaimi 1. wherain theacelhussdbircergineering ecul e

sui tabl e for CRRarEe iR Ace2 pitloh S S RERTA Fel 4 ARpoSRREUDIRE cer
with a cor onBGAGG noa880H2940r vesti ng the coronavirus fromthe medi umor the

cell. 5. A nmethod according to claim4, characterized in that the
coronavirus is selected fromthe group consisting of SARS-CoV and

HeoV- N - 63 A hifindR R hRefding ta Sidif ¢ 'ofi2NwheRéindtheohirhaR REEZ @oteln t hat the

human cel |
is stably expressed.

4. A method of producing a coronavirus, said method comprising the steps
of.

a) providing a human cell that is derived from a primary human
embryonic retinoblast, said cell comprising in its genome
sequences that encode E1A and E1B of an adenovirus, with a
nucleic acid molecule encoding a human ACE2 protein,

b) culturing the cell under conditions suitable for expression of the
human ACEZ2 protein,

¢) infecting the cell with a coronavirus, and

d) harvesting the coronavirus from the medium or the cell.

5. A method according to claim 4, characterized in that the coronavirus is
selected from the group consisting of SARS-CoV and HecoV-NLG3.

6. A method according to claim 4 or 5, characterized in that the human cell
is PER.C6 as deposited under ECACC no. 96022940 or a derivative
thereof.



is PER C6 as deposited under ECACC no. 96022940 or a derivative thereof. 37
7. A nethod according to any of the clains 4-6, characterized in that the
human ACE2 protein is stably expressed. 8. A nethod according to any of the
clainms 4-7, characterized in that the nucleic acid nolecule encoding the
human ACE2 protein is provided by a vector. 9. A nethod according to any of
the clains 4-8, characterized in that the human cell is capable of grow ng
i n suspension. 10. A nethod according3To any of the clains 4-9, characterized
in that human cell can be cultured in the absence of serum 11.A nethod
according to any of the claims 4-10 further conprising the step of

i nacti vatifg nuat | t.he har ste coronaw rus. e of a hunan
cel aCCOIj]dI qugﬁéli)?cgf’ ci]ﬂ% tEI%ﬂynQ MEot-6, if@ar%(itéﬂ%@d |l@rfh§\‘ the
coronavi rus. hdl&arLAeEprr@témligaétaﬁgléxmdjl ng to any of the clains 1 to 3

for the screening of antiviral agents against a coronavirus. 14. A nmethod
for identifying a nolecule capable of inhibiting a coronavirus infection

and/or rem i aakicthod t éf'RnB e ng a cell
accordi ngmt osa‘a;rTl of taﬁﬁ H?%ﬁ#'% fy% ?an'tng 4?&%2%5%‘?“@? (iﬁataﬁ'ﬁsence
and absence Bﬂcéicea@dnuo@a:ule emasidingithe hamank)CERtmoteimis provided gy o he
presence of 5%@ ?andl date nolecule inhibits coronavirus 1 nfection and/or
replication. 15. A nethod for selecting an antiviral nolecule that is
capabl e of reducing infection of a cell by a coronavirus, the nmethod

conpri si ngght he steps of: a) cont actl ng a cell according to any of the clains
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11.A method according to any of the claims 4-10 further comprising the step
of inactivating or attenuating the harvested coronavirus.

12.Use of a human cell according to any of the claims 1 to 3 for the
production of a coronavirus.

13. Use of a human cell according to any of the claims 1 to 3 for the screening
of antiviral agents against a coronavirus.

14.A methed for identifying a molecule capable of inhibiting a coronavirus
infection and/or replication, the method comprising the steps of:

a) incubating a cell according to any of the claims 1 to 3 with a
coronavirus in the presence and absence of the candidate
molecule, and

b) determining whether the presence of the candidate molecule
inhibits coronavirus infection and/or replication.
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15.A method for selecting an antiviral molecule that is capable of reducing
infection of a cell by a coronavirus, the method comprising the steps of:

a) contacting a cell according to any of the claims 1 to 3 with a surface
protein of a coronavirus in the presence or absence of a candidate
antiviral molecule, said surface protein being involved in binding of the
caronavirus to the human ACE2 protein expressed by the cell,

b) measuring the bhinding interaction between the cell and the surface

. protein, and

c)‘ selecting a candidate antiviral molecule whereby the binding interaction is
reduced when compared to the binding interaction in the absence of the
candidate antiviral molecule.





