1WD 2005/ 010034 PC T/ US2004/ 023345 Sol ubl e Fragnments of the SARS-COV Spi ke
A ycoprotein This application clains priority fromU. S. Application Ser. No.
5 60/ 459,166 filed July 21, 2003 and from U.S. Application Scr. No.

60/ 524,642 filed Novenber 25, 2003, which are hereby incorporated by

ref erence wo tnseiti34 entireti es. Governnent Fundi ng The ACHEA M3 Hescri bed
herein was devel oped with the support of the I O Departnent of Health and
Human Services. The United States Government.has certain rights in the
invention. Field of the Invention The invention rel ates generally to a spike
pol ypeptide that is encoded by 15 a coronavirus (herein SARS-CoV), which is
etiologically linked to Severe Acute Respiratory Syndrone (SARS). The
invention further relates to nucleic acids and pol ypeptides having am no
-acid sequences t hgohudde Faspanehits of the MRS COV S;ﬁml@l@gmmnof SARS- CoV,
and conservative variants thereo e rnventron also relates to use of

t hese nucleic acid . t 0 20 produce
«ant i bodi es t hat re?@bﬁ@kg&ﬁﬁ@h§§®£§Mgﬁgﬁgﬁ ?Q%A%g%%g%P and for the
productlonﬁof(Mé@&ﬂﬁéﬁkdgabﬁﬁtWEAR&iﬁAmdﬂﬁeApﬁsp@wtb@beH@EPﬁwéat|on rel ates
to spike prot fragne nh|b i,ng fusion RS- CoV with

ani mal cellsiﬁgﬂgc n%guﬁésg? ncﬁﬂ%% ﬁﬁqH“§%”§86§¥gﬁ%SUFénﬁgéplratory
syndr one ( SARSGhtiteSean |nfect|ous atypical pneunonia that has recently been
recogni zed in patients in 32 countries and regions. The atypical pneunpnia
wi th unknown eti ol ogy was |n|t|ahhymﬁﬁaﬂ{mﬁﬂul n GUangdong Provi nce, China.

Thi s observation was follo reports % ong, Vietnam

Si ngapore, Canada Jﬁﬁ“ﬁémj‘?‘ﬁs‘% C%E?)@Pé"’aﬁéiﬁ‘feilqpéd?@t PP 8 Ji¢i | | ness t hat
spread to jpousshglde, i A HERldeiGRr %M@rﬁﬁ@fﬁates HiangliRease was |ater
designated "severe acute respiratory syndrone (SARS)" Dby the World Health
Organi zati on (cW«l@)n"fthmm theNasgnti®@, 2003, a cumul ative 1 WO 200s/0111034

PCT/ U82004/ 023345 total of 7,864 SARS cases were reported to WHO from 29
countries. Atotal of 643 deaths (case-fatality proportion: 8.2 % were
reported. Researchers around the Rgd bothb&wentsgguenced t he genone of SARS

The invention relates generally to a spike polypeptide that is encoded by

15  acoronavirus (herein SARS-CoV), which is etiologically linked to Severe Acute
Respiratory Syndrome (SARS). ‘The invention further relates to nucleic acids
and polypeptides having amino acid sequences that conrespond to fragments of
spike protein of SARS-CoV, and conservative variants thereof. The invention
also relates to use of these nucleic acids, polypeptides, variants, and fragments to

20 produce antibodies that recognize the spike protein of SARS-CoV, and for the
production of vaccines against SARS. Another aspect of the invention relates to
spike protein fragments for inhibiting fusion of the SARS-CoV with animal
cells.

Background of the Invention

Severe acute respiratory syndrome (SARS) is an infectious atypical
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pneumounia that has recently been recognized in patients in 32 countries and
regions. The atypical pneumonia with unknown etiology was initially observed
in Guangdong Province, China. This observation was followed by reports from
Hong Kong, Vietnam, Singapore, Canada and Beijing of severe febrile

30 respiratory illness that spread to household members and health care workers.
This disease was later designated "severe acute yespiratory syndrome (SARS)"

by the World Health Organization (WHO). Until May 19, 2003, a cumulative



causing viruses fromdifferent regions of the globe. The viruses have been
5 classified as coronaviruses. Coronaviruses have been grouped into three
categories based on cross-reactivity of antibodies backed up by genetic
data. Two previously known human viruses fell into different roups t han
SARS- CoVwOrhesigotsnavi rus that causes SARS does not ff?T¢]¥%“§ﬁV of the
previously known clusters. Rather, it forms a new group by itself

Phyl ogeneti c ﬁi‘ﬂﬂ|0Y$]884Sf’«\RSQ:a@el@@vaW:%gd)ﬁdd&dWﬂﬂ@aironpw)&cﬁm&ﬁesl adb@psfes that the
vi rus does not closely resenble any of the three previously known groups of
cor onavi r uses! %ﬁ%$“éﬁﬁ%ﬁﬁ@ﬂyH§@§“m§a%§é@é“¥%ﬁ?°%? respiratory or an enteric

di sease, which 1S RLSACHGEBSTH e P HeseqlaREals Qind aUlrs The | noubati on

period for SARS is usually days. Inflection i's 15 characterized by
fever, non- produamnmaaadUghmﬂshmtmgessoﬁﬁegbbatNw\wmsﬁﬂhe»bgmesence of
nininal au§cu fap findi ng Wi consol ‘ f@heft r adi ogr aphs.
Lynphopeni &, FEteopelii®d " thibf ?‘}%gﬁﬁe?ﬂl Wﬁ &eléV%% 848 enzynes and )

creatinine ki eas@rmydsadi 8@ cloes-REQBEH oS bitibyRRE bERSES B byoyiRiiodma. relating to
the gastrointestinal tract were also noticed in SARS patients. 20

Pat hol ogi cal dtgdiragousty merndwmen whased felldnierdiamiteraips tisasgddng,  Hongkong,
Beijing and S he |lung as
the moat not abre FaRraran s IFhSUER By PPLACERAg ot BoBley bk 2

resulting in HﬂmmhduﬂaatRmmadnﬁmpmahmwnﬁmummpmkésPBﬂog&mum&mhs&cdytoIogic
changes t i.ncl u nucl eation, .cytonmega ucl eonegal y, clearing of
25 nucl eatl11 cht ]E%T‘F%e%ﬁ% B A 'r‘if‘te%'tt}é%g i E!Qly%ﬂcgﬁgfﬁel@’ﬁ%sg@wc@ﬁges wer e
severe, theyomwnmﬁxiawaust,mﬁllme%ﬁpgmf@sroﬁmlﬁuml iNdbst 6SrBRDAG@EeNn in ot her
cases of diffuse alveolar damage. Morphol ogi ¢ changes that were identified

i ncl uded br onEMsaFithes BrisHBRPR] oTd8 UGHS HiserscMgudh léfﬂse trepsnitiethy §fuanous

met apl asia, Ophen Ffindipgs included focal intraal veolar henorrhage,

heni ophagocyt osis, necrotic 30 inflammtory debris in small airways,

organi zi ng pneunDnThgmmdmﬁcmpdamybr&mﬁsenmaMhphEuhhmaah&%hannathogenesis of

this disor remai ns ,to.be deter i smof acute

| ung i nj urlg c R %‘?WBW&Q"&{ P%Pm?é{?fﬁ’ﬁéo@‘we}f?émﬁcrotggreﬁg‘e Cﬁg ©al veol ar wal |
by targeting gte%é}@é oERUaH BB st @Ry fisdifds BRI donedlicalior® dtest | WO 2005(010034
PCT/ U52004/ 023345 Alternatively, the virus could infect inflamuatory cells

wi th the inj urddiogsanhat Emphdpesiadpucepenikitiiembogiinnspiecind sheyateg livelunor necrosi s
factor-al pha. | ztyn{e*? aﬁ’l!i &atinine kinase may also be present in most cases. Symptoms

relating to the gastrointestinal tract were also noticed in SARS patients,

20 Pathological studies of paticnts who died of SARS from Guangdong,
Hongkong, Beijing and Singapore showed diffuse alveo.ar damage (DAD) in the
lung as the most notable feature, Tn those individuals with severe disease
resulting in death, scattered type IT pneumocytes showec marked cytologic
changes that include multinucleation, cytomegaly, nucleamegaly, clearing of

25 nuclear chromatin, and prominent nucleoli. Although these chianges were severe,
they were within the spectrum of epithelial changes seen in other cases of diffuse
alveolar damage. Morphologic changes that were identified included bronchial
epithelial denudation, loss of cilia, and squamous metaplasia. Other findings
included focal intraalveolar hemorrhage, hemophagocytosis, necrotic

30 inflammatory debris in small airways, organizing pneumonia or secondary
bacterial pneumonia.

The pathogenesis of this disorder remains to be determined. However,
the mechanism of actte lung injury could involve direct damage by the virus to

the alveolar wall by targeting either endothelial cells or epithelial cells.
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possi ble that the tissue danage in SARS is not directly related to viral
infection in tissues but is a secondary effect of cytokines or other
factors induced by viral 5 infection proxinmal to but not within the |ung
ti ssue. Pathol ogic evaluation of the fatal cases showed that hepatocytes
under went Watnmwsodegener ation, cl oudy swel | ing, apoptosiRTa@MHEE3khecr osi s,
with Kupffer cell proliferation and portal infiltrates of |ynphocytes.
There were r egi@nalveReMORISGRK ink3sE0hAMaGeNGLSs Widnhanshrl yaheayti c
infiltration in 10 gastrointestinal walls of the patient; etothe ability
of SARS- CoV t disucispyrteidnes; micsleBHna AT BiNos sedesiy BeicealPhaaRG ay presents a
particular thrpatyk e,k g Rgal (ﬁnlagé m!s@aﬁeseis%pwe%* Fedlo viRPAREo4 hr oughout
the world. Accordingly, nmethods To i nmuni ze peopl e before 1 nfection,

«di agnose i nf ectitisniges bumunizendeoplet diaviakges nf etotii foriprsamthesd eatiral 5 i nf ect ed

persons infect.ed with SARS- re.greatly needed. Summary of the Invention
These and gfhépgﬁtéoé]dgoﬁpg?%qﬁlyﬁéV’flﬂlg"f ﬁ@ S4B descri bed herein. The

- nvention provi des maloyRePivalason GERS fade ciseagiBoE Siat MépagleyfesiSi on i nhibitors;
20 coupl ed proteins; innnunopeptidcs; inmune conpositicns; peptidom nmetics;
nucl ei ¢ aci d sEgpRcialtsdpicadiyh clondserallans, aprpiq:isiaad def neceasissVitict s;

r econbi nant ! AVAR Y- R i i L I 04| rgani sm

vacci nes; DNA"KL\E}E%E?@&%?H%#{U%S@%@JI g@?i g@? g&néess)g]}){%ﬂg‘rc @%elul{%%g/ I%corrposi tions;
met hods to i nomiona dcraomlagesahscuar oeighdontod bnedbegevelleagdaune respiratory

syndr onme ( SARS).; t hods to di ose SARS; and kits. The invention
provi des pz)@I ypfé‘btf%f(’fggF“HQ\‘/fq?fdﬁ pﬁ'ﬁ?‘ﬂb aci d sequence corresponding to that
of a pol ypeptide t i b shetbilied 08 LRSI VI th BK @k dth RARSan el Rh&foal] y the

pol ypeptide is the ‘sgri ke protein from SARS-CoV that can inhibit SARS fusion
with ani mal celARS-GAN/RsPserts f Particiaihecat odbobeadh phlaggs Pepiiatens afn 30 sonic
enbodi nents, t enl 1.S3a, _ : SPi in from
SARS- CoV. I n ﬁﬁ?g?&{éﬁ “Eiidrr‘gﬁ%‘)é’ﬁd‘t ﬁi%%%&%@f‘@ae&? h'{éﬂb‘gﬁlnggoﬁileﬁ%&‘ggi ds 17- 757
of the spi ke pniti@nndhrese SARSGCAMmMUnEcpooplc dairzadicoent, and e pol ypept i de

i ncl udes ina_acids 762-1189 of spike protein from SARS- CoV. In other
embodi rents, t'A Ctﬁgp‘ffb‘&’ﬁt”i‘fé%teﬁl ﬁ’g}lsg&g'(z‘r‘#ﬁ@ %"C’i‘léféle%?g‘?w of the 3 w0

2005/ 110034 PCTP0S20041023345 spike protein from SARS-CoV. In sone

enbodi ments, the pol ypeptide includes amno acids 17-276 of the spike

pr ot ein from SARS- CoV. | n ot her Summary of the Invention

These and other needs are met by the invention described herein. The
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invention provides polypeptides; peplide fragments; viral fusion inhibitors;

20 coupled proteins; immunopeptides; immune compositicns; peptidomimetics;
nuclcic acid segments; expression cassettes; nucleic acid constructs; recombinant
viruses; viral vaccines; peptide vaccines; microorganism vaccines; DNA
vaccines; antibodies; aptamers; pharmaceutical compositions; methods to
immuaize an animal; & method to treat severe acute resprratory syndrome

25 {SARS), methods to diagnose SARS; and kits.

The invention provides polypeptides having an zmino acid sequence
corresponding to that of a polypeptide that is etiologically linked to SARS.
Preferably the polypeptide is the spike protein from SARS-CoV that can inhibit
SARS fusion with animal cells and/or raise immune response in an animal. In

30  somic cmbodiments, the polypeptide is a soluble form of the spike protein from

A SARS-CoV. In other embodiments, the polypeptide includes amino acids 17-

757 of the spike protein from SARS-CoV. In some embodiments, the

polypeptide includes amino acids 762-1189 of the spike protein from SARS-

CoV. In other embodiments, the polypeptide includes amino acids 17-757 of the



enbodi nents, the pol ypeptide includes am no acids 303-537 of the spike
protein from SARS-CoV. In sonme enbodi nents, the pol ypeptide includes am no
acids 5 317-517 of the spike protein from SARS-CoV. |In other enbodi nents,

t he pol ypeptide includes am no acids 272-537 of the spike protein from
SARS- CoV. W{AMS@HE3enbodi ments, the pol ypeptide incl udé’é‘ﬁﬁ?%é’”?&f’ds 17- 537
of the spike protein fromS ARS-CoV. In other enbodi nents, the pol ypeptide
i ncl udes am npikapiadsn FéaISE06-Co¥l dt soree ¢nabddEREUtDINGIolpepide ihdledespi ke

protein from 10.SARS: CoV,. The pol ypept.ides of e.jnveption can inhibit
SARS- CoV f usi Sﬂlm%%q?{rﬁ%’? ﬁ_@éﬂ%gr#ﬂ%gﬂﬁcﬁoﬁ%%ﬁg ggog‘ﬁﬁ pol ypepti des of
the invention :e@Bdi@lehGl fhe paRpdpiidt HRIJISSRANS ScivhIed -3kt thdspiagrsitiat € an
animal. In sonme enbodi nents, the nucleic acids and pol ypeptides of the

i nvention el i dioam 3ARSIGQN. alp spmprgmbodipenipoheseoireiduselddesomipoatidsat e an ‘
ani mal . Insot %??-5??’&?&'1%?@[2&ﬁmteh{‘&oﬂ‘é%- o\}aﬁ%ﬁ{eﬁjﬁmﬁ‘@}ﬂn@&é&%}?ﬂ“ des of the
invention élicit "a hunor Mine 1 esponse’ when = used t6 nocul ate an .
ani mal . The ampbiyabpteaindeleaatiptacide 271-63 Beitee ghitogbwimtem SARSeCaW mal i s an
avian. In other enbodinents, the aninnl is a mammal . _Sonetines, the aninal
is a human. T 5‘?%‘?/@H‘|€‘?db‘?1°f5%>6*%ﬁlﬂ’é3§’e ingides Agretstds 13153 RELEIPIE pr ot ei n

from 20 SARS- GaYein Froa{ SARBICHV NG oBRPELSIRIMERY TR Ry RpEaSRLURE 1 n aqueous
solution. A peptide fragnent of the invention may |ack one am no acid

resi due from pmeno amdsng-HEP drekisyatoridd B NOhé) elih¢ siiengolinsipetke protein from
SARS- CoV. {hn . ' S 1RepL fr 2 Ak : . _three am ne
acids in I]gngt%%ﬁﬂ %g{}g?ﬂ%E&S@({)}g‘%ﬁgﬁﬁ‘,&v%@%@?@Qhﬁlpggs'nen gbg?%gea | east 10
am no aci ds i withemghdl.cclln Db naceie aeidbad payicptidpepthcdeveitiagomndisit ar e at

| east 20 amino acids in Ien}%h. Icrll ot her enbodi "%Fnt%s’ Qe tj.de fragnents are
at |east 30 aAPHBTHET PO PReTGERd 19 Roculalern ARBBY; ?ﬁ‘%,mg 4 fragnents

are at |east 4 adtOachRiad8 pbWpdpdaed dT-thd RverdbielicieAR IR MBAiGne Pept i de
fragments are at |east 50 am no acids in length. In_ sonme enbodi nents,
pepti de fragnme?fpansgrédieaisqdda srocelateghiapigahcingshar gmbedigients, tihaudec pept i de

fragnents y &l i ] i it nt of a
gi ven 1engtn, “Ei5 SRS o B ARLE B0 in g0 R8sl §RUTT 20 5
or 32 am no asidds inovulaergtanimalh&hpapinhiden be agemini. Shedmt babodimentt,i on can
inhibit SARS Co-V fusion with animal cells or elicit an i ne response
when used to GenRldE & e dn qier © S Ry %IE’é‘mtnFi’g]tmcan elicit an

i nune r espons@nAiNcOROMhAI008dECT/ US2014/ 023345 after inocul ation of an
ani mal include, for exanple, the D24 peptide having
The invention provides peptide fragments of the spike protein from

20 SARS-CoV. Preferably the peptide fragments are soluble in aqueous solution.
A peptide fragment of the invention may lack one amino acid residue from the
amino acid sequence of the full longth spike protein from SARS-CoV. In some
embodiments, peptide fragments are at least three amince acids in length. In

other embodiments, peptide fragments are at least 10 amino acids in length. In
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some cmbodiments, peptide fragments are at lcast 20 ammino acids in length. In
other embodiments, peptide fragments are at least 30 amino acids in length. In
some embodiments, peptide fragments are at least 40 amino acids n fength. In
other embodiments, peptide fragments are at least 50 amino acids in length. In
some embodiments, peptide fragments are at Icast 60 amino acids in length. The
30  peptide fragments may also be single amino acid unit additions to a fragment of
a given length. For example, peptide fragment may be 3, 4, 10, 11,21, 22, 31, or
32 amino acids in length. The peptide fragments of the invention can inhibit
SARS Co-V fusion with animal cells or elicit an immunc response when used to

inoculate an animal. Examples of peptides that can elicit an immune response



sequence DVQAPNYTCQHTSSVI RGC (SEQ I D NO 58) and the P540 peptide having

sequence PSSKRFQPQOFGRDC (SEQ ID NO 59). In sone enbodinents, the peptide

fragnents of the invention elicit a cellular immune 5 response when used to

inocul ate an animal. In other enbodinents, the peptide f{rl%gm @E’?**Of t he
cul'a

i nventi on %P 2ERP1%3hunoral i mune response when used t &7 S an

animal . The animal can be a reptile. In sonme enbodi nents, the animal is an
avi an. | n ot heficrendodiitiornf s; arttiinel iaclidm ForiesamaplophnBl4 pémidthetiher -

rotel ne. The Eprd prefart @ itinat GROMEH SRR PHdRES s coupl ed 1o
a second pol ypefhs d@ueie PREKRIFIQPQEHR B@ISE@ID NI §4)eilMsdrse SOl uble. I'n sone

enbodi ments, the carrier protein I ncreases an, immne response to the second
-pol ypept i de oft"PREMEBEpheac s hehihewanttoy clpkha st HedmaR ani nal , | n

ot her enbodi ment sy then Galar Qtei.p el i g 68k; I thd BedtfayNUNE
response to theE}gxzaséo"ngnpoI(;pg{&%e lgfdﬂl'grﬁlle' g‘o%%rg‘éggé%#é?h( wﬁgjr%ﬂésed to

‘i nocul ate an dnpmeaits of the sowetiendiodiatrenbs)] imhenscaspoher wipnotsed w el icits a

hurnoral immune response, tq the second pol. tide of t.he coupled protein
when ueed 1o TRRBEG BEBTTH Tht HEREHRA: SEOHm BerypentrtEteiitbe o

pol ypepti de OmpigmaPRRhiadRn, i1 a8sRboaindiRethE DY@l isQAmarRhal 1§ ARERF vat i ve
vari ant thereof. The animal can be a 20 reptile. In sone enbodi nents, the

ani mal is an &yiba#meny, ibe pEpakirBddieents, the animal is a mammal. In
further enhodi ment g, ﬁl@@ﬁt%ﬂ'p?@sjidﬁs %O@ét | iris. T Me &(ﬂl)’)%gtﬂfr&ginpfn%’tﬂdggst he

i nmunopept i des that 1 nc:ude a polyp e or pept ragnent o
i nvention, or carieomseiviabiiveoupdiiitanscdohepagpeptitih aprefesably tupdaedbrt o an acet yl

group, a picryl grou n.arsaniljc.acid, or to a sulfanilic 25 acid. In
sone enbodi rreﬁfcg‘:g“fﬁélqbﬂﬁwﬂﬁéﬂﬂﬁf‘?“w"?@m%&ﬁpqaé‘w PEIYUR EEE@ESH Mor 2 picryl

group. I n ot hefr@RbReIMEMoShe dRbLEJWIMRERIJ JF¥hd Rup W BlRdn WherhgAM | 1 ¢ acid
or sulfanilic acid. Preferably, the i m’runggeptl de 15 soluble. Preferably,

the i nununopépeilde aalaneial slepthérembadimenis pbnsetintaplcinsdigits vedlvbeul ate an
o el 59 TR SRR R AR E P B TR e

response en used to I'n enbodi e , the
i T i opept i dénocelhictibtaging! CRI douleambotimens, the speiBsaowiiedlicits @uhoral nocul ate an
animal . The animal can be gereptil ) 1hi, sone enbodi nents, the animal is an

avi an, | n ot h@PMUBHEFANHRIoEe secpRdt pdymeatds of the souplGh pritem phok psedher
enbodi nent's, theyaRiaBhinka, fhe IR0l D NRZA0 8L 9 19034, 6BE YpgARd/ 023345

fragment of the invention, or a conservative variant thereof. The animal can be a
20 reptile. In some embodiments, the animal is an avian. In other embodiments,
the animal is a mammal. In further embodiments, the animal is a human.

The invention provides immunopeptides that include a polypeptide or
peptide fragnent of the invention, or a conservative variant thereof, that is
coupled to an acetyl group, a picryl group, an arsanilic acid, or to a sulfanilic

25  acid. Tn some embodiments, the imnunopeptide is coupled to an aceiyl or a
picryl group. In other embodiments, immunopeptide is coupled to arsanilic acid
or sulfanilic acid. Preferably, the immunopeptide is soluble. Preferably, the
immunopeptide elicits an immune response when vsed to inoculate an animal.

In some embediments, the immunopeptide clicits 2 humoral immune response

30 when used to inoculate an animal. In other embodiments, the immunopepiide

- elicits a cellular immune response when used to inoculatc an animai. The animal

can be a reptile. ln some embodiments, the animal is an avian, In other
cmbodiments, the animal is a mammal. In further embodiments, the animal is a

human.



The invention, provides peptidom netics that are pol ypeptides or peptide
fragnments of the invention, and conservative variants thereof, in which a
pepti de bond has been replaced with a non-peptide bond. In sone

enbodi nents, the peptidom netic can inhibit SARS Co-V fusion with anim
cell's. In‘%Ph@Pmﬁméhbodlnents the peptidoninetic elicitd"@"Vifdte response
when used to inoculate an aninmal. For exanple, the peptidom netic can
elicit a cellutar ’ﬁhwﬁnmtiwrempmidssemphmmwds that drmp@ypamiéempamidml )

Al ternatively,.the ITE'[I elicits resppnse when
used to i nocul SRR O?ﬁﬁ’ e mnl’hlg SFHFUVc?aVr?nB%nglcfegﬁtqm%w% aﬁjeglgcfre

enbodi ments, theadand Feh réplacedd wil advhpBptidebodd. hRrsog@RaMoARIYNS, thbhe ani mal s
a mammal . In further, enbodinents, the animal is a human. The invention

provi des corrpdseptlﬁi%weéeﬁwnmbnéw %J‘/Lfvaﬁle withanigal pellst &7 ethaci d, _
pol ypept i de; %ehh%,mﬁggg@&wm%c iR B fsflndfiReg l1venti on. I

sone enbodi nent s e co tiron I n Its usion wi th ani mal
cells. |In ot henomidosh memals JFot haemqmmwepmdmmeiehccanselan aicetinlme  response
when used to i.nocul ate an In some enbo i nmune

h
conposi tion el'f&Hs T%SPB%SFP‘S e’éﬂiscidﬁﬂﬂw&ul?t@%&ﬂ?@ \AﬁrTEﬂnﬁ%"@h’ i nocul ate an

ani mal . 1 n ot hephtesRatiiTenis . Huh@rd] MKDE: CAMReSWhdORke@td bdifat@ahunor al
i mmune response when used to inoculate an aninal. The animal can be a

reptile. 20 |rnibite IoppBaRhemhy,2 Fenfde.alnisame smbodimeatsi A anil eRer _
embodi ment LR AN GRkr crﬁlﬁzdﬁgmlmnﬁaﬂ id yl&%&ﬁfal. mﬁgﬁ%ﬁlm&am animal is

a human. The invention provides nuclelc acld segnents that encode
pol ypept i des lamdupmbmmdeMnagnents of the invention, and conservative

variants thereof T . Ivenptl on._nr oVl d%sme1>1< Con a;sn'n?n nlcaa gsett e haV| ng a
pronoter that is dperadt yorraked ity ' atn & B4 S8y et of the

invention. In sk ackifpolghemiat,s peblide Pigarmmt, @Eapsptﬁ@ﬂﬁlhbtidﬁﬂtme I n other
enbodi ments, the pronoter is inducible. The. invention_provides nucleic acid
constructs t haltvIREy MO APOBIIEAIRthS CompRSiSTINpRES ARG RN et { he

i nvention. 15Thew1rtl'ﬂ&{n‘?\'af:ccﬁ§' & &Qﬁ%&%%heﬁ@n{hé E'&Jlftigﬁloﬂ%hc%oanelﬁ?&ﬁés' on cassette

of the invention. In sone enbodi nents, the vec can be a virus. In other
enbodi nent s, tM@m@cWM1 ussdalmwmmanﬁmalf U sdver crebadénis thssimmunbe vector i s

an expression Cvenct or. 11c1t eliq gl,%r ?Vi dee Z‘ recgr{b it ‘rﬁ teVI rus that
includes a virdf ROYEPDF ﬁﬁd ! ﬂdﬂ]ln & TS4RTHC SEGHBITE It WE % vent i on. In
sone enbodi mendnsmalt MeoMmtr @hbodfinents, the immune composition elicits a humoral

immune response when used to inoculate an animal. The animal can be a reptile.

20 In some embodiments, the animal is an avian. In other embodiments, the animal
is a mammal. In further embodiments, the animal is a human.
The invention provides nucleic acid segments that encode polypeptides
and peptide fragments of the invention, and conservative varants thereof.

The invention provides expression casseties having a promoter that is

{2
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operably linked to a nucleic acid segment of the invention. In some
cmbodiments, the promoter is constitutive. In other embodiments, the promoter
is inducible.

The invention provides nucleic acid constructs that include a vector and a
nucleic acid segment of the invention. The nucleic acid construct can include an
30 cxpression cassette of the invention. In some embodiments, the vector can be a
virus. In other embodiments, the vector is a plasmid. In further embodiments,
the vector is an expression vector.

The invention provides a recombinant virus that includes a viral vector

and a nucleic acid segment of the invention. In some embodiments, the viral



4VO 2005(010034 PCTJUS20141023345 vector is a herpes virus. In Qher

enbodi nents, the viral vector is a canarypox virus. In other enbodi nents,
the viral vector is an adenovirus. In further enbodinments, the viral vector
is a vaccinia virus. The invention provides a viral vaccine agai nst SARS

t hat incl ud@sttes M4l 5 vector, a nucleic acid segnentPOFURHE/ REYENt i on,
and a pharnmaceutical carrier. In sonic enbodinents, the viral vector is a
herpes virus. tattoptshelierpiaivads. MRSy chb@iin¥hts ahe ¥ied todiol i§ adat@y@kyPOX Vi rus.

I n ot her enbodi.nents,  the viral ﬁctor is an adenovirus. |In further
embodi ment s, t ABSyi dpenapbodimants, theyialyerionisynadanovirps. ondbelary - t he

phar maceut i cal erRalth&ls, ki il vadlRt ey . Ohial iyection. Preferably, the 10 viral
vaccine elicits an i nmine response \/\X‘len useél to inoculate an animal. In

sone enbodi nent s t He ivvenadtn pragidenevied! ivedcirs agaiog|JARSthai invludees ar‘»é@bonse when

used to in uI n t he |raI vac ine elicits
a hunoral o§ ‘Or ‘b%%%hs%%&%ﬁ“ﬂ Egh ]B"ﬁnﬁ%%d'["g?ghgﬂmé iogc mFFle ani mal can
be a repti | e. sohﬂa KT neINRO the FRAL Gectot 13€ HRAIFRIrud. Sin @thca¥mBeHimbms,ahd1er

enmbodi nents, 15 the aninmal is a mammal . In further enbodi nents, the ani nal

i's a human. The'3 HRRSHES DREBRBOT dBes. 41 BSE salrHBES Al WA #3Y ISERS t hat

includes a pepihAoms. nﬁltfruﬁmr&%w%asd@eqrranama@pqu%c&ﬁ agigot of the
invention, or a conservative variant thereof armaceutical carrier
Preferably, th&efepihéy tagbamiasalticobgaricais fosnflatedrfiir altlJefleﬁIOIPrﬂfﬁ}i@dI then.
Preferabl y,, t e formul a in i.t dosage form

Pr ef er abl yPO . lraE)ezpf“t%% gghvaccf%}é{uél?lesﬁ “E’Cw n ”Sﬁ’rg;gongo? egteg%gréz%lvxﬁeIﬁ] used to

i nocul ate an mmmhnbotimmanmeenﬂadcmélﬁnts at:ds‘lellzpermtnuderesp@ﬁe maeelicits a
cel lul ar innune es onse when oculate an nimal . . I.n ot her

embodi ment s, PP C@Hﬁwpﬁe?%P ‘E”Pﬁ%&ﬁ@ﬂvwa e cligisdonse when

used to 'nOCU|%ﬂ)rﬁﬁlnﬁﬁmmspon—g@@fh@ﬁ‘hﬁalto ﬁ@&lﬁ@aﬁdﬁjﬁml”n?eqrﬂ;ﬂai%én@corm ,
enbodi nents, the animal is an avian. In other enbodinents, the aninmal is a

manuri al . | n faieptier Inesewdimbedrents; e apimialrisl anjayiag. Fruether, enftodipamigent i on

provi des a,m JSm I ne al nst ARS tha Lncludes a m croorgani sm
t hat expregsegjggﬂgﬁ éﬁwwﬁgﬁogl%@%ep 8§?W§ghﬁ %ﬂn¥13% 5n¥hvent|on or a

conservative vari arnthetiengaf proeides Lpaphids vaemd bidah SORY thatinchafds br ef erabl y,
the mcroorganismis attenuated. In sope enbodinents, the mcroorganismis
Sal monel | a. | PBHERITMSHERIDRERHCS or £ REPHE CFSEIR BH (AF &ioi W fer i a. I n furt her

enbodi nent s, té&ﬁsé@:ﬁﬁ@%%?ﬂé{@of Sndh ﬁﬁﬁ'{n!a@eup%gﬁ?‘s‘éf?%@ Pably, bfs SOME
enbodi ments, the pharnmaceutical carrier is fornmulated for | njection. In
ot her enbodi maytsnacehiecaptransras bomitlert foanieten. Pseltoblyuthapepidtor oral .
20 vaccine is formulated in unit dosage form. Preferably, the peptide vaccine clicits
an immume response when used to moculate an animal. In some embodiments,
the peptide vaccine clicits a cellular immune responsc when used to inoculate an
animal. [n other embodiments, the peptide vaccine clicits a humoral immune
response when used Lo inoculate an animal. The animal can be a reptile. In
25 some embodiments, the animal is an avian. In other embodiments, the animal is
amammal. In further emboduments, the animal is a human.
The invention provides a microorganism vaccine against SARS that
includes a microorganism that expresses a polypeplide or a peptide fragment of
the invention, or a conservative variant thereof, and a pharmaceutical carrier.
30 Preferably, the microorganism is atienuated. In some embodiments, the
microorganism s Salmonelia. In other embodiments, the microorganism is
Listeria, In further embodiments, the microorganism is Listeria monocytogenes,
In some embodiments, the pharmaceutical carrier is formulated for injection. In

other embodiments, the pharmaceutical carrier 1s formulated for oral.



7 WD 20051010031 PCT10S2 0111/0 2 3 31 5 admnistration, Preferably, the

m croorgani smvaccine is fornmulated in unit dosage form Preferably, the
m croorgani smvaccine elicits an i mmune response when used to inoculate an
animal. In sonme enbodi nents, the mcroorganism vaccine elicits a cellular

i mmune r esPOREE/ MM EH used to i noculate an animal. In 5 WiHERIEHBEH ment s,
the m croorgani smvaccine elicits a hunoral immune response when used to

i nocul ate an aadimwlstratfsheowa’:rmﬂy theuniddgorgantseptdckige id formélere iewdiodi ment s, the
animal is an ayian. t her enibodj ments, the animal is a manmal. In

furt her enbod.dr?é?&csfmh referati 1S TEICEDORITRISR. VATHEE FIAHS AP IBMUPS BHUES a DNA
vacci ne agai nsgheARS fohﬁ@un‘i%%%alam gcgné/&%o‘aﬁndn@st %e%ﬂc%n%a%lshﬁse”ed a

nucl ei c acid segnent of :he invention, and a phar maceutical carrier. The
DNA vacci ne nme¥gcéine tlifdie a&ﬁillsl@i]mmam@ resméewhwuaﬁéémnnwlﬁfayﬂ emolalide a

nyonecroti ¢ a onecrati.c. agen can bupi vi cai ne.
I n ot her e(r:?;bo Qer nent E%m}%%gﬁgﬁjé%&%[t’a@%ﬁ&ﬁ{n% elw‘(t:S ﬂ%ai‘%‘%%%f“ﬁ“““%he vector can,
for exanpl e, besp@nw Wit ustditoGhdtRlateedrgethale The anjinBEcanertaqeptils. @ 15 '

bacteriophage. In further enbodinments, the vector is a Bl asm d. The vector
cont ai ni ng théopﬁ§m)d@ﬁtsb@eﬁ¥“§ﬁéfsé’ﬂ aWH“ah’éﬁ\k‘?iFS}’@Pii’ém@ b fhe apigigbier . in sone

embodi ment's, Ui, NG! O (CONE BhBbIBcARe ARRHs b huRigPared 0 a pr okar yoti c

cell. For exanple the vector containing the insert can be prepared in a
bacterium | n sonefh@m@mlwemmgde&@NMEM%@;mSt&ARSéW inshudesa f or nul at ed

for mJC0531| 39&%]‘ !ll gr xlCh 15 lﬁ?Cé{ge aﬁ(ﬁ?g ﬁ%lﬁ%nﬁi&l pgglnl"!/%ltltrirﬁ"aceu |cal carrier Is

f or mul at ed for ion. ne Brtul ated in unit
dosage form ﬁaﬁi‘n&:&ﬁtﬁ):la}/carﬁé}e TBNBNmmbmenﬁlyhmm a@ndjuyBin@he Bdponse when
used to i noculate an ani nal I n sone enbqdi nent the DNA vaccine elicits a

humor al i mrune’*CPBSPak & MR aMRREd0 5 o T 228 Plin e ¥RRcCrofinagther

enbodi nents, thHg b%xzéal‘ﬁécﬁid}ﬁer@n‘h%d&m@ tﬁ@hllybh e%FodcngHﬁ@s sLHpORRmEe When used
to inoculate an aninmal. The animal can be a reptile. In sone enbodi ments,

the ani mal i s Hir vgvionean, fag exgemerbeaigsl Inenthos om hém@nismbb Vi:féoras famal . In

fur ther, emodiyiElsonak0ets @RLTA b %R 0UTR.ci ke VG 130 (prgyi dos an

anti body t a po ypep e of e rag men of t he

i nventi on, or c@nﬁa@ﬂﬁ@lﬂma‘xtsb:\zeawl@dprapmtrcdtlhareelairyoticme3oﬁmweeémﬁdbmrents, t he
anti body is an antigen-hbinding antibody fragnment. |n other ?dl ments, the
antibody is a f;sreh%m%“aiheaﬁf%wmmwlwu?ssﬁé%pr@?%ﬁ&dpﬁéﬁ?@rwh@ﬁ@ ant i body is

a singl e-chai @&Qkénpﬁg,ythe L&t&%%ﬁmﬁ@?ﬁ’éﬁh@%ﬁ be bh&%aﬁmﬂ DOdYerludn. an

some embodiments, the pharmaceutical carrier is formulated for mucosal

20 delivery. In other embodiments, the pharmaceutical carrier is formulated for
injection. Preferably, the DNA vaccine is formulated in unit dosage form.
Preferably, the DNA vaccine elicits an immune response when used 1o inoculate
an animal, In some ermbodiments, the DNA vaccine clicits a humoral immune
response when used to inoculate an animal, In other embodiments, the DNA

vaccine clicits a cellular immune response when used to inoculate an animal.

(O]
L

The animal can be a reptile. In some embodiments, the animal is an avian. In
other embodiments, the animal is a mammal. In further embodiments, the
animal ts a human.

The mvention provides an antibody that binds to a polypeptide or peptide

30  fragment of the invention, or a conservative variant thereof. In some

embodiments, the antibody is an antigen-binding antibody fragment. In other
embodiments, the antibody 1s a polyclonﬁl antibody. In further embodiments,
the antibody is a single-chain antibody. In other embodiments, the antibody Is a

monoclonal antibody. In some preferred embodiments, the antibodyis a



nonocl onal antibody. In sonme preferred enbodi nents, the antibody is a 8 V% O
2005/ 010034 PC 1'/CS2003/ 023345 hunmani zed anti body. The anti body may be
coupled to a detectable tag. For exanple, the detectable tag can be a

radi ol abel . In some enbodiments, the detectable tag is an affinity tag. In
ot her enboliM¥HI8IVHhe detectable tag is an enzyne. | nPEUFRHEY2EHDOdI nent s,
the detectable tag is a fluorescent protein. In 5 sone preferred

enbodi nent s, thengetedahabddy. Thgabtibody frlaybe espidto rdeletable Tie Foant i body may
al so be coupled to a toxin,  The inyenti rovi des aptanmers that bind to a
pol ypepti de ore’ﬁ‘é‘wq’&?‘fcﬁcﬁ‘aﬁé?ﬁwﬂ etaﬁ%‘ﬁ‘i[’lﬁ@én@is{?ﬂ‘,“ o s Bevat i ve vari ant
thereof. The apiiai®ic ABYs mlbeﬁfﬁﬁaguaii_emcm:r@mﬁl&nﬁ%@._hh@détékgablg% i&xyanpl e, the
detectable tag is a radiolabel.” 10 In sone enbodi nents, the detectable tag
is an affinityckzage [niwhiermbediredisrisdstectuble tagas @ Svatsiaent prgteins Ian enzyne,
In further enbodi men . t abl K fluorescent protein. In
sone preferfedgogﬁgfeﬁg%%@&?%g&g %eté;eéet%g%&ga%%&e}]“gl cﬁg‘?nl?ﬁ'gﬁbc[s‘c % marker. The
aptaner may al swibbéy sauplsede tarpied th @xdxin. 15 The invention provides a

phar maceutical conpgsition or a kit cont ai’ni'n(g an anti body, $ polypeptide
or aptaner of the | h%ﬁf‘?“é‘ﬁ‘_‘ Bgdss }’.’Fﬁ%‘}l‘?fég\éh'f‘il_ 02 pAEPET O isPEderabl y, the
phar maceut i cal rEORROSE fhk @R ehSor], 6F MUn8dredivE QhridnPHRFdor OThe Bithifdr ndgSCr i ption of
the Figures 20 is patent or application file contains at |east one draw ng
executed in cbt gnpleddph detewitble s Fpaprampleothe deicemle tgps b saialdw!. publ i cati on
wi th col orydraw j b ' the S Lic request and
paynent of theﬁwr?g]%<(ae§)sbz(i)}rlﬁf/lllel]Jl Easé{.%eElgtg&hlﬁggiglq%%ns#ﬁgga%!’aﬁ] ‘gg%pose gel

el ect r ophor esi smofdimciDhlAhcdatstablectg B%5n keminrg [afrihes enbodiherits,eincodes t he

b DAl adder (rHEMEGH R H O BOE B ATIa: bpomegraom bt B8 55 %470y
Lane 2 shows t figediNfe @%Mﬂmésc@ﬁtﬁﬁﬁ&e@.d’l‘w dpnBatdy/aXde cougi@suld i ng in the
di stinctive vector band (upper band) and the DNA fragment that encodes the

spi ke protein PEBwer band); Lane 3 shows the DNA construct 30 digested with

FlindllI {ch pro : r ﬁ]% - @g - xpected due to
t he prese\r,:@e of a %ﬁﬁ%ug?ﬁgkﬁﬁs? e \l}g%tg %?al gn \%&{Oﬁfogqtkﬂzogﬁéﬂ‘%f r agnent
encodi ng t he sgui keibpdygtSqiohypeftidg.or hBapemnfiticesventist hmiaphamdicageam of a

nmononmer of the full-]ength : o o
CarTicr. Pn%crglbly, the pharmaceutical composition is formulated for injection.

Brief Description of the Figures

20 This patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color
drawing(s) will be provided by the Office upon request and payment of the
neeessary fee.

Fig. 1A illustrates an agarose pel electrophoresis of a DNA construct

25  having an insert that encodes the spike protein of the invention. Lanes from left

| toright: Lane 1 is a one kb DNA ladder {markers from bottom o top - 0.5, 1.0,
1.6, 2.0, 3.0, 4.0}; Lane 2 shows the DNA construct digested with BamHT/Xbal,
resultig in the distinctive vector band (upper band) and the DNA fragment that
encodes the spike protein (lower band); Lane 3 shows the DNA construct

30 digested with HindIII which produced a smaller band and a larger band as
cxpected duce to the presence of a HindIII site in the vector and within the DNA
fragment encoding the spike protein.

Fig. 1B provides a schematic diagram of a monomer of the full-length

SARS-CoV § glycoprotcin showing various soluble polypeptide fragments afler



SARS- CoV S gl ycoprotcin showi ng vari ous sol ubl e pol ypeptide fragnents after
9 WD 201)5/1111034 PCT/US2110 410 2 3 3 45 renoval of the signal sequence
(residues 1-16, SEQ 11) NG 60). The soluble fragnents are spike protein

fragnents nanmed "S" foll owed by nunbers corresponding to the spike protein
am no aci d¥OPHEI¥hstitute the termini of the fragmeMCT/HRYYI23BET56" js a
sol ubl e spi ke protein fragnent beginning at amno 5 acid 17 (just after the

si gnal sequenaehoandf tRdlgngl BYuabd Hesided U-165SEQ THMIO: (g e hibhe
transmenbrane segnent and the arrow i ndicates a possible cleavage site
within am no dESHCBESTS PHRSTSH. egments agnethce RN by RBEPers ndi cates  t he
potential receRtPsoREAG Lk 0ahinh Sedd fih ' L3 ,PeShE i ons 272-
537 (SEQ I D NG BgyPorl Eéﬁ‘?‘@%@ﬁ}é@ﬁéﬂ?‘?i&s?%Jﬁ%%%ﬁ%ﬁ%@f&?@%p posi tion 303
10 and a resi dugmnepstTiratiSeHo piesistliubla spBTpreBHQTEENMOhEgInipg atFngno 2

illustrates a de ri ol yaeryl am de gel .el ectr.ophar.esjs.. S- PACE) of
t he expr eszsl on't nﬁaéllﬁg%r@éeg %%HWC&M?ﬁ%dl%f‘tlﬁémﬁgﬁ‘flg?i&fr SARS- CoV in
Escheri chi a calchotedihe uRePhdnii@aris RERBA GnLOE LESN AR SatdsQ: DR BG4l 17- 446 of
SEQ ID NO 1. The nucleic acid segnment encoding amino acids 17-446 15 was

cloned into a JRSENBEPeAcH Godliant’éSpREBrasee RNIR6) RBihiikdicaligis  expr essed
in BL21 DE3 c . : - . - 1.ndi cul ar wei ght
mar kers in Ki Ie%%j ?l"frﬁlﬁgﬁ %Errﬁce}l gﬁg@ﬁﬁﬁ%Fgﬂthﬁgﬁf%’hﬂS% frﬁlgj%%)@f)é/%ée%ti des: M -
mol ecul ar wei g3t (RBQRBMED: ST pilikgy betareh a Rsidupdbwimeptnm desm pdsitoardBol E. col |
cont ai ni ng, { he pRSET, vector w t haut |.c._acid segnent encodi ng am no
20 acid red) dU‘é‘g a feRldupdiny(fe ) lﬂkﬁpf(sﬁﬁﬁﬁﬁﬁrﬁg@t i sopropyl t hi ogal act osi de
(1 PTG induction; |P§’g]@iﬁuﬁraﬂ@laﬁ%ﬂ@?‘ély@éry&ﬂﬂ&é@il cketrébotesi@pbgi ni ng the
PRSET vector w thout the nucleic acid segnent encodi ng ani no acid residues
17- 446 of SEGAFFENGthesHpgssign ha pptids [rpsaret phike spilipBrokeio figmaiARY-s of E.

coli contai ni ng,v IEREREL MRCHRE nM:yb i j el l3s8Rcodi ng am no
acid residues 17 75 246 E% CSEQ Iﬁ)p%wlgglgﬁglcglm&%ﬁgﬁ%%gﬁn uctdison. The arrow
on the right sidefSERdDEabes Thenyplesi dcidusgoéntanpepng abeinb peigndhu4o

corresponding to am no aci sidues 17- ID,NO | as expressed in
B. coli. F#SS \%asicl?qnﬁgfr}‘%?ggsgi?éjfj ?rtﬂlcﬁetatcé’%%g‘%@%g%)f RSB KFessi on of the

i ndi cated pepipeiescBnaBIRMLE3 edlis! MRnbEs kel i@l ediiht 1MnFORSnidMéulap mammal i an
cells. 30 Nucleic acid segnents coding for the peli)tl de fragnments were

cloned into a ‘poekTREoms iddlogpltans ExplressopaisitheldofodBeaeiyeepids My the nouse
EpiCPg:og :Ofﬁge;- rﬁfig-.?x:l%gi'&ﬁegg}ﬁtrnaﬁvﬁ?s; MrtE] HdMSpdiPepff& R Loy paRd; @ ¢- M
containing the pRSET vector without the nuclcic acid segment encoding amino

20 acid residues 17-446 of SEQ ID NO: 1 and without isopropylthiogalactoside
(IPTG) induction; lane 3 - polypeptides of control E, coli containing the pRSET
vector without the nucleic acid segment encoding amino acid residucs 17-446 of
SEQ ID NO: 1 but with IPTG induction; lane 4 - analysis of E. coli containing
the pRSET vector with a nucleic acid segment encoding amino acid residues 17-

25 446 of SEQ ID NO: 1, and with IPTG induction. The arrow on the right side
indicates the position of a peptide fragment corresponding to amino acid residues
17-446 of SEQ ID NO: 1 as expressed in E. coli.

Fig. 3 illustrates a slot blot analysis of the expression of the indicated
peptide fragments of the spike protein from SARS-CoV in mammalian cells.

30 Nucleic acid sepments coding for the peptide fragments were cloned into 2
pSecTag2B vector to express peptide fragments having the mouse k chain leader
sequence at the N-terminus for secretion, and a ¢-Myc epitope plus a histidine
tag at the C-terminus for detection and affinity purification. The nucleic acid

constructs were lransformed into HEK293 and VeroE6 cells. Expression of the

i0



tag at the Ctermnus for detection and affinity purification. The nucleic
acid constructs were transfornmed into HEK293 and VeroE6 cells. Expression
of the 10 WO 2005/0111034 PCTIt1S20041 023345 indicated peptide fragnments
was exam ned through use of slot blot analysis with an anti-c-Mc anti body.
The nunber ¥ @H¥hgidieft and |ight indicate the amino abBfHUPEEHYEHES i ncl uded
within the detected peptide fragnents. The left colum represents
expression of mARaREPEMIIL FAERSHE RS cilathifdaiRB3gie 8del oF slof BRt hhaBfdts vaticOl umm
represents expressjon of the peptide fragnents in VeroE6 cells. The upper
hal f represent ¥ ¥dinpMes 2BWody ndlie puprarnetibe fali sdwight mdicats theEmdower e gr own
(secreted protgi d : L. e ined from
veil lysate (i nt@%%:lefl%lr}ﬂﬁl@%o‘%@ ]l\ﬁ%%eﬁ@#ﬁ%e‘? g&g%%%é@ F@gn’giécngﬁgpﬁlﬂ%r ovi ded by

t he manuf act urceres@its éxpecspbashthd peftiat fagneas mIPSYdlL. Therdic tag at the C
10 termnus, NC is a negative control that contains the full | ength spike
protein f rom SARRD BRIFS ﬂ%?*ﬂ‘%?élﬁg DE&EPW@”%W@%“b}/erﬁ%élciﬂéﬁ' r‘{hé tag. Fig. 4A
illustrates a gipf ndih@brcatiRd %8ipks ObtatnlE 18X4RN&ESh walchithecd dierat ed  pepti de
fragments fromthe spike protein from SARS-CoV in human 293 or Mnkey

Ver oE6 cel | s. Sapsfsratcitniolons o8l ha pwiehyf mpreseits smplegpdbtaeddtnni t h 15

pl asm ds encodifg, s, f BNt S IC WA - )il sence or
presence of T7wgof 'y}re(lr;rg%ga Eehigrp(ejgﬁ)ég Pbég%gggﬁg?ﬁgﬁrt%@\}g%@flém t\i??rus (VTF7. 3)
wer e transf er redntfaturet siobeplharhid it emdinaliys wathd cdeltye edged thei@-h anti - c- Myc

epi tope antibody.. The numbers.on th ft and . right indicate the amno acid
resi dues i m:I utdé]&lmk)\i‘ ﬁ]’]{ghs EET‘u‘“éaﬁ‘e‘tC@EP@dL%QﬁTt?‘B%thFrfg[é?ﬁ’e]ﬁ@“sspﬁ(ﬁgﬁ?f?’& is a

posi tive 20 coftm@lARSabyeenlRkdsc-REA it A hitibke tddg at the C-terninus.
PCDNA-S NC is a negative control that contains the full Ilength spike

protein from SARS- oy 44 Hastratesaeotdlet anpsiseqfithoperaspionpstedidediadag. The
lanes are as follig ‘;ég,“(‘%% Q%ﬂspg@%r&&h 'ﬁ%m@xﬁ%@-‘ﬁ%&ein'lﬂﬁ}ag%?g} ed with a

VTF7.3 vaccinia' vin cells were I nfected with a VTF7.3
vacci ni a vi r usMofily VivoReyelNc Soktnadaltd of 295 atdseroits ellaatndfafi@iotdd with a

VTF7. 3 vacgini g vi.rus nd .(4) nonkey VerqE6 |ls that were infected with
a VIF7.3 v cciﬂf‘sém(}? ﬂ‘}g&“&ﬁ .‘)gﬁﬁmég&%érﬁngig’gnw §ﬁ8h"t¢%%§*’é‘i§t°§d cells as
descri bed abovgcde@te 5T pol HeriRr Rpleficd BatRempinkit WeciNhA Ag av'pses)beads,
washed, and subjected to Western blotting with the sanme anti-c-M/c epitope

antibody as i nwfganyareddg nittageildeinanisineaerbdaetaovitomibe-Mycf r agnent s by
Lo rabbit pol ue80aino R0t RIS e AR DR nRERL leigRLsgSPONII ng to
sequences start1ng at residues

residucs included within the detected peptide fragments. PSA PC is a positive

20  control that contains PSA with a c-Myc tag at the C-terminus. pCDNA-SNC is

a negative control that contains the full length spike protein from SARS-CoV

that lacks a c-Myc epitope or histidine tag. The lanes arc as follows: (1) human

293 cells that were not infected with a VTF7.3 vaccinia virus, (2) human 293

cells that were infected with a VTF7.3 vaccinia virus, (3) monkey VeroES cells

]
N

that were not infected with 2 VTF7.3 vaccinia virus, and (4) monkey VercE6
cells that were infected with a VTF7.3 vaccinia virus,

Fig. 4B Supernatants from transfected cells as described above for Fig.
4A were incubated with Ni-NTA agarose beads, washed, and subjected to
Western blotting with the same anii-c-Myc epitope antibody as in Fig. 4A.

30 Fig. 4C illustrates detection of S fragments by two rabbit polyclonal
antibodies raised against peptides corresponding to sequences starting at residues
24 (D24, middle panel) and 540 (P540, right panel), respectively. The left panel
shows for comparison Western blot where S537 and 8756 were detected by the

anti-c-Myec epitope antibody.

11



24 (D24, mddl e panel) and 540 (P540, right panel), respectively. The left
panel shows for conparison Western bl ot where S537 and S756 were detected
by the anti-c-Mc epitope antibody. 11 WO 2(11)5/610031 PC

T/ 1152601/ 023315, Fig. 5 illustrates-that the full-le

ngt h
menbr ane- a¥9GEYAI¥ES protein is expressed on the surfa‘%é”%?z"'&‘é'lzf%? as shown
by flow cytornetry using the rabbit polyclonal antibody P540. A nucleic
aci d encodi ng t=hetfoj|gI51Illengmda tl&tﬂglfymmgmtr@émbrm&%suﬁﬁﬂed 9 ptor@dnsf ect 293
cells, which were t nfeted VTF?St% Cells vvereélollﬁcted and
i ncubat ed wi t F PEAE |15’(5‘It %?‘{5 & Ofes ?BBH}P“@I[{Y OVL N PMERLENRE 'SeEbRtar y ant i body

conj ugat ed Wi tdy|fdidhel amvslieBsaandnaubl 854 @&oaag tITthQWIéﬁgHPSm”y anal ysis, The

sanme plasm d used to express S but wthout the” nuclel ¢ acids for S was used
to transfect caydoprat¢inavagvsrdriolragsigse?netis, vdesloved ths infeetlgdwmiithe contr ol

e donot ed as” b ol GACE RISV DRTrAC et SRl PIPed HETC cavage

of the S gl ycoprabigi secommty stibadykioalu gytcdw&atm@ odsBES aed subieexnat ants from’
transfected 293 cells expressing S75 and cell |ysate of 293 cells

expr essi ng t hefly CB@P“}‘E@}SFWB@M@%@FW@%W B54 b0 aiteshSF witboW Fan. O ose to
background | evfﬁlcle;]c zfﬁlllc%% %d?ﬁ egl’t@t@ﬂlségt §1n0'«p§3%[ ngﬁgllfﬁlngnt d@f?bt?(h%w; a

Western bl ot of sanples ept or three ays at ore analysis to
moni tor the efrfegctﬁveo:bntmlr{wémeﬂls eithprndtieasids acbiing the foltrldnigeth &1 eavage
pattern. Ilrbcoqtrast Fi 6B, shows blots wth sanples used i mediately
after preparatt 5"}?”%‘?163‘ “?Sﬁ‘%ﬁ% that cell fusion is nediated by the S

gl ycoprotein. A 2@ip@ANA3-dmsRci @stsubatious ciSeda Fserﬂhewas used as
plasm d control, and  fusion between S-expressing cells with ACE2-ecto

expressi ng cel $ECORERCIN e HRANTA Y 2 Vietiem Dims plomperiHanty ERRAZIAEHN ect o
construct expressefs é)&fﬁ‘éssﬁ\g@7ﬁ@§% %e?gy&g Re 6£39 QOB RLAgYRE W th C9

peptide. Fig.7A |I ustrate S no syncytium fornmation between
293T cells tragiﬂfoets:tt@ds uulmwhpséxéﬂr@glﬁﬁl)&rammcmwb@mdﬂcm I n

contrast, B|II ssyctlu tio n.293T cells
transf ect ed vm %V%ﬁﬂ%éeév"é E%EBI\&% %@WSWS%‘%%&& I1:"£‘fg 7C
graphical l'y iliepsior iresdSehl 4 QB0 2R yIP@IRUTREr Y cHedOPASIBEcifigene- based
assay. As shown, S glycoprotein expressed in both pCDNA3 and pSecTag2B

vectors can berTHEREEEBTILY 91 the cicgue pElsar tlacogeask Figa §B@hews blosatith 30 f usi on

assay. samples used immediately after preparation.

Fig. 7A-C shows that cell fusion is mcdiated by the S glycoprotein. A
20 pCDNA3-based plasmid without S insert was used as plasmid control, and
fuston between S-expressing cells with ACE2-ceto expressing cells was used as
negative control. The pCDNA3-ACE2-ecto construct expresses just the ACE2
soluble ecto domain tagged with C% peptide. Fig,7A illustrates that there was no
sytncytium formation between 2937 cells transfected with pSecTag2B-S and
25  pCDNA3-ACE2-Ecto. In contrast, Fig.7B illustrates syncytium formation
between 2937 cells transfected with pSecTag2B-S and pCDNA3-ACE2,
respectively. P;ig. 7C graphically illustrates cell fusion as measured by a reporter
gene-based assay. As shown, S glycoprotein expressed in both pCDNA3 and
pSecTag2B vectors can be detected in a 8-gal reporter gene-based cell—cell
30 fusion assay.
Fig. 8 A-C shows that the S glycoprotein receptor-binding domain (RBD}
is localized between residues 272 and 537, Fig. 8A illustrates binding of two
different S soluble fragments (§537 and §756) to 293 and Vero E6 cells. Fig. §B

illustrates binding of various S fragments to Vero E6 cells. The background
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Fig. SA-C shows that the S glycoprotein receptor-binding domain (RBD) is

| ocal i zed between residues 272 and 537. Fig. 8A illustrates binding of two
different S soluble fragnments (S537 and 5756) to 293 and Vero E6 cells. Fig.
8B illustrates binding of various S fragnents to Vero F6 I he

backgr ound PARB1 157010034 POC US20041023345 0408 fée%@%#“‘eﬂ”?%‘r t he

negative control was subtracted fromthe OD405 val ues of each S fragnent.
The resul ting YPspBerpreddatiie hesatrernninghyas fybhaqwdelen tletOBgs vaugser cent age of

the 0D4o5 for 34 Fl i r S I, A\ i nts
interact with %&%ﬁ% g—gggeﬁ.ﬁﬂeeresﬂ@g@%%égg%? ef'§ g@%@ﬁ%@%ﬂﬁﬁseg{cﬁgge
experinments, thgreagat bfdheantsriof SBNCFid eQnikwanies whaihnl miprepadssed exactly
the sanme way as the others except that the plasnd use or transfection
did not encodiygawmﬁptg{agq Wi Mtf‘gdé‘i’l@&ﬁ% 'Sr"éf‘ﬁf‘é'%ﬁi” Eg{§¢'e5§11 t hree

i ndependents  exB&{HERN % ndTAQR MR Sﬁb? ARl eSimipte poesshE 8dosnper cent ages
of the OD405 for S537. 10 Fig. 9A-D iflustrates that dimerization occurs
bet ween the N su@emiayak thefotegmexsens thet thehpdes@MRS Gy tBnglediemptidnet n as

denonstrated b - . iLhitation and crossxlinking. | N-term na.
fragnents exce%lf& ‘He~ %ﬁ%@?“ﬁ?@%ﬁﬁc&cpf %ﬁ'h?—@f%}ue@dn@%gﬁeﬁ{g the receptor
bi ndi ng domai rexperireents QpUbogdl @aippis ad @esenict! as fekdbntdpes bhide BN fant | body. The
P540 anti bodyn#'_; a 15 rabbit polyclonal antibody that was devel oped agai nst
a. peptide co A7 ni ng residues 540-555 of the S glycoprotein and it binds
the S756 pel ypepti dgg Ut DARstrafch BalNibRF Ptda loc i PEIRBINSIhe NNefitifal 9A, pl asm ds
encodi ng N-term nal %ragments (denoted by the nunber of the ending am no
acid residue dfepiesiHSSARY-CoMS dyempraiei aadamomtaedly ég r esi due) were used

to transfect S . 1S] es ).l I paQn (right four
| anes) with a%%“;’“gé‘sg‘]ﬁc‘gﬁ.&lﬁ’gqg? g;?%@#%é@&g%ﬁ@&ﬁ%ﬁﬂ{%ﬁéﬁ&? {r?gecg edgvvi th
t he vacci ni a wnnilest MREMeB.(SIFAEL7) comtaihiag it@recdploe bouitgutomaimeeicum was

col l ected and subj ected.t.o S bl ot | ySi i use. anti-c-Mc
epi tope anti bdd THARPTEUEY ?V?hgl}gq by &?58‘%@?‘%@’93&5 nfg",d'%@g&éﬂr‘iléf\)\%athat a:vly
N-term nalisS frhReRINGonabxi®Bly hhcy SR aghin@ArRplid{ Rkl 7) t hat

contai ned the receptor binding domain, were coi munoprecipiated with S756

by the P540 artsii$say40-Fheokane ehiseirattin ¥diphiad the 845G pelmcglidamt aglr e
subj ected fir Q.. Lpitation with the P540 pol yclonal antibody
Sk Ky YDRBRSEL

t hat recogni zes on €se i munopreci pitates
In Fig. 9A, plasmids encoding N-terminal fragments (denoted by the

number of the ending amino acid residue or the number of the starting and

20 ending residue) were used to transfect 293T cells alone (left six lanes) or in
combination (right fogr lanes) with a 8756-encoding plasmid. These cells were
then infected with the vaccinia virus VTF7.3. After incubation, the culture
medium was collected and subjected to Western blot analysis using a mouse

anti-c-Myec epitope antibody that recognizes all fragments.

]
N

Fig. 9B shows that all N~terminal S fragments, except the smallest
fragment (§317-517) that contained the receptor hinding domain, were
coimmunoprecipiated with §756 by the P540 antibody. The same medium
samples used in Fig, 9A were subjected first to immunoprecipitation with the
P540 polyclenal antibody that recognizes only §756. These immunaoprecipitates
30 weore then subjected 1o Western blot analysis using the anti-c-Myc epitope
antibody to confirm that the N-tenminal fragments coimununoprecipitated.

Fig. 9C shows that a new band with 2 molecular weight corresponding to
a dimer forms in the presence and absence of DTT. To rule out the possibility of

nonspecific disulfide bond formation that may lead to coimmunoprecipitation,
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30 were then subjected to Western bl ot anal ysis using the anti-c-Mc epitope
anti body to confirmthat the N-term nal fragnents coitmunopreeipitated.

Fig. 9C shows that a new band with a nol ecul ar wei ght corresponding to a
dinmer fornms in the presence and absence of DIT. To rule out the possibility
of nonspeEPRENHul fide bond formation that may | ead PEE/USIIMMZII

coi mmunopreci pitation, 13 WO 2005/010034 PCTII1S200411123345 D S T was

i ncl uded i n on¥bivas meiuded mmomn opthe coipintmbpetipeatparexpaihent DDTTHad no ef f ect

on either imunoprecipitation or cojnnunopr.ecipitation of secrefed 5756
(left |anes) &f e%%‘%‘émﬁsi‘%‘ I GAPTeF RGN of R@ﬂﬁ“ﬂ’ﬁlf’%rﬁﬂﬁllt@?“d’éﬁ?céi‘?t ng secreted

S756 (left |amgs) (16t 1a2é9dRr 82965006 ghg,tm iaﬁ&?.SMeﬁfuﬁQﬁﬁme% cWRhRinUb] ected 5 to
i mmunoprecipitation with P540 in the gresence or absence of Z MM DIT. Fig. _

9D i | | ust r at escartied §7Xe(1¢t laptse oSS Péi-§ piddrichidanss) Gemeonss warhswt§&d®  f r agment
was cross-lLin it h BS3 (Plerce, ford 1L) . as L in the

Exanpl es ar‘?d ggﬂﬁ‘ﬁ‘ ltéorpﬁ"%g‘ﬁg§lg){\l5\/§lstﬁ§rb %d;gﬁfé%pr %P %?&Qﬁglcgﬁﬁfhg\gggﬁ ation and the
anti-c-Mc anti body¥igpa® illsedtd dic sietof aici ool gfeptideccligbBérsmame 8687 and its 10

ol igonmers. As shown in the ri pears when

ght | ang of Fig. 9D new band a
the crossli nlffaﬁﬁlewe_&@%?fpsﬁ'%ﬂké%’é@.B%T!Q%‘e‘i‘i‘é-vbg%gz’airUa_'Saagﬁﬁbé‘éﬂ! %F wei ght
correspondi ng tQn @1l iBh \bb’stterﬁmo't\l Qs E&'e&i?@dl’ at%@gS-PAGE;g bation Bh@ihel OA

illustrates dinerization of the termnal fragnent 7 as detected by
si ze- excl usi onngterdpmegtpodp s used doralegtliamipho$ il egoroMmesd8litand 15 5317-517

ate shown ,w t h.arrows ,an u rs..indi i ng~the posi;tion a ecul ar
wei ght at % g#%&é?%ﬁdér%&g%a %6%%%%#&6%@%1 i%%’ Were e &Pge .S‘gigegnﬁgélOB provi des
west ern bl ot s cafsslidkant reogtat s alidddc (Tad néwbarb3did aandedBil wwei@il7 by using an

anti-c-Myc epitope antibody. Fig, 1 |A-Billustrates that the extreme N
t erm nal dorraicﬂ”F%’oP@ﬂ%fOrae%'mfebhﬁ nopeh e SRS Eei n medi ated cel | - cel |

fusion. Fig. I|1A prayijdgsiiauaehemiiizaion ot Reas Rkl #0m@dnt 85y a3 gl ycoprotein
deletion mutants and a sunmary of the data froma cell-cell fusion assay

where RBD dendrisstied ki saprskausioraeheomegrepynThs elutin pro@leept 3137904 di ng domai n.
The presenge %f:u?-'s‘ilgﬁx'csﬂ%k@n %hfaﬂélgg’%df'ﬁﬂr%%gk%&gmi?%tﬁa 5@[@ shd) and |ack of
gnal "a ackg ffevel s by a m fus Y

nmeasur abl e " si ove roun wild type
pol ypept i des whdlécudariweiehaat wisci staddabbcalibdtibupioeinsaedre vluted. Nei t her of the

del el 1 on T ant s hayl gy a8 s el t et Rk o S i P21 2) 2
del etion nutants$ bgﬁjsﬂhggn &lgk_mmp%&i JAtiB&yTeasur ed by Western
Fig. 11A-B illustrates that the extreme N terminal domain is required for
20 the S glycoprotein mediated cell-cell fusion. Fig. 11A provides a schematic
representation of the § glycoprotein deletion mutants and a summary of the data
from a cell-cell fusion assay where RBD denotes the approximate position of the
receptor binding domain, The presence of signal due to fusion is denoted by a
plus {(+) and lack of measurable signal above background levels by a minus ().
25 Only wild type polypeptides with amino acids 17-1255 had fuston activity.
Neither of the deletion mutants having amino acids 103-1255 (Deli) or 311-
1255 {Del2) had fusion activity. Fig. 11B shows the levels of expression of full
length and deletion mutants of the S glycoprotein as measured by Western
analysis. Equal amount of cell lysates were loaded for euch sample and the rabbit
30  polyclonal antibody P540 was used for detection. Fig. 11C iilustrates that the
full tength S glycoprotein and the Dell and Del 2 delction mutants are E)I{prCSSCd
on the cell surface as measured by flow cytometry. The level of surface

expression was low although the negative control where the cells were
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anal ysis. Equal amount of cell |ysates were |oaded for each sanple and the
rabbit 30 pol ycl onal anti body P540 was used for detection. Fig. 11C
illustrates that the full length S glycoprotein and the Dell and Del 2
deletion nutants are expressed on the cell surface as neasured by flow
cytonetry. WEhe"' M8t of surface expression was |ow alt ﬁbh’éj’ﬁ”'ﬂ’ﬁ@‘*%’égati ve
control where the cells were 14 WO 2005/01.111134 PCI7 U S 2004/ 023345
transfected w Eﬂanﬁébltﬁfmith/mpélﬁiﬁt?gﬁsﬁlﬁﬁw&'%ﬂk{)ﬂisdhgﬁiﬂwﬁi@hﬁhéi@oﬁt@cthe left of
the other three curves. Fig. 12A-B illustrates that dinmeric S1 binds nore
efficiently toCHKethreesgsgsor ACE2 than nonoval ent fragnents containing the
receptor binding b5 N Shows:t rel atgd of expression
of different S fragF h?%&a%smgéétgneeégdé@d%@bqgﬁllgﬁﬁﬁgﬁﬁgéfgé%niﬁ}%‘e&lgul ture

super nat ant s f raaptoeALE? thunansioedte dragmtits b@ilGn nS8EXe&prandlitgh 37

constructs. _Anti-H s _and_anti-c- _epi tope antibodi were used in a '
sandwi ch EL? SAMPEdef é’cg?‘gﬁéo‘l’se@g%im&? Pevglé@?@fpé%ssxpagégfffe§nbgot eins. Fig. 12B
shows the | eveliu8mbmbhydlidred®y 131§ A AGHENOS u 1 hRurAGEZrASaERSH eIk by ELI SA.
The tagged ACE2 was bound t7q_ gI%at es by an anti-C9 antibody that had been

&t

previously coati@esfesied rieh pige 8319-Fifend Gt erastants Anfirldimapérnti-eMdeur es where
the cells were Lt anShfcied \ f{]%teécfﬂrédd%g&w' ﬁﬁﬁ’éﬂd“ﬁ?lcté’é@ﬁ% ledHixfd and incubated

in ELI SA plates elther wth ars) or w thout (open bars)

anti-c- Myc ant btvodlsd taJirel hprglvest Flee V8 slofvsaiipiced of bmdorg byi Shifagmeeniss assuned
15 to be 100 % hown the S537 {ragment .wi both the N-term nal
di neri zat i g((rj']’ d%orr@? ﬁié?]'&m?ﬁ%e%rbéfﬁﬁ%rﬁgﬁtﬂ%ﬁeﬁg{éﬁnﬁ?snéougﬁi ﬁocf’sdtﬁ Yor e

efficiently thami-doasibdig tod bt b8 pfovr@s®mrbattdhad thhaki@n e fpemersept or
bi ndi ng domain. Fi 13A-B illustrates that the soluble S ectodomain is

trimeric under frt?ﬁleceﬂ'@el%rsmh%rpmeﬁswwfrén%mdu\gaﬂbﬁar&%5@5@@@? HKy. In Fig.
13A, purified i 4 = i lt L@l ‘ j.brat ed by
usi ng proteins %%&ﬁﬁma@% elgg{[\ﬂdl(%?ee?tg%iﬁﬁb@%cl}f%%%gj ‘éﬁgﬁtﬁ?ﬁ é\}\llas

i ncl uded as anbars)atircaMye antitrodly. THerhighEitgevel 8Rxpisfidreoebindihg &ctsiond wer e

col |l ected omthe gel filtratjo umm an anal d by Western blot. Two
bands S po{lépg})‘{tfedle(}%a{”'e/\&élﬂoe‘%‘i%‘ag?%{)@%ﬁ%mggﬂ?Pat@ﬁ‘%ﬁge?ﬂﬁﬁl contain Se
fragments of t bendraghiic@addmthindidaBet-adptovigiiSdomdie PiRS (CENGotehe Se fragnment
al one (Il ower band) and its aggre ates (upper band). Fig. 14A illustrates

that a DNA vaceéifisengy thapdoesihen? i%oh Sdeasmeny hitthagenly thi igpeptgribérdingnt i - SARS- CoV
sera in mce. Mnﬁﬁn.' A-5A were i mmuni zed with

Tig. 13A-B iliustrates that the soluble S ectodomain is trimeric under the
20 conditions of size-exclusion chromatography. In Fig. 13A, purified Se was run
on a gel filtration column that was calibrated by using proteins with known
molecular weight, BSA in equal amount was included as an mternal control. In
I'ig. 13B, different fractions were collected from the gel filtration column and

analyzed by Western blot. Two bands S polypeptide are detected in some

2
n

fractions that contain Se fragments of the indicated molecular weights,
representing the Se fragment alone (lower band) ard its aggregates (upper band).
Iig. 14A illustrates that a DNA vaccine of the invention can elicit very
high titer anti-SARS-CoV sera in mice. Mice 1A-5A were immunized with
DNA encoding the S319-518 fragmen! that contains the spike protein receptor
30 binding domain (RBD). Mice 1B-5B were immunized with RBD-encoding
DNA (the S319-518 fragment) fused to a nucleic acid encoding an Fc fragment,
Mice 1C-3C received plasmid only (no S fragment DN.A). Anti-sera were
collected and tested via ELISA to ascertain the titer of the different isolates. In

Fig. 14A, the first number denotes an individual mouse, the letter denotes the
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DNA encodi ng the S319-518 fragment that contains the spike protein receptor
30 binding domain (RBD). Mce | B-5B were i mmuni zed with RBD encodi ng DNA
(the S319-518 fragnent) fused to a nucleic acid encoding an Fe fragnent.

Mce ICG3C received plasmd only (no S fragment DNA). Anti-ser [ e
col | ected HAF"FENEY via ELISA to ascertain the titer o'f("t“lll%m(':fﬁ'?“\?,}’g’r ent
isolates. In Fig. 14A the first nunber denotes an individual nouse, the

| etter denot egedphaivESmiidizMion §0§)3dd RE1AISROEA 08RB34be dil@ipestd. ve

i muni zation gyoup, and the |last nunber s the.dilution ysed.
Anti-sera wer I'F‘iﬁ?gﬁrc uﬁgbﬁlgﬁmﬁ,g})ﬁb?9(538%&%55%%3 s_ﬂ"‘ﬁ%ﬁ? §{_'show!1 on
the x- axis ofaishg iRAar @FapRhThkBase idid@ thitdineRhRatibtadith DRI zation wi th DNA
encodi ng the receptor binding domain of the S protein induces a strong

i mune 5 respoAENAESIvrsploSARSnEdYmaiRiofthe S4Botein indicen s FONZHRMWAL | - ser a
frommce i m*rqg 5.0 BB oding DNA can prevent S-nediated cell

fusi on, Celss ( %ﬁ%%@g I ncuggtvgd wth anti-sera frommce inmmunized with
DNA encodi ng a spi keFipr BiBeillnstrates eiego bti-sdod frchinngicemmmimzabkyipapi-de (5319-518)
fragnent and then ,thﬁ}e\ycell 10 suspensi on was m xed v,\)/ith cell s expressing S
protein. Fusi dRcoiRs Hiastreae st S-gedielef pehiusion k5 iisd S boversdwubited, Xi ao et

al . BBRC 2003)yiihifi-Ref £60hABCimhWILa8yit AR %heinALiVd fr¥ief0r each fusion
reaction is plotted on the y-axis, where the percentage of the fusion

wi t hout any i B¢l bes B TdaspayRePedr (§319- 100 %agmentded shawshpedl tive control
where no sgru 1S .: Far. .m ra. t#le , serum
iUt on Taot ov S a0 S8 muled vl &8s B hn b i B3R GEPE. 3% 1000
(desi gnat ed ( GieB@ibed weEemsedl) (sPozlsonXi® < el 8BRE A1B). The gnompge A and B, and
#3 in the control qr . dilution factors of 20.(designated 0.05) and 100
(dest gnat ed_ 0. 0ey e deasttieh B oG gitch Ren@R i R hE s 2ac ton wi th DA
encodi ng the regephe p@%rﬂﬁ’%&ﬁ tRORBILA whodt ARy RhhRelEl ded@nsedhd prevent
SARS-CoV infection. Fig. 15 illustrates that soluble S glycoprotein

fragments i nhi $0%. BC drpelrepasiivespridl udiersmo supmywisradded. Karmiseseratf r agment s
. t " : . o U9 e
tormerac o et et R PR RRINA, RSN LS (St AR DY, 2L Lo

t enperat ure. cel S expressing
cell s and t he (Hesgmreddsiayand 3 00h&ics gmatdddd. 00 Lit weas uchels Gor ek ders 3 Exanpl es.

SUbt ract ed.  NURBEHE® Arivid AnCBhB b ETo whtte SCHD HEoBU PO HARET endl ng
residues of thepd\QaReos (dé8 PRy PEPM € used. These data indicate that
immunization with DNA encoding the receptor binding domain of the S protein
20 could prevent SARS-CoV infection. '
Fig. 15 illustrates that soluble § glycoprotein fragments inhibit S-
mediated cell fusion. 10 ug/ml of various S fragments were incubated with
ACE2-expressing cclls first for 10 min at room temperzture. The ACE2-
expressing cells were then mixed with S expressing cells and the fusion assay
25 was carried out as described in the Examples. The Y-axis is the ODsgs for each
sample after the background noise was subiracted. Numbers of each construct

represent the starting and ending residues of the respective polypeptide.

Detailed Description of the Invention
30 SARS represents an important public health concern. Methods to

diagnosc and treat persons who are infected with SARS-CoV provide the
opportunity to cither prevent or control finther spread of infection by SARS-
CoV. These methods are especially important due to the ability of SARS-CoV

to infect persons through an airborne route. The present invention provides
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Detai |l ed Description of the Invention 30 SARS represents an inportant public
heal th concern. Methods to diagnose and treat persons who are infected with
SARS- CoV provide the opportunity to either prevent or control further
spread of infection by SARS- CoV. These nethods are esp rtant due
to the abi MY VHYGARS- Cov to infect persons through aﬁgt{ﬁ%%‘r}dr%m?oute The
present invention provides 16 WO 2005/010034 PC ! US2004) 0233-5 nucleic

aci ds that encoukiceilrhisneiie stmocatsiofticaciit sadsgnerest thorpikspi ke  protein

f : h & g ]
O o S s LY ARl B 55 PR E ™ c quence o

t he spi ke pl’Ot@hﬁsﬁj‘ndﬁMﬁm@QMd s n¢eﬂM@é‘l§n|1e(ﬁfk Allraunpinevtidesy peptdfde fragnents
5 and conservative variants of t g‘?‘l ke protein of SARS-CoV, in addition to

coupl ed pr ot ei #§ SRikaPigEHt ‘P%ﬁ)ﬁ%@?vc £ Hﬁ’?nth%}\ﬁégor}%?‘tlﬂ%frﬁpm @‘Fﬁ“@’é‘ffsr espond in
am no acid §eq&fﬁ%ﬁs&\%w€ rot sl%‘?t}f% égtkg#)fbleu-[ Bﬁsﬁﬁgﬁ%s\f’ eg%;?d {F(F] @ 1mportant

because it 1s present fe out si i ntact it presents
a target t hat mpleb(prauaesjartdqoepmunbnnetmnhdtb@veaiqrm:rsaﬂedamrreapcmdtm virus before
the virus has an opgﬁrtunl th{ tuo infect .a cell. The nucleic acids and

pol ypept i des of "F'R&F T 0R BrPEF PRGNt ages  over the full length spike

protein because theltpugikepotéls isdsmpasist 8mMseliOis PEREMGR thandsitdef pol ypepti des
of the invention are groduced in large amounts in soluble_  form The

pol ypept i des oftFheARIgert |HWSsdTH’éﬁemaddi“ﬁ?td]ﬂfﬁlba’h'élv‘é%f]é‘b@él’béRi%r the 15 native

spi ke protgjn DRGAMSEn HRRY vEALRG: IRIGL ﬂasfsﬂ\sﬁparnﬁﬁ@aéﬁﬁe&@%u@tant to
degradation when adm nistered to an ani mal e pol ypeptides of the

i nvention can al sollbelwi_@rcrﬂgidatmecﬂpql@wh@méﬁ@ mwgtmn affer @éﬁﬁ@ﬂ%y to make
them nore effi g‘)ﬂ?ﬁl%gél?@;ﬂgﬁ%ﬁ%ﬁ%l%ﬁ%}lh Sseggenlb %PB‘UC %CIL]eS dﬁ'%gfgﬁ?@ BI'OSn adm ni stered

to an ani mal, suc fovi des

nucl ei ¢ aci ds aiadhpeiitRepddsde theameinganﬁepfbahcdmayhb@e afiechts @ sbabiul at e
vacci nes and i nmune conpositions that . can be used to i mmuni ze and treat
persons who ar@Mnf BERAWPRIEF cSARIDTEHYON pifer addidppyl Avantagss PYFEKL i on provi des

anti bodi es; 4 hatqbt gk n@u@eﬂ?be%@ﬁsg%cg e 651ﬂat‘fgto h?ﬁ? ti\édggg é%.ﬂ]t may be used to

di agnose, I mmuni ze, treat persons I nfec
Definitions: d&@rddald]mvlmmtddmusstgzeth&raﬂ dnwlde'fherwdiymsn@sswlﬁsatlamaom hat

nonspeci fical| n also be formulated to increase their antigenicity to make them more efficient
antigens to elicit an immune response when administered to an animal, such as a
human.

20 Accordingly, the invention provides nucleic acids and polypepitde
antigens that may be used to formulate vaceines and immune compositions that
can be used to immunize and treat persons who are infected with SARS-CoV. In
addition, the invention provides antibodies that bind to the spike protein of
SARS-CoV which may be used to diagnose, immunize, and treal persons

25  infected with SARS-CoV.

Definitions:
An "adjuvant” is generally defined as a substance that nonspecifically
enhances the immune response to an anhigen, A variety of adjuvants may be
30 employed with the immunopeptides and immunofragopeptides of this invention.
Most adjuvants contain a substance designed to protect the antigen from rapid
catabolism, such as aluminum hydroxide or mineral oil, and a stimulator of
immune responscs, such as lipid A, Bortadella pertussis or Mycobacterium

tuberculosis derived proteins. Suitable adjuvants are commercially available as,
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enhances the i nmune response to an antigen. A variety of adjuvants nmay be 30
enpl oyed with the i munopeptides and i nmunofragopeptides of this invention.
Most adjuvants contain a substance designed to protect the antigen from
rapid catabolism such as alum num hydroxide or m neral o Iﬂ 7;3?

sti mul at orWORWSIidhe responses, such as lipid A Bort dG&4Sa 48 Yssis or

Al ycobacterium tubercul osis derived proteins. Suitable adjuvants are
comer ci al |y duvadxlzmipleg Faemnd'd IhcWip 21000 vhi(l00 2bripCHt WARLAM (Difcd12 3 3 4 5

for exanple, Fremd s | ete Adjuvant (Difco
Laborat ori es, lﬁg?ﬁ‘if:ﬂ”te %‘@Wﬂ%ﬂﬁoﬁﬁ%ﬁ% @gﬁ%l‘lc ég fpany, Inc.,
Rahway, N.J. ); R@L\MWN'WP‘a’-’fﬁhhﬁmssﬁﬁzhsu@§d@dl%ﬁmmyh%ﬂ[&@eﬂﬁhﬂl@br(a' um or

al um num phosphat €; ts of calcium iron or Zinc; an insoluble suspension

of 5 acyl ated ﬂlyw@wri@%lmsﬂ sita gl wglan,slrmmmn@mmambl@ﬁusamsmOéal |y
monophosphor v H R e Bar RSB ANEY R BEO TR O, 1 er  euki n-
2, -7, or -12 polmycchhmshﬁ)qumesbha&nasjjbwdegﬁ@bleAmc foapliored, " refers to an '
organi smthat can ne respon 10 upan an n| c chal l enge. For
exanpl e, reptiTELP %WP%EPP'Q%P %yaqi@ew@wwp@%% gteglEtNhodi es in
response to am antl gqnhlgygﬁgbgq%% adjdnfodi es raised in non-human

organi sns are thought to be useful in di agnostic assays to reduce or

el i mi nate cross-redet japina)" refigs togytosgasism thy can meptl e Mupwk ypsppisc de or
nucl ei c aC'Od ( é)o dl% em%allekgﬁtp@rtmg)m&gs Or%tﬁus mp QA‘yPrle(PI%?Igl%ag réioz%?ct' de

f ragnent of th carri ypepti de that
can be coupl edowotdhceamtlbodllw)mpmpdmeods araarmfgatw dl&lllbn@mtbomfes talhsed imvention to
forma coupled protein. A carri tel be cou Iedtoagolypeptlde
or peptide frd‘@ﬁ'é“r’ﬂnapﬂr%lf‘ﬁg’is aer‘o gﬁ@\" ﬁéléc d?@l“ﬁﬁ?f’l“ Y Brrequse

i munogeni ci t ligfindtd&oROly@RAYT de or peptide 20 fragnent. A carrier protein
may al so be coupled to a polypeptide or peptide fragment to prOV| de a tag
whi ch provides for Aepaweaer ﬁdéﬁptdiét%%lfﬁcﬂﬁd%ﬁﬂﬂﬁéc ﬂ@g kin. For

exanpl e, ?I sot i, pept| 3@ pglggsr@a%g.{&%aé g{gg%gp%fghé&rggﬁm coupl ed to a

pol ypepti de or creat protein which can then
be isol ated through\Tqatrmrarmmmhrefarihaqmiyqbbmidem]natdatbmcﬂﬁleﬁhmmmh use of a 25
fluorescently t ed, avid anot her .exa a carrie rot nthat is
bound by an af’r??bg’g%t 06&&’66%“1 dn&lérﬁ’re%o it I&"‘i?ﬁ%ﬂ?eﬁ?frpdé%ﬁ e%@%f"l”ﬂ fragment to
create a coumdﬁ@rpfo@élﬁmay%e%um@thq%@pasﬁdbh@pe}me Rashietih 6AcPonds to the

carrier protein
increase the solubility or the immunogenicity of the polypeptide or peptide

20 fragment. A carrier protein may also be coupled to a polypeptide or peptide
fragment to provide a tag which provides for separation or detection of the
coupled protein. For example, biotin may be used as a camrier protein that is

. coupled to a polypeptide or peptide fragment to create a coupled protein which
can then be 1solated through interaction with avidin, or detected through use of a

25 fluorescently tagged avidin. In another example, a carrier protein that is bound
by an anttbody can be coupled to a polypeptide or peptide fragment to create a
coupled protein that is bound by the antibody which binds to the carrier protein
of the coupled protein, |

The invention encompasses isolated or substantially purificd nucleic

30 acids, peptides, polypeptides or proteins. In the context of the present invention,
an "isolated” nucleic acid, DNA or RNA molecule or an "isolated” polypeptide
is a nucteic acid, DINA molecule, RNA molecute, or polypeptide that exists apart
from its native environment and is therefore not a product of nature. An isolated

nucleic acid, DNA moiecule, RNA molecule or polypeptide may exist in a
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of the coupled protein. The invention enconpasses isolated or substantially
purified nucleic 30 acids, peptides, polypeptides or proteins. In the
context of the present invention, an "isolated" nucleic acid, DNA or RNA
nol ecul e or an "isol ated" polypeptide is a nucleic acid, DNA nol ecul e, RNA
nmol ecul e, WO pevypepti de that exists apart fromits nARGWESWHRBdhnent and
is therefore not a product of nature. An isolated nucleic acid, DNA

nol ecul e, RNA g6 reh @mBOIxYP &PL heienaiay erfXofinchiBudh 48 (0NRx 408151010034
PC17US2 011410 23 34 5 purified fornr or may exi st in a non-native

envi ronnent suEsEgic H%YC@XM“@R%{' nut“ﬁ&n”é@éﬁ?fec%fbﬁpf%b Polypeptigi ehi f i ed”
nucl ei ¢ acid n%bi%ﬁlublea F"H?f%dtﬂfere ?q %’@?{Qﬁtlaﬂﬁﬁ@% of &'ﬁn?ltc%'llﬁl’af FP\'éleﬂalf BIangent

t hereof, is su stant|a ree o materi a culture

medi um when pr@ﬁtumedechmm\émmpmdna]dtbyﬁammbquuetsqhnomes,wbsmtamhally fyeef ree 5 of
chem cal pr.ecur rs. or other ch e nt he |zed I n one
enbodi ment , fs“‘ﬁ%[mcé‘t@ﬁi“msr?ﬂ%‘?r el&e “aC%?hWQ“r“eCéwElf‘*a@ %’élﬁ t Het"®natural |y
flank the. nUCélﬁjoﬁnﬁ&!tdm(“llsoﬁtad"%@QM@B&@% ﬂ&%%&ﬁuﬁesmﬁenﬁwa V\Eﬂap} ends of
the nucleic acid) in t he genom ¢ DNA of the or%anlsmfrom ich the nucleic

acid i s derive# nugtge agd Grfpl sequenepsyensics asthe iwdichee of themaclrissridl ed nucl ei ¢
aci d nol eCUl e 19@[8. Jc?m?lﬁrit) hrbflﬂ?cs(ﬁﬂztm%pfr&@% 15thé<9mclé}c le‘nf]ii ;’%B%Qe 2 kb, 1 kb,

0.5 kh, or nuc eotl de Sequences t at natura l'ank the nucleic
aci d nol ecul e Fan egfemmimm vaiDNA eotbodihenisghé lsﬁlrdtsmnwimmctlhaolnwtd ginc acid is

derived. rote e tide tantially free of
cel | ul ar ﬁlao?er(’igg A lﬁcs] %Pe‘g) ﬁfrjge}ﬁ%?g\blygﬁ@ ol‘?’ 1&?3@ ‘:é!d% Orgblslfb e or pol ypeptide
having | ess t hﬁl@le&b@iﬁeqﬁ@%q tRRan4 o 1Ak ﬂﬁ%liﬁlc(abw ol cuieingdthymief

contami nating Wien the protejn of the invention, or . biologically
active porti orﬁwgéﬂ? dsreellifeom wWaShbiearIcycliberved, Agreews Bitge el ture

medi um represeqy ub@&stllﬁthéghb@ﬁ%ﬁlly%e/%fa@hﬂar 3P4 10 P RAB( I idonier ght ) - of

chem cal precursors or non-protel n-of-interest chemcals, The terns
pol ypepti de, pmepeindperdidd opp@dymiphdahayingdesd thantabowiabig 88 W%,Z@ Xrerein, A

pepLy o o1 00 KSR 50 LRI B3R IS IS bty 1o T

pol ypepti de f rAgiogios] yCanyH psteon meaebflzﬁaedmtamy pa;dua&d pRéstblaboltlre 4, at
| east about 5, at |east about 10 L,east aﬂ y at | east about 30, at
| east about 4mltaqwrﬁéepzsseafélltd§thdﬁaiﬁ%é@ﬁ 205 lgl/qa@r é/"thYfkyl%‘ﬁé‘Eth%fthereof For

exanpl e, fragngph,;d reaﬁsoqs ort mp?ote%aofmercgtjchcrﬁ%a 13, 14, 15, 16, 17, or
nore anino acids In engt h. There 1's no

The terms polypeptlde peptide and protein are used interchangeably
20 herein,

A peptide or polypeptide "fragment"” as used herein refers to a less than
full length peptide, polypeptide or protein. For example, a peptide or
polypeptide fragment can have is at least about 3, at least about 4, at least about
5, at least abont 10, at least about 20, at least about 30, at least about 40 amino

25 acids in length, or single unit lengths thereof. For example, fragment may be 6,
7,8,9,10,11,12, 13, 14, 15, 16, 17, or more amino acids in length. There isno
upper limit to the size of a peptide fragment. However, in some embodiments,
peptide fragments can be less than about 500 amino acids, less than about 400
amino acids, less than about 300 amino acids or less than about 250 amino acids

30 inlength, Preferably the peptide fragment can elicit an inunune response when
uscd to inoculate an animal. A peptide fragment may be used to elicit an
immunc response by inoculating an animal with a peptide fragment in
combination with an adjuvant, a peptide fragment that is coupled to an adjuvant,

or a peptide fragment that is coupled to arsanilic acid, sulfanilic acid, an acetyl
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upper limt to the size of a peptide fragnent. However, in sonme enbodi nents,
peptide fragnents can be | ess than about 500 am no acids, |ess than about
400 am no aci ds, Iess t han about 300 amino acids or |ess than about 250

am no acids,_ 30 in ength. Preferably the peptide fragnent can elicit an

i nunune reéﬁ%‘@g““H%n used to inoculate an animal. A pBTiEE“Hddtent may
be used to elicit an imrune response by inoculating an animal with a

pept i de fragnegbug,or a pREHIghapI emlﬁ@frag)n@@bah\dﬁﬂhde an@ephiddeoid, agirent t hat
is coupled to an adjuvant, qr a peptide fragnment that is coupled to
arsani | ic aci cCSARPARHIMEMEHS-d. an acetyl 19 WO 2005/ 010034

PCT/ US2041023345  griQUPpm %m% e@'aélﬁs\éh hgrreﬂl%@ferﬁora%oatbhﬁ ofé@@l?ﬁﬂﬁxd@%ﬂ include a
non- am de bond, and can a peptidom netic. " as used
herein refers bti)SOina@dabmh ﬂ%ﬂouﬁ‘soalhpol Ypepningk, «‘t@llﬂi:}epqxbﬂdeamehb mnixedn aqueous
solution. For ex n b n_aqueous
nedi um suchgt ha{Lh aquggléstm%( "ﬁgtsec&qﬁgt aegﬁ%ra%letgﬁtegf p?ﬁlgnﬂg&e pﬁgtlc?s“ present in

the aqueous negh:4m intheadquepis aalimy Thepgalesh s dNERshrougRk ugf of conmon
t echni ques, such as absorbance of Ilg:gg fluorescence, the ability to bind

dyes, the abi | Faym3iElodghes suphl dpabsgr e oblghtHerdspaee, tihebitietprpind
"specifically Qq§ £f.85 t binds to a single 10

epi t ope, but i"ch %%gelsfyﬁofedbgeﬁl%@%r%?rgﬁ%é l<isllﬁéﬁplone epi tope. Accordingly, an
anti body that speciThededni \spbiifickdly bowds’ pisytoeptantiedyithdt birdath 4 ongle epi t ope

e R T e R R AT

i mrunopept | deSanuam;l; thitsppafitdlgoidaed 4 palypptiideili m\tefuarmpn&ﬁ@mmnventl on
provides a pol ypeptide which has an amno acid sequence t corresponds to
the am no aci dPSERUTHEE PBRPEMEESRT WQICBM%PWS?WBWEH%PQ)W@& eS( SARS- CoV) t hat
is etiologically linked to severe acute respiratory syndrome (SARS). A
representative amno acid sequence |s prOV| ded by SEQ ID NGO 1, 20 whose
sequence i s prbvi ddibls pligakyanan :

TFDDVQAPNY, TOHTSSMRGY.. a1 YYPDE “RSD TLYLTQI)LFL PFYSNVTGF H TI NHTFGNPV 81
| PFKDG YFA ATEKSM&#W| NNS . 221 ' TNVVI RACNF ELCDNPFFAV
SKPMGTQTHT M FDNAFNGE in2itid:® grofid Shinieh i IMBEKBENR dritiRERE KdseddeFL YVYKGY

201 QPI DWRDLP_ SGFNTLKPI F KLPLG NI LN FRAI LTAFSP
that corresponds to the amino acid sequence of the spike protein from the virus

(SARS-CoV) that is etiologically linked to severe acutc respiratory syndrome
(SARS). A representative amino acid sequence is provided by SEQ ID NO: 1,
20 whose sequence is provided below for easy reference.

1 MFIFLLFLTL TSGSDLDRCT TEFDDVCAPNY TOHTSSMRGV

41 YYPDEIFRSD TLYLTQDLFL PFYSNVIGEFH TINHTFGNPV

81 IPFKDGIYFA ATEKSNVVRG WVFGSTMNNK SQSVIIINNS

2121 TNVVIRACNF ELCDNPFFAV SKPMGTQTHT MIFDNAFNCT

25 161 FEYISDAFSL DVSEKSGNFK HLREFVFKNK DGFLYVYKGY

201 QFPIDVVRDLP SGFNTLKPIF KLPLGINITIN FRAILTAFSP

241 AQDIWGTSAA AYFVGYLXPT TFMLEKYDENG TITDAVDCSQ

281 NPLAELKCSV KSFEIDKGIY QTSNFRVVES GDVVRFPNIT

321 NLCPFGEVFEFN ATKFPSVYAW ERKKISNCVA DYSVLYNSTE

30 361 FSTFKCYGVS ATKLNDLCFS NVYADSFVVK GDDVRQIAPG

401 QTGVIADYNY KLPDDFMGCV LAWNTRNIDA TSTGNYNYXY

441 RYLRHGKLRP FERDISNVPF SPDGKPCTPP ALNCYWPLND

481 YGFYTTTGIG YQPYRVVVLS FELLNAPATV CGPKLSTDLI

521 KNQCVNFNFN GLTGTGVLTP SSKRFQPEFQQ FGRDVSDFETD

20



241 AQDI WGTSAA AYFVGYLKPT TFMLKYDENG TI TDAVDCSQ 281 NPLAELKCSV KSFEI DKG Y
QTSNFRWPS GDWRFPNI T 321 NLCPFGEVFN ATKFPSVYAW ERKKI SNCVA DYSVLYNSTF 30
361 FSTFKCYGVS ATKLNDLCFS NVYADSFWK GDDVRQ APG 401 QTGVI ADYNY KLPDDFM3CV
LAWNTRNI DA TSTGNYNYKY 441 RYLRHCGKLRP FERDI SNVPF SPDGKPCTPP ALNCYWPLND 481
YGFYTTTG GWPNRWAAS FELLNAPATV CGPKLSTDLI 521 KNQCVNENFNSOHTEHEYLTP
SSKRFQPFQQ FGRDVSDFTD 20 WO 2005/ 010034 PCT/t1S2004/ 023345 561 SVRDPKTSEI

LDI SPCAFGG VSVI TRET | $ vk 53SEWANL YRR S04 - yGIdMIEATMAARQETRAWROL Y STEGNNVIFQ
TQAGCLI GAE 641 HVDTSYECDI PI GAG CASY HTVSLLRSTS OKSI VAYTMS 681 LGADSSI AYS

NNTI Al PTNF S| SI TTEYNE SRR PSVBELS LY AWM EEDETVE CCAQMECHYREEFCTQLNRAI |, S

G AAEQDRNT 761 TR <801 EDLLFNKVTL
ADAGPNKOYG EQL GO KA 1 CAG NG B TV R L TB5 1 AP TARLY T ATAGHTF
GAGAALQ PF 881 ANMOMKYRIENG AYCVFGNVE YEINOKGI SANGE VN FKAISBAKQESDC10 921

ERLOSL TV TO0L | FAARIT G0 A ANE A R B RTDP T LV POAAP
GRLQSLQTYV TQQLI : T @%‘ﬁ ' L MSFPQAAPH
1041 GVWFLHVTYV PSORBNRTRIA N CHEGKANY FPREGHIN ol @8 kK pGREWFE TORN FFSPQ | TTD

NTFVSGNCI V VI G I NNTVY 15 1121 DPLQPELDSF KEELDKYFKN_ HTSPDVDLGD | SG NASVWN
1161 | QKEI DRLNE YAKNENESINBLOBPARYEEYE IGABWAANA DL 3G EAGEFREL Al V- MYTI LLOCMT

SCCSCLKA' C SCESKFi, ppk 24brDMSERVEKGW, KdPhadrEnericaventpen al so provi des

peptide fraghents which have ami no acid sequences that correspond to a
fragment of the Pt KIPPoiFeltF EERRVREY R NIRRT ANGARSKAIG I CERAL s

ari o’ 8c1 4 Sequenes. | Te L Rose. P salrad By oba TR R 18, 14, 15
20-59, and 61- 6396 THEl [FFPIIKIE PENGRBRLET CFRISEQUTYWNOQQLIBAAEE! so 25 be three
rini 7. an-ani nl T RESERER 1EE PR e AR, Those % 1

1041 GVVFLHVTYV PSQERNFTTA PAICHEGKAY FPREGVYFVEN

1081 GTSWFITORN FFSPQIITTD NTFVSGNCIV VIGIINNTVY

15 1121 DPLOPELDSEF KEELDKYFKN HTSPDVDLCD ISGINASVVN

116l IQKEIDRLNE VAKNINESLI DLQELGKYEQ YIKWPWYVWL

1201 GFIAGLIAIV MVTILLCCMT SCCSCLKGAC SCGSCCKFEFDE

1241 DDSEPVLKGV KLHYT

20 The invention also provides peptide fragments which have amino acid
sequences that correspond to a fragment of the spike protein from the ﬁrus
{SARS-CoV ) that is etiologically linked to severe acutz respiratory syndrome
(SARS}. Such amino acid sequences include those represented by SEQ ID NOs:
13, 14, 15, 20-59, and 61-63. The peptide fragments of SEQ D NO: I can also

25  be three or more amine acids in length, and produce an immune response when
used to immunize an animal. These peptide fragments are exemplified by those
that are three amino acids in tength, or single amino acid units of greater length,
such as 4, 3, 6, 7, 8, 9, 10 amino acids in length, and an amino acid sequence that
lucks one amino acid from the amino acid sequence corresponding to SEQ D

0 N

The invention also provides coupled proteins having a carrier protein
coupled to a polypeptide or peptide fragment of the invention. The carrier
protein may be used to increase the solubility of the coupled protein. The carrier

protein may also be used to increase the immunogenicity of the coupled protein
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that are three amno acids in length, or single amno acid units of greater
| ength, such as 4, 5, 6, 7, 8, 9, 10 amno acids in length, and an am no
acid sequence that |acks one amno acid fromthe am no acid sequence
corresponding to SEQ ID 30 NO 1. The invention al so provides coupled

prot ei ns hagizngrangarrier protein coupled to a pol ypeptGTdes26H/0p8Ht i de
fragment of the invention. The carrier protein may be used to increase the
sol ubi lity of tgh%r@a@@pdoaﬁu@a@tfﬁ'uumodmma@@m tofthe pRLRpRL o pdL SO be used to
increase the i munogenicity of the coupled protein 21 NN70 2015101003 1

PCT/ US2004/ oza‘mslent@f thhgwertive. Jhoeuroet pteofmanilidsdisedtomiaridbfond to the

pol ypepti de or i nvent,i Jhe, car otein may
al so be used t%g% oVl gne %ﬁe%% léoiésé{)cuupgﬁp BhBr a‘g"f i IP/O%C% Eed pé%tg%l ed
protein. Accordbgkdyectad mts@m@dbphmér@cttmnmmrbtlmec@lﬁpmhgdh@bmdsomt ed by
interaction with other conponents that bind to the 5 carrier protein
portion of % hefaE&Braen praichtheesirlekninisive For cxpine aFoprled RO havi ng avi di n
as a carrier ALOLSIDidkAL AendelAqLifdatle RERAIT: Sthathdd\u Rl Gblifl L hrough use -
of known net hods. “Nunerous carrier protelns nmay be used1 create coupl ed
protei ns of tHéruuglvemqf(hmowEna:ﬁmldestﬁersuﬂ:@ndmrprmens qnapbeuwé toi ncl ude,

keyhol e 1inpet_h bovj b 10
e S T e S e e e o

coupled to a patypeptide DhpRephidenih) RGIMRREuE] alblifin] Meehiigmdge creati on of
a fusion protein through use of reconbinant nmethods. A carrier protein my

also be c plséﬂmi bbb FAPBE pede mipepd thediker AAEHY PETCI EYDRvent | on
through use of £ em cal
ket Such. Caup G B B e b R Lo e
descri bed. Harfugwn ptotan thJOlmhtubboﬂleesnblanaigﬂnoéi oﬁyawanpratem pagds819 (Col d
Spring Harbor Pub 8 il el. Dekker,
Inc., New Yor k C() E%‘ﬁg z);ﬁ}épelp peg{ﬁep%?me&g]mg Vel’gﬁég& H%Mausﬁa\ti ng a
pol ypeptl de Orchamldaeﬁ)rﬁhiﬂgmfeﬂha@TBﬂﬂlrdmgh o fiantyemics Diinkeo URlce dodpdingr sani | i ¢
acid, sulfanilic acid, an 20 acetyl group, or_a picryl group. Methods to

coupl e suc}nS grBehadsiase ks indae agt adbaktpeendaschlivh BEY faborted. Weigle, ].
Exp. Med. 116 8 , 062 (1965);
Vel gl o Exp. RERoee 1y HRAEOn B sise T BN el R g B R e e
fragments of tTayldrnkretein bametdlrbeion,Mar2d Dpkierpbyl, atcwdi’ drly(P2dr in
unglycosylatcd for nfhe m'v%n{ XIP pmgnld(ejs? m%qu oggl}tfdgs? having a polypeptide or a

peptide fragment of the invention coupled to arsanilic acid, sulfaniiic acid, an

20 acetyl group, or a picryl group. Methods to couple such groups to peptides are
known and have been reported. Weigle, J. Exp, Med., 116:913-928 (1962);
Weigle, I. Exp. Med., 122:1049-1062 (1965); Weigle, ;. Exp. Med., 121:289-
308 (1965).

The polypeptides and peptide fragments of the invention may be in

25 glycosylated form, or in unglycosylated form. A polypeptide or peptide
frapment of the invention may be soluble or insoluble in aqueous solution. The
polypeptides and peptide fragments of the invention may be conservative
variants. A conservative variant is a polypeptide or peptide fragment derived
from a full-length polypeptide, such as that exemplified by SEQ ID NO: 1, by

30 deletion (so-called truncation), addition, or subtraction of one or more amino
acids to the N-terminal and/or C-terminal end of the full-length polypeptide;
deletion, addition or subtraction of one or more amino acids at one or more sites
in the full-length polypeptide. Such variants may result from, for example,

genctic polymorphism or from human manipulation. Methods for such

[
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fragnent of the invention may be sol uble or insoluble in agueous sol ution.
The pol ypeptides and peptide fragnents of the invention may be conservative
variants. A conservative variant is a polypeptide or peptide fragnent
derived fron1a full -1 ength pol ypeptide, such as that exenplified by SEQ ID
NO 1, by 30 deletion (so-called truncation), addition, or subtraction of
one or nnr@*éﬁWﬁW“UHC|ds to the N-terninal and/or Cterfif NARYEHEPISE t he
frill-length polypeptide; deletion, addition or subtraction of one or nore

am no aci ds at mefipulefiof¥Rteydictads Lmb\ﬂn fnhee 4l Forlegghle, M@ihy peRkéenceSuch
variants may result from_for exanp enetic yrmr]};hl sm or from human

mani pul at i on. WH@G’§ SF@rDSIﬂ@hI NN@NPC‘EF%@YPMWBS&S“F@ OsPoriarH$8345
mani pul ati ons egﬁ %I]%ﬂé(ﬂpmaa'gghegl@%n@ﬁﬁdeofﬁé s@]@@t@laﬂmd%ﬂsn@e aci d

sequence vari n can be prepared by nutagenesis of DNA
encodi ng the pel yllusmmdhae aveSdeofds cf:muplenituagengec.SNahdcadiSce ﬁde sequence

al terations_ar L1, .kn inthe art. See, f Pr, & Proc.
Nat|. Acad.’ Sciz 98?)-@1&@%3}(%@%@% (lﬁg)ﬁgg in Etrzvrol .
154: 367 (1987)Pa1é$m§ 455’@t19ﬂtw9ﬂ9e1 ot 8ldstrh I, Ml%ﬁrueannw@@a@wa eds.

Techni ques in Ml ecular Biol 09 MacM | 1'an Publi shi ng Conpany, New Yor k
(1983) and theBngérMﬁ%f‘ésﬂaﬂcﬁubbﬂ“ftgl{equaﬁy Iy arkdd 8d and thegpietsessat e ami no

aci d substitut tlas of
Protein Sequen%%ﬁzhegaét r uct ure t?\laﬂ)lr&ﬁ%g%g% a%a SL%MHEI@E) %’@%I i ngt on,
C.D. (1978), himrtkd modcﬂ@tﬁDmalucdfﬂdl b(vtlasroéf’a:mm&equcﬁicﬂmmmbmvel\ml.lbst| tutions,
such as ex an 0 d wt havi n Iar properties,
are prefer Q do@%fn%l’@%’svg"ffb"rulgfoﬂt&&ﬁg)%gﬁerﬁ?d}l% ﬁm no acid for

anot her, or Suﬁﬁirérkblt Corsepfatitc Aipdiapbis) ieh amx@ﬁa@mg%nefaﬁfn@w #eh, Routine
screeni ng assays can be used to determne if a substituted 15 pol ypeptide or

peptide f ragrrefﬁtmltﬂ"éh@W%S'WI@WTSEQ@DﬂN@efq{T@Sr 5@&%‘@@% subskifiliae of @sponse when
adm nistered t wel | known
in the art and}% c?l ude !enﬁr%@r(?e ]EOI@%%%S@%P %ro@gﬁ@&ﬁmﬁ A

dr'6i nmuno
assays, chrom fmmoe]heeaﬁeummgesmngnﬂayMn be ked tﬁdﬁhnmasa"mubdmauei been

descri bed. rlow et .al., Antibodie o] age 319 20
(Col d Spri }é‘akﬂfﬁﬂﬁm%‘l’we& %dg“ﬂ%g‘inﬁ’%h O{Ea%ﬁ%s@dwz ‘ffl%‘ﬁﬁpa&om metics of
the pol ypepti dpsnaRGeRSR Wikn JiRAGHBRA B ShahRal, Imwes%ucﬁ s&%sﬁlhgiom metic
describes a peptide anal og, such as those commonly used in

phar maceut i cal assHd gt weil hm“mnilﬁe%“tMell@mdﬁ@gzymwﬂﬂwdpmme@w@@t anal ogous to
those of the te Iat tide. uch g 5: 29
(1586) “and Bvafieber GpRARb et PGSRkt o5 658 wpd By slassart

have been described. Harlow et al., Antibodies: A Laboratory Manual, page 319
20 (Cold Spring Harbor Pub. 1988).

The invention provides peptidomimetics of the polypeptides and peptide
fragments of the invention. A peptidomimetic describes a peptide analog, such
as those commonly used in the pharmaceutical industry as non-peptide drugs,
\\-:ith properties analogous to thosc of the template peptide, (Fauchere, J., Adv,
Drug Res,, 15: 29 (1980) and Evans et al., J. Med. Chem., 30:1229 (1987)).

b
o

Peptidomimetics are structurally similar to polypeplides or peptide fragments
having peptide bonds, but have one or more peptide linkages optionally replaced
by a tinkage such as, --CH;NH--, --CH,S--, --CH,--CHa--, --CH=CH-- (cis and
trans), --COCH,--, --CH(OH)CH»--, and --CH;SO--, by methods known in the

30 art. Advantages of peptide mimetics over natural polypeptide embodiments may
include more economical production, greater chemical stability, altered
specificity and enhanced pharmacological properties such as half-life,

absorption, potency and efficacy.



Peptidom nretics are structurally simlar to polypeptides or peptide
fragnments having peptide bonds, but have one or nore peptide |inkages
optional ly replaced by a |inkage such as, --CI12NH—- --CH2S- -,

--CH2--CHZ--, --CH=Cl-1-- (cis and trans) -- %—9

__CH2SO -, WBY #¥{#dts known in the 30 art. Advant ages T '@é‘f dfé‘”f‘n ni ctl cs
over nat ural pol ypepti de enbodi nents may include nore econom cal

producti on, great erlhelpelypegrtides paftideiftagmenth tcongdd popeswi fricci ty and enhanced

pharnacologlcal ies..such as half absarptiqn, po ney and

ef fi cacy. 23 Wi Bpéfﬁ"gﬁﬁlﬁﬁﬁéﬁ © BEFIHIBSHY /@@%E%f“ﬁh‘@v‘g etB%)P'#Z% *pepti de
fragments, couphietnph@i®mfis 206k RERibAQYMenBInLE Bf 9blotkiagiapMens i on can be
nodi fied for in vivo use by the addition, at the am no-term nus and/or the

car boxyl - t er nmi dGascateZRIpIBR VG- é@ér@fmb%use&éerr@a@éﬂa@gmawh@h then vi vo,
This can be ”aj%ﬁ)gale%ﬁ tErtB‘Hﬁleteﬁd 4Rt $r9§ed'b” ?é‘%‘? técé?f% %Bﬁ%&é de termni

tend to be de pr ot eases pr uch bl ocki ng
agents can i ncSusHé} ocmngragmls dan indlade] mnhouaﬂﬁlmthumnaidltIIc&iahtcaMem unr eI at ed

pepti de sequenceé ‘P an be at ache thag B1no and/ or c]?

term nal resi dBESAET PTG BRALsIsEHE a[ﬁfm éB‘? tor e YRR AN OB AP YUY pr ot ein, and
pepti dom meti CetQAnfeadlih Bf Sk ﬁ&l?ﬁe tﬁ@Ip%ptﬁ&rﬁabﬁmdpa@pﬂadtﬁa@cemcmm cally during
10 the synthesis of the polypepfi (5) Eg ptide fragnent, or coupl ed protein,

or by reconbilsaidorprgte xhhisinugyictsy. kb s fllflilmellh"@ﬁh@ﬁlt&lﬂ)t ‘illsﬂms of average

skill, = Alfer ngal Lyrel ¥ op| h%?a'&y@gonﬂ%g&gﬁdcsﬁ’%l da%? opxgg%;ﬁr&mnc d, or other

nDIecuIes known ‘i n the ar tacted to t no and/or car boxyl
term nal reS|duesuMH@mEﬁﬁbwwmwh@y@wmmﬂmmsﬁmhhmanmmmaweﬁmwaugsﬁmﬂcarboxyl
group at the c rbo 15 termnus c ced with a dlff rent noiety.
Accordingly. ChsravEN: e g st v hbleTaa e n s e iR agent 5§ hat
are amno-ter mnraazhlnyumet c@&feﬁqxwedtﬁhehmaiolamdm aekagl teffRablbilidsy of a

pol ypeptide or peptide fragnent of the invention to roduce an i nmune
response may bcétl@w@agfqﬁlﬂ@u@ﬁdwmsaé?@u&usa}rtcarb@@égmuﬁégtheférbﬁ@t lhods. For

exanple, foy t Hﬁusaé%h'b'etr 148d {vﬂﬁfilﬁiﬁ"f hi%‘?é?%’ 55&9&!&%%}& ifenibgpy  Stinmulate a

cytotoxic T-1ynphocyte re ponse e pol ypept'i des and’ peptide fragnents of
t he i nventi on preyidéseolgpeptidogiandpaptide fremmintthatssaarsing-oerindmatlyiahg or i sol ate
ant i bodi es that t o t 1 ol ypeptl des or peptide fragnents of the

i nvention, or %H’&%‘S‘P{{%‘“ﬁ yelf'gﬁ‘r‘? from 25 SARS-CoV. For exanple, the

pol ypeptides or pepthiedgility MHRMNpRpliBYor BEptids FekgBnt of the invention to
produce an immune response may be tested through numerous art recognized
20 methods. For example, for their ability to induce antibody production, or to
stimulate a cytotoxic T-lymphocyte response.

The polypeptides and peptide fragments of the tavention may be used
within screening assays to identify or isolate antibodies that bind to the
polypeptides or peptide fragments of the invention, or the spike protein from

25 SARS-CoV. For example, the polypeptides or peptide fragments may be used in
phage display assays to isolate antibodies that bind to the polypeptides or peptide
fragments, In another example, the polypeptides or peptide fragments of the
invention may be bound to a solid support to which antibodies are contacted
such that antibodies which bind to the polypeptides or peptide fragments become

30 immobilized on the solid support. These antibodies can be later cluted from the
solid support. The polypepﬁdes and peptide fragments of the invention may be
used to isolate antibodies according to many other methods known in the art.

Expression syslems that may be used for small or large scale production

of the, coupled proteins, polypeptides or peptide fragments of the invention
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phage di splay assays to isolate antibodies that bind to the pol ypeptides or
peptide fragnents, In another exanple, the pol ypeptides or peptide
fragnents of the invention nay be bound to a solid support to mhich

anti bodi es are contacted such that antibodies which bin

pol ypept i d&8 28¥5W¥dt i de fragments become 30 i mmbilized’ (Jﬁ”‘tzﬂ'é‘”'éﬂl*t d
support. These anti bodies can be later eluted fromthe solid support. The
pol ypept i des andu@epmkﬂenmnﬁMﬂﬁmt$d@hwmhaom@mammk@mtmﬁymhﬂbnmsbdﬂto i sol ate

ant i bodi es accor d| ¥ ot her net hods known in thg art EE ressi on
systenms that rBy°© U@’é&“ ¢ieiF acifhgpistrggt thal coptainga puelde Bf segRt obf ¢ he,

coupl ed pr ot eiRgantipRL FL ]és%%e&ﬁmbﬂﬁﬁttﬂdéfcwfarcﬁgdﬁﬁm&ts%a)ﬁ feigaventi on 24 WO
2005/ 1110034 1' CT1LJS2004/ 1123345 include, but are-notlimted to, cells or
1 cr oor gani snshﬂ@t@a@PI@B@DNﬁamklﬁmrd@HAMQSmid BNAe oovibil pepressmucteeiors. aci d
construct that n Ci t h Exanpl es
of reconbi nantEnu }ieesloc %%ladgn%%g?rgg v t%n'nttg}nml%’nrbcItﬁ efto chd ng];ﬁ:aé(;%%c?er}fa

pl asmi d DNA, cdsniamiAe. coli oV Br abtiBypyassionsxamgsle, @aScha&n@cammthS of cell's
and mcr oor galr;R sirs t hat gﬁ be tr%nsfor rre%al ncl ude bacteri for exanpl e, E

coli or Iphlsinseq) 664y siens1os K5l e PalvdHe) Biges: Saﬁam Bichia): insect

cel | System (fanmenamle IAEMbOYLEHE) COB) @0, KK | oy SARD, e, mammal | an
cell systens (Iformexa ¥ 1H?—t 3 VERO%Y 21 oK, W38,

| e
and NTH 3T3 ceYlP§XK, ‘W@odﬂﬁ@éﬁt 373 ‘a%is}to"slﬁo @Géfllll 8s lmﬁécqélrslafﬁawnﬂw 010 secondary

vect or o 1 oSt B -ele Sy B Bk e B M restion
vect ors i ncl udsasmad tvdrmrtorhnfmte(hmﬂmmvxrﬂlvaam dﬂamphtsmfsmtabkemtmssamsuch as

herpes viruses, retr cinia v attenualégscet vacci ni a

oyiru

Ui rhees, | canargpbtige GUBET g BRGH B T SR SR IR, e,

| entiviruses msaefea@smvseg 8@ nia ilﬁxs@mmw@tctteﬁcsma'smmslaetcm@dry@t;hods may al so
be used to produce polypeptldes and peptld fragments of the invention.

Such met hods dﬁ@s%n&ﬁﬁo‘dﬁ@esha%oﬁéi@ﬁlateﬂé’ﬁweﬁééﬂmwqulaﬂf‘éF@GS BE¥sénce, 85: 2149
(1963). H.i:Nuc c acid
const ruct sll5 02! rI%fn tﬁle In eﬁlﬂ? é(;%’tléqlﬁ(g%g%f%%dn%qtsg@erst%&u‘%éBO%%J%E%@OI at ed

nucl ei c acid segnintranidhatof tienaoadot. hSuchateipdpticdaswnpephideetn agnment s, and
coupl ed proteins of the, entio The | eic acid segnents of the

i nvention al sdew%@ﬁﬂgﬁ@éwéﬁﬁgﬂ, '%'%rﬁ&%g for the sane anmino acids due to
t he degeneracy of the genetic code. For 25 exanple, the am no acid

t hreonine i s encoded by ACU, ACC, ACA and ACG _
I Nucleic acid segments, expression casseites, and nucleic acid constructs

20  of the invention

The present invention provides isolated nucleic acid segments that
encode the polypeptides, peptide fragments, and coupled proteins of the
invention. The nucleic acid segments of the invention also include segments that
cncode for the same amine acids due to the degeneracy of the genetic code. For

25 example, the amino acid threonine is encoded by ACU, ACC, ACA and ACG
and is therefore degenerate. It is intended that the invention includes all
variations of the polynucleotide segments that encode for the same amino acids.
Such mutations are known in the art (Watson et al, Molecular Bioiogy of the
Gene, Benjamin Cummings 1987). Mutations also include alteration of a nucleic

30  acid segment to encode for conservative amino acid changes, for cxample, the
substitution of leucine for isoleucine and so forth. Such mutations are also
known in the art. 'fhus, the genes and nucleotide sequences of the invention

include both the naturally occurring sequences as well as mutant forms.
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and is therefore degenerate. It is intended that the invention includes all
vari ations of the polynucleotidc segnents that encode for the sanme am no
acids. Such nutations are known in the art (Watson et al, Ml ecul ar Biol ogy
of the n Cunm ngs 1987). Mutations al so i ration of
a nucl ei c‘%@b'é\ /f’HJ”%egrrent to encode for conservative ar%ﬂﬁgkg'@f@‘hé anges, for
exanple, the substitution of |eucine for isoleucine and so forth. Such

mut ations are al soThkreugic peid ﬁfmﬂl@tswfﬂiﬁhu\sennplhélalgéne@tancﬁ wiltiheot i de

sequences of in 0 [ curr sequences
as well as rrutvgﬁ f%?ﬁ&s&qg? 9&%@%%0%@ 6@%@ tE%S#EJ% %%'?'he nucl ei c
acid segnent s faftorf hieus| evseid,iod phawayn Mbmwmgmameﬂmnmrax citaﬂiuor A vector
may i ncl ude, Ilmtedto any plasm d, phagem d, F- factor, virus,

cosm d, or phgﬁ%‘] ‘r"ﬁ‘“g(‘ﬂ%l"énﬁl‘y ngj t?fgﬁegt’s“{‘ﬁ*lﬁﬁﬁ!@a of ‘i“H‘é‘SFa - Bia¥egioBFa™ £ or m whi ch
My Of Ay 5Nnoty) s*&%raﬁ@fbhﬁbl%ﬂ%&bﬁébrbéuﬁa udTRRL éﬂ%@@lﬁtegﬂa%nvﬁsw can 5 al so
transforma prokaryotic or eukaryotic host either by-integration into the
cel lul ar genorellbar geritse Owﬂakt@mﬂamswmﬂlwc(;emgmoxauusomplm@usgrepI i cating
plasmd with alas% ‘g E ‘? gkl ca tlton)). Preferably the nucleic acid segnent
in the vector Uh hies 18 tPor*8%:  and operably linked to, an

appropriate pr omot eref@abmlhﬁfucreegwidadegmyme;h eivBBits: it Qhder 16k don@Bisat i ption in
vitro or in a host cei such as a eukaryotic cell, or a mcrobe, e.g.
bacteria. The HéePHRO Yrél&}k‘lé‘éo’afmﬁﬁltof"fl@eth%‘?rWH‘&P”?&H&‘PFHH%“W‘HSfﬂﬁl tiple

hosts. Thag VeGhQLiphBYindhiSOoB ado&l LN f16h YELLRArybRALell YPL mitkdnk, £gnt ai ns one

or a small nunber of restriction endonucl ease recognltlon sites at which
forei gn DNA sdquetirs dbe vedor they herrsdiitiededtor thadenationd mabllllépﬁcélgﬁﬁ ohie Such

insertion can %&ﬁ\l!'lrl;‘lil}y\dcﬂgg]@eug clor? vg‘éorQth?i)?& ?tlltalgs 8 eO&I s%lall nld %E' on of the

cl oni ng vector oni n WKer gene that is
sui tabl e for méeesimtlbﬂnmdodm:tasa‘:tacagmM1 sitaglatsalieiciordgm DN% EqﬂidnSeﬁ r ansf or med

with the cloning, vect nar ker enes are tetrac

resi stance or 4 ’?E‘F‘Fr&’dﬁn Eﬁ%tg;g‘?‘ﬁﬂ’é E‘S y§1@5 HSTEIOP ST BFeyr %‘lg ‘Xi‘lfﬁuner cially
avai | abl e 16St @tk @ent@NBioldYaM! ﬁﬂﬂtcﬁlr@t}% @ BdSvectdr ORRAGHIN vechR mb@ispucl ei ¢ acid
segnents of the invention may al so be inserted into an expreSsion vector.

Typical ly an @Qm@sism@hewm he! ig Gwitakierfor Wokéwydﬁltlﬁcwanéﬁéwws codi ng for
a bacterial re igin. and an antihbiot] anc ene to provide
for the anpli fOP {%ﬁ%ﬂﬁggﬂ%d‘% lgl %h ngfw’rl fe béé‘)?ﬁ“rpgegg%]ﬁ e%ffng? mgn a bacterial

host; regul at astyacediBRatistant bt angeltlinaksidtitick] 3an@d'oafngtve@dscid ption such as

25 a pronoter; and el enents that control the processing o f transcripts
such as conmuerclally available (Stratagene, New England Biol:bs, Clonetech 9
20 The nucleic acid segments of the invention may alse be inserted into an

expression vector. Typically an expression vector contains prokaryotic DNA
elements coding for a bacterial replication origin and an antibiotic resistance
gene to provide for the amplification and sclection of ths expression vector in a
bacterial host; regulatory elenents that control mitiation of transcripticn such as
a promoter; and DNA elements that contro] the procgssing af transcripts such as
introns, or a transcription termination / polyadenylation sequence.

Methods to 1ntroduce nucleic acid segment into a vector are available in
the art (Sambrook et al.,, Molecular Cloning: A Laboratory Manual, 3rd edition,
Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (2001)). Briefly, a vector
30 into which a nucleic acid scgment is to be inserted is treated with one or more

restriction enzymes (restriction endonuclease) to produce a linearized vector
having a blunt end, a "sticky" end with a 5' or a 3' overhang, or any combination
of the above. The vector may also be treated with a restriction enzyme and

subsequently treated with another medifying enzyme, such as a polymerase, an

26



introns, or a transcription termnation / polyadenyl ati on sequence. Mt hods
to introduce nucleic acid segnent into a vector are available in the art
(Sanbrook et al., Ml ecular doning: A Laboratory Manual, 3rd edition, Cold
Spring Harbor Press, Cold Spring Harbor, N Y. (2001)). Briefly, a vector 30
into whi chVEO HUWEPPY acid segnent is to be inserted is PEEABENHNIBH one or
nore restriction enzynes (restriction endonucl ease) to produce a |inearized
vector havi ngegorbiie, £bsplitass bl £ KiaseCddrattd dUikadzedec@r that RMEr hang, or
any conbi nation of the above. The vector may also be treated with a
restriction ensghavicteistos welub &digatianofamaeleisdcidisegmeni drth die veouWif Tehg enzyne,
S ooh @s @ Pol YBLER8y AP0 BRI IO RE b IR Hidd £330

exonucl ease, a phosphatase or a kinase, 1O create a’linearized vector that
has char act er nsitd esirividef dazyhey tolcr@atd iDRadicdac gl @idn@g bhinsagoent into the

vector. The_ nycleic aci.d segnent that is to be.inserted nto the vector is
treated with onSichy ena&‘%ar%gf?i3&VF%“%HEWW%&)‘“@PES%@eé}b?‘fenéré’r@i zed segment

having a bl unt yende a@d Jegnitht FKY 2156 BE i d\wi@h Rres@fctidn SnzyR¥ShAanNg, or any
conbi nati on of the above. The "nucleic acid segnent may al so be treated with

a restriction ewssaveniindeatsinbisieenodiet DINA meditf\dng oi:tyneadotthBNADNA nodi fyi ng
el u:yne. Such ~odi fvin yaes. i nclude,, but are not limted to,

pol ymer ase, ex%g 1g§gﬁez]}¥w% chtb atase ngffllgﬂ?(q tr?a Oe]),’mf:rgseCF‘\é%l{ug “F°hucl ei ¢ acid
segnent that hasosphaisact ekinatd, ascridlc ys@fidil adi®segicgadhhtins @haractarikgicei ¢ aci d

segnent in t he ctor.. The treated, vector, and nucleic acid segnent are
t hen 1i gat ig tﬁﬁé‘ﬁﬁ‘érrh&%o“? WCE‘%%TWEF“ETB%%Y%FHQ a nucl ei c acid segnent

according to net hodshe pasaid@BloatdndcRE: RId sehRektF Okn Batéd togethligcul ar
Cl oning: A Laboratory Manual, 3rd edition, Cold Spring Harbor Press, Cold

Spring Har bor , faumw coistogt jontainise Bietic ycidsemnant exsprtingigahehedsaci d f r agment
and the treat eﬁ’va\{ﬁ&{é A th@gu% (%?m 1'05@ Q a r‘]}lo%@tﬁd%l@ﬁﬁgc E L%EOI%TO )}J}\dtaﬁlpal e buf f er
m X s da under

and |igase. The ure en i ncu e ppropriate conditions to

al l ow the |i gasa ddfioh] QaldSplihg Hamot Biegs, @o1ddSpiring Giaghdr, Wit ¢2000ke vector. The
invention also_provides an expressjon cassette which contains a 20 nucleic

aci d sequehte BHpAY|Re tFratedinueletd asy! Eagpreataddhe Bratyd eSO pePEPIngdE) ei ¢ aci d

segment of theufé@\éﬁeﬁae%@aﬁ@%& A fePhitd Iﬁ%QﬁMhegmixﬁi@ré Qefl‘ieniiﬁ%ﬁﬁ'atteﬁ(an@err in a host

cell. A'so, a nucleic acid segnent of e Invention may be inserted into
t he expressi onipresset doadisioohtotablat tanligast fo-peieske meddagrd fisgpemduced. The
expr essi on casaettq is an isolatable unit such that the expression cassette
may be in line ¥ YFEP M and

The invention also provides an cxpression cassette which contains a

20 nucleic acid sequence capable of directing expression of a particular nucleic acid
segment of the invention, such as SEQ ID NO: 2, etther in vitro or in a host cell.
Also, a nucleic acid segment of the invention may be inserted into the expression
casselle such that an anti-sense message is produced. The expression cassette is
an 1solatable unit such that the expression cassette may be in linear form and

25 functional for in vitro transcription and translation assays. The materials and
procedures to conduct these assays are comumercially available from Promega
Corp. (Madison, Wisconsin). For example, an in vitro transcript may be
produced by placing a nucleic acid sequence under the control of a T7 promoter
and then using T7 RNA polymerase to produce an in vitro transcript. This

30  transcript may then be translated in vitro through use of a rabbit reticulocyte
lysate. Altemnatively, the expression cassette can be incorporated into a vector
allowing for replication and amplification of the expression cassette within a

host cell or also in vitro transcription and translation of a nucleic acid segment.
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25 functional for in vitro transcription and translation assays. The
materials and procedures to conduct these assays are commercially avail abl e
from Pronega COrp (Madi son, Wsconsin). For exanple, an in vitro
transcript m roduced by placing a nucleic acid sequence under the
control of & ?”%P%ﬁnter and then using T7 RNA pol ymer #s€Ut3"¥Rédiice an in
vitro transcript. This 30 transcript may then be translated in vitro through

use of a rabbit- rets&uh@@m@ssmhﬁ&s@&t%mﬁl&o%fan?&ﬂcvc@lamurm? oﬁ(a@fri%ﬁ&l on cassette
can be |ncorporated Into a vector al | owm ng or rep i cati on and

anpl i fication 9Fs pirving fr elsemen ehbs aueleic whid Regmaat wrdss thegegulation 04l so in
vitro transcri %@%@P%E@gg f@séd‘ Ees&’Im & 0ueL ﬂﬁs@SJngaléﬁmﬂ}anon 27 \O

+ 2005/ 010034 P an expression casse nay contain one
or a pluralitysigfal oesibiy thkedno Siemaslelalabﬂ\mg’ngenﬁMWﬂl acrepEatorof the nucleic
acid segnent under the re%gl ation of zﬁul atory sequence, The expression
cassette cah al*dBFEEERIFA4OTRIPRAT HaRY %W“O H&?lelﬁﬁé‘ﬁéﬁﬁve% hked to the

hucleic acid Sﬁgﬂﬁ%n @éssé’fé%'cbnt@?ﬁﬂo%ﬂé’ﬁ@ia%%@se@ﬁﬁh‘ﬁﬂﬁ% dreetid ed for proper
transl ation of the nucleic acid segrrent The ~expressi on cassSette containing

t he nucl ei ¢ achekreugffretrat leﬁayonbefl@ﬂmon‘@nnmts is hefanolaggus Wah resped: seait one of its
conponents is hei‘ero Q

f h
B SAPLB R bR RES eifBbn stsf AR e Ve dub > el 1

conponent s. Thé

occurring but hisish bepnrabt@cnedg bik ias benebbifdm a tbmblaeffomm ﬂ;ﬂ:ﬁflor
het er ol ogous expr ess‘?%g. Expr essi on of thgmnucl eic acid seg in the

expr essi on tasQEhFeroipgIEPEGsHeRR r EXMissien aE the pugific 20id papgnt it ?7e pronoter or

an inducible c&rpgsmwﬁaswee%yblalut]a@fttﬁ'e%cotn&arb‘-‘rgrcbﬂahme%xﬂoﬂé\m@nt he host cell
is exposed to Some particular external stimulus. e expression cassette

may i nclude i ri“thllveblsprog'mt‘dlwiwétlﬂmqlﬂé)ffdltsrﬂam’@ﬁnbt‘hhﬁ’ﬁl the hest geltisanscri pti onal
and transl ati o‘{]\% SQ{JE(SH%H)?‘{‘CLHZS%}(%B‘K&I ﬁlmuLf cleic acid segnent and a

transcriptiona Fanstat ronal termnatt on regi on functional in vivo and
[or in vitro. The Tierexpreaisnnsdetgimp inthye hethadtd deemionfof tdassctiponscri pti onal
initiation _region, nay be native w.th the nucleic, acid sg}grrent or may be

derived frbom ‘h‘l‘i‘ﬁisﬁé?t‘o%llﬁ“ééf‘m%lmi* inif: QAR TRELO-F THEkIFEATIseamAnt3ad 3 -
pol ynuci eot i de, SeaiRReA sh@ 3 EfionHRSHh geéonrrgﬁhfe%uﬂgw%%ﬁmms) wi t hin,

or downstreamf on-codi ng sequences a coding sequence, and which
i nfl uences t hevitre. aﬁh@&enpmatmnremmapbgnamiwi@l the tr&tsanixbtlcinalyiplt@non ransl ati on

RIS G S S R
another source.

20 The regulatory sequence can be a polynucleotide sequence located
upstream (5’ non-coding sequences), within, or downstream (3’ non-coding
sequences) of a coding sequence, and which influences the transcription, RNA
processing or stability, or translation of the associated coding sequence.
Regulatory sequences can inc¢lude, but are not limited to, enhancers, promoters,

25 repressor binding sites, translation leader sequences, inrons, and
polyadenylation signal sequences. They may include natural and synthetic
sequences as well as sequences which may be a combination of synthetic and
natural sequences. While regulatory sequences are not limited to promoters,
some useful regulatory sequences include constitutive promoters, inducible

30 promoters, regulated promoters, tissue-specilic promoters, viral promoters and
synthetic promoters.

A promoter is a nucleotide sequence which controls the expression of the
coding sequence by providing the recognition for RNA polymerase and other

factors required for proper transcription. A promoter includes a minimal
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25 repressor binding sites, translation | eader sequences, introns, and

pol yadenyl ati on signal sequences. They may include natural and synthetic
sequences as well as sequences which may be a conbination of synthetic and
nat ural sequences. Wiile regulatory sequences are not limted to pronoters,
sonme usef wWvoneguwhaBory sequences include constitutive gldioRerglisiinduci bl e
30 pronoters, regul ated pronoters, tissue-specific pronoters, viral
pronoters and h 4 i.de seqguence

whi ch controlsiﬁﬁglés%ﬁggglgﬁwgfaﬁhqu%%ggﬁgﬁégﬁigﬁg%H%§§%%BV|d|ng t he
recognition fontiRNA, pahwﬂeﬂé%bkhmﬂmthanumﬁawam$sSanDNﬁemqmmneproper

transcription ude m ni ma 1111 3 1
PCT/ US21114/ of@?ﬂgs"’%&%@%%&ﬂé P@‘H %?@u%?%}%%fSEYé{F fo %P&E’gﬁr ﬁ‘élsgﬁﬁét s needed
for transcri pti@gripibd inddd:eR, towm ;aigulﬁo%%eh%r@m/e@Iforlcehﬁél%tfor that is a
short DNA sequence conprised ATA- "box and ot her sequences that serve

to specify 7 heexpiesseonpfA ptmlmﬁ@dmciydmd@nqumntlreést from i napveadnehorégul at ory
el ement s are agied. 9% oFARLY okl SuRUATRROK Ao hBLBIR! Bln TRy be derived

entirely fro i ve ose erent ments derived
fromdiffer entnap:rr@nmemnsbefcompdsadmfsymhﬂmr:@Nmﬁegmaem Bepromopr nmgd of synthetic

DNA segnects. A pr er m cont ai n uences. that are involved in the
bi ndi ng of pr &PB'QW%‘ SEFENGRTitea amd’d‘ﬁ’tlYDglA ﬁ’l’?g’l@ﬂ‘ce%ftﬂr?/@l’i‘fcémﬁf’mfc?anscr| ption
initiation in bRSAIMSE ORI Ha0@iifdn e indeyeh@RIBAlAIogeNdi tions. The
invention al so provides a construct containing a vector and an expression

cassette. IPhe Wéé‘t@?lmiﬂﬂ)éﬂ@él@ét ed from but not I|mted to, any vector
previ ously descri bqﬂ% Dntahgosprg,‘g@%sodr nhﬂﬁ g{it&qﬁgégr essi on

cassette through ne nown ‘i n pre escri bed (Sanbr ook
15 et al., Mleepubséon (ﬁlssntte Nghe kcmmyabwzyctemmmmlt ijmmhdttocnny Col d Spring

Har bor Press, Cold 200 e enbodi nent, the
regul atory sedﬁ@ﬁ%@é‘%ﬁﬂ?ﬂ‘é@c@ﬁ@r elgté’lﬂb‘ﬁ"%; 5%%91’8 "ﬁﬁ? T FEG" f rom a source
other than the,ueed QfougRhR¥Ak Gho iR (BXR] AR OR0GASRREARI(SarhiteS ted. I n
anot her enbodi ment, a “const r uct containing a vector and an expression

cassette il$ Z@tﬁioﬁ\ﬁ@i@tudfp&ioﬂlm%e%Lﬂlmﬁat@whéam&hB@lﬁéltMI doldegneat of the
i nvention int ctor ulato seguences. Thus, an
expression Can%@¥ ”#g‘?% EB %ﬁ@ kpﬁﬁ?@h@i Wgﬁﬂﬁ%Fg @gacid segnent

into the vect Q¢gulNQ§O4EnCRRY BicltkPr@ssidrR@iiead m&yw efiiedGRm ffcdr@vai | abl e
comercially and nethods for their use are
other than the vector into which the expression cassette is inserted. In another
cmbodiment, a construct containing a vector and an expression cassette is
20 formed upon insertion of a nucleic acid segment of the invention into a vector
that itself contains regulatory sequences. Thus, an expression cassette is formed
upon insertion of the nucleic acid segment into the vector, Vectors containing

regnlatory sequences are available commercially and methods for their use are

kniown in the art (Clonetech, Promega, Stratagene).

LI Immune compositions and vaccines of the invention

The invention provides iminune compositions and vaccines that can be
used to produce an immune response against the virus that is etiologically linked
to severe acule respiratory syndrome when adminisiered to an animal. The

30  immune response may be a humoral immune response ot a cellular immune
response.

An immune composition of the invention can include an adjuvant and a
nucleic acid, polypeptide, peptide fragment, a peptidomimctic, a coupled protein,

an immunopeptide of the invention, or any combination thereof. An immune
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known in the art (C onetech, Pronmega, Stratagene). 25 II1l. | mmune
conpositions and _vaccines of the invention The invention provides i mmune
conpositions and vaccines that can be used to produce an imrune response
against the virus that is etiologically linked to severe acute respiratory
syndr one wWWéRtgiibEit st ered to an ani mal . The 30 i mMmune PESHEAGEIHEY be a
hunor al i nmune response or a cellular inmune response. An inmune

conposi tion ofcoldpsitiBly &M dofRiLA adjNGhURR iAibt AMmivANL i ARd (Pa -NUCl €i Cc acid,
pol ypepti de, peptide fragnent, a peptidomi netic, a coupled protein, an

i mrunopept i de RoYPERidd pepdide fieamendr a papjideraimsiingt Gognled Beteinfor aAn i mune 29 WO
20115/ 010034 P / 3 - composi.t i an -G in dj uvant that is
not chem cal | y&:ﬁ#?é%%{ag Ogglggnéléi}%@p% d@%’“ﬁ%%? :ﬁlggsnﬁ ér%g%a%éﬁ’ﬁ{n, IIIHaa%pjepti dom neti c,
a coupl ed pr ot®&ljuvantahatdnchenrivudlyniapapb iagel yptptidegpdptivefitgroamt, s2An i mrune :
conpositiog can contain an aphuyant that is chenjﬁglly linked to a

pol ypept i de, et Cﬂ’é‘“ﬁ“a’g%cé’ﬁf’ Ct ar‘%C“&)é’ﬁf"? Wﬁ"&f . ﬂl’?dﬂiﬂ“é‘ﬂn-pf‘ﬁt ein, or an
| munopepti ce g @omBYSRL @ino lenibTEAAARAS! bl ARQlutdng [ nvention can’

al so include a pharnmaceutically acceptable uent or carriér. An immune

conposi ti on nmeygcéabiedibfeatergnedr.; onventional ly. In particular, a nucleic

aci d, polypeptide, peptide fragnen peptidam metic 0 cpup)] ed protein,

i munopepti de, or éﬁ@/%&%%icﬁ%“tpgﬁﬁoma@eg?‘l?“g‘éctmrfci“%’ﬁiﬁnﬂgﬁp{lnn t he

conposi ti on nmayrti@leoniiciidacid, pblyBeriida popedtigneal, byptaeaspt@b| e dil uent or
carrier. Exanples gf pharmaceutically acceptable diluent, or carrjers include
wat er or a ‘saloHaled BrafP.dMIMIEARILIES op YRR RliBy o Hiakig cppaineps) . | n

general, the ISl Hels tah! i " EHik | ected on
Phe basi s of -t e L e e U e &

phar maceut i cal capracExeaples ofpharmsodisailcatctplatde ddpnhpl cangird welds and carriers
as well as all t is,.ne r fo i r € 4 i | cal
o RS OB DB e,

conpositions are describe
st andar d r ef erteagiearineoduticallytdoecptdbleaditient lorpatrier is e¢tpasd dr o Basisof thont ai n

adj uvants as disclosed herejn and, as 20 known in the art. Al um num
conmpounds ray %@%@éo% Ogﬁhﬂ}]éﬁiﬁ?.n@ﬁegﬁta‘ﬁmlﬁﬁm%%bﬁfﬁ%e?ncl ude,

al ur num hy dr Optl it AL RBRYMIA Cand e RUINKANBY RIREARALE, and the
| i ke. The nucl eic: acid,  pol ypepti de,
for their use in pharmaccutical compositions are described in Remington's
Pharmaceutical Scicnces, a standard reference text in this ficld.
Immune compositions may contain adjuvants as disclosed herein and as

20 knownin the ait. Aluminum compounds may be used as adjuvants. Such
aluminum coinpounds include, aluminum hydroxide, aluminum phosphate,
aluminum hydroxyphosphate, and the like. The nucleic acid, polypeptide,
peptide fragment, peptidomimetic, coupled protein, immunopeptide, or any
combination thereof may be absorbed or precipitated on an aluminum compound

25 according to standard methods. Other adjuvants include polyphosphazene (WO
95/2415), DC-chol (3-beta-[N-(N', N'-dimethylaminomethane) carbamoyl)
cholestercl] (U.S. Pat. No. 5,283,185 and WO 96/14831), QS-21 (WO 88/9336)
and RIBI from ImmunoChem (Hamilton, Montana), Immunostimulatory
oligonucleotides containing unmethylated CpG dinucleotides ("CpG") are

30 known in the art as being adjuvants when administered by both systemic and
mucosal routes (WO 96/02555, EP 468520, Davis et al., J. Immuuol., 160:870
(1998), McCluskie and Davis, J. rinunol., 161:4463 (1998). CpG when
formulated into immune compositions or vaceines, is generally administered in
free solution together with free antigen (WO 96/02555; McCluskie and Davis, J.
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pepti de fragnent, peptidom netic, coupled protein, imnnopeptide, or any
conbi nation thereof nmay be absorbed or precipitated on an al um num conpound
25 according to standard net hods. O her adj uvants i ncl ude pol yphosphazene
(WO 95/2415), DC-chol (3-beta-[N-(N, - di et hyl am nonet hane) car banoyl )
chol est er oY‘]‘} PHI3Ppat . No. 5,283,185 and WO 96/ 14831) , (V2 I("\W5*B8/ 9336)
and RIBI from | mmunoChem (Ham | ton, Montana). | nmunostimnmulatory

ol i gonucl eot i desmeent a6 1Mi463 (wnmy&ﬁybam@my@@@;eutmlaeahﬁg@smcmoG) are 30
known in the a t. as_bei nggédgp uvants when adm ni stered bx bot h system ¢ and
nucosal routes ‘(%”‘@6‘/%‘2 8/ 16 AP ) 4B derpty lateshiyity a grigh such s alypiRbl ., 160: 870

(1998); MO uskigognd BRVLR-Milad SIHNRbe Nad @Laf48 39§ l%’@(iﬁﬁ?? when

formul ated into i mmune conpositions OF vaccines, enera adm ni st er ed
in free solution tBgentmtionplsyployeles m@m@hat(lmngﬂmﬁasamw{:(} uski e and

Da J. 30 M 11110 P USZ 4/ 023345 | .; 161: 4463
(1\Sgl9§)) or Ccovil x‘gﬁPP 885?8%3%58%& 4B ﬂlimné%lr‘f fﬁ&fc Igglgt% %Hlon No. WO

98/ 16247), or fmonimepediRd oMielin@ntiel & n@¢leis YE My nadiniitod thoredly Siiddxi de.
(Brazolot-MIlan et al., Proc.Natl. Acad. Sci 95: 15553 (1998)). The
i nvention al so"45Fiaes Gade fermuiiekasihsribedbargiger as Figendn gheaepgne art.

pol ypepti de, arfeRihLGe | ¥ifgVaiine 1ﬁayﬁ>%l%¥’éa9:9r{‘ﬁe{r€%r€wse ?tﬂygpépﬁﬁ L grotein, an

i mmunopept i de of the Invention, a nuclelc or any co ation thereof, Such
vacci nes can beepfide ﬁ‘@ﬂ,!mné,d)ra@dégﬁb}rrpbewfh@levemtlon aa@rdm@mwthoctShe vacci ne

LS, of A ARAS BT A BRE RO TN E B SAL B, DA Gpr esses

polypeptlde a pep i tein o the i nvention

according to nmieh@dﬂlsﬂaﬁ)hdmﬁmwbﬂ t/d@emalr\hruseE}(@lﬁ‘@dyﬁS\ oifuses, raad theakeor s t hat may

be used incl Udﬁ adenovi rlg%g &5;1 pes,. viruse vaccinja viruses, canarypox
&l HB%‘atE

viruses, and t neg gan al s RIROSOBE Fushipimlans aeknPVB &S or ne. ~ Such

formul ations aﬂlﬁséﬁlﬂﬂ}% it fhe ath@HR sl h%adtl@altﬁlﬁ)r@arch RIECRRJOARIRLA Practical
Approach. RRC New Ed, ITRL press (1990). The invention also provides

nucl ei ¢ aci d bersesd1%8gci nes that express a pol ypeptl de, a peptide fragnent,

can expr st a” pol ypupt B LR B el e AR Reins AYEOGYE €61 %1763 o
a fragment of SE@ehfidN@peptidelffagaghtab Dudupled BroteiRbI tidinvehéidh. &Foaucl ei ¢ aci d
construct that encodes a olg peptide, a peptide 20 frag msnt or_a coupl ed
protein of thec‘PW\P@mf‘Pb‘HelﬁﬂS} MEEG R %‘H‘i‘%ﬁﬁﬁﬂ’ﬁﬁw%tﬂie@é‘fmg SERIPA@d i rmune

response to the 18Ne0dehodY, 5928 or b aded: BOSEHIDNNG 1, SABRINRASS an

animal with a nucleic acid construct that encodes a polypeptide, a peptide

20 fragment, or a coupled protein of the invention may lead to a humoral and cell-
mediated immune response to the encoded antigen. It is thought that some bone
marrow-derived professional antigen presenting cells are transfected by the
nucleic acid construct and the encoded antigen is transcribed and translated into
un immunogenic polypeptide that elicits specific resporses. A feature of nucleic

25  acid vaccines is that they provide for eliciting strong cytotoxic T-lymphocyte
(CTL) responses. These responses occur because the nucleic acid-enceded
polypeptides are synthesized in the cytosol of transfected cells. Furthermore,
nucleic acid constructs that are praduced in bacteria are rich in unmethylated
CpG nucleotides that are recognized as foreign by macrophages. Thus, they

30  elicit an innate immune response that enhances adaptive immunity. Therefore,
nucleic acid vaccines are effective even when administered without adjuvants.

Direct injection of an expression cassette into living host cells transforms

a number of the cells and causes them to express the introduced nucleic acid and

thereby express a gene product. The transfected cells may display fragments of
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mar r ow- deri ved professional antigen presenting cells are transfected by the
nucl ei ¢ acid construct and the encoded antigen is transcribed and transl ated
into an immunogenic polypeptide that elicits specific responses. A feature
of nucleic 25 acid vaccines is that they provide for el}gjt.l ng
cytotoxic i W@%Hggﬁte (CTL) responses. These response@ggggﬂgmgggguse t he
nucl ei ¢ aci d-encoded pol ypeptides are synthesized in the cytosol of
transfect ed cehbsxpréased drdigmmy e theinerd] swifeceadegdthconsgh magdrs t hat are produced

in bacteria arg_rich i.n. unnet G ides.that are recogni zed as
forei gn by mac]?]Sotﬁ?loé’&peag.gﬂy%ggs,sqxwgﬁr%FE’CI?W HREPE ¥ une response t hat

enhances adaptive WKl hoid cdhet®E emehe intheikb&l Btoaglidnvacaticieslydiye ef fective
even when adm nistered w thout adjuvants. _Direct injectiaon of an expression
cassette into MGG MMy dezengrationpagsodhergysstinhfbae nefleie pad eersteland causes

themto e es .0t l - hd .and .£8S a gene
product . The t@%se&g@ga&gg?@ga@g@“ﬁs‘é@%‘g?tﬁg@%m%ﬁ A o 2085/010034,

PCT/ US2004/ 02334%) ;tThekexpt edéd/ sante,d@nd9d 0l Bhe Lraveel. lal. shufiaGas. t oget her

with major histocql j il class | (MAC 1) or class L1 (MAC I11

conpl exes. Nucﬁéﬁ%ggg? zli Jc%hs wh%“tﬂglpgawcgé‘_tfcﬁ?%e&&lﬁélé%‘gﬁhtpénc_ééﬁs? ge_rmr e
efficiently byeffitiRfdicdMBnENss) & ©A0ENAT Ao tHIheL ch@mbMe ukél ection of the
nucl eic acid construct 5 into an aninal, including a human (Vitadello et.
al ., Hum Genemyqmsrotic agentsare figgagal anepfhplicobupiidcajgs fid caygdieloxindDanke 1499
(1994); Dayis et el nl Bk rexanple, such a
t r eat nent |Yds tﬁ{gu\gﬁ{ﬁ’%g‘e@gg% Elﬁg‘n’ Q}WI?%’? gﬁc}%&‘g‘f—rﬁz{lﬁ@é%gﬁi up to 40
fold.  Two of t¢i&€9hmsA mmorteDeflophan ssebiniqums ekt ieniphgyedtosraasfer tivdeit ocal

anest heti c bupivicai ne, and cardi gt oxi Danko. 10 .and Wol.ff, Vacci ne,
157456 (1904 1o B Ry AyscR! B el R agREe YR v ' A% e
of other technidguesranaseordead ligtRhRy eHokever, dRef igkciiuncdf@hied miglett constructs
to muscle. Such other techniques include retroviral vectors, adenoviral
vectors, and |3pbapsws o pplhewest cftigip of thepredaliveny rochyanegat bgafamds aci d
appears to,de i : .Gl - Of .: del i very mechani sns at

transferri 1n§g) 1 :er)ig&gé%fgafgésl%@R@eﬁ%ﬁ%ﬁﬁ%ﬁg eic acids in cells. Nucleic acid
constructs can be adudleit atidredtructs eandiraxdmaudstatedl cab pyarmasweptlgbl e carri er.

Phar maceutically acceptable carriers,_ are biglogi.cally. co, tible vehicles
whi ch are sui t%t)éﬂ&g@'égmﬂﬁrm%ﬁﬁa@ﬂ“ﬁ‘ftl%w "L‘%ep}atﬁﬁ m@rar%lflﬁlgglgaﬁhmml i an
subj ect, e.g., cpssbRIveBIcRe WhihlddWitahe fdreianattaticRtd ynehdnefbineg 20 anount

is an anmpunt of the nucleic acid construct that s capable of producing an
mammalian subject, e.g., physiological saline. A therapeutically effective

20 amount is an amount of the nucleic acid construct that ‘s capable of producing an
immune response {e.g., an enhanced T-cell response or antibody production) in a
treated animal. As is well known in the medical arts, the dosage for any one
patient depends upon many factors, including the patieat's size, body surface
area, age, the particular compound to be administered, scx, time and route of

25  administration, general health, and other drugs being administercd concurrentliy.
Dosages will vary, but a preferred dosage for administration of a nucleic acid
construct is from approximately 10° to 10'” copies of the nucleic acid construct.
This does can be repeatedly administered, as nceded.

Numerous routes of administration may be used to administer nucleic

30  acid constructs, Examples of such routes include intramuscular injection,
intravenous, iniraperitoneal, intradermal, intranasal and subcutaneous injection
of nucleic acid constructs have all resulted in immunization against influenza
virus hemagglutinin (HA) in chickens (reviewed in Pardoll and Beckerkleg,
Immunity 3 (1995), 165-169). Nucleic acid based vaccines can also be
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i mmune response (e.g., an enhanced T-cell response or antibody production)
ina treated animal. As is well known in the nedical arts, the dosage for
any one patient depends upon many factors, including the patient's size,
body surface _area, age, the particular conpound to be adm nistered, sex,
tinme and r S E'IYYYE administration, general health, anﬁLUPH@P“‘Hr‘ﬁQS bei ng
adm ni stered concurrently. Dosages will vary, but a preferred dosage for
admi ni st r at i onadhinsteedothmivgh agd o a pobmastic doddgmndiblemiappatxzoat el y 106 to
1012 copi es of the’nugl ilc aci g gﬁonst uct .. .Th'h?s does, gan be recpeat edly
admi ni stered, BYRBEHLGIINGRERDIE 76Tt R OPUNIZE BRGIFLOFSPY BRESE e used to
adm ni ster nuct@lsGuch3Q netdhheRS FhUGhSplcEXEARI(FSy MctS HEBIyESUgs | ncl ude

i ntramuscul ar injection, intravenous, intraperitoneal, i'ntradernal,

i ntranasal andmsabpatdeseppximgide il i 1dnm ofdigngeeiag baoked. dbastelsictgidhave al |

resulted ingimunjzation agai| influenza.  virus_ hc lutinin (HA) in

chi ckens (ravi Lt @8?"&%@@%Hle%ﬁe'?}%‘}l’ﬁﬁ‘élge?’ Wing; ﬁ{{%gﬁ?‘%%) , 165-169).
Nucl ei ¢ aci d basedphaeciiiegadiany BioderritRd $2thiNdhe 001 Dbt G31dadn(zlihd 52004/ 023345
adm ni stered through use of aopol ymeric, biodegradable' riiicropai-ticle or
mi crocapsul e dBISUePSd FERIETe ONes Trkdsadoths B IRF 26 phagEeyrdodilen Bip phagocytic
cell's such as pacropRagSay dRhi®X apRkEof RERI(RA Mnsact Atheugh ¥&fi de) .
m croparticles approximtely 1-10min diameter can be used. The nucleic acid
5 construct i slieyseapsubushdigosomcs heske prErsraidarstandpdgnetbgisc The ardeit aken up by
macr ophages, ang.. | d 110 : : rel easing the
nucl ei c ac?% c%ﬁ%%&ggﬁété éu]lgdequ%?‘éog%g%?]% 12[028%{%2%@945%ivca-ﬁ%lgsr«gg%r essed within
the cell. Anotnhempowsy with tecid-eeeifiaphidtiodiesf Aemuidledy,@ nadeéahlazonstruct i s

t hrough use of liposones. Such .|iposones._can be prepared by standard
et hods. The ntRVERLE C2p b5 regaign et B oreoed Al hauSIsib AT RGPS S4PORE | nto t hese

delivery vehi ci8®IQl-168ne by Qi RALEE SIChoAIEA fEc8S URTRPAGdiAd Kind@tbiabodi es,
Al ternatively, a nolecular conjugate can be prepared that i's conposed of a
nucl ei ¢ aci d cBbesd i cambindtthegoepia opatrgetcelly Erigeungyet al €9PphdtMdel ¢ or

coval ent fofceg;..Pel Yads- LSl | L] | [ a

recept or oﬁgta&g(ei’tﬁééﬁisfﬁx %@F?gggﬁgﬁﬁ% S.'S“% E%ggﬂt&?@&%gﬁ%b%aﬁféﬁg 73, 479).
Al ternatively, by yembodtlyinpsdd dssipepdcifictranssripeibhal gegdaoeleachis¢¥RBE) by t he
use of |ynphoid tissue-specifigc transcriptjonal regulatory elenents (TRE)
such as a B Iy%h&%@@é}“’ﬂ*‘??ﬁpﬁéﬁ% CYigror g qctcr‘sﬁgﬁ‘%?l Ic 1Q%F\a'ci fic TRE.

Lynphoi d ti ssugyapead fiiste IpBcane: h@%ﬁ@%ﬁﬁmn%p, 1bl. CelfDbio Cel 1. Biol .,
12:1043 (1992); Todd et al., J. Exp. Med., 177:1663 (1993); Penix et at, J,
EXp. 12:1043 (1992); Todd et al., J. Bxp. Med., 177:1663 (1993); Penix et al,, J. Ixp.

20 Med,, 178:1483 (1993)).

The invention also provides microbe based vaccines. Generally, these
vaccines relate to microbes that have been transformed with a nucleic acid
construct that provides for the expression of a polypeptide, a peptide fragment,

or a coupled protein of the invention. For example, Listeria monocytogenes may

| ]
L

be used as a vector to elicit T-cell immunity. This is because it infects antigen.
presenting cells and also because infection originates at the mucosa, Lieberman
and Frankel, Vaccine, 20:2007-10 (2002). According, Listeria may be
transformed with a nucleic acid construct that provides for the expression of a
poiypeptide, a peptide fragnient, or a coupled protein that elicits an immune

30 response against the spike protein from the coronavirus that causes severe acute
respiratory syndrome. Highly attenuated forms of Listeria may be constructed

according to methods reported in the art. Lieberman and Frankel, Vaccing

20:2007 (2002). Salmonella may also be used as a vector to elicit a cytotoxic T

33



20 Med., 178:1483 (1993)). The invention also provides m crobe based

vacci nes. Cenerally, these vaccines relate to m crobes that have been
transfornmed with a nucleic acid construct that provides for the expression
of a pol ype tide, pepti de fragnment, or a coupled pro

i nvention.Y E’o—r"“ é&%{ﬁ‘bl e, Listeria nonocytogenes may 25 b'l(q”ggég“"%ﬂg vector to
elicit T-cell immunity. This is because it infects antigen- presenting cells
and al so becausepherfyeoi(Td) resporgi: Rgrtisss thatcotonevimg tlos squstsd ®beemane and Fr ankel ,

Vacci ne, 20:2007-1 20 i L' teri ; ,g: ransfor med with a
nucl eic acid ¢§ SrPé’iag’ré %{?a ??5381 %@gm&gr%g 2 f a polypeptide, a
pepti dé fragnent, qamamﬁ@:smioﬂ@oﬂﬁat@uac&mmﬁbaamt:msafbdlwmpe 30 response
agai nst the spike protein fromthe coronavirus that causes severe acute

respirator y syl grenalupgppgedar therfieht el apcdrars Fof umpleet 8YHEE be construct ed
accor di ”9 5@%?:? ioh ﬁff’fc&ﬁg chr'he a*a rﬁEtEred éh‘ﬁg%? H@Hm%@&oﬂ '?\]\%?Jn’ gvaccine
none a

20: 2007 (2 02) a nay a e use ector 1o e ,
cytotoxic T 33nARc2OtniRLEMRY, B@hmﬂidﬁ@ﬂ@%xﬁaﬁﬂmhaﬂlyl ympieotiiye (CTL) response

agai nst the coronavirys .that auses sev e. acut spi ndr one.
Pasetti et at. '”“‘I"Vr‘?ﬁlé‘éﬂy’ Wﬁ‘ﬁﬁs‘i Iy 7B TaRgEgCY Q@W)’L‘“‘&ﬁﬂ ymﬁﬁ‘ﬁ }B’g‘i‘%‘i‘?ﬁ{h on or

vaccine nmaybe aighice beddRni#on RARMRPLIIGBARK nhRYtCorparsheldis fe fiel d of
vacci nes. For exarrpl e, an i mune 5 conposi tion or vacci ne can be

adm ni st ered ofsahg lyﬂf’éfP obfhciapiiveayapiples thendangtyor thegrolynepjids peptids ubc ut aneousl Y,
i ntranmuscujarl I I V, | Ly,

i ntranasal Oa %ﬁq#@%g@ﬁ?{o&ﬁﬁ?@c& ﬁ)'gérdg{f Er;tglc h@ﬁrl%e%'rde’i%n ?&a‘%% {r]:%r?grl ly. The
choi ce of the @dndjnvst rhat iseomboed mtﬁﬂmeuﬁdemamoaemmnhemlemf par arreters such

as the nature of cti II’ICI the identity.of the p peptlde
peptide 10 frafg{l@ﬁs tdg‘é’b‘fﬁ/ﬂd ‘WE?F%“W?BI?BI’%@'@?%’[‘ ﬁ“ai“r‘i‘nhrﬂléibe %t?de
vaccine; or thésadpereibndetbevchl GRRDLREE cidilpditR. aheasirspidioned
nol ecul es: Administration of an i ”Mmune conposition nmay take place in a

singl e dose orddsige Grigpasondagdaraepus nermsterss Seh BITmFIREINGYEtha certain
period. Thg ap &9%@&@%9&@% 0%1@1 fie xrﬁ‘ﬁ@‘i’e&g@gm 18r1 Xraz[dt:%'rf (%%f'fr@ ters. Such

parameters i nc ude t i vi trea t or e i mmune
conposition ormadttar@eﬁ‘equ:trﬁ:glof gdvihsiratiomgthe prederfce oreesmuy ofhdjadant andst r at i on,

t he presence or, absen e of uvan ent, the type of adj uvant

and the desiredPEFFldhe QF aJpB V&Pb‘@@a@ndcé'lredf"tff (fs:riﬂeﬂlt‘a}ec'“%o%//\n

?ﬁt erm ne;tl by RRESQNE a§K'Ell b drRidel By BEkonsZRillked/in B L bOdI es and apt aners of
e invention

20 IV.  Antibodies and aptamers of the invention

The invention provides antibodies that bind to an amino acid sequence as
set forth in SEQ ID NO: 1, 13, 14, 15, 20-59, 60, 61, 62, 63 or a fragment of
SEQ ID NO: 1, or conservative variants thercof. Such antibodies are useful for
the diagnosis, immunization against, and treatment of severe acute respiratory

25 syndrome (SARS). In some embodiments, the antibody binds to a peptide
having SEQ ID NO:58 or 59. Antibodies that bind to the P540 peptide (SEQ ID
NO:59) are highly effective, and can detect spike polypeptides even after
extensive dilution. For example, a P540 antibody preparation diluted 1:10,000
could still detect spike polypeptides.

30 Antibodies can be prepared nsing an intact polypeptide or peptide
fragment of interest as the immunizing antigen. The polypeptide or fragment
used to immunize an animal can be derived from translated cDNA or chemical
synthesis. A polypeptide or peptide fragment can be coupled to a carrier protein,

if desired. Such commonly used carrier proteins which are chemically coupled
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The invention provides antibodies that bind to an amno acid sequence as
set forthin SEQID NO 1, 1.3, 14, 15, 20-59, 60, 61, 62, 63 or a fragnent
of SEQ ID NO 1, or conservative variants thereof. Such antibodies are
useful for _ the diagnosis, imunization against, and treat f..severe
acut e respi'YAtYrY"8E syndrome (SARS). In some enbodi mn?gF/ﬁgﬂ'QJIgzﬁf# body
binds to a peptide having SEQ ID NO 58 or 59. Antibodies that bind to the
P540 peptide (8BEQ:pbptididchgle kaylmihlighétyhembdysoini (K& H)ahgrogmhuldeberite spi ke

pol ypepti des even after. ensive dilution. Fqr. exanple, a P540 anti body
preparation di Fﬂ?‘@d’fl@ﬂb,ﬁ@’ m&doﬁﬁiﬂusstf’i‘?*fi' ‘é‘é’%@?d %‘Bﬁg‘gwﬁ‘otleﬁ%‘gﬁ des. 30
Ant i bodi es canijhgupizemaasthlsd N0 Abudeld AGor Pelbypppt i de or peptide fragnent
of interest as the i munizing antigen. The pal y(gepti de or fragnent wused to
i mruni ze an ani mal  Halssitsd. RAYGlonsd o merRcianaiiar e COpRA fisthee Aakidal
synthesis. Ap ReRLiL RERLA : t : ; arrier
protein, if dgésri%r g@{& ’gﬁckﬁﬁ(gg‘fnmdﬁllq3%@@%@%‘?%@? “gr@%}t& g:aﬁijsr% \%mte giﬁ@ea(rge
chemical | y couptm@ule34gindit@® 21031 41i00BedwRCraesk82000h02 T84 of skilltine pepti de

i ncl ude keyhol e |inpet hemocyanin (KLH); thyrogl.obulin, bovin serum

 bum n (BRI TGRS FRROE eI BBT g BeQr BAR b 08 d t o

i muni ze the apimfdatid@aglor BndBatERn ¢F pbBtlon&fanfibddabistyell dsfmslRSiohdd,

pol ycl onal or nonocl| onal  anti bodi es can be further purified, 5 for exanple,
by binding to aMEPoEIca{¢Disaredah.dmed GurentPropsdnigdnapelogselfiFde or  pepti de

fragment tpwhighliheeanbh badi£5 w856 fiabagd Is bound. Those of skill in
the art will know of various techniques confton in the inmmunol ogy arts for

purification and/ or ltcodeemssiakitonseghe pol-dotpea¢chambgbisdireduceas wel | as
monocl onal antj | es. |, enetal .. Unit Currnent Protocols in

o unorogy- TG ERul R Mien FinR aspOhd, 23 sEHAEI I PURERIS cey 11 s
al so possi bl e tnudend hribady imideioat fpembivehngl agyodyoviflmadtigBindim@nocl onal

anti bodies which mim ¢ an epi toloe. JFor exanple, an anti-idiotypic

monocl onal ant AYBYY) ThEE8YRGVaapieregionyhisk IgAl TaaE ' B deR niPPE bAEddYa bi ndi ng

domai n in the RYRLLVAHoARhE hEQgen which is the "inmage" of the epitope bound
by 15 the first m)nocoona qanti ody. An antibody suitable for binding to a

pol ypepti de or pept Adentitrdgmetibld for bighieg i d polymeptidd o reptide foagmapbist i on of a
129101, e BRLYRSRLL 0% GO TR Susf Sk tbuble bl o, o °
Anti bodi es of bheili BMBOLA O 1isB @lpusialeIRlNEhQn akncedid iRsirRSes antibodies of

the invention. Antibodics of the invention include polyclonal antibodies,

20 monoclonal antibodics, and fragments of polyclonal and monoclonal antibodies.
The preparation of polyclonal antibodies is well-known to those skilled
in the art (Green et al., Production of Polyclonal Antisera, in Immunochemical
Protocols (Manson, ed.), pages 1-5 (Humana Press 1992); Coligan et al.,

Production of Polyclonal Antisera in Rabbits, Rats, Mice and Hamsters, in

ta
wn

Current Protocols in Immunology, section 2.4.1 (1992). which are hereby
incorporated by reference). For example, a polypeptide or peptide fragment is
inyected into an animal host, preferably according to a predetermined schedule
incorporating one or more booster immunizations, and the animal is bled
periodically. Polyclonal antibodies specific for the polvpeptide or peptide
30 fragment may lhen be purified from such antiscra by, for example, affinity
chromatography using the polypeptide or peptide fragment coupled to a suitable
solid support.

The preparation of monoclonal antibodies likewise is conventional

(Kohler & Milstein, Nature, 256:495 (1975); Coligan et al., sections 2.5.1-2.6.7;
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20 nonocl onal anti bodi es, and fragnments of polyclonal and nonocl onal

anti bodies. The preparation of polyclonal antibodies is well-known to those
skilled in the art (Geen et al., Production of Polyclonal Antisera, in
Imrruno chem cal Protocols (Manson, ed.), pages 1-5 (Humana Press 1992);
Col i gan etWRI2MsMIwdsduction of Pol ycl onal Antisera in REOBVREHIRES, M ce
and Hansters, in 25 Current Protocols in Immunol ogy, section 2.4.1 (1992).
whi c_hdarfe her einyl Harlogodt porAitdddioy: ArBilﬁrm@&\llanﬁﬁppa@mﬁ}pteldb%ﬁﬁ@l ypcgfti de or
peptide fragment is _injected [nto an anim st, preferably according to a
predet er mi ned B¥ERFFNIPe1Y58Nc Y B%WCF@Y&F@WF”?P&E&%WEBHFHMM zations, and

the animl is hhedionBerdiiealhye oRatkehpnaloiaptiifadies aagaifohe for the

pol ypeptide or peptide 30 fragnent may purified fromsuch antiscra
by, for exanpl@mpafigmnagtigeshraifang geapsgncasi agiboleprsdhstipegti de or pepti de

fragnent coupl 0 _a suitabl solid support. JThe eparatio f, monocl onal
ant i bodi es ikrgg&P%s"élgi“s“%%ﬁ?@ f"’r Beﬁﬁv‘ng(tieoﬁﬁeeePtt%P‘f\W'Péf {é’frﬁ’}a‘oﬂﬁ suﬁ‘esglczw 495

(1975); Col i gahe Btly@bhocy&eolithemgiobeells & odiice h3hiddad Wisiid He34

' M7US2004/ 023345 and Harlow et al., Antibodies: A Laboratory nual , page
726 (Col d SpriHENIpEIhEFHE Posge)anes 4t BRAYGeEnhdisyo ithecBhpdy 8t%ed by
-eference. Brigfhyhe MRAGCHRDALMmAMN hRRdLAS cOAReL 1R ARG DYt CL i Ng m ce
with a conposition- conprising an antigen, verifying the presence of

ant i body pr oduztisdatcdyndpurdied Viomgn viridenaim! segsplye, varietymd iwed-astablishpd een t o

obtain B | hocytes, Jusing. the B | C s Wth el oma .cells to

pr oduce hyﬁ"ﬂ)d%%ééquc%Isélﬁli?ﬁ&g%‘%%teaﬁg%“rei)’/g}é{rﬁg,X%f%éﬁy\gh‘rto g}/ gﬁ%’s?’t“fl e cl ones that
produce anti boRtbef-AGcphgonditger|usiptdhroie@gdphp gt hen-avhimedi es from t he
hybri doma cul tyres. Monoc) opal ant i bodi ez can__be jsolated and purified from
hybri doma cul t GFELMBgraRIYGrPetet 8F siRions edtlabi i S Aatsetbonsechhifques. Such

i sol ation techmigues al. TehiRdRidald hﬁhﬁn\fo%&fuﬂff@ QG RRMY eMoliDin MBREEAN- A

Sephar ose, size-exclusion chromat ography, and i on-exchange chromatography
(Coligan et alBiclogucYoloh prger 79-194 THupang Riessd892)pniklethods af ip v@razand Bar nes et

al ., Purifjgcation o ma,,. | obul i G,.-{] el hods. In l.ecul ar

Bi ol ogy, Vol . 158'11 p%%%gﬂ %H 'igléglmf" &L%ﬁlaﬁﬁg%qg?li%g)%&ﬁ& %8Sc'lﬂss‘]'((ll\){gé d?l?] vitro and
15 in vivo nulhe piti BAitifRaGd iTeechatsd cagiddicnoih aiabls coiird misdigwaeht o t hose
skilled in the art. Miltiplication in vitro maé) be carried out in suitable

culture nedia ‘§M?e°5%'s Modded Egsls MR_%H“F PP 440 edivtindrsion®dbM 1640 medi um
optionally [?@bl@ﬁi‘s%@% DY arBm TR R ek 6 FR1 SHE @ of A c1GRlks Serum or

trace el enen _
and growth-sustaining supplements such as normal mouse peritoneal exudate

20 cells, spleen cells, bone marrow macrophages. Production in vitro provides
relatively pure antibody preparations and allows scale-up to yield large amounts
of the desired antibodies. Large scale hybridoma cultivation can be carried out
by homogenous suspension culture in an air reactor, in a continuous stirrer
reactor, or immobilized or entrapped cell culture. Multiplication in vivo may be

25  carmed out by injecting cell clones into mammals histocompatible with the
parent cells, e.g., osyngeneic mice, to cause growth of antibody-producing
tumors. Optionally, the animals are primed with a hydrocarbon, especially o1ls
such as pristine tetramethyipentadecane prior to injection. After one to three
weeks, the desired monoclonal antibody is recovered from the body ftuid of the

30 animal.

Antibodies can also be prepared through use of phage display techniques.
In one example, an organism is immunized with an antigen, such as a
polypeptide or peptide fragment of the invention. Lymphocytes are isolated

from the spleen of the immunized organism. Total RNA is isolated from the
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and growt h- sust ai ni ng suppl enents such as nornmal nouse peritoneal exudate 20
cells, spleen cells, bone marrow nmacrophages. Production in vitro provides
relatively pure anti body preparations and allows scale-up to yield large
anounts of the desired antibodies. Large scale hybridoma cultivation can be
carried out by honpbgenous suspension culture in an air reactor in a

cont i nuous Vs& F¥FEY34r eact or, or i mMmobilized or ent rappeBCE’éW“"{f‘GPi*ﬁre

Mul tiplication in vivo may be 25 carried out by injecting cell clones into

mammal s hi st ocefmaicktol ehdwhR N At dd@tairRafiethtn tﬁeldtaﬁ R%Bﬁxg,mv@wtm;mﬂied mce, to
cause growt h of anti body- produci ngrr t unor naI | ﬁ’“st he animal s are
primed with a H%Y%’HH\”B%L‘W&%‘@PP 110931%‘!‘3?‘15("[) /‘Eh 48 cBr¥sericading the

t et ramet hyl pent gd Qe fi Bt by Afrtigr iHge weeks, the
desi red nonocl onadf%&q@%)ﬁ%dfy wi SQ]I‘t e@o}\%‘?%gﬁﬂsom}tﬁﬂgﬁgglgéﬁﬁw d of the 30

ani mal . Anti bodipkficidry ralseerise chrie paced: RROUGH goseatoh siphlegbaidi spl ay

techni ques. . I n_one_exa n S i,mrun n _antigen, such
as a pol ypept %d%m‘g}t Vﬁ‘%%trﬁ? @Q\ﬁr}ggﬁ%ﬁt 111gt'tha@d hﬁ‘%/"’éncﬁli‘”blﬁlmﬂ_&ﬁ%f%cyt es are

i sol ated fronmpicdgeisphgeslidiedtyepldopybildestdrgarC R otedrak aRbples: | sol at ed
fromthe 36 WO 2005/010034 PCT/ US20041023345 spl enocytcs and nmRNA cont ai ned

within the tot 3IRNA NS ligaghings Phiahie ceiBed: FHt §° dunpraanfampedyith the

deoxyrlbonuclek&t@%%c&mhmcwﬂa@a&%&%%Hapérgﬁa Y& hRRLR phg@l ons of the
| i ght and heavy chains of the i'mmunoglobulin is % fi'ed by po ymer ase

chai n reacti onp{rRAR) thaspdenibe antdody gi ﬂigilr@urémal ﬁd@nfan‘a@nﬁn@mﬁa&w abl e (scFV)
anti body, ‘Flap %'Ete ng%:ﬂ%@g{? %‘men @%) he%@ Iocr}ltzu Q%Béonn%{dug? linked by

splice over 97 ner uenc gat ed
into a suitabl eamMectued with a eeldic &ieseyhane taxicaﬂsl@arpmagb (Wlat ﬁrotelm@ and/thet or

encodi ng the s FV,.and a infected with helper pha t o prodyce phage
particles that' %P?@B‘I"&ﬁmf’hgcaélﬁi’ PEJBS cambs Hangd ‘%tﬁraf“élggﬁe F¢GUr Eaf L‘ii/el y, to

generate a 10 eqiik® %wﬂi%&hgéﬁupﬁlgt‘é'tﬂg tpfﬁg%&wbtmté'ﬁaaba warlsPRmREAYY Ccr ain

anplification produc can fused w a nucleic acid sequence encoding a
phage coat pr otfélvﬁctola@moﬁilheihelliggmhﬂmrﬂamhﬁaﬁwmmi@@at|BI¢ wahgmﬂ can be cloned

N0 & sul§8D! £ Y8eh Ol 4w BARLSASHOBe LG BN Y DRI LWesg: Lo 2 phage

coat proteln are transforine chai n

anplification pslodhietresuliid tidé srabginicdie toiiroliica kagatitoadt ey tvitk up tgha® and heavy
chains are estgbl ished in eriplasmof E cqoli. The result of this

procedure is t Ob?gogﬂéé’z%}@ﬁﬂl b‘Bﬂ%ﬁ“leb‘?“W‘\/\‘tPtlﬂ d’&ag%bﬂlé@a‘?ﬁ“ﬂﬁ’ég The si ze
of the libraryiafinRfe IR ddiRodkd Hin PG PidA Rh ALY £GR 1R\

same or different hosts. Antibodies that recognize a specific antigen can be

20 selected through panning. Briefly, an entire antibody library can be exposed to
an immobilized antigen against which antibodies are desired. Phage that do not
express an antibody that binds to the antigen are washed away. Phage that
express the desired antibodies are immobilized on the antigen. These phage are
then eluted and again amplified in E. coli. This process can be repeated to enrich

25  the population of phage that express antibodies that specifically bind to the
antigen. Aficr phage arc isolated that express an antibody that binds to an
antigen, a vector containing the coding sequences for the antibody can be
isolated from the phage particles and the coding sequences can be recloned into a
suitable vector to produce an antibody in soluble form. In another example, a

30  human phage library can be used to select for antibodies, such as monoclonal
antibodies, that bind to the spike protein from SARS-CoV. Briefly, splenocytes
may be isolated from a human that is infected, or not infected, with SARS-CoV
and used to create a human phage library according to methods as described

above and known n the art. These methods may be used to obtain human
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the i mune responses of additional imunized organisns that may be fromthe
sane or different hosts. Antibodies that recognize a specific antigen can be
20 sel ected through panning. Briefly, an entire antibody library can be
exposed to‘tﬁn i.mobi | i zed antigen agai nst which anti bodi es are desired.
Phage t hat ‘402 Hot!™&kpress an antibody that binds to t h&CAHSEYH2a%e washed
away. Phage that express the desired antibodies are imobilized on the

ant i gen. Thesem&maﬂﬁxﬁiboai@@ma%&m'%Qhﬁ@@!(egg%ﬂi ASRRY-L6Y. iPRade. coOli. This
process can be repeated to enrich 25t popul ati on of phage 1hat express
ant i bodi es t hadispewithpdatolisolde arigens andentibndidsgerknophtie thepirad hare | sol at ed

t hat express a t i bod hat__hi nds an . t.i ge tpr containing the
codi ng sequenc@egﬁggsrcngﬁ%((%rﬁpi%Squgoc'N% | ead S gggﬂ%%hg%ﬁ%é particles

and the codi ngrisgedapre st eanideeariecheined labbiatody matial Hh@®iv@ct or to produce -
an antibody_ in soluble form In another exanple, a 30 human prtlage library
B

can be used t oAeiewis Py (1890 bernaaset abdybrds 14id%od PBRabchugtzat Bbdi es, t hat
bind to the spj at |, nuf 3 iqe ) I cyt:esn. be :
i solated from %ﬁ%ﬁ'{éﬁi ?H@%l %?qpﬁ “ec?)g§¥m8r%{ g}lldfplr% R et 9 Yo %gi\%é CoV and
used to create(18%uman phage library according to nethods as descri bed

above and known in the art. These nethod . be.useq,to abtgin human 37 WO
20051010034 1' CTI UShd8MIR99%84%C MR BRI SV FHBAR s "EREI A nd to ¢ he

spi keproteiri @bnceMiat GAModfhBGRaniHdSRdmYioRE tahestHidsard Sol@le@bant i gens and
anti bodi es_are known in the art and have been described (Gamet al., Proc.

Nat | . Acad!V Sciransfegin@mygsecomolemeniagiy dstergining reginayonihepiyarddghbept i des and

proteins: Al ; y: %.n ' 1 : ' : 1 Ker mani
O al . hybri ot e gtny REBon SRR ARAAZRG Rhee gl XS0
(2000) ; Sal i nathet swdstitutiPy bemaNasiduesAg et fraBeivork 9206180 he (NUBBS) ). An ant i body
of the invention e derived frama "humani zed" nocl.onal anti body.
Hunani zed er_no‘EﬂuBgf%%largn rboti Og f“él?‘ogy ﬁ?rawgta%?v%d‘rogﬁwg?ry ing mouse
conpl ement ar i t poRRAGHIANILBGIcE S0 ABSpdnaM AeRAYMs @Rskidtk@Rith thear i abl e chai ns of
t he nmouse itnnunogl obulin into a human variable domain, and their
substituti hy higamnoseyrigelonimmeqeastint saeans: Kepey taWaiqyes fon 810MNg| ne
counterparts. : LB S I uppni zed

nonocl onal ant%ggﬁ%‘gmo 0\??"@%‘29%%‘? %ﬁ@?‘g{ﬁggﬁ%“ﬁ %[rtr)gy sg%{cd?getée?'dﬁ%et h the 15

i mmunogeni ci t yNofi Avadi $ve (CDRR6aE03 (gD pwlsich (sdrabalincogohnedpes for cl oni ng

mur i ne i nmunogl obul ibn vari abl.e donmains are described, (Ol ?nd'i et al., Proc.
entirety by reference). Techniques for producing humanized monoclona

antibodies arc described (Jones et al., Nature, 321:522 {1986); Riechmamn et al.,
20 Nature, 332:323 (1988); Verhocyen et al, Science, 239:1534 (1988); Carter et

al., Proc. Nat'l Acad. Sci, USA, 8§9:4285 (1992); Sandhu, Crit. Rev. Biotech.,

12:437 (1992); and Singer et al., J. Immunol., 150:2844 (1993), which are

hereby incorporated by reference),

In addition, antibodies of the present invention may be derived from a

L2
U

human monoclonal antibody. Such antibodies are obtained from transgenic mice
that have been "enginecered” to produce specific humar, antibodies in response to
antigenic challenge. In this technique, elements of the human heavy and light
chain loci are introduced into strains of mice dertved from embryonic stem cell
lincs that contain targeted disruptions of the endogenous heavy and light chain
30 loci. The transgenic mice can synthesize human antibodies specific for human
antigens, and the mice can be used to produce haman entibody-secreting
hybridomas. Methods for obtaining human antibodies from transgenic mice arg

described (Green et al., Natare Genet,, 7:13 (1994); Lenberg et al., Nature, -
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Nat'| Acad. Sci. USA, 86:3833 (1989) which is hereby incorporated inits
entirety by reference). Techni ques for produci ng humani zed nonocl onal

anti bodi es are described (Jones et at., Nature, 321:522 (1986); R echnmann et
al ., 20 Nature, 332:323 (1988); Verhoeyen et at, Science, 239:1534 (1988);
Carter et wisfAnee. Nat'l Acad. Sci. USA, 89:4285 (19@2h/Ls@avidbds Crit.
Rev. Biotech., 12:437 (1992); and Singer et al., J. Jmunol., 150:2844
(1993), which Y. ted [y ref.erene FOnaddi t

St bodi 65 of The naeont = GRPRLE: B el Y SR Houy DnBhRHLaR

monocl onal ant inbagyratcBlgheznnidodi es are obtai ned fromtransgenic nmice that

have been "engi neered: to produce. specific human antibodies,in response to
antigenic chall eng .mlll?‘Pdty ﬁ?@m{‘r éﬂ_lf’gﬁ’é?‘“’é’fl_éfﬁ%ﬂf?gre&re‘% H%p“r?_ﬁﬁ?&ﬁmheavy and
light chain | mydml?gi@of Mk hgH6aedr bNhQ@raiinins 8fi oMHBR dRbdinethef rom enbryoni c
stemcell |ines that contain targeted disruptions of the endogenous heavy
and |ight chai Faguentodntibotydragrans ganiecobtined byaspsy at prpsinbeasiora®d ant i bodi es

P L0 U0 LIS ANGLDS, AL PR SO dadice huren

ant i body- secreting ainrng n“ant1 bodi es from
transgeni ¢ m cemnargrodestby begmb@ danagt ofahtipodNatwithepeBaned provide 43 (1994) ;

Lonberg et al. ture 38 2005111111034 PCT/ US21104/ 023345, .368: 856
(1994): and Tay¥ E?%?IEQF‘?W%&)H ﬁﬁﬁ%ﬁa@’e’é:cﬁbﬁ f 9‘4;]?‘“"6 P2 Y her eby

i ncor por at ed bjdi@hSELAELARd o [thlWMoéLﬁx@%ﬂ’@o for afe ullBydrv@ipson can be

pr epar edDRa& pr ot eql yti@? hydlfbol ysis of the ggnti body o}r/ gl;gaexpr ession in E
coli of { entcodingpmelavagend disntide ipkazpotrpiucgetit abcmandyalebt ai ned by

Pepsin or _Papaik.fbac oAl by, whobemantihodlasib SanySRbLRal et hods.  For

exanpl e, antibo ragne e" produce Ic cleavage of
ant i bodi es wi t mopepinhFitd fipgrovitdedan I's Hagmagriimttlderimtenethfddyrg 2. Thi s
fragnment can b

optionally a b&%fﬁlﬁrehggg%%l@l%%&% ?’ﬁ%‘gﬁ‘lﬁh%g% &é‘fgﬁ§5=9§b%ﬁig‘3§?‘?&§§ from

cl eavage of di sdihidinsdandrbinkpaes, BibsheRt IR E193155)Felimipaay.ahRibods f ragment s.

Al ternatively, an enzymatic cl eavage using pepsin Er oduces two nonoval ent

Fab' fragnbht sindigviaalogy, Yelahmest 478i(Aeedepye Pripreld6 7 Hanhbakgagrcéel descri bed

(U.S. patents 0 08362,y 24033 i and 5,342,221, and references
cont ai ned ther%é?trll?n%%r'?é'r \ B‘}“égﬁ@#ﬁﬁif”' 73:119 (1959); Edel man et at.,

Met hods 15 in Enzyndihogyethvédd of clepvipaoeibdis, Gidadenpaatned ded9GH3ins and
Coligan et al, toafgml %%%5‘3!39&?1% ligzgfxtgie%\;yzchgih]fglg%ggts,zfugﬂ%r]E:ieza'vril'g%'o%)fr'agments,
or other enzymatic, chemical, or genetic techniques may also be used, so long as
20 the fragments bind to the antigen that is recognized by the intact antibody.
For example, Fv frapments comprise, an association of Vg and Vi
chains, This association may be noncovalent (Inbar et al., Proc. Nat'l Acad, Sci.

USA, 69:2659 (1972)). Alternatively, the variable chains can be linked by an

intermolecular disulfide bond or cross-linked by chemicals such as

25  glutaraldehyde (Sandhu, Crit. Rev. Biotech., 12:437 (1992)). Preferably, the Fv

fragments compnse Vy and Vi chains connected by a peptide linker, Thesc
single-chain antigen binding proteins (sFv) are prepared by constructing 4
structural gene comprising DNA sequences encoding the Viyand Vi domains
connceted by an oligonucleotide. The structural gene is inserted into an

30 expression vector, which is subsequently introduced into a host cell such as E,
coli. The recombinant host cells synthesize a single polypeptide chain with a
linker peptide bridging the two V domains. Methods for producing sFvs are
described (Whitlow et al., Methods: A Companion to Methods in Enzymology,
Vol. 2, page 97 (1991); Bird et al., Science, 242:423 (1988), Ladner et al,, U.S.
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O her nethods of cleaving anti bodi es, such as separation of heavy chains to
form nonoval ent |ight-heavy chain fragnents, further cleavage of fragnents,
or other enzymatic, chem cal, or genetic techniques may al so be used, so
long as 20 the fragments bhid to the antigen that is r | ? t he

i nt act ant‘ﬁ"b%i&f?’!”“”g’or exanpl e, Fv fragments conpri se, i&qgjsgg@gﬁg “?éon of VH
and VL chains. This association may be noncoval ent (Inbar et al., Proc.

Nat'| Acad. Setent NsGA,946G79a%0k ¢tled7Biof Techndlerynht il 92l (1993 hend/Sandabl e chai ns
can be |inked : i roml di sul fide bond or cross-1linked by

chem cal s suc b Y Bldl ?’%ﬁ%ﬁﬂ?g@)-( Sandhu, Crit. Rev. Biotech., 12:437
(1992)). Preferabl ppothnefol of i @givedy Bagwempisiagepiid tapdohs €4iaglas connect ed
by a peptide |linker. Thes si ngl e-.cha&,n antigen bi ndj ng. proteins (sFv) are
prepared by cGNSPFREERY -Gt Sttt EralCYRCLBREPILF hgNBR! sequences

encodi ng the Wichzaigh MkitsdeEﬁ!b@%btafh@&‘gg@&ﬁ%&%g%@nﬁ@n%@%@%l@& The

structural gene I's inserted into an expression vector, which is
subsequent |y imprid@dy edintaesd Suchgsnesged prepanah fasx @nplechyt wsingithe r econbi nant

br' dgi ng < he Tae o SeRB MR RERRR: el Rl A Bhce o Tbed
(Wi tl ow et ahntibolipiphetisingAclGairpaink enall, dielblihod € chipalibd yoledgys in Vol . 2,

page 97 (1991); Bird et al., Science, 242:423 (1988), Ladner et at., U S. 39
WD 2005101003 “@(‘ﬁ?@%@é@%@i@%@§@§?wﬁé})ent No. 4,946, 778; Pack et al.,

Bi o/ f eehnohogy, 11ad24dnddl9de inRfomRBdBcoupldditd a 1B8Y.- SBhQhESdHies 12: 437

(1992)). Another formof an antibody fragnent is a peptide that forns a
singl e conpl &WEMe &kt et s hifdpdinghiuomng, ObRere ighRieg epth tHesings mi ni mal 5

recognition “Hiz& & elipfodfly Flix%g% %:%grel?i)futg Péégﬁz(t!:’:gtsg}?& §ePES &%&%@ ng the CDR
of an antibody of i nterest. Such genes are prep rea, for exanpfe, by using
t he pol yneri aeacthaidp tinehiats onhd pileymbthiesil e dohmaviars taliliecticdedicailyf r om RNA of
ant i body-prodglﬁli{ré% cells c%tL?arri.ck et 3I ., Methods: A Conpani on.to Methods in
Enzynol ogy, VER<20 Pt e PLee D) Syndpeic Aivalif OHBaY ‘ot “tHES %WPent i on nmy he
coupl ed tgsa hQKidinSued 18Rk LRIRRI 8SferiRroREnfds®sh 1yaht hRAmakbARI S, 1 ncl udi ng
humans, that are infected with the virus that is etiologically linked to
severe acute ViBpiTEtO¥ip-cayrier sripodyHs hosglinp bd to apodieniobadike hat binds to
the spike propgin, g}fes%lﬁﬁ &Pﬁ[nqgf%gt'cﬁ da taFL?‘%le\ltl ﬁﬂﬁh% H{fé’c%cﬁ%!ﬂ y linked to severe
acute respiratory Syndrone may be coupled to a tetanus toxin 15 and
adm ni st ered to anAanntieddysiififeanvengod mopbé afupbtiiton dbigcttble taxf Guelment | oned
antibodies may be used within diagnostic assays to determine if an animal, such
20 as ahuman, is infected with SARS-CoV. Examples of detectable tags include,
fluorescent proteins (i.e., green fluorescent protein, red fluorescent protein,
yellow fluorescent protcin), fluorescent markers (i.¢., fluorescein isothiocyanate,
thodamine, texas red), radiolabels (i.e., °H, **P, '), enzymes (i.e., 5-
galactosidase, horseradish peroxidase, -glucuronidase, alkaline phosphatase), or
25 anaffinity tag {i.e., avidin, biotin, streptavidin). Methods to coupie antibodies to
a detectable tag are known in the art. Harlow et al., Antibodics: A Laboratory
Manual, page 319 (Cold Spring Harbor Pub. 1988).
The invention also provides aptamers to the polypeptides and peptide
fragments of the invention. Aptamers of the invention can be peptide or nucleic
30 acid aptamers. Peptide aptamers are peptides that bind to a polypeptide or
peptide fragment of the invention with affinities that are often comparable to
those for monoclonal antibody-antigen complexes. Similarly, nucleic acid

aptamers are nucleic acids that bind to a polypeptide or peptide fragment of the
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virus. The toxin-coupled antibody is thought to bind to a portion of a spike
protein presented on an infected cell, and then kill the infected cell. An
anti body of the invention may be coupled to a detectable tag. Such

anti bodi es may be used within diagnostic assays to determine if an animal,
such 20 as a human, is infected W|th SARS- CoV. Exanpl es of detectable tags

i ncl ude, fMOIUENEN proteins (i.e., green fluorescent BFBPENAN2PHY
fluorescent protein, vyellow fl uorescent protein), fluorescent narkers

(i.e., fluor esﬁleblﬂlohS\Qﬁl@ﬁ@ﬁé’@ﬁﬁﬁﬂi@s, forl eslaR] Hﬁmnw&aﬁué 8fhin corplirplahel s
(i.e., 3H 32P, 12251), enzynes (i.e., f- gal actosidase, horseradi sh

peroxi dase, (3©0ghese deromerealsaal aslikalvientzrenphkesase), or 25 an affinity tag
(i.e., avidin, biot I i,es to a
detectable tag are ]&Egaﬁ)gf{nﬁﬁ‘%’ﬁﬁeﬁ]gl%?;mIéfg@%g@v%g? agﬁ%ﬁﬁﬁogg%{l%gg *A Labor at ory
Manual , page 3U19¢11()/@ﬁhcd1d8mrdlirggnﬂ'dmbﬁmbuﬁ’ﬂﬁhcesl%)hbnﬂ'jfl'ﬁ screemrttbon al so provi des

aptaners to the fra ments of the invention.

Apt aners of° t h%gc ™K gﬁffgﬁgé%ﬂ?ag%“%z‘ﬁdsﬂ%ﬂ’ﬁrs WGB"Q?S aBdPERtidy apt aners.

Pepti de apt amefigonadh FeR! ihdgRioh hake RivhE ofiDrdc ROt HRERLIHE] BEmARPL i de fragment
of the invention with affinities that are often conparable to those for

nmonocl onal ant insedylized pplyerrtsleny rerieds. fragmenisand gre thancirepldiedby®CRapt aners are

nucl ei ¢ aci ds - L.y pe. . he 40 "'o
2005/ 010034 P lﬁ‘%‘§%8gfﬁfgi"§%mﬁgr}e\"’/@§¥ ?gé%ri?grm%hﬂﬁ El&ﬁ%ﬁﬁ.f?ﬁ tthuges f or
exanpl e, af fi mrdtlyrestiddsand ac;ﬁldeﬁ“nagmmﬁmuﬁihw mykgiont 'he hastencfecm‘ timonocl onal

anti body- a gen, co ¥ cIeic ci, d,aptaners can he

i sol ated t roug 'l LS ?Odm Iiol 1?5?8‘3“18’?5 cnghla%ﬁ?g'ftf'a?ﬂﬂ octlcfr@é ‘geauences The
library is scr@etnmd vtdordo assighit ptodunttinGhd elaigandel &okéd deirbd Aesmé0 the S

pol ypepti des and pPptl de fragnents of the invention. The bound
ol i gonucl eoti dcs ar é’PEqk‘tﬁIlé‘Hn‘ff? e hehw lats B RNA S ipor e ded or pepti de

fragrents and @neidSoRiRt b o, BOR i ToSoQLAGARS JBNILEiEReat ed Lo

sel ect for aptaners aV| ng or ypepti des and peptide
fragments of tmtldwvémsmomcmﬁ'ddanmﬂedﬁ‘eAdlbr.thelsdﬁlcmdeé egigleichdd codi ng for

the aptane can d an ned .i nto uitabl e wvector to
facilitat e{ or oﬁg@?ﬁ gﬁatgﬂ%esﬁgl tf‘%t d? aydst rf"ésagq%%f%ﬁgra Sun‘ﬂé &pti de
aptamers can bglj:ehal aithly THRNG pl¢1§rabras@ @ﬁeraw{m}br%rrymymicoﬁ@ﬁﬁr@ ns a

pronoter, a start codon, a nucleic acid sequence that encodes random

peptides. | n ssteAdHBEUR Heedonte s 3o qfﬂ‘kﬁw}’ Hrmgd iy 4 eWhen nucl ei ¢ aci d
15 segment t hag LoRHERAL Ofe (BnfhRd LARE th@hscchPhshdbPfofhbobaderd bBRRES | Ped using

a suitable
the puromycin of the linker to form an mRNA-peptide fusion molecule. The

20  mRNA-peptide fusion molecules are then purificd through use of Ni-NTA
agarose and oligo-dT-cellulose. The mRINA portion of the fusion molccule 1s
then reverse transcribed. The double-stranded DNA/RNA-peptide fusion
molceules are then incubated with a polypeptide or peptide fragment of the
invention and unbound fusion molecules are washed away, The bound fusion

25  molecules are eluted from the immobilized polypeptides or peptide fragments
and are then amplified by PCR. This process may be repeated to select for
aptamers having high affinity for the polypeptides and peptide fragments of the
invention. The sequence of the nucleic acid coding for the aptamers can then be
determined and cloned into a suitable vector. Methods for the preparation of

30  peptide aptamers have been described (Wilson et al., Proc. Natl. Acad. Sci,,

98:3750 (2001)). Accordingly, the invention provides aptamers that recognize
the polypeptides and peptide fragments of the invention.

V. Pharmaceutical compositions of the invention
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pol ymerase, such as T7 RNA pol ynerase, after which a puromnycin-cont ai ni ng
poly Alinker is ligated onto the 3 end of the newy formed nRNAs. Wen
these nRNAs are translated in vitro, the nascent peptides form coval ent
bonds to the puronycin of the linker to forman rRNA-p j f Usi,on
mol ecul e. WRE'GE1YRNA- pepti de fusion nol ecul es are then'ec’;;'fﬂ{r@ﬁﬁé'gﬁf“ﬁr ough use
of Ni -NTA agarose and oligo-dT-cellulose. The rnRNA portion of the fusion
mol ecul e is then rdgangation poscics bednacEhdcationipositions sondsuinDiy RNA- pept i de

fusion nol ecul re then incubated with a polypepti pt i.de fragment
of the invente}ngﬁogn%atubﬁ%&c:st}%ﬁnfl'ﬂgjlodlﬁldr‘?ﬁ‘ilué’gotﬁ %gdafglgtﬁ\'ﬁbésiﬁ%gbﬁmg&f@he bound
fusion 25 nol ecyle085%E 6o dit, 62l 6Bropmfitap@eitTBBEQIID2¢C: nek ypeRkidase or pepti de

fragments and are then anplified by PCR This process nmay be repeated to
select for aptidrtgenalp aPﬁaﬁﬁa%ﬂ%(?%VﬁiPePﬁpletcﬁ@cboWB@ﬁti des and pepti de
fragments t i i : : : he«ppahels.saGl.dgcodi ng for the
apt aner s ng; t enOdgﬁyﬁﬁgﬁﬁ%leﬁ%énﬁqg?gﬁgﬁg?%{qg”gﬁggpﬁg Isg%l\ggé'tor. Met hods .
for the preparattitediasfthaddindepthedddapepide (SEQHY &b mralaglyicifediveW | son et
al., Pioc. Nat]. Acagi_. Sci., . 983750 %2‘00%& .Acg.?rdi ngl thF i nvention
provi des apt aniil$aP ASECSREGHAVDP U R 8IS TR S ERG: 38%‘%’%3 % Pagnents of
the invention. pMo BRhBsdTBEEIL Al GOMBASITDIN00SoNE sitihgeitdygnti on 41 WO

2005/ 0101134 PCC(US20041023345 . The invention provides pharnmaceuti cal

conposi tions chtEPhddig an  antibody that binds to an am no acid sequence as

set forth jn SEQ | B NQhadnackdical é]o%lpogiﬁons%ﬁ%ﬁvé]go? %gr?g%repgﬁd% a fragment

of SEQID NGO 1, or a conservative variant thereo a armaceutically
accept abl e carmamerforthnthsbimelube ehlvodhardnt ®ft geldinamsulpedyubivadglutiansa pept i de
havi ng SEQ I D NQ,QS% or 5&. énté boddci’ﬂ%s],r H},@t teﬁg t9.& Qle PSIéloa%egetdi de (SEQ ID
NO 59) are hi ghiy ePfadhy JRosomgh ad i gy et s PRI BN 85 1R8PS en aft er
ext ensive di | uidl@neridgs. exaomnl ésage fofthb 4y da tdrbaty:dyiepaaatht antitady di | uti on

1: 10,000 could still detect spike polypeptides. 10 The pharnmaceuti cal
conposi tions of F¢Fscd Reheiyrting gltede i@ﬁg’f’é@ the stomapl SUBR s t hat i ncl ude

tabl ets, heyd @, s0fisnael Msbih@app eavnafy 808 30LH IS crerdiéapensi ons, and

| i posomes and other slowrelease fornmulations, such as shape pol yneric
gels. An oral dotaged thaem may be formul ated such that the antibody is

rel eased into the |(§rt fﬁt i.ne after ti?z@s.Si ng.t hg gugg t hﬁ“ ié orr%cﬁj. Such 15
formul ations are dedt PBEEPIHMEFeE CHIPTRTIIGES MEY 388 B8O [ ¢ he
references example, aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or
may be presented as a dry product for constitution with water or other suitable
20 vehicle before use. Such liquid pharmaceutical compositions may contain
conventional additives such as suspending agents, emuisifying agents, non-
aqueous vehicles (which may include edible oils), or preservatives.
An antibody can be formulated for parenteral administration (e.g., by
injection, for example, bolus injection or continuous infision) and may be
25 presented in unit dosage form in anipules, prefilled syringes, small volume
infusion containers or multi-dose containers with an added preservative. The
pharmaceutical conipositions may take such forms as suspensions, solutions, or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such
as suspending, stabilizing and/or dispersing agents. Pharmaceutical
30 compositions suitable for rectal administration can be prepared as unit dose
suppositories. Suitable carriers include saline solution and other materials
commonly used in the art.
For administration by inhalation, an antibody ¢an be conveniently

delivered from an insufflator, nebulizer or a pressurized pack or other convenient
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contained therein. Oral liquid pharmaceutical conpositions may be in the
formof, for exanple, aqueous or oily suspensions, solutions, emnulsions,
syrups or elixirs, or nay be presented as a dry product for constitution
with water or other suitable 20 vehicle before use. Such liquid

phar maceut iWARNEHMYSSI ti ons may contain conventional addiviszeszeh as
suspendi ng agents, enulsifying agents, non- aqueous vehicles (which may

i ncl ude edi bl e @i , 4V es. 1 - Lar. ed for
par ent er al adHF%?§?¥§??%%B%§§g&¥ﬁﬂﬁﬁgin?é%?ﬁ%ﬁ}ﬁg§¥n%§§) 'gFgggﬁhg;injection
or continuous prepelkino mchan dichimyodifhior@bethane steinbled upronriltandosage formin

ampul es, prefil,l syringes, small volunme infusion,.containers or. multi-dose
contatner o w t Fefr IRl Subry Botither ShiaMRRIEEE JAMCaIa L ons may
take such for mpregSuisebREMABI, ANSdos SR At Y De dOlermBEUbP hiORRind ] RiivatoOr aqueous
vehicles, and may contain fonm atory agénts such as suspending, stabilizing

and/ or dispérsﬁﬂ@*é@éﬁ#ﬁ@l¢mﬂwﬂmaceut!cal 30 conpositions suitable for rectal
admi ni stration can Re.prep r?5{'a@.ﬁliﬂgParg{)ﬁgfﬁrl}glt%g&p‘%héu?ﬁétﬁ) sui tabl e

carriers include saline sollfion an rials conﬁﬁﬁ}y used in the
art. For adm nnsgthody nag tdky thafoah af & dry, poavdearhipbeityn, daneampboayenient | y

delivered froman insufflator, nebuylizer or a pressurized pack or other
conveni ent 42"\ 6@?@T@b§ﬁEﬁ@?ﬂﬂp@%@%ﬁg§§§§@§“%ﬁ§§ﬁ§rﬁﬁﬁ eh%@ering an
aerosol spray. pRi&s eeib8SEbrPAGKS: FrBin € WPiiiSds@ueStbint aDk& exBipRe! | ant such as
di chl or odi f | uor onet hane, trichl orofl uoronet hane, dichl orotetrafl uoroethane,

carbon di ok? decaspulet preerEideasaibl - gaeklin opblise reeisetast whichpheravier zed aer osol ,
the dosage uni hag\?é(aéﬂﬁin‘f]s%r@cf &hfl‘?@ Yo L O Ph G s BLVE. B0 ingadgla VEr @

met ered anount. ternatively, for admnistration by 1nhalation or

i nsuffl ation, aminsbtiidydyamebpdy ake bt hdmihotaedfia aliguiy spawcerch eonpesi ti on

for exanple, a Pomqg% 1 Xx. of a nodul ator and a suitable powler base such as
| act ose or st aP@H A A¥Blider conposition may be presented in unit dosage

formin, for exanplpharh@cetfPs UbiBSosRlons 8f th irfeRfonQhay fsBeontBeb@dbd N or blister
packs from which the powder nmay be adm nistered with the aid of an

i nhal at or &F | gredfanisgeh asidpvoringss eelerings) anligaivtobid ageats, enprespavaiiies: body may
DO ot RS M 5P o B A LB L 2 om 2
treatment will vary not only with the particular carrier selected but also with the
route of administration, the naturc of the condition being treated and the age and
condition of the patient. Ultimatcly the attendant health care provider may
20 detemmne proper dosage. In addition, a pharmaceutical composition may be

formulated as a single unit dosage form.

V1. Method to immunize, ireat, and diagnose an an.mal against severe acute

respiratory syndrome

25 The invention provides a method to immunize an animal against severe

acute respiratory syndrome. The method relates to administering a
therapeultically effective amount of an antibody that binds to an amino acid
sequence as set forth in SEQ ID NO: 1, 13, 14, 15, 20-59, 60, 61, 62,63 ora
fragment of SEQ ID NO: 1, or a conservative variant thereof to an animal;

30  administering an cffective amount of an immune composition to an animal;
administering an effective amount of a viral vaccine to an ammal; or
administering an effective amount of a nucleic acid vaccine to an animal. The
animal may be a mammal, such as a human. Methods to admimister vaccines

and immune compositions have been described herein and are known in the art.
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15 ingredients such as flavorings, colorings, anti-mcrobial agents, or
preservatives. It will be appreciated that the anount of an anti body
required for use in treatnent will vary not only with the particul ar
carrier selected but also wth the route of admnistration, the nature of
the condi tY@MOBBIoNY treated and the age and conditi on PEF/USHEYRAH ent .
Utimtely the attendant health care provider may 20 determ ne proper

dosage. In additi oAn afinR&afBREYE keatd e IRt bP BARBYCHE thibedhmul ated as a
single unit dosage form VI. Method to inmunize, treat, and diagnose an

ani mal a ai nsPASEYENBUREHY a"P‘Egﬁﬁgrﬁatb&r‘V“ﬁWF@WWITW@WW@% on provides
a et hod 1o | W) $6. AR B AGRLNS! AFYPSR AR, 155 1 abpLs Syndr ome

The nethod relates to a erin utical Ty ’eff eé¢five amount of
an anti body t KBatolpbphds dare fmgmammﬁGE@dDd\IOsmpuememta\sﬁswtammmd:remfn SEQ | D NO
11314152 3 or a, fragpment.of SEQ | r |, or a
conservative V& %ﬁﬁ‘?‘l"frﬁsg‘?‘gg%’ Et“c?ng?laqasﬁfﬁhﬁsiah%“ f‘rti‘ﬁi"%?%?qEY?rﬁh gﬁﬁgff ective
amount of an iRWUSACK MRS A PbSdui@bIE FBdituatichd Wheiesd @iiieRds an ef fective
amount of a viral vaccine to an aninmal; or admnistering an effective

amount of a nUBMERECOIETHmEEE Aidis upeblale raninhe elicptie | ImyRYIPESPRBSE be a mammal

such as a hu 0 J I i nmune conp03|t|ons
have been descga %&% ere?\?looe{ﬁlgyg%e E’L%\ﬁﬂﬁ%b ﬁ%os}ﬁ " 43 WD 2005/ 010034

PCA1US2110 410 2 3TBe mvsnqurprcazmdmlmdtrma taklsagndses&mea&catt 1egpiratonf ect i on by
SARS- CoV ;ﬁr ou assive i |zat&o cor dl}?g1 he i nvention. For

exanpl e, antibB ¢ PRI S Y OFRS HFATERae °§5dtlsé‘ﬁi? 8%t forth in SEQ
ID NG 1, 13, fibsh thd Buimd0)sBdh as tBhe sBhipled BlooB3m@lus dorfshid@®ith 28T SEQ 1D NO I,
or a conservati ve vari ant thereof 5 nmay be admi nistered to an aninal, such

as a human, t A3ty thahbiags ©pngtinp @Ah@ﬂumvas st ERhdBAER B NGt 1-dr: may be
suitable in sifuat bORS gET &233 PR ehor d CF ORIt erR iy 1S unabl e

to mount an effective i mrune respons % agai nst SARS- CoV, or to a vaccine or
i mmune corrposihaamhbodmmndsnvdmﬁlidoglml@WM@SDaﬂgn@Lm@@a}'&ﬁhaﬁ wWginese severe acute

respirator 10. $ ndr o in an animal t i nvol ves_cont ctl ng.,a bi ol ogi cal
sanpl e obt él n&Y Oﬁ]’%ﬁ? ﬁ‘é‘:t -pﬁancegE%mgggeHrgaSmglogg 588@0%?8’%% nmucus, or

saliva, W th afowdiithoadyBtibRy, abhxﬁ‘tdﬁ»dﬁr@fmsuﬁrﬂ?ltfwu b iBRENIEIRE 0As Set forth
in SEQID NO 1, 13, 14, 15, 20-59, 60, 61, 62, 33 or a fragnent of SEQ ID

NO 1, and det@éfisenitdyolpgicalispaplasen Benpe sankistedivts the tBmgbigical sanpl e.
D agnOSt ic as ‘fiﬁtyb%dgl REdh Hie! ah'dgﬁgcn contained in the sample is bound by the antibody

tg form an antibody-antigen complex. The sample may then be optionally

20 washed to remove unbound materials. A second antibody of the invention that is
coupled to a detectable tag, such as an enzyme or radiolabel, can then be
contacted with the antibody-antigen complex such that the enzyme or radiolabel
is immobilized on the surface. The detectable tag can then be detccted to
deterrnine if an antigen was present in the biological sampie. In another

25  example, a biological sample can be immobilized on a surface. An antibody of
the invention that is coupled to a detectable tag is then contacted with the
immobilized biological sample and any unbound materiul 1s washed away. The
presence of the detecfable tag is then detected to determine whether the
biological sample contained an antigen. Examples of such assays are well

30 known in the art and include, enzyme-linked immunosorbant assays,
radioimmuno assays, and the like.

Nucleic acid based methods may also be used to Jiagnose severe acute

respiratory syndrome., In one example, polymerase chain reaction (PCR) may be

used to diagnose SARS-CoV infection. Briefly, a biological sample, such as a
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15 antibodies to detect the presence of an antigen in a biological sanple

are well known in the art. Briefly, an antibody of the invention may be
i mmobi ['ized on a surface. A biological sanple can then be contacted with
the imobiljzed antibody such that an antigen contained in the sanple is

bound by th‘éoém‘“ WYdY to forman antibody-antigen conplRE/LSEHENSEHDI e nay
then be optionally 20 washed to renove unbound nmaterials. A second anti body

of the inventisud faipld, BloogaduedrtQiva, idebemtahbe dagimaudhe ascieh enzynme or
radi ol abel , can then be contacted with the anti body- anti gen conpl ex such

that the enzymSidsritinthesapRIE arejthen errated FOREFoBRIHESEEdS Bk 35 The det ect abl e
tag can then hg.gdgt &%@tﬁ’ont Grhe%%&rté@ﬂ?{é eldf acﬂ@af’cﬂ LOGRWRAMRLRREAId N the

bi ol ogi cal sanpfe I n anot her exa bi ol ogi cal sanpl e can be

i'mobi | i zed orreeersurizrethapmmnagittd bmilfyc zm‘ids thh@m:mi@én?tﬁ&ptcntehat is coupled to a
detectable ta t hen cont.acted w.t i,zed bi ol cal sanple and
any unboun rrg{gm] s C&%@ﬁ@da‘mchhg’Uffﬁf%H@éd?ﬁq’fm{%@g@%&& able tag is
then detected dfilowdgt pé1pimBRsIBeKREN HelGwaRi QldegiERl pradiPhanc@ptairged an
antigen. Exanples of such assays are well 30 known in the art and include,

enzyne- | i nked TRGHATESEIA0EHRP kS Jdy sresencaaf sUtd AN Abstypen therfertare | ke.
Nucl ei ¢ acid bm%l/eFE%tphﬁfl& 1%)&11%&%%@% dé Fxﬂuﬁe‘?fﬂb @%é@oﬁ%@& §aRguUL €

respiratory syndrone., |In one exanple, ynerase chiain reaction (PCR) maybe
used to di agnos@t@lﬂdfsmcbv dci, é*@tCilcmchlﬁuyb@ﬂizyl;oraeﬁumlwglsaeh d@émﬁiem such as a

44 VO 20051/001019§@OE%Frln]b%c§?119#3/)/% %4$|Pledttlo %gtﬁg“t tﬁea;ﬂgéen%esog’g 3 mrlnllﬁ ur

saliva, is obtarne roma ei ¢ T aci e sarrple are
t hen extr act edcidsiimgbieotuymhsamgiidods, such as organic extractl on. The
extracted nucleic acids are then mxed with forward and reverse priners
that anneal to nucleic acids that encode SARS proteins, 5 polynerase,

nucl eotides, apg tygiscally a buffer that includes conponents that allow the
pol ymerase to extend the forward and reverse priners using the SARS nucleic
acid as a tenplate. fhvmyeph@swnwéeufklawbmh Fordein{peakemngveisrielradavr war d - and

reverse pdl 5rrer tlﬁmdy %Enrg ect qglnggmgg%@rgﬁ set forIth n SZE&(E@?%IC?Q”E?' ned SARS

origlnate nuc el c aCI acCl rzatront ques such as

Nort hern 10 nd4$oﬂt4hmmobhnt58;mmrmyﬁabz&pfrmmsadm@ndﬁ@m othe presence of
SARS nucleic acids in a_ bioglogical sanple. VII, Kits The jnvention provides

a kit which cdRp WE,a@'kaégb}hﬁg:oﬁa"{}@rl\,]tdpayaq{@ Cé)ﬁlaln a syringe to allow for

injection of the antibody conlained within the kit into an animal, such as a
human. In another embodiment, the invention provides a kit that may contain
20 packaging material, and an antibody that binds to an amino acid sequence as set
forth in SEQ ID NO: 1, 13, 14, 15, 20-59, 60, 61, 62, 63 or a fragment of SEQ
ID NO: 1, or a conservative variant thercof that is formulated for administration
to an animal, such as a human. In some embodiments, :he antibody binds to an

amino acid sequence sct forth in SEQ ID NO:59. In other embodiments, the

]
(9]

antibody binds 10 an amino acid sequence as set forth in SEQ ID NO:58. Sucha
kit may optionally contain a syringe to allow for injection of the antibody
contained within the kit into an animal, such as a human.

The invention also providces a kit which contains packaging material and
DNA vaccine having a DNA molccule or expression vector encoding a
30 polypeptide with an amino acid sequence as sct forth in SEQ ID NO: 1, 13, 14,
15, 45, 46, or 47, 58, 59, 61, 62, 63 or a fragment of SEQ ID NO: 1, 0ra
conservative variant thereof, The kit may also contain a device for administering
the DNA vaccine (e.g. a syringe or gene gun) to allow for administration of the

vaccine contained within the kit into an animal, such as a human,
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15 anti body that binds to an am no acid sequence as set forth in SEQ I D NO
1, 13, 14, 15, 45, 46, or 47, 58, 59, 61, 62, 63 or a fragnent of SEQ I D NO
1, or a conservative variant thereof. The kit may al so contain a syri nge to
allow for injection of the antibody contained within the kit int

ani mal , swahaado@+hunan. | n anot her enbodi nent, the |ﬁ(/é’Ht5?"8f1°251‘ Ovi des a
kit that may contain 20 packaging nmaterial, and an anti body that binds to an

ami no aci d sequencEhamvasion dfsorptdwdeﬁldﬁﬁ(@hhdﬁ Raink padidginkmatddal add- 59, 60,
61, 62, 63 or _ a fragnent of SEQ or a conservative variant thereof
that is fornuf %Ed PEPOURR %?@ﬂ?la‘iqsamolwaméﬁ VAR JrMInG g sedeceRiman. | n

sone enbodi merd Sort; MEERNID KedY, PI 4S5t §5 AR, or@ dgs nce set forth in
SEQ I D NO 59. | n0 otlherm;nbodl ment's, Sltshg5 25 Oarn?: _ﬁpg@%@l rngg'tjcg an am no acid

sequence as s&eePorRSER lBF_I@IDON@%eWSnﬁceh/daantkh&reafaﬂ"ho[httmmyaiﬂdoy contain a
syringe to:all ow.for ction f the ant.ib n thin the kit
into an an? mf‘%l[dlngﬁegg Orﬁﬂrﬁﬁlﬁ Crifg N8 YRGERS Fo%aérélb’eg 5?’8’ Ta kit which
cont ai ns packaghingtoBsest 8¢ vabie ctMndPGELIA treNaMhhnanN, dih ecall e or
expression vector encoding a 30 pol ypeptide with an am no acid sequence as

set forth in S‘E@QDNO 1, 13, 14, 15, 45, 46, or 47, 58, 59, 61, 62, 63 or
a fragment of SEQ 4R Nobuiby o pib &Qaﬁﬁrf&aqgte\é%ﬁkgr&o\ﬁ hpgagh, The kit may

al so contain a device {erin a syringe or
gene gun) to aﬁ\icbwoﬁtemsaabhagmgmrm-nabmd@fpowpeptudeamm aeargimnkbaidned within the

The | nventfonodl Bl S0ieLe il 15 Rt drl e Gh a1 2% ‘petiedar hg b 871 al and

vacci ne conposs bi @ﬂa@h@ﬁ of BEQUDESO:A, pPA Yie@vhtele wikikiht tidredNTTRO aci d sequence
as set forthin SEQIDNo 1, 13 14, 15 45 46, or 47, 58 59, 61, 62, 63

or a fragmend0igperEiess) e impobilizedomtenedlidsappare SHshicdnt ottt . The kit
™y a1 S0 5 CopfakRcituhAs QRN e SARSIE,VEREIEET. @ SYFi nge)

to allow for admnistration of accl ne contained within the kit into an
ani mal , such adected anuman or Miheansnenkit cm adosonpinovindes far delectiipr det ect i ng

SARS- CoV i pfecti.on, . wWhic nt ai n cka material and a pol ypeptide
with an alrlr'? 8%8&“&"{6“0&&&[1]’% RS RS WSP‘%‘F@n SEQ ID NO 1, 13, 14, 15, 45,
46, or 47, 58, 59, 61, 62, 63 or a fragment of SEQID NO 1, or a

conservative \\/f?ri ant thereof. The pol Ype tide(s) can be imobilized onto a
solid support. %UCMMMM‘ ) S newingpmnn acklsdr es di rect ed
agai nst the SARE GV, 8 FHeiSBEHITHR SARS-CoV virus
MFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSD
20 TLYLTQDLFLPFYSNVTGFHTINMTFGNPVIPFKDGIYFAATEKSNVVRG
WVFGSTMNNKSQSVIIINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHT
MIFDNAFNCTFEYISDAFSLDVSEKSGNFKHLREFVFKNKDGFLYVYKG
YQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAA
YFVGYLKPTTFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQ
25 TSNFRVVPSGDVVREPNITNLCPFGEVENATKFPSVYAWERKKISNCVAD
YSVLYNSTFYSTFKCYGVSATKLNDLCEFSNVY ADSFVVKGDDVRQIAPG
QIGVIADYNYKLPDDFMGUVLAWNTRNIDATSTGNYNYKYRYLRHGK
LRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVYV
VLSFELLNAPATVCGPKLSTDLIKNQCVNENFNGLTGTGVLTPSSKRFQP
30 FQQFGRDVSDFTDSVRDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLY
QDVNCTDVSTAIHADQLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYE
CDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTN
FSISITTEVMPVSMAKTSVDCNMYICGDSTECANLLLQYGSFCTQLNRAL
SGIAAEQDRNTREVFAQVKOMYKTPTLKYFGGENFSQILPDPLKPTKRSF
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infected animal s or humans. The kit can also contain a neans for detecting
15 binding of such antibodies to the S polypeptide(s). VIE. Am no

Aci d- sequence ofa full-length spike (S) protein (am no acids 1- 1255) from
the Tort isolate of the SARS-CoV virus )

MFI FLLFL TLYEESBIDRET TFDDVQAPNYTQHTSSVRGVYYPDE! FRSD 20  PCT/US2004/023343
TLYLTQDLFLPFYSNVTGFHTI NI - | TFGNPVI PFKDG YFAATEKSNVWRG W VFGSTIMNNKS

QSVI 1 | NNSTN V INDRAENEEICRNREGAM KSKRVET (BTN ARDLIC AQKFNGLTVLPPLLT
M FDNAFNCTFEYI SDAFSLDVSEKSGNFKHLREFVFKNKDGFLYVYKG

VRDL PSGFNTL KPRV 5 ARy T AT ARSHAGD @%&RFNGIGVTQ

TSNERWPSGOWRE Pl %ﬁﬁ%ﬁ@%ﬁﬁkﬁ%ﬁ% VVNONAQALNTL

.YSVL YNSTFFSTFWNLNB&MMABSWV@@MGM@LQMWDWN&V

VG, FYTTTO! YRV N TR R ES HT KPR HET A BRSKRF P 30

FQQFGRDVSDFTDSYREPIST RS m&m&w&a&VMG@WW@IFﬁS
TAI HADQL TPAVRI YSTGNNVFOTQAGCLI GAEHVDTSYE _ CDI Pl GAGE CASYHT

SLLRSTSQKSNAY TWBLIEANSEY NP VA IBTINNTRSY. @PW@W@WF\NHTSP

KQWKTPTLRYF GNP R KT Kt BRI BN N34 LSRRI 023345

| EDL L FNKVTL ADAGFVKQYGEHSAGINARMM TTARENGS TUSPRIKITA CSOBMC SR FDEAIDAESGTATAGW

II\F/E;@EQ%IZS PM@%%%‘PA‘P&QQBWW@L NTL -~ VKQLSSNFGAI SSVLNDI LSRLDK

VEAEV Q DRLL' CGRLQSLQTYVTQQLI 5

1L4AEl RASANLAATKMSECVL KRVDPCGKGYHLI\/SFP PHGVV 11 ,
LI | VTYVPSQERNEXT AP Auckerc Aoad ssmpensyef &/fNjd: 3l prseinompeteptings v

SGNCDWI G | NNF XDPLQPEL DSFKEELD. KYFKNHTSP DVDLGDI SG NASV VNI QKEI DRLNEV
AKNLNESL| DLQEL EQYI KW P

W' VWLGFI AGLI ANMERMITATTOM T SECBETRGA BEGGTACAGAGYRIGNYT (SEQ | D

VO ) el Glafeld senuenee phot bl costhcaniie S RELED
' ATACTTCATCTATGAGGGGGGTTTACTATCCTGATGAAATTTTTAGAT
CAGACACTCTTTATTTAACTCAGGATTTATTTCTTCCATTTTATTCTAA
TGTTACAGGGTTTCATACTATTAATCATACGTTTGGCAACCCTGTCAT
ACCTTTTAAGGATGGTATTTATTTTGCTGCCACAGAGAAATCAAATGT
26 TGTCCGTGGTTGGGTTTTTGGTTCTACCATGAACAACAAGTCACAGTC
GGTGATTATTATTAACAATTCTACTAATGTTGTITATACGAGCATGTAA
CTTTGAATTGTGTGACAACCCTTTCTTITGCTGTTTCTAAACCCATGGG
TACACAGACACATACTATGATATTCGATAATGCATTTAATTGCACTTT
CGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAAAAGTCAGG
25  TAATTTTAAACACTTACGAGAGTTTGTGTTTAAAAATAAAGATGGGTT
TCTCTATGTTTATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCT
ACCTTCTGGTTTTAACACTTTGAAACCTATTTTTAAGTTGCCTCTTGGT
ATTAACATTACAAATTTTAGAGCCATTCTTACAGCCTITTCACCTGCT
CAAGACATITGGGGCACGTCAGCTGCAGCCTATTTTGTTGGCTATTTA
30 AAGCCAACTACATTTATGCTCAAGTATGATCGAAAATGGTACAATCAC
AGATGCTGTTGATTGTTCTCAAAATCCACTTGCTGAACTCAAATGCTC
TGTTAAGAGCTTTGAGATTGACAAAGGAATTTACCAGACCTCTAATTT
CAGGGTTGTTCCCTCAGGAGATGTTGTGAGATTCCCTAATATTACAAA
CTTGTGTCCITTTGGAGAGGTTTTTAATGCTACTAAATTCCCTTCTGTC

47



15 ACCGGTGCACCACTTTTGATGATGTTCAAGCTCCTAATTACACTCAAC
ATACTTCATCTATGAGGGGGGTTTACTATCCTG ATGAAATTTTTAGAT

CAGACACTC | ' TTATTTAAC 1' CAGGATTTATTTCI 1' CCATTTTATTCTAA

TGTTACA TTCAT, TTAATCATACGTTI ' GGCAACCCTGTCAT )
ACCTTTTAA ATTTTGCTGCCACAGAGAAATCAAATGT 20 PCT/US2004123345
TGTCOGTGGTTGGEGTTTTTGGTTCTACCAT GAACAACAAGT CACAGTC

GGTGA' | "I ATTAPTKACARG GG RAPEAERAA TR TATAAAIG T RAGCTGATTACTCT

O o T A STELE

CGAGTACATATCTATT&ICTATTEAT TTAA GT G RATGTCTATGCAGAT

TAATTTTAAACA AAAAATAAAGAT
TCTCl ' ATG Pl %@%@ﬁ&’r%ﬂ %’%@&MTAGCGCCAGGACA

ACCTTCTCGT FT1 * £ACAGHT PTG ATTAMSA TG B0 C YA TEAT
CAAATTTTAGAGCCATTCTTACAGCCTTTTCACCTGCI

CAAGACAT TTGGGGEACTIGA FRCREAGRAATATIGATGCTACTTCAAC

AGATGCTGT TCATTOH CHOAMAAT AL ACT | ARCICANAT LEFEA CATGCAAGCTTA

TGTTAAGACCT T T GREATTCARCHAIAAG RN I AATEASTTT TTCTCCCCTGATGGCA
CAGGGT TGTTCCCTCAGGAGATGI TGTGAGATTCCCTAATA FTACAAA

CTTGTGTCCTTTTCaaCAEEF P fAATEET ReFARATRAAA FdYAIE G4 e AN A BHE46T1 .00 3 4 PC

T/ US2004/ Q%3MﬁrGGﬁ@@Mcﬁm@f@éﬁMﬁﬁmﬂ@éﬂ@ﬁ&K@H@%ﬁ@ cr
GTGCTCTACAACTCAACATTTTT T TCAACCT TTAAGT CCTATGROGT T

TCTGCCACTAAGT MWMT@TW@T (FCBRGAIGCCACGGTTTGTGGAC

T LICT ACTCRNKTAGA KA D TOTGTCAATTTTAATT
GGGTTGTGTCCTT QU RHI G FATTARPACAR L TGATGITATA QRO TTCTTCAAAGAGAT
T R R AGI DI [ R GIGATTICACTGATT
kACCT TGCAW%@XM@@XM@@@@%MT@%TR@&MTTCACCTTGCG

ATGGTTTTTACACCACTACT GGCATTGGCT ACCAACCT TACAGAGITG
TAGTACTTTCTTT KEHAGRGE G TESCAICI TGIBEACAAATGCTTCATCTG

AT MG craarormcracas
CAATTCATGCAGATCAACTCACACCAGCTTGGUGCATATATTCTACTG
GAAACAATGTATTCCAGACTCAAGCAGGCTGTCTTATAGGAGCTGAG

20  CATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATT
TGTGCTAGTTACCATACAGTTTCTITATTACGTAGTACTAGCCAAAAA
TCTATTGTGGCTTATACTATGTCTTTAGGTGCTGATAG TTCAATTG'CTT
ACTCTAATAACACCATTGCTATACCTACTAACTTTTCAATTAGCATTA
CTACAGAAGTAATGCCTGTTTCTATGGCTAAAACCTCCGTAGATTGTA

25  ATATGTACATCTGCGGAGATTCTACTGAATGTGCTAATTTGCTTCTCC
AATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAGGTATTG
CTGCTGAACAGGATCGCAACACACGTGAAGTGTTCGCTCAAGTCAAA
CAAATGTACAAAACCCCAACTTTGAAATATTTTGGTGGTTTTAATTTT
TCACAAATATTACCTGACCCTCTAAAGCCAACTAAGAGGTCTTTITATT

30 GAGGACTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATG
AAGCAATATGGCGAATGCCTAGGTGATATTAATGCTAGAGATCTCAT
TTGTGCGCAGAAGTTCAATGGACTTACAGTGTTGCCACCTCTGCTCAC
TGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGC
CACTGCTGGATGGACATTTGGTGCTGGCGCTGCTCTTCAAATACCTTT

%
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TTCAACCATTTCAACAATTTGGCOGTGATGTTTCTGATTTCACTGATT 15

CCGYI ' CGAGATCCTAAAACATCTGAAATATTAGACATTTCACCTTGCG

CTTTTGGGGGT GTAAGTGTAAT TACACCTGGAACAAATGCTTCATCTG
AAGTTGCTGTTCTATATCAAGATGTTAACT' GCACTGATGTTTCTACAG ‘ i
CAATTCATGORGATSAATTCACACCAGCT TGBOGCATATATTCTACTG PCTIUSIMMN2II
GAAACAATGTAT TCCAGACTCAAGCAGGCTGTCTTATAGGAGCTGAG 20

CATGT CGACACT T CTRATCAGT GAGAT ST ATAAR UGIAGALCOATR T TGGAGTTACCCAAA

T A ALCRG, AT sccuracasc

ACTCTAATAACACCAITSET WMM@I@W&WH@MCMCMWGCATT
CTACAGAAGT AATGCCTGI TTCTATGECTAAAACCTCOGTAGAT TGT

ATATGTACATCT GSEEACARTCTIAGT ¢ NACCH mwaﬁ{ TCAAGCATTAAACL\

AATATGGTAGCTTT STCCAC
CTGCTGAACA "‘W%%W’W%Mme
ACCCCAACTTTGAAATATYEA TRGTESTTTUARTATTTGATAA AGTCGAGGCGGAGGTACAA

TCACAAATATTACGTGACCCTCTAAAGCCAACTAAGAGGTCTTTTATT. 30
GAGGACTTGCTCT T RAATMAGEFAACKC TSR F G GEAPEG C CTTCAAACCTATGT

AAGCAATAT GGCGAA T(%IA@%%TAHME%@T@%‘@P@QMA(;GGCTTC TGCTAATC
TTGTGOGCAGAAGT TCAATGGACT TACAGT GT TGCCACCTCTGCT

TGATGATATGATT@@W@TWBTMW@@GGACAATCAAAAAGA

00110 2 3031 5 T AT AT TR TOAT T CCBACT ACOMAR

CAPATRASCANEGTATGTGCCATCCCAG

CCCATTAS CANTICMEMICACTTACHCARCATOMETORATT, . 1.4 GacAAAGE

CACTTGT TAAACAAGTA T@ﬁ&é&?ﬁéﬁbﬁ%@%ﬁﬁ%ﬁ%T GGCACTTCTTGGTTT
TAAATGATATCCTTTCGCGACT TGATAAAGT CGAGGCGGAGGT.

A TTGACAGGT" 1' WWMMT’W MAT@KTTACTACAGACAAT

AACACAACAA
TT&T&TAMW‘F% GECATCATTAACAAC

GTTGACTI " 1" TGRGHALCLSITACCAICTTATA CCCGATIOOTASABCCATTCAAAGAAGA
GCOCOGCATGGTGTTGTCTTQCTACAT GTL.CACGTATGT GCCATCCCAG
GAGAGGAACTTCA@@%@@%@@M @T’é&q‘%@ﬁ%&@éfx AGATGTTGATCTTG
GCGACATTTCAGGCATTAACGCTTCTGTCGTCAACATTCAAAAAGAA
ATTGACCGCCTCAATGAGGTCGCTAAAAATTTAAATGAATCACTCAT
20 TGACCTTCAAGAATTGGGAAAATATGAGCAATATATTAAATGGCCTT
GGTATGTTTGGCTCGGCTICATTGCTGGACTAATTGCCATCGTCATGG
TTACAATCTTGCTTTGTTGCATGACTAGTTGTTGCAGTTGCCTCAAGG
GTGCATGCTCTTGTGGTTCTTGCTGCAAGTTTGATGAGGATGACTCTG
AGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAA (SEQ ID NO:
25 2)

Example 1
Cloning of the spike protein

The nucieic acid sequence encoding the full length spike protein was
30 obtamed through use of overlapping polymerase chain reaction (PCR).
Overlapping clones containing fragments of the spike protein were obtained
from the British Columbia Cancer Agency (Vancouver, British Columbia). The
following primers were used during the PCR reactions to amplify the nucleic

acid sequence encoding the full-length spike protein of SARS-CoV: Clone 1.
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ATACTTCCCTCGTGAAGGTGTTTTTGTGTTTAATGGCACTTCTTGGTTT
ATTACACAGAGGAACTTCTTTTCTCCACAAATAATTACTACAGACAAT 15
ACATTTGTCTCAGGAAATTGTGATGTCGTTATTGGCATCATTAACAAC
ACAGTTTATGATCCT CTGCAACCTGAGCT CGACTCATTCAAAAGAAGA
GCTGGACAAGTASHTEANAAAT CATACATCACCAGATGTTGATCTTG
GCGACATTTCAGGCATI ' AACGCTTCTGTCGTCAACATTCAAAAAGAA
ATTGACCGCCT CART@AGETCaaTAAMATCCERAATINBGEASTGAT T2ATC ATT AGA G- 3'

TGACCTTCAAGAA , TATATTAAAT
GGTATG | TTGGESTW ﬂ%ﬁ& |‘mﬁﬁ§ AAA-GGC AC3

TTACAATCTTGCT {STEE] MESKE: GACT ad T FHolwh QA EGCCTGABEE'T TTC TCC CCT GAT

GTGCATGCTCTTGIGGI, TTGATGAGGATGAGTCT .
AGCCAGTTC_'I(:CIZAA ' rﬁm A@&Ws‘%@%%&%ﬁ HCEMHHE 1 aoning’
of ‘the spike protshy Hieonclcele nrbdaegiaNCe - erpLAL R Herl ength

spi ke protein was 0 obtai‘ned through use of overl appi ng polytncrase chain
reaction (PCRETT (Qie(IEApR? NG: G); Bressecpmtai hi- dgCT 6 aHE MGA T GETspi ke
protein were t.al fr, . Briijsh Col unbi a Cancer Agency (Vancouver,
British Col un‘gﬁlé\?fﬁg}g’% f\m%@?ﬁgﬁ%{? S were used during the PCR reactions
to amplify the nuctped @ud@@ﬁdh&%ﬂiéﬁﬂﬁﬁr@ﬁﬁ@djﬂﬂﬁ o Bapbifls PATEBEBerS Pi ke protein
of SARS-CoV: Clone 1: 49 WO 2005/0101134 PCT/ 1J3S2004/ _(%23345 Forwar d
printer: 5 - RegrderaaidreamatTemaataitpeabory ppicyelpringers cqrsn | D NO 3) ;
Reverse phjnMen iR widdeld .?ﬁﬁ Nee o 4 é; rifd - Cone 2:
Forward pri rn*ar]_;m]%'a-‘:1 GTC15 J%O ‘Tc“%c%}@%“ GAT '@élé%g? r%;)f[% 1 5); Reverse
priner: 5'- GuuGAGRSAS CEBGASI B BlyBnBed (0SEQrd ®ulQesBlator@l one 3: Forward

primer: 5'- CT . CTT G 3' (SEQ |D. D 7); Reverse prinmer:
5' - A CTG Td%“&fr%d%‘}%%&ﬂéﬁ‘%ﬁ rf%l’éé‘““l‘qu\‘i&C)“é " The nucl eic
aci d segnent tindhg sies @tBRanHi ahXbibhuapgat ngdRERobethseaplified Gaguialiei ¢ aci d
segnent s generatﬁg@mth t he above pajr: of prinmers contain 10 am no acid
resi dues from"ui N*‘\f(ﬂdhﬁ’&}ﬁiﬁé%Cla_ﬂlﬁ@d@?alﬂfﬁ@@pi ke protein of the virus
(SARS CoV)sthat is ah alip@haBbhiko brloRhPthnk AaSEUREBAFIN EoUATRFAL OT Y

syndrone. The underlined priner sequentes represent restriction enzyne
Fig. 1 shows a gel for the nucleic acid segment encoding the full length spike

PCT/US2004/023345

protein inserted into the pCDNAZ.1(+) vector that has been digested with the

restriction enzymes (Lane 2: BamHI and Xbal; Lane 3: HindIlT).

20 Example 2
Gencration of amino-terminal {51) and carboxyl-terminal (S2) fragments of the

full length spike protein

Computcer analysis identified a potential functior.al separation site
between the amino-terminus (S1) and the carboxyl-terminus (S2) of the spike
25  protemn. The separation sife between S1 and S2 is between positions between
758 and 761 (75 SRNTR™) relative to SEQ 1D NO: 1. PCR was used to create
nucleic acids that code for the amino-terminal fragment (8§1), and the carboxyl-
terminal fragment (S2) of the spike protein.
The following primers, S1 forward primer: 5'-AGTC GGA TCC GAC
30 CGGTGC ACC ACT TTT G-3' (SEQ ID NO: 9), and the reverse primer, S1
Reverse primer: 5’-AGTC GGG CCC CTG TTC AGC AGC AAT ACC-¥’
(SEQ ID NO: 10), were used to prepare a nucleic acid segment coding for aming
acid residues 17-757 of the spike protein. Two restriction sites, BamHI and

Apal, underlined in the two primers were used to clone the nucleic acid segment

50



cutting sites for BanmH and Xbal that were used to clone the anplified
fragnment into pCDNA3(+) (Invitrogen, Carlsbad, California). 15 The fal

| engt h spi ke protein gene has been cloned as shown in Fig. 1 Fig. 1 shows
a gel for the nucleic acid segnment encoding the full |engt i ke protein
i nserted i WoewHBUECDNA3. 1(+) vector that has been di g EPZ‘%%l¥he
restriction enzynes (Lane 2: BanH and Xbal; Lane 3: Hindlll). 20 Exanple 2

Gener at i on of agidng:-fbeheumdlo- t@%ﬁal%ﬁ@trcl?(ﬂi%lprk%%mlﬂ%1)(g%21é irfté @gnents of the

full length spike protein Conputer analysis identified a potenti al
funetioeal sepRieaF#3R MasEd sstnmswsivn: he am no-termnus (Sl) and the

S and 2 1 5 bet weeneaonveRa” Bl et 372l o ARTRG O el ve to
SEQ 1D NO 1. BOR TGOS AL T BASEQ mtmd)ei 0, addiSdRavhat: 6bA€TCor t he

The. spi ke pr ot B HaCHna [T oo bF Ko Go SECHIS bt dopherietseS SURAGTC. GBA. TCC
GAC 30 CGG TC@’@@%M 1t-5 Tep%’éga nLL:gr:chicQ,e ent%dmarﬂéi dnflfo LAY @IsRRePr i MBI, S
Reverse priner: 5'- G TTC AGC AGC AAT ACC-3' ( SEQ I D NO 10),

were used to p?@plalﬁﬁ Oéﬂmellkep@tml e eagivisien svai Brgnlbmday®ado  aci d resi dues
17-757 of the ﬁﬁ%ﬁﬁecﬁ’frﬂh@h@o Qs Cv%lseth%d:tto'c $id fiR elc L?crHT%'ﬂgrrf'% Apal ,
i nucl &1 ¢

underlined in e two wer e use one t acid segnment 50
WO 2 01151111 &dGig3idr tBé:Hrb}S@]-&tftﬂnmhﬂ)ergrﬁerﬂoﬂthSs;mbdpnugmﬁ (32) gl 1w no- t er m nal

fragment o the tei ene into the pSecTag2B plasmd for
expressi on. Th@?@ﬁ?ﬁ&ﬁﬁgy ‘?FOQS’fP flers, S2 Forward: 5'-ACTG GGATCC GAA
GIG TTC GCT CAA Grci‘(ﬁcrcs(t@EQaélﬁ)erN%ntﬂ-lMlg r@mﬂlc@ﬁ%ﬂeﬂﬁ%ll@m iBob TCTAGA TTG
CTC ATA TTT TCC C-3 ID NO 12), were_ used within a PCR reaction to

prepare it nucll’lt?P‘éSaﬁ EISB &9 rﬁacrﬁm@ o drigtisno aci d residues 762-1 189 of
the spike prm@)\@CGﬁ’)@l‘(ﬁ@é@TA@ }\853 é@ﬁ'ﬁidﬂ ﬂa%@%lém{er gnderlined in
Sror segfren

the two primers were used acid coding for the
car boxyl -ter m @AELGCW@G&C@‘C&G]KE@BT@@ ooy B NO((BZ)) Tgenampliftd 10

72537, 1 1e” TRVTISH NG BErTe-or o i LS ARaL G o e CROP 1§ catione
priner 5 digested with the same restriction enzymes. A schematic diagram of the position
of many of the soluble spike protein fragments within the full-length spike
protein is provided in Fig. 1B.
I some cases, nucleic acids encoding the S fragments and full-length S
20  polypeptides had their native leader sequence (spike protein amino acids 1-16,
MFIFLLFLTLTSGSDL (SEQ ID NO:60)) replaced with a mouse k chain leader
sequence (METDTLLLWVLLLWVPGSTGD) (SEQ [D NO: 16) to permit

secretion, as described below.

25 Example 3
Generation of the whole soluble spike protein (sS) lacking the cytoplasmic tail

and the transmembrane domain

The following pair of primers were used to generate a nucietc acid
segment encoding a fragment of the spike protein (s8) lacking the cytopiasmic
30  tail having amino acids 17-1189 of SEQ 1D NO: 1: 81 Forward: 5°- AGTC
GGATCC GAC CGG TGC ACC ACT TTT G-3'(SEQ ID NO: 9), and Reverse:
5" ACTG TCTAGA TTG CTC ATATTT TCC C-3’ (SEQ ID NO: 12).
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GATCGGATCCGGTACAATCACAG 3' (SEQ I D NO: 64) and primer 5
GATCGGGCCCGACACACTGGITC 3" (SEQ ID NO 65). The anplified 15 fragnment was
digested with BanH and Apal and ligated into pSecTag2B digested with the
same restriction enzymes. A schematic diagram of the position of many of
the sol uble spike protein fragnents within the full-Iengt i protein is
provi ded i\‘iolgﬁ{{jﬁ']%%? In sone cases, nucleic acids enco%@?ﬂghgs#‘r agnent s
and full-length S 20 pol ypeptides had their native | eader sequence (spike
protein amino acids 1-16, N FIFLLFLExmBORA:- (SEQ | D' NG 60)) replaced with a

n amino : . . e 16
muse k chai n | gadeyo26aueRo, (METOTLHL MW, el (h whol e

sol ubl e sui keylrotein (sS) |acking theraghopl asmic tail and the
transmenbr ane domain The fo)l.]Lomga)rrl]g pair of primers were used to generate a |,
nucleic acid seg R etelete g g _rbéiérﬁ%ﬁfm&g A FPISHOREOPTYERi n (sS) | acking
the cytopl 355m&Jltaﬁ%ml&gsmgm&épm}@ﬁ[ﬁ%_ll_ajs%'i(iﬁzﬁgarﬁlfcleﬁE&id Ao 1. S |
Forward: 5'- AGIC TCC GAC CGG TGC ACC TTT G3' (SEQ ID NO 9), and
Reverse: 5 ACKCIREFAGAITMGIERGATN ) TEIRGY-Ergine)(SEgragneioore2) . 51 WO
2005/ 010034 PGCI/ US21J041023345, . > esst on .of, an._am na-term nal
and car boxyl -%ﬁcn%%ﬁé?][qﬁ?%gkn%pﬁ?te%%@l@ﬁggv%ﬂaf%ﬁ dﬁe C%Q%lfl%glscﬁl%nan\% |1 be done
by transfecti nge amsexpbemsidoma@omss T VereBhtaisnimgthohghipiiec Tag2B or
pPCDNA3. 1(+) plasm d an? a nucleic acid insert _that encodeg an,
ani no- t er m nal S(FFION 1 5 BBRYIITRIGHORAD glisyS ﬂFer%@ﬁ’éﬁft“}ch*P BPUlfagnent of
the spi ke 1 Ot@iothcffs toAESISEAY i AHqui RS KSutide BPIRALASMcent Pbdhand the
transnenbrane donmain, into 293 or Vero E6 cells. it is thought that
el i mi nati on ofencersdiraaments sl theo belbigilnOakd opesitivasigpal iy pelpticdies and pepti de
10 fragnents t . 1Bl e i ny.an < ti I ef ficiency of
the encoded fdr%éeglgrrg%?g&@ﬁ%‘ a[{ll"éllr%’ %%%@gg@gegkcg?ggﬂge \Eggil;%g vglq%idgnal i's
obt ai ned as défeduiiiongth spikeprayeh, mddiagsiests teref alll ye purHrdfaeatddg ael | | i ne
will be generated. The full length spike protein, and fra ts thereof
will be puri fi%ﬁgaa‘jé&]bqlﬂ{eﬁﬁ“tﬂlﬁky 4 Bt uEb & D Poutrhery i SHRE h of her
highl'y gl y160s ylsgb£sllcRE&INSumHoR 1288 production. The resulling proteins: soluble

S1 {sS1), soluble S2 (s52) and whole soluble S (sS) will have the following

amino acid sequences, Bold lettering denotes the signa! peptide which can be

cleaved so the excreted protein will not contain it.

20 Amino acid sequence of a spluble amino-terminal frapment of the spike protein
(ammno acids 17-757)
DRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSN
VTGFHTINHTFGNPVIPFKDGIYFAATEKSNVVRGWVFGSTMINNKSQS VI
[INNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISD

25 AFSLDVSEKSGNFKHLREFVFKNKDGFLYVYKGYQPIDVVRDLPSGENT
LKPIFKLLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKY
DENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFE
PNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLYN STlé FSTFKC
YGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGVIADYNYKLPD

30 DEMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPESPD
GKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFELLNAPATVCG
PKLSTDLIKNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSY
RDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHAD -
QLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYZCDIPIGAGICASYHTV
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15 use of a lentil lectin colum for |arge production. The resulting
proteins: soluble Si (sSl), soluble S2 (sS2) and whole soluble S (sS) wll
have the following amno acid sequences, Bold lettering denot es the signal
pepti de which can be cleaved so the excreted protein will not contain it.

20 Anino ady2%&tiietce of a sol ubl e anmino-term nal fragFCHé’ﬁ%"”b‘f”{*he

spi keprotein (amno acids 17-757) DRCTTFDD VQAPNYTCQHTS

SMRGVYYPDEI FRST).TRSTIQRERLLFY SIS LA STNYISNGTIH GNP NA REKITEYMERSMPEKSN V. VRG W
VFG S TM N NKS - TNV VI RACNEEL CDNPEFA P Qr. F FNCTFEYI SD 25
AFS| DVSEKS@FK%@%%EWW%@%*M%E@ NTTNFR

Al LTAFSPAQDI WGES;- YFVGYLKPTTFMLKY DENGTI TDAVDCSQNPLAELKCS

VKSFEI DKA YQTSNFRV VP SGD V V RF PNl TNLCPFGE VFNATKFPSVYAWERKKI SNCVADYS
VLYNSTFFSTFKC YGVSATI CLNDLCFSNVYADSFV VKGDDVRQ APGQTGVI ADYNYKLPD 30
DFIVGCVLAV\NTBNI DA e PD [PPALNCY
WPLNDYGFYTT' 1' GFrERFTR L ENAPATVEG PTELSTOL GLTGTGV LTPS
SKRFQ PFQQZG?DyﬁwﬁT[BSMno RIE)H@FSEI]I@ SPCAFGG VS V | TPGTNASSEVAVL YQDVNCTDV

STAI HAD TPA"' Rl YSTGNNVF GCLI GAEHVDTSY ECDI_ Pl GAEG CASYHTV WO 20115/ 0
111113 4 g& | Fugé&}h@ %’% LKYFGGFNFSQILPDPL P\PT[\I{S%IEDLLFNRVT?}A

SLLRSTSQKSI VAY Rt NN H O NS NEYWLVJ@M%DMMAWMLV
TSVDCNMYI CGDSTECANLLLOYGSFCTOUNRALSG AAEQ (SEQ I D 13) 5 Ami no acid

sequence of a S6TABIAG W AFESMGAALQIPHAMOMAERYAT @ltt’ EﬁNNﬁéfféiﬁB@IA%@ot ein

TUA | DAGEMKDY G AR A KNP R0 LiE E TR A AR B ATAG

W | TGAGAALQ PFENDUSSRENGH BARYNVIENDRRLANOQTY VTQQOLIRAAEIRASANLAAT

PRKAISQ QGESL T - hWM@RMPWPHG v

Q DRLI TGRLQSL

V_FLHVTYVPSQERNE Ap ATARAG RAEGARREGRYFAFT MFFSPONTFVRRRE/SGNC - DV
I G | NNTVYDPLQPEL DSFKEEL DKYFKNNHT SPDVDL GDI SG SW

NI QKEI DRLNEVAKQNNE@LIH\DUQEK@{&Q@LBE@@E)LN@YTMHT%PDVDLGDISGINASW
15 NIQKEIDRLNEVAKNLNESLIDLQELGKYEQ (SEQ 1D NO: 14)

Amino acid sequence of a soluble spike protein having amino acids 17-757 and

762-1189 of SEQ ID NO: 1 (lacking the signal peptide and the potential

cleavage site

20 DRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSN
VTGFHTINHTFGNEVIPFKDGIYFAATEKSNVVRGWVFGSTMNNKSQSVI
IINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISD
AFS LﬁVSEKSGNFKHLREF VFKNKDGFLYVYKGYQPIDVVRDLPSGFENT
LKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKY

25  DENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFE
PNITNLCPFGEVENATKFPSVYAWERKKISNCVADYSVLYNSTFFESTFKC
YGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPD
GKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFELLNAPATVCG

30 PKLSTDLIKNQCVNFNENGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSV
RDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHAD
QLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASYHTV
SLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNFSISITTEVMPVSMAK
TSVDCNMYICGDSTECANLLLQYGSFCTQLNRATLSGIAAEQDEVFIAQVK
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Am no acid sequence of a soluble spike protein having am no acids 17-757 and

762-1189 of SEQ ID NGO | (lacking the signal peptide

and the potenti al

cl eavage site) 20 DRCTTFDDVQAPNYTOQHTSSMRGVYYPDEI FRSDTLYLTQDLFLPFYSN

VTGFHTTNHTFGNP VI PFKDG YFAATEKSNVVRGW VFGSTMNNKSQSVI
| RACNFEL CONBPERP 18RdMGTQTHTM FDNAFNCTFEY! SD

'S 25

AFSL DVSEKSGNFKHL REFVFKNKDGFL YVYKGYQPI DVWRDLPSGENT  LKPI FKLPLG NI TNFRA
| LTAFSPAQDI WGTSMAAYT LYY KEGENFEMIPD A F PTKRSFIEDLLFNKVTLADAGFMKQ

WAVER) SOVA VST SHREC S R P AR et bk s v

| ADYNYKLPD  DF{VEEVLAYRT BYEATSHEM YRMQIRY L ROSK RO SANQRREPES Q1
GKPCTPPALNCYWPL NDYGFYTTTG GY YRWVLSFELLNAPATVCG 30
PKLSTDLI KNQCVNRRENE! AR SRET DSV AISSVLNDILSRL

QUTPAR b@#ﬁ%ﬁ%ﬁ%ﬁﬁ%@?‘é@é@éﬁ@ TR ERIR A pmssCvL

QKSI VAYTMSL GADSQEARSNINTI (AL @ VIRESH S PTIEVNPY VSFRK VINS/REQERNFTTAPAICH

PCT) Us2004) 023845 R FPTLROLGEE G RSLRE KT EBP O RUHCABREE MK

YGECLGDI NARDLT’Q@\%‘?N%PELWS‘PR@%IWMMG@D SEIN

NSToNGORRALRYL | PFAMM

AYRFNG G V TON V LYE %Q LAN(%LFNKATS QESLTT TSTALGKLQD

VNONAQAL NTLVKQNE®

TSRLY BQ RV NG DRD | TGRLQSLQTYVTQQ_LP

AEl RASANLAATKMBECVL  GQSKRVDFCGKGYHLMSFPQAAPHGY VFLI NTYVPSQERNTFTTAPAI CH

ECKAYFPREG VFVFNGTS WFI TORNFFSPQ | TTDNTFVSGNCDV VI G |

NN TV

YDPLQPELDSFKEELDKYFKNHTSPD VDLGDI , SCINASPpM VNI QKEI DRL

NCVAKNLNESL | DLQELGKY] 0. Exa
sol ubl e fragnents of%ﬁ@%@%@ﬁ%@m

pol ypepti de contai rrrmqluamcrwd REhdise dnbodiRy a 9615%@&%
t hrough use of poll%/?marase chain 15 reaction

were used dur i #fdst

ner 6}t| on of additional
uence encodi ng a

Mdnink awso obt ai ned
he follow ng priners

e/ BERSESIEY NOh § wagobtained throutrh u;e of polymerase chain

15 reaction (PCR}. The following primers were used duning the PCR reactions to
amplify the nucleic acid sequence: Forward primer: 5° AGCT GGA TCC GAC
CGG TGC ACCACT TTT G 3’ (SEQ ID NO: 9); and Reverse primer: 5’
AGCT GGG CCC CTG TTC AGC AGC AAT ACC 3" (SEQ ID NO: 10). The
resulting PCR product was digested with BamHI and Apal and, encodes a

20 polypeptide having an amino acid sequence corresponcing to SEQ ID NO: 43.

The digesied PCR product was then ligated to pSecTag2B (Invitrogen, Carlsbad,

California) that was digested with the same cnzymes. The pSecTag2B construct

containing the PCR product insert encodes a polypeptide having SEQ ID NO: 46
with the mouse k chain leader sequence (METDTLLLWVLLLWVPGSTGD)

25 (SEQ ID NO: 16) at the N-terminus for secretion, and a myc

epitope

(EQKLISEEDL) (SEQ ID NO: 17) plius & histidine tag (HHHHHH) (SEQ ID

N(O: 18) at the C-termunus for affinity purification.

The nucleic acid sequence encoding a polypept:de co

ntaining amino

acids 17-276 of SEQ ID NO: | was obtained through use of polymerase chain
30 reaction (PCR). The following primners were used during the PCR reactions to
amplify the nucleic acid sequence: Forward primer: 5° AGCT GGA TCC GAC
CGG TGC ACC ACT TTT G 3° (SEQ ID NO: 9); and Reverse primer: 5’
CTAG CTC GAG CAA CAG CAT CTG TG 3° (SEQ [D NO: 19). The
resulting PCR product was digested with BamHI and Xhol and, encodes an
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anplify the nucleic acid sequence: Forward prinmer: 5 AGCT GGA TCC GAC CGG
TGC ACC ACT TTT G 3" (SEQ ID NGO 9); and Reverse prinmer: 5 AGCT GGG CCC
CTG TTC AGC AGC AAT ACC 3' (SEQ ID NGO 10). The resulting PCR product was
di gested with BarnH and Apal and, encodes a 20 pol ypeptide having an am no
acid sequence corresponding to SEQ ID NO 43. The dige raduct was
then |ligate Ur‘S’“Jﬁfgét}:gagZB (I'nvitrogen, Carlsbad, Cali fZ?ﬁﬂQEWIHR‘th

digested with the sane enzynes. The pSecTag2B construct containing the PCR
product insert ﬂéﬂ@fb@&hfamrﬁﬁ%@ﬁ(ﬁé%&md@ew@bpm@ucwsfmmlmﬂteﬁe mouse K

h | ead L P t th
chain, | cader ssgyensgARIETIRRMOSTIER) 83, TR dP bl 2
pl us a histidi nezynag. (thbﬂ}HrdFﬂ)l IESEQsMét cd¥Dinih@ ) heeRCR perdGettisdericntsict or

affinity purification, The nucleic acid sequence encodi ng a pol ypeptide
cont ai ni ng ami n‘d’ohﬁéﬁ’td% bpying pE Q> R ‘D‘ﬂf\lg}e MPUGEE Chig Qda@dcﬂlﬁ%‘ggh use of

pol yer ase_ahaich: 31119401} Qﬁx\ﬁxpﬁ@”ﬁ?ﬁfl@hac' QU 10 Pl TRiuR Sorised_during

the PCR reactions to anpl | t he nuc sequence: Forward prinmer: 5’
AGCT GGA TCC G&@rc@@@iﬁﬁ@nmmm (EIQ‘ETLISLED SHQ DN 1 79plus ahdbtiRever se

primer: 5' CTAG G D. NO, The '
resul ti ng PCR p @gl[ﬁ%\g%% %q{h%g%mﬁ'(“i gf%&p“nr% encodes an 54
WO 2005/ 010034 PCf I frhésaﬂcla:&.aﬂldiéh%% anaﬂjkrfgas }ﬁnypdph@amd’r\ganﬁiig}lﬂlﬁoNO 44. The

di gested PCR pro n_ligate ecla ZB Invitro Car | sbad,
Ca?| fornia) tﬁé‘?ﬂﬁgi e 6@%‘%‘5 (?ﬁ "t"ﬁé’b%ﬁ*ﬁ y i h%sI ‘T"I‘féc‘ﬁgggTag

construct cgont %bc}}lieﬂ& thn%nag%s REQADNO NG fesBNAUASSved wRi| Bt dnde haVI ng SEQ
ID NO 47 with e nouse k chain | eader sequence 5 (METDTLLLW VLLLWPGSTGD)

(SEQ | D NO  16)Hisgllt Hee mcleer svichipsmpg produieed ecodss 2 pabgeptidphaviapiSEShe
( EQKLI SEEDL) (%%6‘95 Ixl@ls rgiuﬁmcpcjic;‘hsse%ngﬁt%as?lg&gd mttf%%gé #gﬁ éc)r ( QiD NQ

18) at the CGtermnus for urifica el c aC| sequence
encodi ng a pol ypefigesed vthBambilngd R0 TmbsﬂasTd,,ZB&Saﬁstﬂfct Sh@QihibgNE | was

obt ai ned by di ting the nucl |ca 10 se t encodes SEQ | D NO
43 (as descri bg%%aIHB&@f "W'FFF‘CB ;W(ip“q?‘ﬁfﬁﬁ'ﬂﬁ% ﬂ@cﬁgwéﬂélﬁ‘?d segment
produced engodegude l@@l‘l%P?eE&érQShd%ﬁéé'(MT@’E@LL@VN@LWPG@E@ mghabc acid
segnent was Il%g;'gs into a pSecTag2B vector that was di ested wi th BanHl

and EcoRV. The N3déTaldRBNdomsingsfor seerstiomiani agyclspitoppCR 8BEPL) nsert
encodes a pol ypephhhavh 08 $5QuiliR. NG mtBnin HRfm No: 18) at the C-

terminus for affinity purification.
The expression of these peptide fragments in mammalian cells is
20 illustrated in Fig. 3. This figure shows that the peptide fragments can be
secreted into medium in which cells that express the peptide fragments are
grown. Fig. 3 also indicates that the peptide fragments are soluble in aqueous

medium,
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15 nmouse k chain | eader sequence (METDTLLLWLLLWPGSTG) (SEQ ID NO 16) at
the N-term nus for secretion, and a nyc epitope (EQKLI SEEDL) (SEQ ID NO

17) plus a histidine tag (HIITHHIM (SEQ ID NO 18) at the C term nus for
affinity purification. The expression of these peptide fragnments

manmal i an &€ 198303420 | |ustrated in Fig. 3. This flguFEngﬁB\w' f‘nat t he
peptide fragnents can be secreted into nediumin which cells that express
the peptide fragments-.are - grown: Fig.Tdlal so-indicates that the peptide
fragments are sol uble Juep! um. 4 PCT/US2 00 4/0
2334 5 Table.|' ExampP8SREpobidiiions Helragmeatsg] ther I%8f the invention
SEQ ID Am no Acid Ami no Aci Sequence NUI\/BER Posi t I on Am no acid residues in
bol d (am no aclui Relative to SEQresidues 1-16) identify a signal sequence.
ID NO_ 1 20 1-198) M5! FLLGLT ASGSDL DRATAEREM@3RcnblY TOHTSSVRG
VYYPDEI FRSDTLYLd@\yiEF L BEXSNY TGFH| TI NHTFGNPV ' | PFKD G YFAATEKSNVVWRG 21
101- 200 WFGSTIMNNKSQSV! E;% ARUINEEETSRIBREAT YO KPS RITHTM FDNAF

NCTFEY! SDAFSLOVSEKSGNFK , peFuss k@ dapifly g siggg gequence.
QDl DVVRDLPSGF L KPLEKL P ‘TN FRAL LTAESPAODIL WGETSAAAYEVGYIL K

PTTFMLKYDENGT [TigAVDCSQNPL AL KCSVII(SﬁEI'r@E@L‘TLZ%ML&R@TTFDDVQAP

QTSNFRVWPSGDWRFPNI TNLEPFGEVF — NATK KMTLYLTQ
NSTFFSTFKCYGVSATKLNDLCESNVYA  DSFWK ﬁﬂ?—g V[PFKD
QTGVI ADYNYKL PDDFMGCVLAYWTRN | DATST

21 101-200 WYFGSTMNNKSQS VITINNSTNVVIRACN

FELCDNPFFAVSKPMGTQTHTMIFDNAF
NCTFEYISDAFSLDVSEKSGNFKHLREFV
FKNKDGFLYVYKGY

22 201-300 QPIDVVRDLPSGENTLKPIFKLPLGINITN
FRAILTAFSPAQDIWGTSAAAYFVGYLK
PTTFMLKYDENGTITDAVDCSQNPLAEL
KCSVKSFEIDKGIY

23 301-400 QTSNFRVVPSGDVVRFPNITNLCPFGEVF
NATKFPSVYAWERKKISNCVADYSVLY
NSTFFSTFKCYGVSATKINDLCFSNVYA
DSFVVKGDDVRQIAPG

24 401-500 QTGVIADYNYKLPDDFMGCVLAWNTRN
IDATSTGNYNYKYRYLRHGKIRPFERDI

SNVPFSPDGKPCTPPALNCYWPLNDYGF
YTTTGIGYQPYRVV'VLS

25 501-600 FELLNAPATVCGPKLSTDLIKNQCVNEN
FNGLTGTGVLTPSSKRFQPFQQFGRDVS
DFTDSVRDPKTSEILDISPCAFGGVSVITP
GTNASSEVAVLYQD

26 601-700 VNCTDVSTAIHADQLTPAWRIYSTGNNV
FQTQAGCLIGAEHVDTSYECDIPIGAGIC
ASYHTVSLLRSTSQKSIVAYTMSLGADS
STAYSNNTIAIPTNF

27 701-800 SISITTEVMPVSMAKTSVDCNMYICGDST
ECANLLLQYGSFCTQLNRALSGIAAEQD
RNTREVFAQVKQMYKTPTLKYFGGFNF
SQILPDPLKPTKRSF]

28 801-900 EDLLFNKVTLADAGFMKQYGECLGDIN
ARDLICAQKFNGLTVLPPLLTDDMIAAY
TAALVSGTATAGWTFGAGAALQIPFAM
QMAYRFNGIGVTONVLYE
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SNVPFSPDCKPCTPPALNCYWPLNDYGF  YTT' | G GYQPYRVVWVLS 25 501-600
FF. LLNAPATVCGPKLSTDLI KNQCVNFN  FNGLTGT GVL TPSSKRFQPFQQFCGRDVS
DFTDSVRDPKTSEI LDI SPCAFGGVSVI TP GTNASSEVAVLYQD 26 601- 700

VNCTDVSTAI HA
ASYHTVSL L RSTSEHS

TPAVWRI YSTGNNV  FQTQAG CLI GAEHVDTSYECDIPIGAGI C
LGADS SI AYSNNTI Al PTNF 27 701- 800 PCT/US2004123343

SI SI TTEVMPVSVAKTSVDCNMWY| CGDST — ECANLLLQYGSFCTOLNRALSG AAEQD

RNTREVFAQVKQWY]
EDLLFNKVTLADAG
TFGAGAALQ PFAM
ID Amino Acid
bold (am no acid Relal

AmM no Aci

P
N

AT
Kot
IN&Q:d SEQ |

LKPTKR.EF 28 801-900

CARERGEIE SFIBBCE TODM AAY  TAALV
26niMOa 20 tos ik Csio®adi RETHdisaD04/ O
NLAVBInEY Ros) itémity ARignsl sagiediicd. esi d
esi dues 1-16) identify a signal

SGTATAGW
23345 SEQ
ues in

sequence.

I'D NO 1 29 90{L; 1000 N
L QDVVNQNAQAL NTLVKQL SSNH
30 1001-1100 RASANLAATY
RNFTTAPAI CHEGKAYFPREGVH
NTFVSGNCDWI G | NNTVYDP

(MSECVL GQSKRYBRERK
EVENGT  SWE T

NKAI
V LNI

LQPELDS _ FKER

TISTA

A A
658 PRI SV QST HGY Q5L
PV GDI SG NASV

F r

TQQLI RAAEI
SQE

VNI QKEI DRLNEVA. KNLNES H

H B3R

RASANLAATKMSECVLGQSKRVDFCGK
GYHLMSFPQAAPHGVVFLHVTYVPSQE
RNFTTAPAICHEGK AYFPREGVFVFNGT
SWFITQRNFFSPQIITTD

1101-1189

NTFVSGNCDVVIGIINNTVYDPLQPELDS
FKEELDKYFKNHTSPDVDLGDISGINASY
VNIQKEIDRENEVAKNLNESLIDLQELGK
YEQ

1-200

MFIFLLFLTLTSGSDLDRCTTFDDVQAP
NYTQHTSSMRGVYYPDEIFRSDTLYL.TQ
DLFLPFYSNVTGFHTINHTFGNP VIPFKD
GIYFAATEKSNVVRGWVFGSTMNNKSQ
SVIIINNSTNVVIRACNTFELCDNPFFAVSK
PMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFKNKDGFLY VYK
GY

33

201-400

QPIDVVRDLPSGFNTLKPIFKLPLGINITN
FRAILTAFSPAQDIWGTSAAAYFVGYLK
PTTFMLKYDENGTITDAVDCSQNPLAEL
KCSVKSFEIDKGIYQTSNFRVVPSGDVVR
FPNITNLCPFGEVFNATKFPSVYAWERK
KISNCVADYSVLYNSTFFSTFKCYGVSA
TKLNDLCESNVYADSFVVKGDDVRQIAP
G

34

401-600

QTGVIADYNYKLPDDFMGCVLAWNTRN
IDATSTGNYNYKYRYLRHGKLRPFERDI
SNVPFSPDGKPCTFPALNCYWPLNDYGF
YTTTGIGY QPYRVVVLSFELLNAPATVC
GPKLSTDLIKNQCVNFNFNGLTGTGVLT
PSSKRFQPFQQFGRDVSDFTDSVRDPKTS
EILDISPCAFGGVSVITPGTNASSEVAVLY

QD

157



YEQ 32 1200 MFI FLLFLTLTSGSDLDRCTTFDDVQAP NYTQHTSSMRGVY YPDEI FRSDTLYLTQ
DLFLPFYSNV TGFHTI NHTFGNP VI PFKD G YFAATEKSNV V RGW VFGSTMNNKSQ

SVI TI NNSTNVVI RACNFELCDNPFFAVSK  PMGTQTHTM FDN AFNCTFEY! SDAFSLD  VSEKS
GNFKI - | LREFVFKN KD GFLYVYK GY 33 201- 400 QPI DVWWRDLPSGFNTLKPI FKLPLG NI TN
FRAI LTAFSPAQD|I WGTSAAAYFV GYLK PTTEMLKYDENGT] TDAVDCSQ\IPI,@E% i
KCSVKSFEI DRE YSTERERWPSEDWR  FPNI TNLCPFGE V' FNATKFP S RRHERE

KI SNCVADYSVL YNSTFESTFKCYGVSA _TKLNDLCFSNVYADSEVWKGDDVRQL AP G 34 _401- 600

QIGVI ADYNYKLPD LA Ac ATS] ﬁg K: Y@%%@ ‘RPFERDI -
SNVPFSPDGKPCTP, L TT@ LNAPATVC
GPKLSTDLI KNQCV (

[«

P T DSMRBRKISIcIAE] LDI| SPCAFGGVS
VI TPGTNASSEVAVLY QD 5 t 6‘;{’1 j&amcﬂ;nai) itz @ signdl bed2n. 3 4 5 SEQID

Am no Acid Am npo Acid de NUM in bold
(amno acid Re{ative tq II'S_E resi dy egyence.

| DNO. | 35 601- B0O VNCTDV% DQLTFH

TSYECDI Pl GAd AS YI IIT VS LLRSTS Al PTNF S

IS ITTEVMP V SM AK T

SMYSVNTIALPTNFSISITTEWVSMAK
TSVDCNMYICGDSTECANLLLQYGSECT
QLNRALSGIAACQDRNTREVFAQVKQM
YKTPTLKYFGGFNFSQILPDPLKPTKRSFI

36 801-1000 EDLLENKVTLADAGFMKQYGECLGDIN
ARDLICAQKFNGLTVLPPLLTDDMIAAY
TAALVSGTATAGWTFGAGAALQIPFAM
QMAYRFNGIGVTQNVLYENQK QIANQF
NKAISQIQESLTTTSTALGKLQDVVNQN
AQALNTLVKQLSSNFGAISSVLNDILSRL
DKVEAEVQIDRLITGRLQSLQTYVTQQLI .
RAAEI

37 1001-1189 RASANLAATKMSECVLGQSKRVDFCGK
GYHLMSFPQAAPHGVVFLHVTYVPSQE
RNFTTAPAICHEGKAYFPREGVEVENGT
SWFITQRNFFSPOUTTDNTFVSGNCDVVI
GINNTVYDPLQPELDSFKEELDKYFKNH
TSPDVDLGDISGINASVVNIQKEIDRLNE
VAKNLNESLIDLQELGKYEQ

38 1-400 MFIFLLFLTLTSGSDLDRCTTFDDVQAYP
NYTQHTSSMRGVYYPDEIFRSDTLYLTQ
DLFLPFYSNVTGFHTINHTFGNPVIPFKD
GIYFAATEKSNVVRGWVEFGSTMNNKSQ
SVIIINNSTNVVIRACNFELCDNPFFAVSK
PMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFENKDGFLYVYK
GYQPIDVVRDLPSGFNTLKPIFKLPLGINI
TNFRAILTAFSPAQDIWGTSAAAYFVGY
LKPTTFMLKYDENGTITDAVDCSQNPLA
ELKCSVKSFEIDKGIYQTSNFRVVPSGDV
VRFPNITNLCPFGEVFNATKFPSVYAWE
REKKISNCYVADYSVLYNSTEFSTFKCYGV
SATKLNDLCFSNV YA_DSFVVKGDDVRQI
APG

58



TSVDCNMYI CGDSTECANLLLQYGSFCT  QLNRALS G AAEQ ) RNTREVFAQVKQM
YKTPTLKYFGGFNFSQ LPDPLKPTKRSFI 36 801- 1000 EDLLFNKVTLADAGFMKQYGECLGDTN
ARDLI CAQKF N GL--V LPPLLTDDM AAY TAALV SGTATAGMFGAGAALQ PFAM

QVAYRFNG GVTONTVLYENQKQ ANQF  NKAI SQI QESLTTTSTALO CLQDV VNQN AQALNTLVKQLS
SNFGAI SS VLNDI LSRL  DKVEAEVQ DRLI TGRLQSLQTYVTQQLI - 37 1001-1189
RASANL AATKIWA ZBSVINEHSKRVDFCGK GYHLI\/ISFPQAAPHG\NFLH\/TYVPS SUS2004/023345
RNFTTAPAI CHEGKAYFPREGVFVENGT S WFI TORNFFSPQ | TTDNTFVSGNCDWVI

G | NNTVYDPLQPEL ELD@TFKNH TSPOVDLCDI,S AS V VNI QKET DRLNE
VAKNLNESL | DLQEL > e R R %@%BWTFDDVQAP
NYTQHTSSVRGVYY yhv%%@@ t 0%[\% PRAYSNYZEE dsTENESTIRGNR (diniRfekDid

G YFAATEKSNVWRG W/FGSTN UTNNUST N1 %) iedt RACKIg b CENRREAV SK
PMGTQTHTM FDNAENCTFEYI SHARY) D VSE'KSGNFKHLREFVFKNKDGFLYVYK GYQPI DV

_|m

VRDLPSG-NTLKPI _ﬁ_PLGNI @FRAI L TAFSRACD 'i: N
GT'1 TDAVDCSONPLA™™ ELKCS \} El DKA Y( Dl GE V
FNATK FP S V YA WE RI|CKI SNCVADYS

X

SATKLNDL CFSN\/Yﬁ\DSFWKG])DVRQ APG 58 90410 2 3

3-15 GIYPAA%FRSNVRGWV} GSTMNNKSQ B
SVIIINNSTNV VIRACNFELCDNPFFAVSK
PMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFKNKDGFLYVYK
GYQPIDVVRDLPSGFNTLKPIFKLPLGINI
TNFRAILTAFSPAQDIWGTSAAAYFVGY
LKPTTFMLKYDENGTITDAVDCSQNPLA
ELKCSVKSFEIDKGTYQTSNFRVVPSGDV
VRFPNITNLCPFGEVFNATKFPSVYAWE
RKKISNCVADYSVLYNSTFFSTFKCYGV
SATKLNDLCFSNVYADSFVVKGDDVRQI
APGQTGVIADYNYKLPDDFMGCVLAWN
TRNIDATSTGNYNYK YRYLRHGKLRPFE
RDISNVPFSPDGKPCTPPALNCYWPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPA
TVCGPKLSTDLIKNQCVNFNFNGLTGTG
VLTPSSKRFQPFQQFGRDVSDFTDSVRDP
KTSEILDISPCAFGGVSVITPGTNASSEVA
VLYQD
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SF. Q 1D Amino Acid Am no Acid Sequence NUMBER Position Ainino acid residues
in bold (amno acid Relative to SEQ residues 1-16) identify a signal
sequence. ID NGO | 39 1-600 M-I FLLFLTLTSGSDLDRCTTFDDVQAP
NYTOQHTSSMRGVYYPDEI FRSDTLYLTQ DLFLPFYSNV TGFHTI NHTFG\IPI\\/}C’#‘ A%\FAATEKSNV
VRG W VFGSFIINUWEH3E VEI NNSTNV VI RACNFELCDNPFFAV SK P m}d [
AFNCTFEYISDAF%LDM_MSEKSGNEKHLREFVEKNKDGFLYVYK GYQPL DV

VRDLPSGFNTLKPI N LTAF SARAYFVGY
LKPTTFM_KYDEN %ﬁ“ MFB&ELK(;;%@%‘%‘%% ,YQTS_GNFRVVPS_GDV ~ VRFPNI TNLCPFGE
VFNATKFPSVYAVE A é%% SIS dSs PRSI (@R BRFYADSFVYKGDDVRQ
APGQTGVI ADYNYKL PDDFMGC ‘ MDINESTEYINYK ViRTH B SRR aRFEEence.

RDI SNVPFSPDGKRCTPRAL NC ! YGEYITTG GYQPYRV.V V| SEEL | NAPA
TVCGPKLSTDLI KNQGVNFNFNGLEGTG VL TPEGRFOP T SROSHETREYREBDVQAP
KTSEI LDI SPCAFGGVSVI TPGINASSEVA - VLMD T HPALR4 .
| ' CT/ 11S20041023345 SEQ I D Anmino “ﬁig Posi ti on
Am no acid residues injbold (am no 1-16)

identify a signal sequence. ID NODS %ﬁ - F@ EERTLT esls ', CTTFDDVQAP
PMGTQ

NYTOHTSSVRGVYYPDE! FRSDILYLTO DLFL EEHCE
ol Q THTMIFDNAENCTIEY

VSEKSGNFKHLREFVFKNKDGEFLYVYK
GYQPIDVVRDLPSGFNTLKPIEKT PLGINI
TNFRAILTAFSPAQDIWGTSAAAYFVGY
LKPTTFMLKYDENGTITDAVDCSQNPLA
ELKCSVKSFEIDKGIY QTSNFRVVPSGDV
VRFPNITNLCPFGEVFNATKEPSVYAWE
RKKISNCVADYSVLYNSTFFSTFKCYGV
SATKLNDLCFSNVYADSFVVKGDDVRQI
APGQTGVIADYNYKLPDDFMGCYVLAWN
TRNIDATSTGNYNYK YRYLRHGKLRPFE
RDISNVPFSPDGKPCTPPALNCY WPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPA
TVCGPKLSTDLIKNQCYNENFNGLTGTG
VLTPSSKRFQPFQQFGRDYSDFTDSVRDP
KTSEILDISPCAFGGVSVITPGTNASSEVA
VLYQDVNCTDVSTAIHADQLTPAWRIYS
TGNNVFQTQAGCLIGAEHVDTSYECDIP]
GAGICASYHTVSLLRSTSQKSIVAYTMSL
GADSSIAYSNNTIAPTNFSISITTEVMPVS
MAKTSVDCNMYICGDSTECANLLLQYG
SFCTQLNRALSGIAAEQDRNTREVFAQV
KQMYKTPTLKYFGGFNFSQILPDPLKPT
KRSFI

60



G YFAATEKSNV VRGWFGSTMNNKSQ  SVI I 1 NNSTNV VI RACNFEL CDNPFFAVSK

PMGTQTHTM FDNAFNCTFEYI

RDLPSC+FNTLKPI FKLPLG NI

SDAFSLD V SEKSGNFKHLREF' VFKNKDGFLYV YI C  GYQPI DV V

TNFRAI LTAFSPAQDI WGTSAAAYFVGY

LKP' 1 "1' FMLKYDENGTI TDA VDCS QNPLA ELKCSVKSFEI DKG YQTSNFRV VPSGDV.
VRFPNI TNL CPHERNSEIWSFKFPSVYAVE  RKKI SNCVADYSVL YNSTFFSTFKESEYS 2004623345
SATKLNDL CFSNVYADSFWKGDDVRQ  APGQTGVI ADYNYKLPDDFMGCVLA WN '

TRNI DATSTGNYNYKYRYLRHGKL RPEE . RDI SNYPESPDGKPCTPPAL NCYVPLND

YGFYTTTG GY@V%;%. A vce%%%ﬁ&(?ﬂﬁ%m&mm

VL TPSSKRFQPFQC THRA KT SEARI SREAESEN SN VoERGENASSEVA YL YQDVNCTD
V STAI HADQLTPAWRI YS  TERRIVEGTOASH | GamAOT SEGRLR « siGATGASYHTV S

LLRSTSQKSI VAYTIVSL _ GAD| 8 §Q"AYSNNTI Al PTNFS I'SITTE VWP V' S MAKTS W DCNMWYI C
EDSTECANLLLQYG | SFCTQ_NE{%@? AREQDI LPDPLKPT
KRSFI 60 WD 2005/ 111003 / US b iino Aci d
Am no Acid Sequence NUMBER Positio q\m’ no acid
Rel ative to SEQ residugs 1-16) ide 1 41
1-1000 Al FI FLLFLTLTSGSDLDRCTTFDDVQAP QrQ0 D LFLPFY

SNV TGFH T | NF

| TFGNP V

| PFKD

PMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFKNKDGFLY VYK
GYQPIDVVRDLPSGFNTLKPIFKLPLGINI
TNFRAILTAFSPAQDIWGTSAAAYFVGY
LKPTTEMLKYDENGTITDAVDCSQNPLA
ELKCSVKSFEIDKGIYQTSNFRVVPSGDV
VRFPNITNLCPFGEVENATKEFPSVYAWE
RKKISNCVADYSVLYNSTFFSTFKCYGV
SATKLNDLCFSNV Y ADSFVVKGDDVRQI
APGQTGVIADYNYKLPDDFMGCVLAWN
TRNIDATSTGNYNYKYRYLRHGKLRPFE
RDISNVPFSPDGKPCTPPALNCYWPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPA
TVCGPKLSTDLIKNQCVNENENGLTGTG
VLTPSSKRFQPFQQFGRDVSDFTDSVRDP
KTSEILDISPCAFGCVSVITPGTNASSEVA
VLYQDVNCTDVSTATHADQLTPAWRIYS
TGNNVFQTQAGCLIGAEHVDTS YECDIPI
GAGICASYHTVSLLRSTSQKSIVAYTMSL
GADSSIAYSNNTIA PTNFSISITTEVMPVS
MAKTSVDCNMYICGDSTECANLLLQYG
SFCTQLNRALSGIAAEQDRNTREVFAQV
KOMYKTPTLKYFGGFNFSQILPDPLKPT
KRSFIEDLLENKVTLADAGFMKQYGECL
GDINARDLICAQKFNGLTVLPPLLTDDMI
AAYTAALVSGTATAGWTFGAGAALQIP
FAMQMAYRFNGICVTQNVLYENQKQIA
NQFNKAISQIQESLTTTSTALGKLQDVVN
QNAQALNTLVKQLSSNFGAISSVLNDILS
RLDKVEAEVQIDRLITGRLQSLQTYVTQ
OLIRAAEI
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G YFAATEKSNV VRG W VFGSTMNNKSQ  SVUI NNSTNVVI RACNFEL CDNPFFAVSK
PMGTQTFI TM FDN. AFNCTFEYI SDAFS LD VSEKSGNFKHLREF' VFKNKDGFLYV YK  GYQPI D V

VRDLPSG-NTLKPI FKLPLG NI

LKPTTFMLKYDENGT] TDAVDCSONPLA ELKCS VKSFEI DKG YQTSNFR V
VRFPNI TNLCBEGVENATRFPSVYA WE  RKKI SNCVADYSVL YNSTFFSTFKEY:

TNFRAI LTAFSPAQDI WGTSAAAYFV GY

SATKLNDL CFSN\/YADSFWKGDDVRQ APGOTGVI ADYNYKL PDDFI\/GC\/LAV\N TRN

DATSTGNYNYKYR RPF
YGFYTTTA GYQPI R |
VL TPSSKRFQPFQQF T

VSTAI H ADQLTPAVRI YS  T¢
ASYHTVSLLRSTSQKS| VAYTM

LND

= NFN FNGLTGTG
Huﬁ)llcSR@NE@@W ISP MHGTNASSEVA
@QEMFB’S()E@MH a si@ABIs@uence.

Q LPDPLKP T K

VDCN MYl CGDSTEGANLLLQYE, $ECTQLNRAI
RSFI EDLLIFRRVT, LADAGE]
AGWTFGAGAAL O

LLTDDM  AAYTAALVSGTAT/
NQFNKAI SQ QESL f TTSTALGKLQDV VN  QNACH

EAEVQ DRLFTGRLQSLQTYVTQ

QLI RAAEI

+ ELKCSVKSFEIDKCTYQTSNFRVVPSGDV

SNNTI Al PT i NFSI Sl TTEVI\/PV S__LVIAKTS

SVHINNSTNVV ]]_ NFEILCDNP}*F TAVESK
PMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFKNKDGFLYVYK
GYQPIDVVRDLPSGFNTLKPIFKLPLGINI
TNFRAILTAFSPAQDIWGTSAAAYFVGY
LKPTTFMLKYDENGTITDAVDCSQNPLA

VRFPNITNLCPFGEVFNATKFPSVYAWE
RKKISNCVADYSV_YNSTFFSTFKCYGV
SATKLNDLCFSNVY ADSFVVKGDDVRQI
APGQTGVIADYNYKLPDDFMGCVLAWN
TRNIDATSTGNYNYKYRYLRHGKLRPFE
RDISNVPFSPDGKPCTPPALNCYWPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPA
TVCGPKLSTDLIKNQCVNFNFNGLTGTG
VLTPSSKRFQPFQQFGRDVSDFTDSVRDP
KTSEILDISPCAFGGVSVITPGTNASSEVA
VL.YQDVNCTDVSTATHADQLTPAWRIYS
TGNNVFQTQAGCLIGAEHVDTSYECDIPI
GAGICASYHTVSLLRSTSQKSIVAYTMSL
GADSSIAYSNNTIA PTNFSISITTEVMPVS
MAKTSVDCNMYICGDSTECANLLLQYG
SFCTQLNRALSGIAAEQDRNTREVFAQV
KQMYKTPTLKYFGGFNFSQILPDPLKPT
KRSFIEDLLFNKVTLADAGFMKQYGECL
GDINARDLICAQKFNGLTVLPPLLTDDMI
AAYTAALVSGTATAGWTFGAGAALQIP
FAMQMAYRFNGIGVTQNVLYENQKQIA
NQFNKAISQIQESLTTTSTALGKLQDVVN
QNAQALNTLVKQLSSNFGAISSVLNDILS
RLDKVEAEVQIDRLITGRLQSLQTYVTQ
QLIRAAEIRASANLAATKMSECVLGQSK
RVDFCGKGYHLMSFPQAAPHGVVFLHY
TYVPSQERNFTTAPAICHEGKAYFPREG
VFVFNGTSWFITQRNFFSPQIUTTDNTFVS
GNCDVVIGIINNTVYDPLQPELDSFKEEL
DKYFKNHTSPDVDLGDISGINASVVNIQ
KFEIDRLNEVAKNLNESLIDLQELGKYEQ

'E@QRYUHZSSJ'\

LYQD VNCTD

FG GFNFS
LPP

| DKV

N&S64 14/ 023345

43

17-100

DRCTTEDDVQAPNY TQHTSSMRGVYYP
DEFRSDTLYLTQDLFLPFYSNVTGFHTI

NHTFGNPVIPFKDGIYFAATEKSNVVRG N
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SEQID Arriino Acid Am no Acid Sequence NUMBER Position Am no acid residues

in bold (amno acid Relative to SEQ residues 1-16)
ID NO 1 42 1-1189 Ml FLLFLTLTSGSDLDRCTTFDDVQAP  NYTQHTSSVRGVI

sequence.

YPDEI FRSDTLYLTQ DLFLPFYSN V TGHI

VFGSTMNNKSHY 289/ 1Y%3NN STNV V | RA. CNFELCDN PFFAV SK P

| TI NHTFGNP V | PFKD

AFNCTFEYI SDAFS_LD VSEKSGNFKHLREFVFKNKDGFLYVYK —GYQPI DV

i dentify a signal

SRR "

DEIFRSDTLYLTQDLFLPFYSNVTGFHTI
NHTFGNPVIPFKDG.YFAATEKSNVVRG
WVFGSTMNNKSQSVIINNSTNVVIRACN
FELCDNPFFAVSKPMGTQTHTMIFDNAT
NCTFEYISDAFSLDVSEKSGNFKHLREFV
FKNKDGFLYVYKGYQPIDVVRDLPSGFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTFMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPEGEVEN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFFSTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELLNAPATVCGPKI STDLIKNQCV
NENFNGLTGTGVLTPSSKRFQPFQQFGR
DVSDFTDSVRDPKTSEILDISPCAFGGVS

VITPGTNASSEVAVLYQD

VRDL PSGFNTLKPI I INFRAI LTAFS_PA S AA A YF V &Y

LKPTTFNLKYDEN(%E@EC PLA LKCS‘%R é}W@%NFRWPSGJV

VRFPNI TNLCPFGE AR Egél SNOVARYS rsidueNBTFISTEKED YAV

SATKLNDLCFSN\/H ADSFVWKG F 10 AP GaEG s | ADY N¥ntid ABDENGELAME  TRNI DATSTGN Y

NYKYRYLRHGKLRPFE _RDI S PDGKPCTIPPALNCYWPLND YGEYTTTG GYQPY

RVWWLSFELLNAPA , , TVCGPK KNQCWN . T PFORREREVEDF TDSVRDP

KTSEI LDI SPCAFGSY S V |T§Gﬂ@As SEVA ¥ YS

TGNNVFQTQAGCLI GAEHVDTSYECDI Pl GAGI (2 # Q’ s

GADSSI AYSNNTI A | PTNFSI [SI TTEVMPVS  [NARTS? 63 OVE

SFCTQLNRALSG AAEQDRNTREVFAQV  KQWKYH ?W&ﬁ@%"@ﬁﬁﬁﬁﬁw\’ F’\<|=$§rl‘i FDLLFNKVT

LADAGFMKQYGECL  GDI NAFPLI CA QKFNGLRELCHRYRRHAFKE THEEATABATFGAGAALQ P
NCTIFEYISDAFSLDYVSEKSGNFKHLREFV
FKNKDGFLYVYKGY

45 17-400 DRCTTFDDVQAPNYTQHTSSMRGVYYP
DEIFRSDTLYLTQDLFLPFYSNVTGFHTI
NHTFGNPVIPFKDGIYFAATEKSNVVRG
WVFGSTMNNK SQSVIINNSTNVVIRACN
FELCDNPFFAVSKPMGTQTHTMIFDNAF
NCTFEYISDAFSLDVSEKSGNFKHLREFY
FKNKDGFLYVYKGYQPIDVVRDLPSGFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTFMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPEGEVFN
ATKFPSVYAWERKKISNCVADYSVLYNS
TEFSTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPG
46 17-600 DRCTTFDDVQAPNYTQHTSSMRGVYYP




FAMOVAYRFNG G VTQNVLYENQKQ A NQFNKAI SQ QESLTTTSTALGKLQDVWN
QNAQALNTLVKQLSSNFGAI SSVLNDI LS RLDKVEAEVQ DRLI TGRLQSLQTYVTQ
QLI RAAEI RAS. ANLAATKMBEC VLGQSK  RVDFCGKGYHLMBFPQAAPHGWFLHY  TYV PS

QERNI FTTAI ' Al CHEGKAYFPREG VFVFNGTS WFI TQRNFFSPQ | TTDNTFE
GNCDWI G I'KRIPWHBEPEL DSFKEEL  DKYFKNHTSPDVDLGDI SG NAS AT

0%2({34.’023345

KEI DRLNEVAKNLNESL | DLQELCGKYEQ 43 17- 100 DRCTTFDDVQAPNYTCQHTSSVRGVYYP

DElI FRSDTLYLTQ
200510111034
NUMBER Posi ti
resi dues 1-16

)§E§\P$VS|\
P
D

PTidentif

VIGEHT .

atg/ic #h

N

oo

IFGNPVI,PF GI'YFAATEKSNWRG 62
SESTEC ARGTIRAE © Anmino Acid Se
sArhino ol desfars méoht{adundRahidt i ve
SecHihRe ¢-16) 1dEntNQa slgndUsedueng2€) 0

DRCTTFDDVQAPNYTOHT SSVMRENYR: I DEI FRSDTLYI | TQDLFLPFYSNV TGEHTI
NHTFGNPVI PFKDGLL?(FAATEK I:?M W VREGS =

FEL CDNPFFAVSKP.'\ | GTQTH F NG

FKNKDGFLYVYKGY 45 17- 400 DRCTTFDDVYQA

DEf f RSDTLYLTQPLFLPPYSNVTGFHTI  NHTE P T

V 111 T " NSTNV| VI RACN FELCDNPFFAVCKBME@&)?WKWEHWNSTNVVIRACN
NCTFEY! SDAFSLDVSEKSGNRKHLREFV — FKNIFEDGEL G IDEENAF
TLKPI FKLPLG NI TNFRAI LTTAFSPAQDI W | NCTFEYISDAFSLDVSEKSGNIFKHLREFV

FEKNKDGFLYVYKGYQPIDVVRDLPSGEFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFYGYLKPTTFMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPFGEVEN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFESTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELLNAPATVCGPKLSTDLIKNQCY
NFNFNGLTGTGVLTPSSKRFQPFQQFGR
DVSDFTDSVRDPKTSEILDISPCAFGGVS
VITPGTINASSEVAVLYQDVNCTDVSTAI
HADQLUTPAWRIYSTGNNVFQTQAGCLIG
AEHVDTSYECDIPICAGICASYHTVSLLR
STSQKSTVAYTMSLGADSSIAYSNNTIAIP
TNFSISITTEVMPVSMAKTSVDCNMYICG
DSTECANLLLQYGSFCTQLNRALSGIAA
EQDRNTREVFAQVIQMYKTPTLKYFGG

W O
quence
to SEQ

WEVRGSTMINKSGS

FNFSQILPDPLKPTKRSFI

.64



GISAAAYFVGYLKPTTFMLKYDENGTI T DA V DCSQNPLAELI : CS V K SFEIDKG Y Q TSNFRV
VPSGD V VRRFPNI TNLCPFGEVFN  ATKFPSVYAWERKI KI SNCVADYS VLYNS
TFFSTFKCYGVSA' 1' KLNDLCFSNVYADS FVWKGDDVRQ APG 46 17-600

DRCTTFDDVQAPNYT
NHTFGNPVI PRKEE APARTEKSNY
SKPMGTQ ' HTM

FE _NCTEEY| SDAESL

SSMRGVYYP  DEI FRSDTLYLTQDLFLPFYSNVTGERT ) s2004/023345
VRG W VFGSTM\NI CSG@S VHI NNSTRV

VI RA
VSEKSGNEKHI REEY. ~ EKNKDGFL YVYKG

FEL CDNPFFAV
QPI DV

VRDLPSGEN - TLKEHd b PL 934 L ANhiANBERA LTA

§a§ﬁmgw&gﬁe@/x\/w ‘GYLKPTTFMK

RWPSGDVVRFPNI TNLCPFGEVFN,

[YDENGT| T

DAVDCSQNPLAEL | - TSNH {
ATKFPSVYAVERKKI gNC\/AD\ggggﬂ A %E;MWMWEM@WWNZV VKGDD

VRQ APGQTGV | ADYNYKLPI &%E ﬁ\vwrnw DATSTe VT RgRe] sequence.

YLRHGKL RPFERDI-SNV/PESP TPP __ALNCYWPLNDYGEYTITA G!(;PYF?\/\/
"VLSFELLNAPATVCEPKL STDL I KY@EdY  NFN tmﬁﬁﬁﬁmﬁmww
DVSDFTDSVRDPKTSEI LDI SPCAFGGVS VI T ESEPELPPS SN0 TRALP01003- 4
PCL' / US2004/ 023345 SEQ | D Ani no ﬁggi RS PRk IeHUe g Rosition
"Am no acid re‘§i dues in bold (am nL THRhAEd V€ (€ s 1-16)
identify a signal sequence. 1ID N()m (o (8 ITSSVMRGVYYP

DElI FRSDTLYLTQDI , FLPFY$N V TGFHTI

NCTFEYISDAFSLDVSEKSGNFKHLREFV
FKNKDGFLY VYKGYQPIDVVRDLPSGFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTFMLK YDENGTIT
DAVDCSQNPLAELKCSVKSFEDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPFGEVEN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFFSTFKCYGVSATELNDLCFSNVYADS
FVVKGDDVROIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYK YR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELLNAPATVCGPKLSTDLIKNQCV
NENFNGLTGTGVLTPSSKRFQPFQQFGR
DVSDFTDSVRDPKTSEILDISPCAFGGVS
VITPGTNASSEVAVLYQDVNCTDVSTAI
HADQLTPAWRIYSTGNNVFQTQAGCLIG
ABHVDTSYECDIPIGAGICASYHTVSLLR
STSQKSIVAYTMSLGADSSIAYSNNTIAIP
TNFSISITTEVMPYSMAKTSVDCNMY ICG
DSTECANLLLQYGSFCTQLNRALSGIAA
EQDRNTREVFAQVKQMYKTPTLKYFGG
FNFSQILPDPLKPTKRSFIEDLLFNKVTLA
DAGFMKQYGECLGDINARDLICAQKFN
GLTVLPPLLTDDMIAAYTAALVSGTATA
GWTFGAGAALQIPFAMQMAYRENGIGY
TQNVLYENQKQIANQFNKAISQIQESLTT
TSTALGKLQDVVNQNAQALNTLVEQLS
SNFGAISSVLNDILSRLDKVEAEVQIDRLI
TGRLOSLOTYVTQQLIRAAEL

65



NHTFGNP VI PFKDG YFAATEKSNV VRG W/FGSTMNNKSQSV |11 NNSTNV V | RACN
FELCDNPFFAVSKPMGTQTHTM FDNAF  NCTFEY! SDAFSLD\ ' SEKSGNFKHLREFV
FKNKDGFLYVYKGYQPI DVWRDLPSGFN  TLKPI FKLPLG NI TNFRAI LTAFSPAQDI W

GI'SAAAYFVGYLKI ' TTEMLKYDENGTI T DAVDCSONPLAELKCS VKSFEI
TSNFRWPSHRAREBNLCPFGEVFN  ATKFPS VYA WERKI LI SNCVA
TKINOF CESNVYADS . EV. VKGDD VRQ APG QTGY_ 1 ADYNYKLPD

TFFSTFKCYGVS

VWWTRNI DATSTGN
ALNCYWPLNDYGH
NFNFNGLTGTGVL
VI TPGTNASSEVA
AEHVDTSYECDI P

'lYﬂH."(DZ.}.}-L‘\
%g'@LYNS

MGCVLA

VL YQDVN

iR
iy

| GAG CASY

AR BRigFERS
L VLSFI

0

f%n

q

R

B

PhrNYEE B RANRGIEP
ELLNAPATVEGPKLSTDL] KNQCOV

FOSARBPRTRES ipPY id
cFARAA - Y8 1qegtiky R Tl caLe s ..
STSQKSI VAYTMSL GADSSIE AYSNNTI AL P

TNFSI SI TTEVVP MS1vI AKTSVRENWY1 CG | BREGGH TG AAP
VKQWKTPTLKYHGG FNFSQ LPDPLKPTKRSH): " # FLPR3sAVAGHIIS2
SEQ ID Am no Acid Ami mo Acid Seque - é Ek%. ' ac
in hold (am no acid el ative to § 2 <ok YR AeR
sequence. IO NO | 43 17-1000 1T 3l NAF
DEI FRSDTLYLTQDLFLPFYSNVT GFHTI N % CI O TEOALE REFV

FKNKDGFLY VYKGYQPIDVVRDLPSGEN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GISAAAYFVGYLKFTTFMLKYDENGTIT
DAVDCSONPLAELK CSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPFGEVEN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFESTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLED
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFVTTTGIGYQPYRVV
VLSFELLNAPATVCGPKLSTDLIKNQCV
NFNFNGLTGTGVLT2SSKRFQPFQQFGR
DVSDFTDSVRDPKTSEILDISPCAFGGVS
VITPGTNASSEVAVLYQDVNCTDVSTAT
HADQLTPAWRIYSTGNNVFQTQAGCLIG
AEHVDTSYECDIPIGAGICASYHTVSLLR
STSQKSIVAYTMSLCGADSSIAYSNNTIAIP
TNFSISITTEVMPVSMAKTSVDCNMYICG
DSTECANLLLQYGSFCTQLNRALSGIAA
BQDRNTREVFAQVKQMYKTPTLKYFGG
FNFSQILPDPLKPTKRSFIEDLLFNKVTLA
DAGFMKQY GECLGDINARDLICAQKFN
GLTVLPPLLTDDMIAAYTAALVSGTATA
GWTFGAGAALQIPFAMQMAYRFNGIGY
TONVLYENQKQIANQFNKAISQIQESLTT
TSTALGKLQDVVNQNAQALNTLVKQLS
SNFGAISSVLNDILSRLDK VEAEVQIDRLI
TGRLQSLQTYVTQQLIRAAEIRASANLA
ATKMSECVLGQSKRVDFCGKGYHLMSF
PQAAPHGVVFLHVTYVPSQERNFTTAPA
ICHEGKA YFPREGVIVFNGTSWFITQRNF
FSPQITTDNTFVSGNCDVVIGINNTVYD
PLQPELDSFKEELDK YFKNHTSPDVDLG
DISGINASVVNIQKEIDRLNEVAKNLNES

LIDLQELGKYEQ

b
q
i
i

FQDRNTREVFAQ
04/ 023345

d residues.
gnal
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W VFGSTMNNKSQS VI | TNNSTNWWI RACN  FELCDNPFFAV SKPMGTQTHTM F' DNAF
NCTFEY! SDAFSLDVSEKSGNFKHLREFV  FKNKDGFL YVYKGYQPI DVWRDLPSGFN
TLKPI FKLPLG NI TNFRAI LTAFSPAQDI W GTSAAAYFVGYLKI ' TTFMLKYDENGTI T
DAVDCSQNPLAELKCSV KSFETDKG YQ TSNFRWPSGDVWRFPNI TNLCPFGEVFN  ATKFPS
VYAVERKKI SROAFMSUNA LYNS TFF S 1' FKCYG V SATKLNDLCFS NRENABEH RS

VKGDDVRQLAPG QTGVI ADYN YKLPD DEMGC V LA W NTRNI DATST_GNYNYK YR
YL RHGKLRPFERDI il VRFSP TPP . .AJ YWPLNDYGEYTTTG GYQPYRW  VLSFELLNAPATV
CGPKLSTDLI KN@:M@E TPS E&fé@
DVSDFTDSVRDPKT - &89S ﬁé PSTiaSciiTvAd A YO WNETIDYSTA|
HADQLTPAVRI YSTGNNVFQTQ Yo SER\t s BOD) Rle@iAG GABI YdacSLLR | STSQKS
WAYTNVBLGADSSI AYSNNTI Al P2 ¥RES| S| TTEVIVD_VSNI AAKTSVDONMYI OG
DSTECANLLL QYGSRGTQUNRALSE EQDRNIREY g G
FNFSQ LPDPLKPTRESF EDLLMLA DAGH, o \};gf
GLTVLPPLLTDDMJAAYTAALVESGTATA GWFG VEG .
TQNVLYENQKQ ANQFNKAI SQ QESL' I' T IS FGAI S S :
VLNDI | SRLDKVEAEV Q DRL] TGRLQSLQT, 0 NCT/ US2 00
410 23345 SEQ ID Anminp Acid Ani no| 8 RPMGTQTHTMIFDNAF

NCTFEVISDAFSL DVSEKSGNFKHI REFV

IFKNKDGFLYVYKGYQPIDVVRDLPSGEFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTFMLKYDENGTIT
DAV

51

17-446

DRCTTFDDVQAPNY TQHTSSMRGVYYP
DEIFRSDTLYLTQDLFLPFYSNVTGFHTI
NHTFGNPVIPFKDGIYFAATEKSNVVRG
WVFGSTMNNKSQS VIIINNSTNVVIRACN
FELCDNPFFAVSKPMGTQTHTMIFDNAT
NCTFEYISDAFSLDVSEKSGNFKHLREFV
FKNKDGFLYVYKGYQPIDVVRDLPSGFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTEMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVEFPNITNLCPFGEVEN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFFSTFKCYGVSATXLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHG
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NUMBER Position Am no acid residues in.
resi dues 1-16)

identif

y a signal s

equence. ID NO | 49 17-1189

DRCTTFDDVQAPNYTQHTSSVRGVYYP  DEI FRSDTLYLTQDLFLPFYSNVTG-HTI
NHTFGNPVI PFKDG YFAATEKSNVWRG W VFGSTMANKSQS VUL NNSTNV VI R A

FEL CDNPFFAVSRIMEIOTHTM FDNAF  NCTFEYI SDAFSLDVSEKSG\lFKHlfﬁ%ﬁ‘\?2"“#’#{NFEDG:LY v
YKGYQPI D V VRDLP_S GFN TLKPI FKLPLG NI TNFRAI LTAFSPAQDl W G 1'S AAAYFV

GYLKPTTFMLKYDI
TSNFRVVPSGDWI
TFFSTFKCYGVSA
DFMGCVLAVWNTRN
ALNCYWPLNDYGF

= I O
C
KL

DATSTG%N

A,V LAE

HROERY AT

#5%\%89 W%%RF%%C VADYS VLYNS

Kmnovmrﬁmm\hokmmm
BRI G RRFERD) BV SRRGKRETRRCe.

NFNFNGLTGTGVL ]
VI TPGTNASSEVA
AEHVDTSYECDI P
TNFSI S| TTEVMP
EQDRNTREVFAQVI
DAGFMKQYGECLG
GWITFGAGAALQ P

E SKRFQF
/LYQDVNCT]
G AG CAS
/SMAKT SV
KQWKTPTL
) | NARDL|

FAMQAVAYRH

BISTAl

HAD(
ICNMYI CG DS

CAKFN GLT
NG GV  TQNWL

YHTVSLLR ST

KYFGG FNFSQ Y

VTTTG GYcﬂl?F%W 1VLSFELLNAPATVC(| PKLSTOLI KNOC\/
DVSDF]_j DS Ca0\

\ﬁ.ﬁﬁﬁ[ﬁ*ﬁw SI@\WZL@I HT @w
YERCIKOY ARGV SHRKIBHRHLREFV

FKNKDGFLYVYKGYQPIDVVRDLPSGFN
TLKPIFK LPLGINITNFRAILTAFSPAQDIW
GTSAAAYFVGYLKPTTFMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPFGEVEN
ATKFPSVYAWERKEISNCVADYSVLYNS
TEFSTFKCYGVSATKLNDLCFSNVYADS
FYVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELLNAPATVCGPKLSTDLIKNQCY

NFNFNGLTGTGV
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bold (amno acid Relative to SEQ




TSTALGKLQDVVNONAQALNTLVKQLS SNFGATSS V LNDI LSRLDKY EAEV Q DRL1
TGRLQSLQTYVTQQLI RAAEI RASANLA  ATKMSECVL GQSKRVDFCGKGYHL MSF

PQAAPI - | GWFLHVTYVPSQERNFTTAPA

| CBEGKAYFPREG VF VFNGTS WK TORNF

FSPQ | TTDNTFVSGNCDWI Gl ENNTVYD  PLQPEL DSFKEELDKYFKNHTSPDVDLG DI SGI NASV
VNI QKEI DRIWEVIKMILNES LI DLQELGKYEQ 66 CVO 20115A1111034 PErFAYsSY 111 2 3 3

45 SEQID Amno Acid '

residues in b
si gnal

ngl m o, aci
[ sequene “EE%
DEl FRSDTLYLTQ | I

VI UNNSTNV VI RACN  FEL
NCTFEYI SDAFSL

gh{ﬁ tive to. %&]@&b

NHTTZGMRY I BB KEREuYFASDEKGNNO/REG W

resi-dues: 1-16)

EIdAEM FBNAEtify a signal sequence.

DVSEKSGN I@LWF\/ EKNKDGFL YVYKGYQPI DV _VRDLPS GFN _TL

Am no Aci d Sequence NUMBER Position Am no acid
‘i den
N CTQHTSSMRGVYYH

tify a
FGSTMNNKSQS
KP

1FKl, PLG NI TN)E@I LTAFS PA , [T DAV 51
17- 446 DRCTTF %@N\/ S |

NHTFGNPVI PFKDG IYFAAT SR

FEL CDNPFFAVSKPMVGT QTHTNI'REPIRAE ChRieTEEW RONERFIRESY FeRKD GFLY v
YKG YQPI D V VRDLP S NFH@L@FWEHL@JW %%GWVFGS '™
GTSAAAYEVGYLKPTTEMLKY &3 NNKSQSVIIINNSTNVVIRACNFELCDNPF

terminal myc
epitope and a
poly histidine
tag

FAVSKPMGTQTHTMIFDNAFNCTFEYIS
DAFSLDVSEKSGNFKHLREFVFKNKDGF
LYVYKGYQPIDVVRDLPSGFNTLKPIFKL
PLGINITNFRAIL TAFSPAQDIWGTSAAA
YFVGYLKPTTFMLK YDENGTITDAVDCS
QNPLAELKCSVKSFEIDKGIYQTSNFRVY
PSGDVVRFPNITNLCPFGEVFNATKFPSY
YAWERKKISNCVADYSVLYNSTFFSTEK
CYGVSATKLNDLCFSNVYADSFVVKGD
DVRQIAPGQTGVIADYNYKLPDDEMGC
VLAWNTRNIDATSTGNYNYKYRYLRHG
KLRPFERDISNVPFSPDGKPCTPPALNCY
WPLNDYGEYTTTGIGYQPYRVVVLSFEL
LNAPATVCGPKLSTDLIKNQCVNFNFNG
LTGTGVLTPSSKRFQPFQQFGRDVSDFT
DSVRDPKTSEILDISPCAFGGVSVITPGTN
ASSEVAVLYQDVNCTDVSTATHADQLTP
AWRIYSTGNNVFQTQAGCLIGAEHVDTS
YECDIPIGAGICASYHTVSLLRSTSQKSIV
AYTMSLGADSSIAYSNNTIAIPTNESISITT
EVMPVSMAKTSVDCNMYICGDSTECAN
LLLQYGSFCTQLNRALSGIAAEQEQKLIS
EEDLHHHHHH

17-276 plus an
N-terminal
mouse K chain
lcader sequence
and a C-
terminal myc
cpitope and &
poly histidine
tag

METDTLLLWVLLLWVPGSTGDDRCTTF
DDVQAPNYTQHTSSMRGVY YPDEIFRSD
TLYLTQDLFLPFYSNVTGFHTINHTFGNP
VIPFKDGIYFAATEK SNVVRGWVFGSTM
NNKSQSVIINNSTNVVIRACNFELCDNPF
FAVSKPMGTQTHTMIFDNAFNCTFEYTS
DAFSLDVSEKSGNFEHLREFVFKNKDGF
LYVYKGYQPIDVVRDLPSGFNTLKPIFKL
PLGINITNFRAILTAFSPAQDIWGTSAAA
YEVGYLKPTTEMLKYDENGTITDAVEQK
LISEEDLHHHHHH
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DAVDCSONPLAELKCSVKSFEI DKG YQ TSNFRVVPSGDVWRFPNI TNLCPFGEVFN
ATKFPSVYAVERKKI SNCVADYS VLYNS TFFSTFKCYGVSAT' _{LNDLCFSNVYADS FV V
KGCDDVRQ APCGOTGV | ADYNYKLPD DFMGCVLA WNTRNI DATSTGNYNYKYR  YLRHG 67 WO

2(105/ 010034 PCT/ US21104/ 1123315 SEQ ID Anino Acid Amino Acid
NUVBER Pos¥V® R0 i#no acid residues in bold (anino aci §CTREFUED
residues D NO. 1 1-16)

DRCTTFDDVQAPN b SSN
| PFKD G YFAAT ' A
FEL CDNPFFAVSK N

YQPI DV VH

FKNKDGFLYVYKG

sequence, 52 17-537

PSS o

GISAAAYFVGYLK

[EM_KYL

identify a signal
4 FRSDTL YL T; YSNVTGFHTI
J%@&%&CH%E Aviit
FEYhiSDAR SR SHEISTNARHLRE R/
CRIdeKS PG iINEENy ERANBITARERALD] V)
DCS ONPLAELh: CS VKSPEI DKGAD

NH 1

' FG\P V

TSNFRVVPSGDVWV
TFFSTFKCYGVSA
VWTRNI DATSTGN|
ALNCYWPLNDYGF
WD 200S/ 01003

NI TNL(
TKLNDL CF§
YNYKYR Y
YTTTA GY(
4 PCT/ US2

Ay
]

FiERE
F
éﬁgi@fg@&se

and a C-
terminal myc
epitope and a
poly histidine
tag

7

I

K
K
B

()

%G%

A { e
NNKSQSVIINNSTNVVIRACNFELCDNPF

FAVSKPMGTQTHTMIFDNAFNCTFEYIS
DAFSLDVSEKSGNIKHLREFVFKNKDGF
LYVYKGYQPIDVVFDLPSGFNTLKPIFKL
PLGINITNFRAILTAFSPAQDIWGTSAAA
YFVGYLKPTTFMLKYDENGTITDAVDCS
QNPLAELKCSVKSFEIDKGIYQTSNFRVV
PSGDVVRFPNITNLCPFGEVFNATKFPSV
YAWERKKISNCVADYSVLYNSTFFSTFK
CYGVSATKLNDLCESNVYADSFVVKGD
DVRQIAPGQTGVIADYNYKLPDDFMGC
VLAWNTRNIDATSTGNYNYKYRYLRHG
KLRPFERDISNVPFSPDGKEPCTPPALNCY
WPLNDYGFYTTTGIGYQPYRVVVLSFEL
LNAPATVCGPKLSTOLIKNQCVNFNEFNG
LTGTGV EQKLISEEDLHHHAHHHE

V LA

L TGTGV 68
quence
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NUMBER Position Amino acid residues in bold (amno acid Relative to SEQ
residues 1-16) identify a signal sequence. |ID NO: 1 53 17-757 pl
m nal DDVQAPNYTQHTSSMRGVYYPDEI FRSD nouse
K chain TLYLTQDLFLPFYS- NVTG-HTI NHTFGNP | eader sequence
VI PFKDG YPEAPERSMWWRGWIFGSTM and a G NNKSQSVI | | NNSTNVATRACKEE LS INPF
termnal nyc FAVSKPMGTQ | ' HTM FDNAFNCTFEYI S epitope and a

METDTLLLW/LLLW/PGSTGDDRCTTF  N-ter

us an

DAFSL DVSEKSGNEKHEREF VI “pol
tag PLG NI TNF%@ BArhan
QNPLAELKCSVKSE i RV @
NCVADYS (LYNS

DVRQI APGQTGVI ADYNYKL P

KLRPFERDI SNVPFSPDGKPCTRPA CY V\P
LNAPATVCGPKLSTDL I KNQCYNFNENG LT
VRDPKTSEI LDI SPCAFGGV S NASTRGEN A
AWR YSTGNNVFQ[ QAG CLI|@AEvDTSgnay
SSI AYSNN f | Al PTNFSI SI|FEptid&/MPV S
LLLQYGSFCTQ_NQBALSGI AAEQEQKLI S EE
METDTLLLWLLLVWPGSTGDDRCTTF  N-t er
K chai n TLYLTQDLFLPFYSNVTGFHTI NHTH
VI PFKDG YFAATEKSNVWRGIVFGSTM

T

.

AP O

RO TSR eRhaiNAmKEPSd YA
SAdE NDECHSNISY ARBEWMCED:NCe.

NTLKPI FKL

W E RKKI S

RNI DAT S TGNYNYKYRYLRI LG

. )\
bqﬁ“ LA

BEE
@@mp@ EHE - @R&VVRDLPSGFN
TLKPIFKLPLGINITNFRAILTAFSPAQDIW

GTSAAAYFVGYLKPTTFMLKYDENGTIT
DAVDCSQNPLAELKCSVKSFEIDKGIYQ
TSNFRVVPSGDVVRFPNITNLCPFGEVFN
ATKFPSVYAWERKXISNCVADYSVLYNS
TFFSTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELLNAPATVCGPKISTDLIKNQCY
NFNFNGLTGTGVLTPSSKRFQPFQQFGR
DVSDFTDSYRDPKTSEILDISPCAFGGVS
VITPGTNASSEVAVLYQDVNCTDVSTAI
HADQLTPAWRIYSTGNNVFQTQAGCLIG
AEHVDTSYECDIPIGAGICASYHTVSLLR
STSQKSIVAYTMSLGADSSIAYSNNTIAIP
TNFSISITTEVMPVSMAKTSVDCNMYICG
DSTECANLLLQYGSFCTQLNRALSGIAA
E

57 272-537

ITDAVDCSQNPLAELKCSVKSFEIDKGIY
QTSNFRVVPSGDVVRFNITNLCPFGEVFN
ATKFPSVYAWERKKISNCVADYSVLYNS
TFESTFKCYGVSATKLNDLCFSNVYADS
FVVKGDDVRQIAPGQTGVIADYNYKLPD
DFMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPESPDGKPCTPP
ALNCYWPLNDYGFYTITGIGYQPYRVV
VLSFELLNAPATVCGPKLSTDLIKNQCV
NFNFNGLTGTGV

AYTMSLGAD

IiRSD nouse

38 24-39
D24 peptide

DVQAPNYTQH TSSMRGC

59 540-555

P540 peptide

PSSKRFQPFQQFGRDC

71



and a G NNKSQSVI | I NNSTNVVI RACNFELCDNPF  term nal nyc

FAVSKPMGTQTHTM FDNAFNCTFEYI S epitope and it DAFSLDVSEKSGNFKHLREFVFKNKDGF
poly histidine LY v YKGYQPI DVWRDLPSG-NTLKPI FKL tag

PLG NI TNTRA| LTA_FSPA—\‘SDTV\GTSAAA YFVGYLKPTTFM_KYDENGTI TDAVE% LI SEEDLHHHI | HH
69 WO 2005MAHBHI4BCT/ 1152004/ 023345 SEQ I D Ami no Aci BCEMSHEYREHY Sequence
NUVBER Position Am no acid residues in bold (amno acid Relative to SEQ
resi dues 1-16) oj tifly,.a. signal sleguence.,-.ID NJ: 1 55 17-537 plus an
NETDTLLLVWLLLW i ' %WEF\W?WSSNRG\/WPDH FRSD rouse
K chain T LYL? HTS&I@TF@\IRD abid achédues srjudd Gnino acid

VI PFKDGA YFAATEKSNVVRGY

term nal nmyc FAVSKPMGI

7110
&P N9PM FDNAR

aretd ushNINK ST 1wt fly NNETTi\ALL IRRACRIF EL CDNPF
DAFSL DVSEKSCGNIFKIHL REFVH

NCTEFEY!I S epitope and a
tag PLG NI TNFRAI LTAFSH
VKSF ElI DKA YQ; TS NFR \

KNKDGF ~ pol y

MESFLL IV D EL TSWYKEGYQPI DVWVI @ DLPSG

YFVGYLKPTTFMLKYDENGT| TDAVDCS Q

SV YAVERKKI

VLYNSTFFSTFK YGVSATR
VLAVWNTRNI DATST GNYNYKY
WPLNDYGFYTTTGE GYQPYRW\

EQKLI SEEDLHHHIHH: H 70 WO

2 ﬁ@’EWﬁB&P

‘S
YNYKLPD
DEMGCVLAWNTRNIDATSTGNYNYKYR
YLRHGKLRPFERDISNVPFSPDGKPCTPP
ALNCYWPLNDYGFYTTTGIGYQPYRVV
VLSFELENAPATVCGPKLSTDLIKNQCVY

NFNENGLTGTGV

6 Lrarey

FNTLKPI FKL -
NPLAELKCS
SNCVADYS
PDFMGC

containing the
receptor binding
domain

CVADYSVLYNSTFFSTFKCYGVSATKLN
DLCFSNVYADSFVVKGDDVRQIAPGQT

GVIADYNYKLPDDEMGCVLA WNTRNID
ATSTGNYNYKYRYLRHGKLRPFERDISN
VPESPDGKPCTPPALNCYWPLNDYGFYT
TTGIGYQPYRVVVLSFELLNAPATVCGP

KLSTD

02 319-517 ITNLCPFGEVFNATKFPSVYAWERKKISN
containing the | CVADYSVLYNSTFFSTFKCYGVSATKLN (
receptor binding | DLCESNVYADSFVVKGDDVRQIAPGQT
domain GVIADYNYKLPDDFMGCVLAWNTRNID

ATSTGNYNYKYRYLRHGKLRPFERDISN
VPFSPDGKPCTPPALNCYWPLNDYGFY'T
TTGIGYQPYRVVVLSFELLNAPATVCGP
KLST

63 319-518 ITNLCPFGEVFNATKFPSVY AWERKKISN

Example 6

Structure of the Spike Protein

To characterize the properties and function of the SARS-CoV S protein,

nucleic acids encoding the full-length Tor2 isolate were cloned into expression

vectors as described above. The Tor2 isolate is further described in Marra et al.

The genome sequence of the SARS-associated coronavirus, Science 300:1399—

1404 (2003). Clones generated included the full-length S protein (1255

10

rosidues), the ectodomain Se (residues 17-1189) having just the extracellular

domain of the S protein with the putative transmembrane domain and

cytoplasmic tail of the spike protein deleted, fragments containing the N-
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SEQ ID Am no Acid Am no Acid Sequence NUMBER Position Am no acid residues
in bold (amno acid Relative to SEQ residues 1-16) identify a signal
sequence. |ID NO: 1 56 17-756 DRCTTFDDVQAPNYTQHTSSMRGVYYP N-term nal

DEl FRSDTLYLTQDLFLPFYSNVTGFHTI  wi t hout a signal NHTFGNPVI PFKDGE YFAATEKSNVVRG
pepti de WRGETIRRKSESVI | | NNSTNWI RACN F ELCDN P FFA v SPKBNEPSIE FDNAF
NCTFEY!| SDAFSLDVSEKSGNFKHLREFY  FKNK. DGFLYVYKGYQPI D V VRDLPSGFN

TLKPI FKLPLGA N {eTihRRAI 16 TAEFQRBQBD ALY, GTBASAY /ST K ThE NS K YEENGT IND: 56)

B (D, SRRy I, s
FVWWKGDDVRQ AP%@!!%P%@M%E enéF NV AVNNERIN [24dep ESNERDECIR an internal
YLRHCGKLRPFERDI SNVPFSP PCTPP ALNCYWPLNDYGFYTTTA GYQPYRW

VL SFEL L NAPATVCERSMST (52 7RNEEY comm NRRIGH S BT F RSIISRIEOPF NORGR (see Fig.
DVSDFTDSVRDPKTSE| LDl SPCAFGGVS VI TPGTNASSE VAVI . YQD VNCTDVSTAI
HADQLTPA ST FQTQAGCLI G AEHVDTSYECDI Pl GAG CASYHTVSLLR

STSQKS! VAYTNSL GADSSh AN sl es TEE Sl S TN ENMB Y $a NI VDGRNMYE Seral
DSTECANLLLQYGSFCTQLNRALSG AA E 57 272-537 | TDAVDCSQNPLAELKCSVKSFEI DKG Y
QTSNFRVVPSGDVVREN] TPRE PGV RFCCAFRIPR (SRNERKKI SNCVADYSVLYNS
TFFSTFKCYGVSATKLNDL CFSNVYADS KR_XIK/R

where X 1s any amino acid residue and n=0, 2, 4 or 6.

10 The S1 subunit is approximately cncompassed within the 8756 fragment.
This finding is in agreement with the size of the S1 subunit for murine
coronaviruses, e.g., strain JHM where S1 is 769 residues, and for the human
coronavirus OC43 (778 residues). See Gallagher &. Buchmcier, Coronavirus
spike proteins in viral entry and pathogenesis, Virology 279: 371-374 (2001);

15 Kunkel & Herrler, Structural an.d Sfunctional analysis of the surface protein of
human coronavirus OC43, Virotogy 195 417: 195-202 (1993). However, for
the human coronavirus 229E, S1 is considered to consist of a shorter 547 residue
fragment that corresponds to S537. Bonavia et al., Identification of a receptor-
binding domain of the spike glvcoprotein of human coronavirus HCoV-229E, §.

20 Virol, 77: 2530-2538 (2003).

Al S glycoprotein fragments and the full-length S glycoprotein ran on
SDS-PAGE gels at positions significantly higher than their estimated molecular
weights, indicating that these polypeptides are likely post-translationally
modified. The S276 polypeptide had an apparent molecular weight of about 75

25 kDa, 8537 had an apparent molecular weight of about 100-110 kDa, S756 had
an apparent molccular weight of about 130-140 kDa, and Se and S had apparent
molecular weights of about 200 kDa or higher (Figs. 4 and 6). The bands
corresponding to these polypeptide were broad even when observed at low
exposure (Fig. 6; some data not shown). These data indicate significant

30 glycosylation as observed for the S glycoprotein and fragments thereof. Based
on approximate estimations of molecular weight it appears that the S2 subunit is
not as heavily glycosylated as 5756 (constituting the S1 subunit). Notably, S276
is heavily glycosylated if one assumes that only glycosylation contributes to the

increased molecular mass.

73



FVWKGDDVRQ APGQTGVI ADYNYKLPD DFMGECV LAWNTRN | DATSTGNYNYKYR

YLRHGKLRPFERDI SNVPFSPDGKPCTPP  ALNCYWPLNDYGFYTTTG GYQPYRVV  VLSFELLNAPATV
CCGPKLSTDLI KNQCV  NFNFNGLTGTGV 58 24-39 DVQAPNYTQH TSSM RGC D24 peptide 59
540- 555 PSSKRFQPFQQOFGRDC  P540 peptide 71 WO 2005/ 010081, PGh) 422094/ 02331S
SEQ | D Amwib2upEtid3Am no Aci d Sequence NUMBER Position Am no acid residues in
bold (amino acid Relative to SEQ residues 1-16) identify a signal sequence.
I'D NO 1 60 1-16 NvP#RIRISARS-SCEN glysprdiensbignal frempenobu®l 303- 537

SNFRVVPSGDWRFPNTThI CPFGEV al KFPS V\ERK | SNCVADYSVLYNST
ecopt or bi naP G R THRRTELSRHRE A ERSABRES T g oo Vo

VVKGEDDVRQ AP%M&YNMSHBH}E@MMMMIMTSIMMW% same
YLRHGKLRPFERDI SNVPFSPDGKPCTPP. ALNCYWPLNDYGEYTT! | ' Gl GYQPYRV V

VL SFELLNAPATVERSBIAnST 151/ b fiaegsgstingt R-peasirdihavs neftigienl.obepyage (Figs. 4 and

ettt Wit e el

GVI ADYNYKL PDD#:t ddaiiv iAWNTIRA 2 pAT S Gy INEK R RIEK ERPEERRItSN
PFSPDGKPCTPPALNCY WPLNDYGFY' f  TTGA GYQPYRVVVLSFELLNAPATVCGP

Example 7
Expression of peptide fragments in Escherichia coli

0 A nucleic acid segment encoding a SEQ ID NO:51 peptide fragment
containing aniino acid residues 17-446 of SEQ ID NO: | was cloned into the
pRSET vector (Invitrogen, San Diego, CA) to create the plasmid pRSET-S(17-
446). E. coli BL21DE3 cells were transformed with pRSET-S(17-446) and then
induced with IPTG. The results of the induction are shown in Fig. 2,

L5

Example 8
Use of the T7 promoter to drive expregsion of a cloned

peptide fragment of the invention

Human 293 cells or Monkey Vero E6 cells were grown to a density of
20 1.2X10%cells/T25 flask (60 mm dish} in 5 ml of DMEM+10% FBS medium the
day prior to transfection. The cells were then transfected, using the Polyfect
(Qiagen) transfection kit-according to the manufacturer's protocol, with
pSecTag2B constructs (6 ug each) containing inserts coding for the various
peptide fragments of the spike protein. These constructs were prepared as
25  described above. '
After 4 hour of transfection, a VTF7.3 vaceinia virus carrying a T7
polymerase was used to infect the transfected cells at a MOI (multiplicity of
infection) of 20 (Fuerst et al., Proc. Natl. Acad. Sci., 93:11371 (1986)). This

procedure provided for the use of the T7 promoter in the pSccTag2B vector

30  instead of the CMYV promoter, which is much weaker (Nussbaum et al., J. Virol,,
68:5411 (1994)). After three hours of infection, 1.5 m! of fresh medium was
added to the cells and then the cells were transferred to @ 31°C incubator. The
cells were incubated for an additional 24 hours, after which the culture medium

was collected,
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KLST 63 319-518 | TNLCPFGEVFNATKFPSVYAVERKKI SN cont ai ni ng t he
CVADYSVLYNSTFFSTFKCYGVSATKLN recept or bi ndi ng DLCFSNVYADSFVWKGDDVRQ APGQT
domai n GVI ADYNYKLPDDFMGCVLAWNTRN D ATSTGNYNYKYRYLRHGKLRPFERDI SN
VPFSPDGKPCTPPAI , NCY WPLNDYG-YT  TTAQ GY@YRVWLSFELLNAP@@'MG@%U 4/155§ID Exanpl e
6 StructuM BN+ Spi ke Protein 5 To characterize the properties and
function of the SARS-CoV S protein, nucleic acids encoding the full-1Ilength
Tort isolate were Jpswedirabic eviepeprabsiasmwbsopestio cellsdsndfssicdhddnabove. The
Tort isolate | r SCIi b 1 rfa et.al o T guence of

t he SARS- asso!():ilstg§ gEagg{cgggvﬁ%%@?gé%altae%éﬁf%ﬁf T%@t-mg’ltg%ﬁ %g@gg@ﬁ‘ Cl ones
gener at ed i nchndd@thbldhagnutnts-df eigd 8l v&@ppateih alan nol265 sik@iffoasi duesyic t he

ect odomai n Se (residues 17-1189% havi.ng just the extracel I,g{?e}r domai n of
‘the S protei n°icth HHEVELARHERAE 148 A5 EESFIAR 81dSHiEP 2ErRPSSIRGEBHI asni ¢ t ai |
of jLhe spike pighehiUshaliods Lbaumehs AANLA] Bl g N 72 N 0

2005/ 1) 111034 PCT/ 11520041023345 term nal” 276 (SEQ I D NO 50); 537(SEQ ID
-NO: 52), and 756 (SEQ ID NO 56) amno acid residues (5276, Sb537, and 5756,
respectively) including a putative é 6-r$s§' due signal sequence or a nouse k
chai n | eader sequence, and an inter L gnent (S272-537) containing

resi dues 272-537 (SEQ | D NO 57)Sgilee®hebiig Anbbdd®s Anmi no acid residues 758-761
(RNTR) formpart of the follow ng general notif for cleavage, K by precursor
convertases: K/ R XISRARMBIHSPRISRGre mRynissd HE ‘g&i“tﬁqféfépa%ﬁepe R¥sh = 0, 2, 4
or 6. 10 he Qlectidd domphrcd PRI fmﬁlrxmﬁﬁﬁ@%mﬁ%;e@cmﬁ s thhe S756
fragment. .. This finding i's in agreenent with the size of the SI subunit for
murine cor ond@vinrugeigabmtsgvas testerlan KLIMndH¥estersbict ifer rgggivitesbdgies, and for
the human _cofoNIiilSyfiBed LI SRl HE e RaP ERAANGE sfhcjdiuchni cier, |
Coronavi rus spi ke pr oterns in vira en‘fy and pat hcggenem S, Virology 279:
371-374 (20013ctivity against the spike glycoprotein and were selected for further study.

Antibodies denoted D24 and P540 were elicited by the peptides

15 DVQAPNYTQH TSSMRGC (SEQ ID NO:58) and PSSKRFQPFQQFGRDC
(SEQ 1D NO:59), respectively. Another anti-SARS-CoV S glycoprotein
polyclonal antibody IMG-542, which recognizes anmine acid 288-303 of the S

glycoprotein, was purchased from TMGENEX (San Diego, CA).

20 Example 10
Immunoprecipitation and Purification of Spike Polypeptides

Soluble spike polypeptides fragments werc obtained from the Vero E6 or

293 cell culture medium. However, the full-length spike glycoprotein was
detected only in the cell lysate.

25 Medium from cells transfected with nucleic acids encoding various
soluble S fragments was collected and subjected to centrifugation at 1000g for
10 min to remove cellular debris. The cleared medium was incubated with either
Ni~-NTA agarose beads (Qiagen, Valencia, CA) or an immunoprecipitating
antibody plus glycoprotein G-Sepharose beads (Stgma, St. Louis, MO} for 2 h at

30 4°C. The beads were then mixed with an equal volume of SDS gel sample
buffer, boiled {or 3 min, and subjected to gel analysis. For full-length S
glycoprotein, cells were lysed first in PBS supplemented with 1% NP-40 and
0.5mM PMSF for 1 h at 4 °C, and centrifuged at 14,000 rpm in a table-top
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15 Kunkel & Herrler, Structural and functional analysis ofthe suiface
protein of human coronavirus OC43, Virology 195 417: 195-202 (1993).
However, for the human coronavirus 229E, Si is consi dered to consi st of a
shorter 5 fragnent that corresponds to 5537. nav a

| dentifi cg‘tzloc%ﬁﬁc')' g'?} eceptor- binding domain of the spi kpeCT'1 é‘HB’?J&t‘el n of
human coronavirus HCo V229E, J. 20 Virol. 77: 2530-2538 (2003) Al S

gl ycoprotein Ep@?@ﬁ@fﬁpgntametfwéoﬂwm Theeqhepeodt 1gsagg yesqpihet e n- ran o = SDS- PAGE
gels at posilifsnddl {dte%%ﬂst'oyuwld%%& Pa0edifblonfsl | Mt ed nol ecul ar

wei ghts, indicatin at 1hes es are | [y post-translationally
nodi fi ed. The S276 poI ypepti de had an apparent nol ecul ar wei ght of about 75
25 kDa, S537 had an apparent nol ecul ar iﬁht of about 1.00-110 kDa, S756
had an apparent nol ecul ar wei ght of—éﬂgf@'t—”‘ 130- 140 kDa, and Sc and S had
apparent gol ecul ar wei ghts ofywahgopbidR kPaicPBloki gher (Figs. 4 and 6). The
bands corresponding to these polypepti de were broad even when observed at

| ow exposure (Fi chlﬁ crppsEngldic & QWP@IMWFG 174ed Siest shathan FBiitbesad e si gni fi cant

30 gl ycosyl ati rve t he l.ycopr.ot ei‘ fragnents thereof.
Based on apppg’ %%{s% iig{as Cgtg(i:n ﬁga%qveh%ﬁg&%&ﬁpsv\@l Qﬁ?mgpyappears that the S2
subunit is nefnugigh@ayFonkoBibkeDEYdIndnethamebiihbw{scollsdied atdich@rddne Si
subunit). Not abI y, S276 is heavi lt?/ 8I ycosyl ated i f one assunes that only

1§ ‘

gl ycosyl at i ondessibsd abgye £of gogHets pEed bEuteer Bedina T swpcmrinyp _
200/ U103 4 BETLUA004 0337 te Mol Obsd HEnSARS GoNins o woapeotel 1 obtal ned
fromcell culture supernatants was not cl eave al ak bands due 'o
smal | er prot eismemﬁr@ﬁlohjyenfae\wemﬁBISEBchIﬁ%ulgel&’&) dmiehcuhemlbtes@wweak bands
runs at the sa si tion_as, 5756, e t he |b| |ty of

i nefficient cfcra[’e\/céégigo(qﬁubc’%y%ﬁtegﬁ’dl%‘%ﬁ&gﬁgloa%gwastﬁgsfﬁ o b "proteases may

occur and fur thetensblodingsa mbﬁocﬂtﬂﬁﬂa&ﬁi d~MyCd§f&@i’e%ﬁ&)d§/faﬂvhﬁig& gl ycoprotein
cl eavage is nécessar for its_funct le 7 ExpreSS| on of peptide

fragments in EsEfadiehl & @Htsplkitﬁf%e’ﬂﬂ@%ﬂ’elyé@ﬁﬂ 2 defiiriobERdng a SEQ I D
NO 51 pepjs denﬁﬁl@lﬂﬂﬁﬂh of?%h@{vﬂh@;ﬂkélg@pﬁﬁeﬁ%rg &l Q\Uﬁ@{ﬂﬁuﬁl}ﬁ of SEQ ID NO

I was cloned into the PpRSET vector (I'nvitrogen, ego, CA) to create
the plasm d pR8EFeds{shVere &@Yatedsviti tictmeBitRdrDEGr Ib,hbesh@/deznﬂ therathsf or med wi t h

PRZSET- S(17-446) and then , Loduced wth | PTG, The 1254 4 Gkl | nducti on

h, washed four times (cach time for 15 min), and then developed using the ECL
reagent (Pierce, Rocklord, IL).

Example 12
Cell-binding assay and ELISA

Medium containing soluble S fragments was collected and clefared by
centrifugation. Vero E6 or other cells (5x10°) were incubated with 0.5 ml of
25 cleared medium containing soluble S fragments and 2 pg of anti-c-Myc epitope {
antibody conjugated with HRP at 4 °C for 2 h. Cells were then washed three
times with ice-cold PBS and collected by centrifugation. The cell pellets were
meubated with ABTS substrate from Roche (Indianapolis, IN) at RT for 10 min,
the substrate was cleared by centrifugation, and the optical density at 405 nm
30  was measured. The result of the slot blot analysis is presented in Fig. 4 and
discussed in further detail below,
For ELISA, purified ACE2 (R&D, Minneapolis, MN) was adsorbed onto
Maxisorp ELISA plates in pH 9.6 buffer at a concentration of 100 ng per well.
Medium 154 (150 p1) containing various soluble S fragments and 0.6 pg of anti-
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| 5 Exanpl e 8 Use of the T7 pronoter to drive expression of a cloned peptide
fragment of the invention Human 293 cells or Monkey Vero E6 cells were grown
to a density of 20 1.2X106 cells/T25 flask (60 mmdish) in 5 mM of DVM:10%
FBS nmediumthe day prior to transfection. The cells were then transfected,
usi ng t he WOl (Q agen) transfection kitaccordi ng RIERNERRET acturer s
protocol, with pSecTag2B constructs (6 ug each) containing inserts coding
for the vari ousisspaps igiepé sragoeied sonflgalch & ith HIRMEwWRGh@bBted TheRE weANSt r uct s

wer e prepared ai &5 described above. After 4 hour of transfection, a VIF7.3
vacci ni a vi rudt ¢ary {rad Welly vepsoyashest and S0whaf ABEY sebstafereasiaddsreiot r ansf ect ed

|1 t MO ole@hect . t et al., Proc.
Nat |- Acad.  scrorgh Pl pBlhiy ODERNAMellrei2h KRBT (S0 for the use of

the T7 pronoter in the pSecTag2B vector 30 instead of the CW pronoter,
which is ch weaker (Nussbaum et al_, 3i él rol., 63:5411 (1994)). After
three hours of infection, 1.5 m of %2 diumwas added to the cells and

then the cells were tranghigriechi g Rd3HEulidCiNatosn oTe cells were
i ncubated for an additi ona ours, after ich the culture nmedium was

col l ected. 74 WO 2irkagndPifceds tpofraspoduylersdygicofas aS ur abl e
cytopathicity i | S, dF i .the S nucleic
acid construct‘r’xgﬁ'%?}()jlgt%rE E%Fedlg %V\dﬁ %h (isarll%ilhﬁgﬁ(ﬁg&%ﬁgﬁdpﬁﬁee@ﬁﬁhﬁllgengt h and

sol ubl e fragnemsrted wWitha the oilly commi@tegraenndiye cdls whaviecsiatml ifinediin cyt ot oxi ¢
ef fects. wever .. at highep |evels _of expressi S effects are possible
and 5 forggt! 83“%?"%?’?5“5@”g\é\ig}‘ilﬁbﬁ8@&%8@&%#@@2&’8%}6@‘6@36“%& h.
Exanmpl e 9 Spi kad Spaspdided AtdsRatirs. Mawd4aakianms, NaRPES SyaeE@inkdmuni zed Wi t h
0.1 ng of various peptides 10 selected by a C‘Z@#t er programfor their

i mmunogeni ci t YWithseYléq Balpaulas Erobiesrhyrincbeiondp bi Aleitrerdliym [ | SA and

oxhi bi ted the RIARact Seaess EPe T mnd LA AIRLE S T IAL L8 Ml )Y Bprot ei
and wer e sel edtamblatbd for20miihar frahuwebdium, Anshdlediiesarddhot edebd 4vitr(ds P540 wer e
elicited lﬁ ' I?Tﬁ nﬁ’e%ﬁ)u}le ggrswell. The S-expressing cells, loaded with calcein, were added to

the target cells and incubated for [, 2, or 4 h at 37 °C and 5% CO». Fusion was

measured as the ratio between the cells that have double staining and the total

number of target cells in contact with an S glycoprotein-expressing cell.

Microphotographs were taken using the MethaMorph 4.0 software from

20 Universal Imaging.

Example 14
-Galactosidase reporter geng-based cell—cell fusion assay

293T cells (1.5x10% were plated in T25 flasks. The next day, these celis
25  were separately transfected with pCDNA3-S, pSectag2B-S, pCDNA3-ACE2,
and pCDNA3-ACE2-Ecto using the Polyfect transfection kit (Qiagen, Valencia,

CA) following the manufacturer’s suggested protocol. Four hours after
transfection, cells transfected with S constructs were infected with T7
polymerase-expressing vaccinia virus VTF7.3 and cells transfected with ACE-2
30  constructs were infected with 3-gal encoding vaceinia virus (VCB21R). Two
hours after infection, cells were incubated with fresh medium and transferred to
31 °C for overnight incubation. The next day S glycoprotein-expressing cells and
ACE-2-expressing cells werc mixed in a 1:1 ratio and incubated at 37 °C. Three

hours later, cells were lysed by adding NP-40 to a final concentration of 0.5%.
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15 DVQAPNYTQ | TSSI vl RGC (SEQ I D NO 58) and PSSKRFQPFQQFGRDC (SEQ ID

NG 59), respectively. Another anti-SARS-Cod S gl ycoprotein polyclonal

anti body | M>542, which recognizes anmino acid 288-303 of the S

gl ycoprotein, was purchased from LMENEY (San D ego, le 10

| nununopr &Q HIYHM3dn and Purification of Spike Pol ypegﬁgggggﬁﬁgﬁ?e spi ke
pol ypepti des fragnents were obtained fromthe Vero E6 or 293 cell culture
medi um HowevEel] lyLSMe(ﬁQ#kI]) whemgted v i dqealgloinoemt @P&Ghsulksisate dst @Btsed only in
t he cell IysatgS 25 I\/%q from cells transfected with nucleic acids
encodi ng vari ous™ %BLT ubI fragrrent s was coll ected and subjected to
centrifugation at 1000g for 10 min to renove cellular debris. The cleared
medi um m as i ncubated with either N -NTA agar ose beads (Q agen, Val enci a,
CA) or an immunoprecipitating anti Egaapkilds gl ycoprotein G Sephar ose beads

(Sigma, Ste¢ Louis, M) & ; & ! QET% I hen m xed with an
equal vol u?re of SDS J?&SI%‘E—%% II&% %? C%H% and subjected to
gel analysis. For ]Fculcleﬂhmragmdmn&msghlypmmmteetdm theéd:ll-&:mg&lr&g,lby@edexﬁl rst in PBS

suppl emented with |% NP-40 F for 1 at 4 C, and centrifuged
at 14,000 rpm"El @Egdpidy s y?’gpl\t@e?@ 5 1898l PETFOSIVOAY 5345 Eppendor f
centrifuge forxsA R-29TRRY GhRATESbL Mﬁ&%%né’?@émﬁ'x&ﬂ?a%e cdrf@%ﬂﬂfgec' pi tated
first or used directl st ern bIottlng anpl e stern blotting
and sl ot bl ot Elﬂ@élldﬁ @lé&\i@ﬁéésslifn@mmwetlsfagwl@crp'uwmrwsm@rTé Hopsesgasei rst with a
PBS- based;,NP40 |y S was cl eared
by centrl ugat i onﬂeéogéég(ﬁé%ﬂ?w %f#gﬁ%gg Qﬁ‘f\{\% dnrgggurﬁtl\?%%%g%k?ect ed and
cleared as daﬂrbbdjaéﬁgat)omeshdimrm%gm e AU/prorhibter whseahigolylcffeadne or nedi um

from supernatant 10 was used d w?to bl (r)ﬁ}fthe ni t.r ocel L?Qi se nmenbr ane

fol l owing t hePSFEIBLY CxP?ﬁﬁ%‘ég PRt B £256T GPEFMEBFIRAA, Her cul es,

CA) and the ngr@‘ﬁfow%awsetwtyh@x%&@s GQX%EQM%QQW'p%@& iwicBonvent i onal
Western blottin For ~Western blotting, a monoclonal anti-c-Me epitope
anti body (Tnvke ég@ﬁt,urceaﬁtpmeﬁamygmonmtﬁn(hgpweAprsm\@iw% -t pol ycl onal
anti bodi eg; ob . o [ tides were
di |l uted |?is TB@? %%%%ts]‘?c %Wé?@ifﬁ%@wﬁ{%ﬁ ﬁn 18@"(:51?%??(%%&%%% rane for 2
h, washed andwhhmmerséig proportional to their size.

Example 16
Anti-Spike Antibodies
i
20 To be able to detect unlabeled proteins, validate the data obtained by the

anti-c-Myc antibody, and localize possible antigenic sites rabbit polyclonal
antibodies were developed. Two of these antibodies, D24 and P54(, were raised
apainst peptides starting at residues 24 and 540, respectively. The D24 and P540
antibody preparations specifically recognized certain soluble fragments (Fig.

25 4C). As expccted, D24 recognized all fragments; P540 recognized 5756, Se, and
S but not the smaller fragments (Fig. AC; some data not shown). The D24
antibody preparation was relatively weak. However, the P540 preparation was
very sensitive even at dilution 1:10,000 and was used extensively in the
experiments described herein,

30 The P540 antibody preparation was used to detect whether the S
glycoprotein was expressed intracellularly, extracellularly or on the cell surface.
As shown in Fig. 5, the fuil-length S glycoprotein was expressed at the cell

surface, although at low levels, as measured by flow cytometry.
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menbrane was i ncubated with a secondary anti body conjugated with HRP for 1
h, washed four tinmes (each time for 15 mn), and then devel oped using the
ECL reagent (Pierce, Rockford, IL). 20 Exanple 12 Cell-binding assay and
ELI SA Medi um cont ai ni ng soluble S fragnents was coll ected and cl eared by
centrif ugat V!> RS E6 or other cells (5x106) were i ncUbdt¥d WP+ 0.5 i of
25 cl eared nmedi um containing soluble S fragnents and 2 gg of anti-c-Mc

epi tope anti body' conjrugated:-with HRPEgdmgfleC7for 2 h. Cells were then washed

three tinmes with ice-cold P%S._agd col | ected Eé centrifugation. The cell
pellets were incubated with L L *R¥che (Indianapolis, IN) at
RT for 10 min, thergubsidnaites g‘@‘&p%l@iﬁrn?ééaal&% f&s@&%;{t'ne{yt%g%;{' W0ith cefRd t he

optical density at 405 run 30 was ‘nmeasured. The result oOf the slot bl ot
anal ysis i s prepesspgracepte golenlesn @ elldicidutyeassdyn weps pdiformeétoai | bel ow, For

L1 SA pl at ce (RO &b ey PR R et T oF 100 W e Bl 1 -~ Nedi um

154 (150 Al) cosdraimiigheralid Dpsisotedbir® othet viagpeontias antloQo® pitgrf anti- 76
WO 2005/ 010034, PCT/ US2004/ 023345 c¢-155 Myc epitope anti bodi es conjugat ed
with HRP were MHEUBHPEY i n' each well at 37 Cfor 2 h. Wlls were washed and

60 | of ABTS subst r%?esymoﬁt@@%ﬁl_reggm%a@(&owchn witR8o@Rkck6R pcdRezsL Yy (OD405)
was neasured 2 mn later. 5 Exanple 13 uorescent dye redistribution cell

fission assn HHedSselgld3d, spbirsed hisiamyite ACES cuprebsing edlreffcieativodi ng the S
gl ycopr ot ejin, j | cel raP ichis
convert edeivg1 t h‘%@ﬁ({e? %égq%g?ﬁgmog%%&'gﬁn&g@%lﬁwﬁéﬂt @ égl\%g‘?%?"f é('{:}{Jébat ed in
medi um 10 conthased asepyl(Fpg 7 nMintGastogiyn thaMSEaag2B-H catstrlat iftwdindt thdS C02, and t hen
washed and re-suspended.in fresh nmediu Pl ated target .cells, Vero E6, were
stained with é*ém&apo(‘%fe@éﬂmh%r%ersﬁaﬂ&% AR | SR FPRdSNEIRRC G | 1

medi um for  3Qndiiced %m%?d&ﬁé%ﬁs%@&}%- M%y&@lﬂe%w@h,ﬂﬁs firhRe washedr tw ce with

medium incubated for 20 mn in fresh medium washed again, and then

covered with Gngnige pmereds Wad ere wddded brpeDNAxprdddl engodasithasnativeaded wi - h

(éal'a_(rigi g‘,)/o I‘Ze ﬁé—g’g?@ﬁ&g\]ﬁ é&eﬂg n&%h%ﬁ)_ ‘f‘ﬁé éx%en?gfj fuisigg H%%}a?e% gycg ex]p’resged or 4 hat 37

from pSectag2B-S was also higher than from pCDNA3-S as measured by a
reporter gene-based assay (Fig. 7B). These data indicate that the natural S
glycoprotein may not be efficiently transported to the cell surface. These studies
also suggest that the 3-gal assay described here can serve as a quick and

20 quantitative methoed to identify inhibitors of SAR-CoV entry into cells, as well
as a tool to study SARS-CoV entry mechanismm.

Notably, fusion of Vero E6 cells was not detected using the S-gal assay
or the syneytium formation assay when the cells were not transfected with
plasmids enceding ACE2 and the cells expressed only native concentrations of

25 thercceptor. To explore the possibility that this was due to low sensitivity of
these two assays, another asséy was used. This new assay was based on
fluorescent dye redistribution that is able to detect fusion of single cells. Even
with this {luorescent-based assay statistically significant differences between
cells transfected with plasmids encoding the full-length S glycoprotein and

30 various negalive controls were not detected. Some of the negative controls
included transfection with plasmids encoding soluble S fragments at different pIH
(data not shown). Significant cell-cell fusion was only detected when the cells
were transfected with plasmids encoding ACE2, suggesting that the higher levels

of receptor expression achieved by expression of recombinant ACE2 could be
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measured as the ratio between the cells that have double staining and the
total nunber of target cells in contact with an S gl ycoprot ei n-expressi ng
cell. Mcrophotographs were taken using the Met haMbrph 4.0 software from 20
Uni versal | magi ng. Exanpl e 14 3-Gal act osi dase reporter gene- based cel | -cel |
fusi on ass¥f 2G4TVEEI |s (1.5x106) were plated in T25 f|HsK2%{R3Aext day,
these cells 25 were separately transfected with pCDNA3-S, pSectag2B-S,
PCDNA3- ACE2, igipdrtdfcA3 AT udied. cOusH R ehebdRsIPRIsHER6H (hhtrastedieednt on Ki t

(Q agen, Valencia, CA) follow ng the manufacturer's suggested protocol.
Four hours aftlﬂ}‘COP{"i‘f‘aﬁﬁﬂ@@Fﬁh@ﬁﬁ,0‘3@@1510@ thplfAEPReane Wi A Hm%'aébﬁs‘%ﬂducts wer e
infected with I7 : - i I d cells
transfected w l;gi%t %s‘%gk%&%gﬁ%ﬁ%@&@@h%&g%ﬁ%@%t@ fetgb\%\né&? %tggglz Igﬁeg?l%gncodi ng
vacci ni a virus (VCB2dRpver,Batublehivaghernafdf e § gifeptdian inlcl@l Bsnadéatel | ncubat ed

hext dy S T yEURFOTEi A BRBPaLElind obthen S ate IR 8 ool | s wer e

mxed in a 1:Isy7aihh Akt tho cebabesindhy &ndm a0 cdRRIMS idRlies. cells were
| yscd by adding NP-40 to a final concentration of 0.5% 77 WD 21105/010034

PCT/ US2004/ 0233a8atededll fupiggatiethiszgsay,) thad72ni Sd§E QPN @Talragra¢nine of CPRG
substrate and quﬂ»?t%d the os?ﬁﬁ.%‘i'ﬁo%d ﬂﬁc%&%-'z% %-EWQE?HE%&S%&\E@PJ ession of
n nmal 1 an CelI's For ce

Sni ke Pol ypeptidcs i ai'n experinents, all proteins
except the fulicedpen@iddify winytopihdtiied httlews he inhitggedo Vii-tnedatedcblfc epi t ope and

a histiding tag.. These protej.n r expressed in 293 and Verog Eb cells

after tra.ng{} ect'?'oh ﬁ@ﬁﬁgtﬁg%@qt %@ﬁ%mﬁ“‘?ﬁ%@}ﬁ%éﬁ%g?% EFegRio nfection
W th vaceini a yhdibg dsxnh 88 Mhitiy'S RRE YIRS @§i6n whf adie Lapgedcpy ot i ns vere
detected by usi an anti-c-Mc nonoclonal antibody.(Fig. 4). As shown in

n . . . »
Fig. 4, the TW“H%B%P&PTWI% HilghC9V dffegtonent pronoter for expression of
the S gl ycoprotein. N e I +RE r ve rise to
HenPe bﬁbecitﬁllg B&! ﬂ@%@lhﬁl@fﬁ)%% F“,‘tgé\‘/ﬁi%g%ﬁ

hi gher |evels of expression than tI SBn er nost
ci rcunst ances prstem rstapom @isghirgndsein, (hgn adhRBDAstbhdyys patyilepgde, 8A, 15 the S

LTI e SR S a0 5 PRSELETh 81| B0 L R e nt

was i nvers i
infection.

Example 18
20 Identification of Spike Proicin Receptor-Binding Domain

This Example 1llustrates that the Spike proten receptor-binding domain
18 localized within residues 272 to 537 (SEQ ID NO:57), and likely within
residues 303-537 (SEQ ID NQ:61). Later experiments have shown thata
{ragment containing residues 319-517 (SEQ ID NOQ:62) also has receptor

25 binding activity.

Am assay based on the binding of various soluble fragments to receptor
expressing Vero E6 cells was developed to localize the receptor-binding domain
(RBD) of the S glycoprotein. This assay involved measurement of fluorescence
associated with binding of antibodies directed against the S polypeptides to Vero

30 E6 cells and was developed prior to the identification of the SARS-CoV
receptor. Vero E6 cells that are susceptible to SARS-CoV infection were
incubated with full-length S polypeptide and various soluble S fragments.
Several cell lines that arc not susceptide to SARS-CoV infection were similarly

incubated with full-length S polypeptides and sotuble fragments thereof.
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Anti - Spi ke Anti bodies 20 To be able to detect unl abel ed proteins, validate
the data obtained by the anti-c-Mc antibody, and |ocalize possible
antigenic sites rabbit polyclonal antibodies were devel oped. Two of these
ant i bodi es, D24 and P540, were raised against peptides s (?{thn 1 resi dues
24 and 540%0 ré§etPt vel y. The D24 and P540 antibody prpéB'Ié Ht" “g Y
specifically recogni zed certain soluble fragnents (Fig. 25 4C). As expected,
D24 recogni zed al | Ffsrshgwem&os R drSEC alf fri grechtsSY 5égmSats band to Schut not t he

or epar at i on wite ¢ Bt SHRTR rvgrrt (R Pt BpdRE T was very

sensi tive evemedtedivhieh lsél@ml cél%&@%a@ﬁ&@ nWERspeek BGAS 8% Michiof he
experinments described herein. 30 The P540 anti body preparation was used to

‘det ect whet herW‘tlhéwSﬂf@i \ykﬂbﬁﬂb}@@ﬁh Smbﬂl@tqdﬁ%fs@édh!bm fragominisuhereofy
extracel lularly, or, onihe Ils YJ% rgg fpnal 10 fb‘sttlﬁ?x stgl ?Vﬁ%d}f%iﬁ the full-length

S gl ycoprot ei N was* exp ress h™at | ow | evel s,

as neasured byfra‘ghmms@.ydi mhﬂmouﬁm&em‘&lﬁw&&MB&aPGIWUSiS&O&X%QZSMS Exarrpl e
17 Spi ke Protein Mediate Fusi on The full-length S coprotcin

nedi at es f usi W%t““ﬁeﬂf“ﬁ%ﬁ“ P&W“E%FS@BF*F%“‘"M @é%‘r%@c‘}@%gﬁ%/”oﬁ”p W ecul es.
Cell-cell fusionaassays were performed to 5 confirmthat the full-length

reconbi nant S gl ycoprotein was functional, and to ascertain whether the S
protein requires of ﬁefklfﬁwfrl%@lllfﬁrtb@ RBRs amentibedy (MG ) usedsthatiwesi on

activity. I%Xpr &h@&" u%@g ég%t de mtdlﬁ@%?&xd%e@’%gﬁj ﬁﬁ}g Enltl%&)hdlﬁ)(ﬁgth vectors

PCDNA3- S and o ect ag supporte usion wt expressing cells
efficiently, aallibﬂﬁlndmgcbéﬂmeﬂf3b3fragmemnm Vew Eif cely alchyoigh itafid biad tooths si zes and

by fl-gal rep ass ntere t he pSectag2B-S
construct in %?t‘iﬁfa ép CSBB'IEZ%(@'%W ﬁ%@gﬂiﬁuﬁggﬁﬂgdg '\Rg&‘%gdf’ aced by a
nmouse k chain 1b<.em9@1rbe§e&mé§;@es B@Bimemf@&ﬁ@se ofﬂfcffélhh%]y QhgeSanaieydy a.
Moreover, the sylcytia forned were |a nore nunerous than those

i nduced by pCENA3DS! emﬁ%bﬂl@rf@bﬂ@@hllﬂf@mwwtwélkq_lsf@t&l%/}éBBrlﬁ)t ein (data not
shown) . The e’&to%gue% J%%kﬁ% 3@%%@&%9 ﬁgfe %@WE&%%@QV hbRYLSect ag2B- S was

al so higher than from as nea reporter gene-based assay
(Fig. 7B). Thésalidatta dlﬁ'ugtmmt@ntahmg drinieo naEd tersalhesSLD?gBytoIpmueklenalnay not be
efficiently t r4a nove croE o%gw}fgs }zsggugtgcl! lwr)s lélerlxeiaeca%urergs%?a%rosrg lél)g:a’}eosme N.
Engl. J. Med. 348: 1953-1966 (2003); Rota et al. Characterization of a novel
coronavirus associated with severe acute respiratory syndrome, Science 300:
20 1394-1399 (2003). In contrast, the RBD for murine hepatitis virus was mapped
to the N-tenninal 330 amino acids.
It remains to be seen whether there is structural similarity between the
RBD-containing fragments of the SARS-CoV S1 glycoprotein (e.g., S272-537)
and the HCoV-229E or hepatitis virus RBD, and whether such similarity is
25 related to the use of the same host for replication. Thesc two viruses use
different receptors. The straightforward cell-binding approach described here
could also be helpful for identification of other virus receptors.
Recently, workers have reported the identification of ACE2 as a-
functional receptor for the SARS-CoV. Li et al. Angiotensin-converting enzyme
30 2is afunctional receptor for the SARS coronavirus, Nature 426: 450-54 (2003).
The identification of ACE?2 as receptor permitted further validation that the
results provided above are correct. As shown in Fig. 8C, when purified ACE2 is

used in an ELISA to test for binding, the same binding pattern was observed as



al so suggest that the Q gal assay described here can serve as a qui-ck and 20
quantitative nethod to identify inhibitors of SAR-CoV entry into cells, as
well as a tool to study SARS-CoV entry nechanism Notably, fusion of Vero
E6 cells was not detected using the S-gal assay or t formation
assay whewothe/geisis were not transfected with pl asmhpd’ﬁ‘igr%@% ?%g‘! ACE2 and
the cells expressed only native concentrations of 25 the receptor. To

expl ore the postibeil-bindirghasayt ks wRsrued e dlefiieg Samsints wittd(Fod. t hese two
assays, anothﬁ assay was used. This new assay was based on fluorescent dye
redistributioithat is able to detect fusion of si ngle cells. Even wth

this fluorescent- bl@x%%@su%ﬁl%)hd%&ﬁ&rbﬁﬁio@&hhﬁff’éﬂ&WtBbi‘é@cPémcﬂl éﬁt@roenﬁ,es bet ween
cells transfected with plasm ds encodi ng the ful J(@%hécoprot ei n and

30 various ne¥aRd \Vé‘u&:mmqC&iF,sJOv@?léthﬁb&CE%tS@d'@@@torSeirt’m MRS bative
controls dncluyded f.ran e codin e S fragnents
at di fferent EpifO% 0& flﬁnngf’glszﬁ %@bél @Cg%’fe érlppmg‘?t D? SSI on was only .

det ect ed whenvattige tehhsogeieind tiﬁerrqui@dbxeﬁcwﬂhbn mﬁmﬂ&tens@%ng ACE2,
suggesting that the higher | evel s of receptor expression achieved by
expressi on of reconbinant ACE2 coul d be 19 WD 2005/ 010034 PCT/ 1S20041023345

inportant for'cell-cell'fusion. ?ﬁjnllgletl@ese resul ts suggest that

reconbi nant S glycoprotein can medi fu5| on, that fusion can oc-ur
s q 1

at neutral pH, andNttemniliand Efteionps i dycoptideizoncent rat i on of

t he receptor nole I | e; Qnent s of t | ycoprotein
i nhi bit Sfdr)redl ate r?qub’flﬁol gés th;igh SHoWRC i h Em&al fi@megg%ﬁa %n of S
fragnents SZ?@y&@FotﬁﬁdlpSﬂ:@an’ﬁBﬂm tRBD, tray play beole @cRpiboanditirdd ng domil n as

described below,, inhibit S nediate sion. In this as he

S272- 537 (SE@CFQSON@“SF?)’“?TWH&ﬁﬂﬂt“ C"“’gi‘i‘ﬁdﬁt‘? é‘é"’f‘ﬁ'go‘r‘ﬁﬁ’ssﬂx F‘Hh‘ﬁ Wiicon. The S
17-276 fragneferhfigitedoes not have the receptor binding domain exhibited
little or no inhibition of S-mediated cell 10 fission. These data indicate
that S pol ypeptide fragnents that have the receptor binding domain could

i nhi bi t S- th animal cells, thereby inhibiting or preventing
SARS- Covsfslr?f e@?‘?é(')n n%l\téa\eh Ef ocking, nodulating or inhibiting the activity
of the spike proL@:tﬁ&oﬂ:@f:@piﬁ&xnb&im(’Ihﬂgtb‘ﬁlia)ml A scrvirtiedin WedternRBO anti body, S

pol ypepti de, eptide or aptaner y.be an effective preyentive or
treatment forf ‘S(A“RS“%WS FoAP et Fl‘&ﬁbp@;(%ém’f@ms as described above. See

also, Xiao et al, Biochem. Biophys. Res. Comum, 312: 1159-65 (2003). The anti-

Myc epitope antibody was purchascd from Invitrogen (Carlsbad, CA). The anti-
20 ACE2 goat polyclonal antibody was purchased from R&D system (Minneapolis,
MN)}) and used for detection by Western blotting.

Site dirccted mutagenesis was used to create the consensus cleavage sites
corresponding to that of the HIV-1 envelope glycoprotein (Env) and some
coronaviruses within the full length SARS-CoV S glycoprotein gene in

25  pCDNA3. The QuickChange Kit from Stratagenc (La Jolla, CA) was employed
using the protocol provided by manufacturer. For expression of various N
termiﬁal S fragments, the corresponding gene fragments were amplified by PCR
and cloned into the pSecTag2 expression vector (Invitrozen, Carlsbad). The
plasmid pCDNA3-ACE2-ecto, which cxpresses the ACE2 soluble ectodomain

30 tagged with C9 peptide was kindly provided by Michael Farzan (Harvard
University, Boston MA).

Protein expression and purification. Various N terminal fragments of the
S glycoprotein were sub-cloned in pSecTag? expression vector and transfected

into 293T cells followed by infection with VTF7.3 as described in Xiao et al.
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20 identification of Spike Protein Receptor-Binding Domain This Exanpl e
illustrates that the Spi ke protein receptor-binding domain is |localized
Wi thin resi dues 272 to 537 (SEQ ID NO 57), and likely within residues
303-537 (SEQ I D NG 61). Later experinents have shown that a

cont ai ni ng™MOIHINE 319-517 (SEQ I D NO 62) al so has rec"e(pj:c'%z{"%’zg”ndl ng
activity. An assay based on the binding of various soluble fragnents to
receptor expr@issieny Buehgs. Bes.c@dihs. Yds 1 hoves (Gpes). Toe bmdmﬂl prreessdie

recept or - bi ndi n domai n RBD),. of t he copr ssay invol ved
measur enent of® Isﬁ%?‘gig’é%&‘é me)&é‘%&’?%&l @ean %/ (rﬂﬁﬁi@ MG Qﬁ?lf?tﬂ)&dl es directed
agai nst the S EOLYP@PlitRRH) uedeYRE®/e c3RiEsC ghb Vﬁm@l é)i\@@naeamgpﬁd prior to
the identification of the SARS-CoV receptor. Vero ells that are

suscepti bl e t LSRRI padstpisd lydweher pridysfat ed with ful |-l ength S
pol ypepti de and Vag@@@g@}y%ﬁm EaM»PzS#E?‘%{}%ﬁmcéﬁz a%/ﬁficﬁe Bm%z’:%ﬁ[ﬁ) that are

not susceptide to ron were siml
full-length S pehypepticdesqamd Feok lﬁfagmeﬂtrdagmlanm uhmrmis glmpMLQOOSI 170034

PCT/ US20114/ 023335 shown in F| SA an fragments. S fragments
bound o Ver o S8 BEH SoBsEupeoPhE Sl PE e e s PR R BT | N0 ouch
bi nding was dgbgsd dl. \MisheSeRRIpALs. REd. IComnnes$2 1 NaY-63 Mot Metmgept i de to
SARS- CoV infection were incubated with full-1length po yageptl des and

sol ubl e fragmeRt&initey Bagmems Bphyifged & W@DEE?C’(P@M!@ Wils rappiopBi-Bi onal to
the expresgj 0’})0‘1}%\’&. ﬁdn%orhmwbr @%&E%o%ﬂﬂlu\lf@ﬁeéﬁ% gl?én%e)’lts' nversely

proportional tothe sizes of the fragtnents. These S suggested t hat
the RBD i s | odalTzadatiet Wweemate esiuding sondikd tandmbaRz. mffom‘omculher | ocal i ze the

RBD, an anti bod 42 t hat was at ed, usi ng a peptide
cont ai ni ng re5|%dééor%gmg%‘ég\a@ﬁggg%’rqfl %‘H\}“"&fe&‘f’h%i%ﬁﬁw? Y5thdi ng of the
5537 fragnent detechamne \E&t&@h&lﬁgé{hﬁJﬂQMgbe}blfopehﬂmbd:l&@hltaﬂﬁoldﬁ:s Shdle f r agment
(Fig. SB; sonme data not shown 8gest| ng that the RBDis |ocalized

bet ween resi dutstE363 “&%G‘ABBSM Egé]é BeAGE2\Pesepaled tnto dloynedipavagnt i body  si ze
and the possi bl fr - the RBD is 15
downst r eam of rseds&l¥ i Qgﬁﬁ%etg%ﬁr}?mv %gs &'é%nbr;ﬁ k %ﬂﬁ%E was | ocalized
to a fragnent Afbertvaids] An@Eammonracmaﬂracmﬁdlbs m¢0173{5giv1thl@®m*1ﬁk05ét al. A
novel coronavirus SSOCI %ﬁfrg' th s r resp rat or' s§r ﬂ orne, N
Engl. J. Med. %91-'3?’3 gl 6‘“‘\@4 lﬁmé “éfis ARG AAAEN PPN of a novel
beads were washed four times wnh PBS, suspended in SDS-PAGE sample
buffer, boiled for 3 min and subjected to gel separation. The presence of either
20 ACE2 or S in the sample was examined by Western as described in Xiao et al.
Biochem. Biophys. Res. Comm. 312: 1159-65 (2003).
Flow eytometry. Cells transfected with full lengih S glycoprotein or §
glycoprotein with different N terminal deletions and infected with VIF7.3 were
incubated with the P540 rabbit anti-S polyclonal antibody and goat anti-rabbit
antibody conjugated with FITC in PBS containing 1% BSA at 4°C for two

t~J
wh

hours. Cells were then washed four times in ice cold PBS and analyzed with
FacsCualibur (Becton Dickinson, San Jose, California).
Gel filtration analysis of S fragments. After being purified on Ni-
chelating column and buffer-exchanged to PBS, S fragment samples were loaded
30 onto a Superose 12 10/300 GL column (Pharmacia, Uppsala, Sweden) that had
been pre-equilibrated with PBS. The proteins were eluted with PBS at 0.5
ml/min, and 0.5 m! fractions were collected. The Superose 12 column was

calibrated with protein molecular mass standard of 669, 440, 232, 158, 67, 44
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coronavirus associated with severe acute respiratory syndrone, Science 300:
20 1394-1399 (2003). In contrast, the RBD for nurine hepatitis vines was
mapped to the N-terntinal 330 amino acids. It remains to be seen whet her
there is structural simlarity between the RBD-containin fragr{ﬁn‘gs of the
SARS- CoV SYOFUAEEHEetein (e.g., S272-537) and the HCoV-D26B"S5F " Hépatiti s
virus RBD, and whether such simlarity is 25 related to the use of the sane
host for repliagdtZSdm. Ahegbaliquot wastusadronseach diatferfonWesenggdbiors. The
straightforward cell-bindi ng approach descri bed here could also be hel pful

f or identificaat“ia@ﬁ‘sof other virus receptors. Recently, workers have reported

the identification QbsMAEdzaBudicd! BT kAR W2 aRREPT § PhcdiauSMRS- CoV. Li et
al . Angiotensin-converting enzyme 30 2 is a f urctioral receptor for the

SARS cor onavi ri3 reieltuPBS4 B8’ (Faser BackiodoH) warkddadde theiS5pé selnden of ACE2 as
receptor perm _ rther validati th he. results.nrovided above are
correct. Asejr sh‘%)it\-}\ﬁn“?d(ii F%&ﬁtﬁgﬁc’égh\‘/&@f %@ rlﬁ‘%”ﬁ%%& %\%Eﬁ f(i)r:l s gge ?zwlpgﬁs ELI SA to

test for bindings tHehenisahwitbimelivapvddahié 674X BBS-TOUSE lodésg dSffer &ndl WO
2005/ 010034 PCT/ US2004/ 023345 for the cell-binding assay. This was true for

all of the S f@ﬁ@ﬁ%‘?%wﬁé@%ﬂéﬂm( Fig. SC). The results provided herein not
only offer new tooI@eléﬁsifﬁﬂ.g,xi]}%ggpgéfg?;&%gﬁ,. lé@g&ﬁm\{gféclt@ dipto cells, confirm

that ACE2 is a recept or "t he” SAR gl ycoproteln and | ocalize the
RBD but al so fpieiTag2?8t$oopVeNAREr2 ol infosted with AddT7 dend idtBiddens and

t her apeuti for preyention.and.treatngnt of EARS. Exanpl N-t er m nal
and C-ter mﬁf}alrefae?té‘d“X)éWFrfﬁ’pe&ﬁe%oﬁy IREN iEgTiPRATH srahed Ofﬁggﬁﬁg% anpl e
illustrates thalisthige gt E@&PEndY ielepiiBabMEN SRR QHHU M ar mideycopr ot ei n,
upstreamfromtﬁe RBD arole in fusion, and.the S ectodonmain

I )
C Ha‘fer%bfag@/ﬁ?gm%bw SR 2 ¢ Blfhed ARLEYIYAR MSaRIFS

fornis trimers-%

i nter medi at es,us;li% At @hi %%mngtgrma';:é}ggé ABRIHHBOH %20 3. BloBRM,1 dS. The rabbit

anti-S serumused in Western an anal yses, P540 was devel oped by the
i nventors as dgisphysbBes. fouvwe 31Bdd55-45 003X ao et al. Bi ochem Biophys. Res.

Comm 312111159, 60 2803w FRSs R 88 RSN FRRLIHG AU oo2d, o
purchased fronyR&Qasy sfininMiMIEAPahit®dy, then the S fragment were added and

detected with an anti-c-Myc epitope antibody. This asscy was used for detection

of the S fragments, In the second ELISA assay the C9 tagged receptor ACE2

was coated on the plates through an anti-C9 antibody (ID4) and the S fragments

20 were added and after washing detected with an anti-c-Myc epitope antibody. In
all experiments the incubations with the c-Myc epitope antibedy were for 2
hours at room temperature, The optical density (OD) wus measured and

normelized to the highest value,

25 Resalts
The N-terminal fragment upstream of the RBD of the S glycoprotein

forms a dimer. It has been previously shown for another coronavirus (MIHV)
that soluble 81 (simnilar to SU) fragiments form dimers, that the extreme N-
terninal 330 amino acid residue region that contains the receptor binding

30  domain participates in the dimerization, and that only dimers bind the receptor
CEACAM. See Lewicki & Gallagher, J. Biol. Chem. 277:19727-34 (2002).
However, the inventors and others have localized the SARS-CoV receptor

binding domain downstream from the extreme N-terminus. Xiao et al. Biochem,
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MN) and used for detection by Western blotting. Site directed nutagenesis
was used to create the consensus cleavage sites corresponding to that of
the HI V-1 envel ope glycoprotein (Env) and sonme coronaviruses within the
full length SARS-CoV S gl ycoprotein gene in 25 pCDNA3. The Qui ckChange Kit
from Strat 8gewey(E+Jol | a, CA) was enpl oyed using the PFOVHEON2HHdVI ded by
manuf acturer. For expression of various N termnal S fragnents, the

correspondi ng B@pkysf RagTemhs 30er1e SaBp|1008 L dvdig PURT. Hsd cakanew: i nto the
pSccTag2 expression vector (lnvitrogen The plasmd

"Carl sbad)
PCDNA3- ACE2- ect'd/-A#ht E108k riceskst 4 eVKQEigis‘{s?ﬁ%rﬁ)ﬁ@O E0PBomai n 30 tagged with
&9 peptide was ki .ndw/adefeeyfhgggssmgwgm%eﬁghm%y(rt&%ﬁe% i versity,

Boston MA). Protein expression an urt¥ication. “Varrtous t"er mi nal
fragnents of tdenanBegitaiciopfragmaemns welte asuds-tbdiofuectidnnin psd@Eliag2 expr essi on

vector and transfected . into 29 cells foll owed infection with VIF7.3 as
oot o BB Hrion sV sile BUBES TS s BT GAbE g A S RS 81 oenom

Bi ophys. Res. &0fBnis3edided Hadn@Bme 20Qhinal INRuRLOGRiducEX PG AG 8N secreted
into the nmediumwas purified usi n%g)t Ee Hi Trap N "-Chel ati ng%\ col unm
gt S

(Phar nmaci a) undaptedat P14, EBRIPHG Fifecpin Piddhe eatei AChasedirdl yzed

agai nst PBS b [ %msd( I f fupther . angbysi I otein

di nierizati onlgﬁg"? S '82§(§e2r5§gz’i Sgﬁzv#@ﬁﬂaieg@ @%ﬁagggﬁt%s?g Tragelt

CO- 1 i nnnur opriecluing atsidoes 310ahroSglf § Bgidemteddis B8 9-241,iSBQ IHNOt @) elntt S

ol yo0br Ot S SRR LRb S NS i RETAOE Le Sh FRTRERRL 80, 2, 29%0,
(2003) . Medi unheE@n dieeA@nTyhh AEEBEE GchRThSHN RMLRAu @nidthTNMMRLECT pi tation
with rabbit anti-S 10 pol ycl onal antiserum P540. For sone )

co- i munopr eci ¢ eflicicaey @3&%@? ¢xpeessien var Flaneisapiitdds. O fid apdthesduci ng
condition to el.i.m e i nter-nol Nt i ¥ g ihsul fi de bonds.
| mmunopr eci pi t(!é)bﬁegéﬁ%ﬁ[&r‘g%n%ﬁ{eg& %gérﬁghg%g%ﬂg%ssgeﬁ‘gggg\?‘iﬁs@%%ﬂgig%' an anti-Mc
epi tope nonocl onal Tanirddovidittes anySef thisk EragAGER o I nwaisesexiph esdagessom | arl y.

ACE2- C9 secret into.the di um was used djrectly for Jincubation with

o ous o cuSdshha giclier e el ef the A egainy g RE SHesss! Qs

i munopr eci pi t@waep@%yédgwa% {m%nvgeﬁé}aﬂal;?ﬁ S c$ﬁ§1avime%qh@p@9p@ﬂaé body and
e

protein G Sepharose beads at 4C for one hour. T beads were washed four
ti mes w th PBIragmespierriechexpresps-pAGEn demixeuresyntiagell cpliieed for 3 nin and

subj ected to gs%{aerﬁgcgrﬂg \%’%xiquﬁnugggreg{)f?ﬁgmﬁh 8112? aﬁﬂiﬁoﬁﬁﬁvsm. As described in
| previous Examples, this rabbit polyclonal antibody preraration was developed
20 against a peptide containing residues 540-555 (SEQ ID NO:39) of the S
glycoprotein. The P450 antibody binds the S756 polyp:ptide but not the other
frapments (Fig. 9B, left). All N-terminal fragments except the smallest fragment
(S319-317) containing the receptor binding domain were coimmunoprecipated
with §756 by P540 (Fig. 9B, right). To rule out the possibility of nonspecific
25 disulfide bond formation that may lead to coimmunoprecipitation, DTT was
included in one of the coimmunoprecipitation experiments. DTT had no effect
on either iImmunoprecipitation or coimmunoprecipitation of secreted S756 (left
lanes) or 8756+S5276 (right lanes) (Fig. 9C, left panel).
To find the size of the oligomers, one of the fragments (S537) was cross-
30 linked with BS®, Theri ght panel of Fig. 9C shows the appearance of a new band
with a molecular weight corresponding to a dimer but not of higher order
oligomers. To exclude the possibility of artifacts due to cross-linking and further
to confirmn the formation of dimers, the S537 fragment was also analyzed by gel

filtration, Two gel filtration elution peaks were observed: one due to species of
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20 ACE2 or S in the sanple was exam ned by Western as described in Xiao et
at. Biochem Biophys. Res. Comm 312: 1159-65 (2003). Flow cytoinetty.
Cells transfected with full length S glycoprotein or S glycoprotein with
different Ntermnal deletions and infected with VIF7.3 were incubated with
the P540 rBBI/OHNE - S pol ycl onal antibody and goat anti“'FaB¥* 3% anti body
conjugated with FITC in PBS containing 1% 13SA at 4C for two hours. Cells

were then washedechtid ivel ghirBSabolt 130&DEUN tHeloler anelo fabaly zRkM (Fie, FacsCal i bur
(Becton Di ckinson, San Jgse, California). Gel fjltration analysis ofS
fragments. Af t18f wcﬁamﬁawpﬂr%alltaﬂgnoLdIElﬁéFla%qq{gzO@@renﬁqa@ﬁﬂowfer exchanged

to PBS, S fra -~ 300 G
col um ( Phar ng‘gglsg&lv%ﬂg@im@%\g‘ eﬁ?ﬁ%ﬂfar? rg@{:) i 16?125? lrécgﬁﬁ% brat®ed with PBS.

The proteins wemeinglSat a1 Wivtads cRBE aly £, aﬁnomdrﬁermmboamﬁ KDomelechlamct i ons were

collected. .,The S S 2 CcO calibrated wt r i rml ecul ar
mass st andard % oefqggé "z?t% 0“’?302““1 e‘@btheﬁﬁms@ W?b@%&%’g

PCT/ US201410233A& ana'iht 2R di@enﬁuélod@rﬁalﬁllid WHIAh (s nhiak Befh @B BgeR fraction
for Western blot analysis. Crosslinking. Purified 5537 fragnment was dil utsd

to a concentralpﬁtmﬂbﬁom@eszd“gﬁﬂ ﬂlildﬂthBSGPtBS@ﬂfélm‘;é@m@n Rockford, IL) was added

It get Pgr S|53r7T] f]0| ;J_F]Ie(?ﬂe Eﬁ?)f@f l‘%‘ ]\ﬁm F,Ilrl? !‘8%[0” 9Sef%tglli£§($dtfoin«g HIB(IICNW&WCF%E@!OIHFCzl))(at ed on

SDS- PAGE Ioadlﬂmgamaﬂfeqmtmddumahgmeibnhm Mepitenim ihim)the ré?&lptorbmdmgn j 3-gal
reporter ne assa Cel I s traysfected with ecTag2B- 3- ACE2 and
infected with va‘ﬁﬂ‘aﬂé DI RASIOfmy é’é’?l“?/gf PRE é é’é’P?té%t‘ d"By trypsin
di gestion and d%&ﬁﬁdo@ﬂﬁ?n&i\ﬂﬁehecﬁﬁ%d f§s5hddBatidR o€ filsRAN ToUSR@Rded in regul ar
DMEM nedi um at pH 7.4 and m xed Cells were |ysed after four hours of

i ncubat i on andyBethesis, 5t delptiop Wéﬂlﬁé@bﬂﬁ@d‘cn&lbﬁrﬁym@%W%e substrate
Roch d 312:
(Roche) as e)ﬁgﬁe{@@w@% 184 1B res TN QNN cte Rl RISt ¥Ben SR

1159- 65 (2003 asSays were use e sandwi ch ELI SA
the plate washeatmdnali3l hraiduenyere dilsted dgmanibiten g, %eﬂheﬂehg S fragnent

wer e added _and,. detected with gn anti - e ope a Thi s assay was
used for gét eét lwtm%%hctﬂﬁ"eg“@e %ﬁtﬂ%‘ do?% h@’tg ‘5315_ )‘Qg’étay the C9
tagged recept Qhy Aflsled acisy ChRRIaRY (9 e HhAESIh AR SUBRARIA@N WG anti body
(I1D4) and the S fragnents

did {(Fig. 9A). To test whether a differential level of expression could account
for the lack of observable fusogenic activity, the surface and overall levels of
expression were measured by flow cytometry and Western blotting. The data

20 from both assays suggested that the level of expression of the two deletion
mutants is undistinguishable from that of the wild type (Figs. 11B and C). These
results suggest that the extreme N-terminus is required for fusion by a
mechanism that may or may not involve dimerization.

Dineric 81 binds ACE2 much more efficiently than monomeric

25 fragments containing the Receptor Binging Domain. Previous work with
another coronavirus (MHV) suggested that only dimeric S1 binds its receptor
CEACAM. Lewicki & Gallagher, J. Biol. Chem. 277:19727-734 (2002).
Experiments were conducted on SARS-CoV fragments to understand how the
dimeric state of the S1 may afifect fusion. In particular, binding of S1 fragments

30  in monovalent and bivalent formi to ACE2 was observed by using the anti-c-Myc
epitope antibody for conversion of monovalent S1 fragiments into bivalent ones.
One of these S1 fragmenis (8319-517, SEQ ID NO:62} did not bind to any
measurable degree to surface-immobilized ACE2 unless bound by an anti-c-Myc

epitope antibody, which converted it into a bivalent molecule in solution before
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20 were added and after washing detected with an anti-c-Mc epitope

anti body. In all experinents the incubations with the c-M/c epitope

anti body were for 2 hours at roomtenperature. The optical density (OD) was
measured and normalized to the highest value. 25 Results T rm nal
fragment OpSEPEAHHY the RBD ¢ f the S glvcoprotein fSFi@IQ{%H}%e‘ﬁg‘r_ It has
been previously shown for another coronavirus (MHV) that soluble S|
(simlar to Seddduwagriesbstidnorith dhie meestor (Figtt2}. He cextrasg B3 Nbotrdrteri nal 330

am no acid residue region that, contaj th ecept or. bi ndi 3Q. donmai n
parti ci plat es iﬁn’ -h"gﬁﬁ‘,%hlglﬁ f“itg{oldgﬁ,hoa’t'ﬁhr&isef?ﬁflg%{éﬂp);esgil‘??é?%rlewaggl’wamgece:ot or
CEACAM  See Lemick). Bacbel=haghegaestkhat Bl heri @0t 17 doul@danlriide (02002) ,

However, the inventors and others have |ocalized the SARS-CoV receptor
-bi ndi ng domai MHEEHISEBH TN yehinsmriisNcditiPnflys. Xi ao et al . Bi ochem

84 VWV O 20P5/ 01003 / P AVAS TN - ¢ 1159- 65
(2003); Wong et al fhé;s.g;@%(%@%%%%g%&ﬁe%%@?ﬁ%’?&%eﬁg%m é%%fock et al. J.
Virol. 78: 458R2sA56€01{ pOGH)s.sudloasdaergglatitih @LADsSIh Bidrizh wreafimeti¢ gonmeri zat i on
by receptor bindin domai n; contai ning fra ts.a 0.assess their
function in mQH ‘ﬂlﬁhﬁtr@sﬁ%?aﬁﬁgomi‘@s%S?ﬁusg‘gggf@is'%%Lﬁa%%ﬁ'fo “Mhere tested
for ol igomeri zat te@éhll_}/beﬁﬁlem%e cfab AOMEIBA Brotdie ivedetsubbgit gt FRMRad t er mi nal
fragnent (residues 1 throuPh 276 denoted as 5276, SEQ I D NO 50) that does
1

not bind the rEeEFeoen Hdbowhele et yoprowin. r Bereist @ (iByseS1 B2 S272-537) t hat
bi nd ACE2,yas f d i rasi 9 h 517

(denot ed ag Sg{)@%@ﬁkﬁ%@&%@ﬁ%@h&?ﬂagﬁhdggb@gm @?g?ﬁgﬁﬁg%ledﬁ %&Qggndi ng
activity. Thedwe avaibayrienvsthedinerzetiediiedng sitepatie hoeal gtycoprhein. flal d

i ndependent |y _and. are.secreted in, th ell culture.supernatant, although
the ort o entynistREERGI Seet O PHATER cufdmR Rl P BRI ' | oft and
their concenby atlifdfatWaswaas (RARAMNHARANCOTEXPARSHE Syivplhinid (bW &El 9. 9A,
right). To find whether any of these fragments oligonerizes with the |argest
one 15 (S756)lclelrdt Ap phavidadig 18, aepmpiel femingdhe apReoximate sie pL A ng subuni t
of the enyel \r €, I L i : i [ &0 viruses) the
pol ypept i ég @rﬁ g{grg#e“n]ggﬁv\\ﬁl%gbtggtgé'ﬁ?%g%g%?&g‘%ghgﬁgﬂsﬁ ﬁ%ae %?icgegigg&?n t he cell
cul ture superasaltsani snlwengsebtrtbatunoRyr egdnpEnt atdgerhapt thetthlé lagthi body P540. As

doscri bod |1 oy LuRUS XATRLES, AL & obbLL ool v onel ol body preraration
NG 59) of theindicate that the dimerization site in S1 s not readily available for intertrimer
interactions.
20 These results indicate the following: 1) the SU subunit of the SARS-
COV S glycoprotein (S1) forms dimers, 2) the dimerization domain does not
overlap and is upstream of the receptor binding domain, 3) deletion of the
dimerization domain abolishes fusion, 4) dimeric S1 binds receptor molecules
much more efficiently than monovalent fragments conta.ning the receptor
25  binding domain, and 5) the solubie S ectodomain forms mimers under gel
filtration conditions.
It has been previously reported that some SU subunits of class 1 fusion
proteins (that bind receptor molecules) can form dimers including, for example,
gp120 of the retrovirus HIV-1 and S1 of the coronavirus MHV. Center et al. J.
30 Virol. 74: 4448-55 (2000); Lewicki et al. J. Biol. Chem. 277: 19727-34 (2002).
Until the present work, the role of S1 dimerization for madiation of membrane
fusion was unclear, It is now generally accepted that so.uble ectodomains such
as the gp140 protein of the HIV-1 and SIV envelope glycoproteins (Env) form

trimers although dimers and tetramers can be observed. Center et al. Proc. Nat’]

87



gl ycoprotein. The P450 anti body binds the S756 pol ypepti de but not the other
fragnments (Fig. 9B, left). AIl N-termnal fragnents except the snall est
fragnent (5319-517) containing the receptor binding domain were

coi nmunopreci pated wth S756 by P540 (Fig. 9B, right). To rule out the
possi bi | i t YU HENEheci fic 25 disul fide bond fornmation RhEYSHEN2Pdad to

coi nununoprecipitation, DIT was included in one of the

coi mrunopr eci pAtat BanUexpes: Me§7ss2 (DI Y haahikelyel hgebrs te atiehdar

i mrunoprecipitati. or, coi nnrynopreci pitation of secreted S756 (left |anes)
or S756+5276 (Hqsﬂﬁ]g fpsipewyermpdigc queempryrsiruguisof yorongyimsesdnglndngse of t he

ol i gomer s, ones gRsIchy SIAGTRTicl $338) 1aRch50% 933307 (kg BSS. The

ri ght panel of Fig. 9C shows the appearance of a new ban w th a nol ecul ar
wei ght cor r espbmediay’lt'sad Sgi.AbS. Abld1:8455-60 (H0¢hdn cartcet; sond dgoners. To

exclude the possibility.of artifacts.due to cross-linking. and further to
confirmt h:S follnﬁlﬁ%afi%ﬁa%qle Mﬁ%&g ,pm%?‘lglség%‘?n?epﬁd rft‘Sdegmﬁ?%%mgﬁal yzed by gel
filtration. Twoevgelict il §.rEbI ORcrl 1771 DI72Rp8akBn00R I Binkh I tvaek rafgogue to :

species of 95 WD 2905/0 1 0034 PCT) US20041 023335 nol ecul ar, wei ght of about
230 kDaand t hePldY heitighiolon tipmeghanisy of igiqurpegliatadiy clessghBsiopanel )

correspondi ng §,8:.& RN 5164 ﬁ?bﬁo%?d‘ﬁh &%eﬁilmgggﬁ%maryrbsﬁﬁ%ﬁﬁt(}fvel y. In

contrast, the 'smallest fragnent contal ning e receptor “binding domain
(5319-517) wassogleuterhavimisgs msy plappnadogr thatusadnondchdbsk D&/, Mhestiotildr 5 wei ght

(Fig. 2A, ] ower nel ). , these | ts suggest that soluble SUis a
di mer and {Qnatn%‘%@ﬂ@?@éﬁ%hﬂ‘aaﬁdﬁﬁwﬁg‘%gﬁwwo f’é@(ilf’%yﬁgaﬁ\‘il r_;[!‘ér m nal
region upstr el AROCRE R thkhndhnie LBERDLWeRE NdiNdGsdemabhn. The
dimeric Nterntbial region is required for S nediated cell-cell fusion.

Because the pubatifdedineidny by fuiprdbrantiostdhupsRe &l # iomt eliavedecept or
bi nding 10 d%ﬁénrbé( ets&!d'?n ﬁenﬂ%e Eﬂgcitgt\zl(% b%lm%hg%p% cleSvaeB nRgnoPNe Mg ht

hypot hesi ze t hat nerization nay no e require r mediatton of fusion.
To test this hygeqhiedifer fusion Thebelthanphriig HRRS-GofV $ biycdprbtein ieaghaks IS

| ycoprotejn. were enerated. . The N-term nal 3 resi dues e deleted from
o TP homes Ba% el Tt eleSages Fh Sratio i Bequie bR R Pan ot her

(Fig. 9A), thenahy akRfirb@iikatd MvidieRmRBHBdotbnBhiaatbienigomai n. Both
mutants did not exhibit any fusion activity conpared to the wild type

full -lengt:i Sngleycbiy beedond dihkdhe fudpurepfiag, 9A). To test whether a
o ferenti f 1evel - BNBEERB0SES AR LA CEg iy Caer v
measur ed by flewfey difety andand Méstiemnersititht egedohtuen ehe
20  transmembranc domain {S2) poses an interesting topological situation. Thus, if
two of the monomers within a trimer also form a dimer, then the third monomer
would still be free to interact with & “free” monomer from another trimer and
form a dimer of the two trimers. In another scenario the orientation of cach of

the monomers in the trimer may not allow formation of dimers in the trimer but

2
in

leave “free” binding sites for dimerization with monomers from other trimers, In
this case one might expect the formation of a network of trimers. Finally, the
three-dimensional structure of the trimer may not allow any interactions of the
monomer dimerization sites with other monomers in the same or different trimer.
The later possibility is supported by the preliminary daia provided herein where
30 higher order oligomers were not detected using the described gel filtration
conditions. Under those conditions either intratrimer dimerization occurs but the
third monomer conformation does not allow intcractions with monomers from
other trimers or such interactions are too weak to be delected, or the trimer three-

dimensional structure is such that it does not allow dimerization interaclions.
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20 from both assays suggested that the |evel of expression of the two
deletion mnutants is undistinguishable fromthat of the wild type (Figs. 11
B and Q These results suggest that the extrene N-termnus is reqwred for
fusion by a nmechanismthat may or may not involve dinerization ic Si
bi nds ACE2WgRLEH/MWEBe efficiently than nononeric 25 frd’éﬁga\z"g”@gﬁf ai n| ng the
Receptor Ringing Domain. Previous work with another coronavinis (NVHV)
suggest ed that onl yathi previded Sircibidagisnsira® 14ck @€ Plstun afCEMTAMN dfuitioks &

Gal | agher, SI ol .. Chem ﬁ?? 19727- 7346 002‘%&?‘ Experi ment s V}ere conduct ed
on SARS. Cov 114 Slimerio Aomrg e ety o D PR 60 MERNGTBHPERE Sy

af fect fusion.gknn RAldni BHb m@hé&ﬁﬁrﬁgn &Ey%t%&%ﬁ@ﬂ&%égdtld} monoval ent and
bi valent formto ACE2 was observed using the anti-c-Moc epi t ope

-ant i body for cBEREREISoMn @ﬁdltﬁmh@w@reﬁmsmﬁlmtmth@hé préichbi val ent ones. One

of these Sl fr (ﬁ%g 5 to any

measur abl e degcr%gé(;{’}r=1 I(Bt%osnur Sél&z‘?ﬁ@%?%&w@hudsﬁsg%mb “ﬁ&“ by an anti-c-Mc
epi t ope ant i banlygrogwiphg hit ic prssiid @6l diterization Ridpdcvial eplly adletisdilizingol uti on
before 86 WO 2Q05/p Q034 PCT/ US2004/ 023345 and _duri ngﬁ incubation with the
receptor (Fig.* 18y Prijaierting molsades SRRSO AU to ReUOTESE ant i body

al though the gpkiRotvt REGIRRALY bNALS AR o fn%te‘?dsnds‘uelgnet(vﬁlkg if4f),- These
results suggest that a dimeric state of ST couid contribute to an

i ncreased overcghld l%ﬁmisﬁiWthhfatoandCélnhafrﬁbéecfvm@r oveleshles endepeeliaps 5 The sol ubl e
S ectodomgiyn | A=Y | fusion
prot ei nsn?l(}ch Fgcs] emagg %[l}/r%&“(el—ﬂ?gllbﬁg?nﬂ%%gg g)sfléc{??gl‘%rera?%:eg?ﬂ? drough t he

t ransmenbr ane ndovrBk nf EBemalgsded dsrev&ﬁ;ﬁﬁvﬂe%eﬁg;gﬂothpn]mtfamm reagtfonriecent | y
found to be cl rotein, the S2 subunit cilitate
trimerization Igﬁ’f%tS \Rﬁg E"cﬁlt%éﬁpfﬁteél 1S EREERYepete trrgxt&? gé’iﬁl c S1 with a 10
trimeric S2 could |lead to higher order oligoners whose formati on depends on
the availability of the dinerization binding site in the native S

gl ycoprotein. To test this possibi B sjize of the soluble S

ect odomai ng (Se) v@s, ﬁ%@ﬁ\ﬁ’ék ﬂﬂ%ﬁ%;&%ﬂgﬁ&é“h}&&ﬁg | gﬁgﬁ&;@d&#e .
t ransmenbrane do ; shown in

Fig. 13, a conpl ex havi ng t he hdprscxMedined Sleld &usgibna tri mer 15 (MW 512 kDa)
was detected. No hi er ollgorrers were detected,, T results not
only suggest that trﬁ‘ge[%@mﬂ’ea‘ REFHES 1t R HApS a1tk PO ‘f‘WOdm"

nmenbr ane- aSS0%&})@9bx%dﬁ:ﬂr%oﬁﬁln%'i)%ef)tmeE hay Brefalicua:sinbeupd state but also
indicate that the dinerization site in Si is not readily available for

intertriner
20 Materials and Methods

Mice were divided into three groups: group A of mice # 1 through 5 were
immunized with plasmid pSecTag-SRBD that encodes for the S319-518
fragment that includes the receptor binding domain (RBD) of the spike protein;
group B of mice #1 to #5 were immunized with the plasmid pEAK-10-RBD-Fe

25  that cncodes for a fusion protein of RBD (S319-518) fragment fused to Fc and
group C mice #1 to #3 which were immunized with a control plasmid. Five
BALB/C micce per group werc immunized at day 0, day 14 and day 28. Mice
received less than 2 ug DNA per immunization with a gene gun. Sera were
collecled at day 56. In Fig. 14A-B, the first number denotes an individual

30 mouse, the letter denotes the respective immunization group, and the last number
denotes the dilution used.

Ceils (293T) were incubated with anti-scra from *he immunized mice and
then mixed with cells expressing S protein, Fusion was measured as described in

previous Examples (sce also, Xiao et al. BBRC 2003). PC denotes positive
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interactions. 20 These results indicate the followng: 1) the SU subunit of
the SARS- CoV S glycoprotein (S1) fornms diners, 2) the dinerization donmain
does not overlap and is upstream of the receptor binding domain, 3)

del etion of the dinerization domain abolishes fusion, 4% dirneric Sl binds
recept or nY@R¥WHIEEHnyuch nore efficiently than nonoval eRtTHEXGHEAHS
conta.ning the receptor 25 binding domain, and 5) the soluble S ectodonain
forms rrimers contel whek nofsedutnredsiaddedc PadinidegnSo #2 in f2B LRNsdPERVI ousl y
reported that E‘ﬁ)ms U subynits of class |I fusion  proteins (that hind

CH)

f
receptor nolec A4S POt nlHPrfef 4 VFhEerE dFsdg FoF BiicedRhpPErowrg M 38 of t he
retrovirus H Vglaang i§1ﬁeq;0nfr5‘l%tr8ﬂ aMAh titorba0 SRR w &L u@h, J- 30 Virol.
74. 4448-55 (2000); Lewiclci et al. J. BI o(f. Chem 277: 19727-34 (2002).
Until the present work, the role of SI dinerization for nediation of
menbr ane fysi A% Mas unclear. It is now generally accepted that soluble
ect odomai ns™ sucC 3s the gp 140 protein of the HV-1 and SIV envel ope
gl ycoprotei ns ( Env) THeodnbodyr ite® sy thd idtickeahodiin®y Bomme Rt haMbsn ¢an be
observed. Center et al. Proc. Nat'l 87 wO 21105/0101134 PCT/ US2U04/ 023345
Acad. Sci. U. SFi& 14%: Asalgwmn, gocqipgom)zed SO egcoding thpfriky otcHat at | east a

possi bl e fusiop.} : i A rfnar r af . L ses i ncluding

Phe  SARS. Cov oF ISy ek AhEu e B o A FhOE R BPNEE B B 2005 :

Bosch et al. RroedilMainshup Ac&d250Still.reddte8.stond @ fo arBig&5inGLLISACBYs. | n

contrast, me data,5 ,ndic s, that.the.MHV .S2 prot.ein is noneric after

ci ssoci at i Z from SBS SIITVM%E@ lé}:B’ aijti-scya frpin fpice @%E}HH?Edg‘?*fl?D 727-34 (2002).

Di mer -t o- t ri meénchliag $lhe JpdieprotPindyceptof binling @bmbhialighibied faSioBLEBARtAM of fusi on

medi ated by class Il fusion proteins. Thus it has been proposed that

changes in t he@ti&t dimaPTpiest iuctoss depgrdensynce of Bt ise4ComayP s ay a rol e

in the fusion m%@@h,swmch%re%n@mgMgthlz%m%@od&@f%he §9&Jagﬁopemtd#.¥- 1 Env and
and the SU can

the MHV S gl ycoproteins are cleaved di ssociate fromthe
t ransnmenbr ane duhain, substirsialy ekiminsigd B-motsmonedittedor!! fisign when edianpor t ant f or

fusion. In contrast, .the SARS-.CoV S is, nhat ved. 1en_expressed in

menbr ane ab ocgiéﬁzﬁﬂ%‘%ﬂ' %gﬁ%ﬁg&‘?ﬁﬁg@da Ilé%gggﬁﬁﬁﬁnmﬂéf’m ‘ﬁgreﬁ}eéﬁui red for
fusion. Thus, affdchiosgdintiRercaiBSyEOMsarvall ¥E AT RkRh MHilited tilaagSerh 15 fusion
protein, the |ack of cleavage is an exception fromthe rule that the Envs of

class | fusionfppeeaisadAdl 80 diletiapadron Beuseeddt (1 :3bdibgark pndipmmpsabl e hi gh-
energy state t?ﬁt(lzﬁﬁ)ﬂllgti&jﬁi ve the fusion reaction. '

n
ﬁSl

" These data indicate that immunizing mammals with DNA encoding S
20 protcin receptor binding domain polypeptides can raise a strong imniune
response against the spike protein and could prevent SARS infection. As
described above, soluble fragments of the S glycoprotein that have the receptor

binding domain inhibit S-mediated cell fusion (see Fig. 15).

25  References
D.S. Dimitrov, Cell biology of virus entry, Cell 101 (2000) 697-702.
D.S. Dimitrov, Virus entry: molecular mechanisms and biomedical applications,
Nat. Rev. Microbiol. 2 (2004) 109-122.
K.V. Holmes, SARS-associated coronavirus, N. Engl. J. Med. 348 (2003) 1948--
30 1551,
M.M. Lai, D. Cavanagh, The molecular biclogy of coronaviruses, Adv. Virus
Res. 48 (1997) 1--100.
T.G. Ksiazek, D. Erdman, C.S. Goldsmith, S.R. Zaki, T, Peret, S. Emery, 3.
Tong, C. Urbam, J.A. Comer, W. Lim, P.E. Rollin, S.F. Dowell, A.E.

S0



This finding that the SU (Si) domain of the SARS-CoV S gl ycoprotein can
formdiners and also forns triners with the cctodonain of the 20
transmenbrane domai n (S2) poses an interesting topol ogical situation. Thus,
if two of the nononers within a trinmer also forma dieter, then the third
mononer  WHIW WRM3E be free to interact with a "free" HoWbREMH+R{dM anot her
trimer and forma dincr of the two triners. In another scenario the
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play a role in fusion anls’mma
di meri zation intervidtBahs, Chmcﬁddht:mrodifa nmmeﬂerormt/msmnﬁedtwﬂns wher e t he

surface 5 concentration of the S gl hi as seen in
el ectron m crogr aph€re fquig r@"b’iﬂ?ﬁ?ﬁ%{‘gmgﬁagmﬁlméspé@%ﬁg%’i actions play a
rol e N stabi (A NurradS INREMOUS. el RUSNAM 1o 8FNRSY er haps somrewhat
simlar to network Frotel ns thaf nmediate entry of class Il fusion

proteins. Such net \Bcsllftkléﬁed f I‘éfmytrd JK@&IS@OL ey Bagher,th. @uandirt Gloptieri nt er act i on

W th receptsor nol e e rha aci n. of the
fission pglre struct%t}\r/[eé%‘&q 'rlglg Ceﬁ"ga” Eﬁ él‘eﬁﬁ‘e{‘é’ﬁﬁ ?ﬁw 1E)J"chiznv

mol ecul es or even Jr. MdIﬂﬁnaﬁDSBgMdntgodferWEKfmnddENm Pegeh] AG.in  the
absence of S cl eav%g t hat gener ates .a hl?}@ ener y net ast abl e state. Exanple
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receptor binding domain polypeptides may prevent SARS infection. 20
Materials and Methods M ce were divided into three groups: group A of mce #
1 through 5 were imunized with plasm d pSecTag- SRBD that encodes | br the
S319-518 fragnent that includes the receptor binding domain (RBD) of the
spi ke protein; _group B of mce #1 to #5 were imunized with the p]asmd
pEAK- 10- RBBOI'—Z(‘,’”’ﬂg“{Pﬁat encodes for a fusion protein of W‘%ﬁ’g%%’lm
fragment fused to Fc and group C mice #1 to #3 which were inmmuni zed with a
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These data indicate that immunizing manmals with DNA encoding S 20 protein
receptor binding domain pol ypeptides can raise a strong i nmune response
agai nst the spike protein and could prevent SARS infection. As described
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All patents and publications referenced or mentioned herein are
indicative of the levels of skill of those skilled in the art to which the invention
pertains, and each such referenced patent or publication is hereby incorporated

25 by reference to the same extent as if it had been incorporated by reference in its
entirety individually or sct forth herein in its entirety. Applicants reserve the
right to physically incorporate into this specification any and all materials and

information from any such cited patents or publications.

The specific methods and compositions described herein are
30  representative of preferred embodiments and are exemplary and not intended as
limitations on the scope of the invention. QOther objects, aspects, and
embodiments will occur to those skilied in the art upon consideration of this
specification, and are encompassed within the spirit of the invention as defined

by the scope of the claims, It will be readily apparent to one skilled in the art
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The terms and expressions that have been employed are used as terms of

20 description and not of limitation, and there is no intent 11 the use of such terms
and expressions to exclude any equivalent of the features shown and described
or portions thereof, but it is recognized that various mocifications are possible
within the scope of the invention as claimed. Thus, it will be understood that
although the present invention has been specifically disclosed by preferred
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herein disclosed may be resorted to by those skilled in the art, and that such
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invention as defined by the appended claims.

The invention has been described broadly and genericaily herein. Each
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angi ot ensi n-converting enzynme 2, J.Biol.Chem 279 (2004) 3197-3201. 20 Al
patents and publications referenced or nentioned herein are indicative of
the levels of skill of those skilled in the art to which the invention
pertains, and each such referenced patent or publication is hereby

i ncor por at r nce to the sane extent as if it had been
incorporaﬁg§A§§I$é¥5§@ﬁ@§'in its entirety individually or set forth herein
inits entirety. Applicants reserve the right to physically incorporate
into this specif b@@%&;ﬁmcaews@ndér@slsénmy_%rf!aay%mala@lSE@f@Nmst:|19,n_1i,_rlq>fﬁzeny such
cited patents or publications. The specific nmethods and conpositions

descri bed her eidf. &t-®330hewpr dreprlzpdpiide ohn prefuge redusotsbal welltler aneiuag c
exenpl ary and not i nt ended g§.liérgaiionslon t he scope of the invention

Ot her obj ects, "2¥PREEIRET "EWBEUMTEREE ™M1 | occur to those skilled in the
art upon consideration of this specification, and are enconpassed w thin

the spirit of the invention as defined by the scope of the clains. It wll
be readil ¥ appdhemolypspiodrecisidiin baonsistingecsagniiadg oion ot BEQOPONSS: Fe 1/ LI S2

the i nvent i on 5 tgd) Beah Ferbl Bt KOO GERating 17om the Scope and

spirit of the invention. The invention illustratively described herein
suitably may be practiced in the absence of any elenent or elenents, or
limtation or Iliheindyicprde olvelasin |.swhaein Begpdyicpridaly yolablecnodedluserei n as
essential. The &hods and processes illustratively described herein

sui tably may béoﬁlg%ticed in differing orders of steps, and that they are
not necessarily restricted to the orders of steps indicated herein or in
the clains. As used herein and in the appended clains, the singular forns
"a," "an, % and Themetypepiédeufelgmul, atheredt Breangealunt agenmtle context clearly 10
di ctates otherwi se. Thus, for exanple, a reference to "a host cell" includes
a plurality (for exanple, a culture or popul ation) of such host cells, and
so forth. 5 UndgmepolyplepedElcdimes wRkkit (R rhahenlisewniher preted to be
limted to the specific exanples or enbodi ments or nmethods specifically

di scl osed herein. Under no circunstances nmay the patent be interpreted to
be limted by any.15 stat t _made n ani ner,.or a ther of fi.cial or
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7. The immunopeptide of claim 6, wherein the immunopeptide produces a humoral

or a cellular immune response when used to inoculate an animal.

8. The immunopeptide of claim 7, wherein the animal is a mammal.
9. The immunopeptide of claim §, wherein the mammaul is a human.
10. An immune composition comprising an adjuvant and a polypeptide consisting

essentially of SEQ ID NOs: 13, 14, 15, 20-59, 61-63.

11, The immune composition of clatm 10, whereir the polypeptide is amino-

terminally or carboxyl-terminally blocked.

12, A nucleic acid segment that encodes a polypeptide consisting essentially of any
one of SEQ ID NOs: 13, 14, 15, 20-59, 61-63.
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art will recognj.ze t y i.on i r I A erns of
any i ndi vi dual @héorﬂsé?%gﬁp'éﬁ%%%ﬁ%‘%ﬁg ek RniRCot I S0 08 ﬁbblgrgé‘uﬁ? 1gE" VFaT
| S CLAI MED: 1. 18, pobypapsi deanceapsdssivh Dgssessanbidatd v «ofimaryy one of SEQ I D
NGs: 13, 14, 15, 20- 59, 61-63, wherein the pol ypeptide can produce a
hunoral or cellular imune response when used to inocul ate an ani nal

2.
The pol ypegptid f im1, | St sent i all .0 f. SEQ © 13,
14, "15 5303, eri’g“”g%% %& Cg%?@?&gﬁﬁnééé 818% qézx’gg'fegé&’%s‘%‘:‘?ﬁgs E)%%}%g;t i de
of claiml, whefgi thd b®upaoyipieid d&ehisal’SObUuPIptashild,an casmidouSycastodrtitician. 4.
The pol ypeptide of claimt, wherein the animal is a mammal. 5. The
pol ypepti de of chroaaspae, sheiesioh atHisiahghipalospe.hinieior, 6 Virkh al gksepept i de
conpri si ng thevg&hxggggkq%x%%dplain11 coupled to arsanilic

17. A recombinant virus comprising a viral vector and a nucleic acid segment that
encodes a polypeptide having any one of SEQ ID NOs: 13, 14, 15, 20-59, 61-63
or an expression cassette according to claim 13 wherein the viral vector is
selected from the group consisting essentially cf vaccinia virus, canarypox,

adenovirus, and herpes virus.

18. A composition comprising a pharmaceutical carrier and a polypeptide having any

one of SEQ ID NOs: 13, 14, 15, 20-59, 61-63.

19.  The composition of claim 18, wherein the composition 1s formulated for treatment
of SARS-CoV.
20.  The composition of claim 18, wherein the composition i1s formulated for

inhibition of SARS-CoV fusion with, or entry into, mammalian cells.
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acid, sulfanilic acid, an acetyl group, or a picryl group. 7. The

i nmunopeptide of claim®6, wherein the i munopeptide produces a hunoral or a
cellul ar i mmune response when used to inoculate an aninal. 8. The

i mmunopeptide of claim7, wherein the animal is a mamal. 9. The

i mmunopept,ide of claim.8 wherein the m | s a human. 10. An inmun
compost 1 6h conpftBPREieh HFTan e MR R Ery sepfrdt T nutdr A0 ‘BRER i ar 1y
of SEQ I D NGs: tHa3.enddtes U pdOpdpPide Bidviid.an bne AN QBPOSI 15, 00-50f cl ai m
10, wherein. the polypeptide is amno- termnally or carboxyl-termnally

bl ocked. 12. Aﬁﬁdgﬂﬁﬁ@fﬁéﬁﬁ&é@gﬁ@ﬁﬁ5@h@ﬁ”@ﬁ@@@@§1§-polypeptide consi sti ng
essentially of any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63. 96 13. An
expressi on cassette conprising a pronoter that is operably linked to a
nucleic agid gegmeRpoiifiat cLAGRULSE, Wwhdpah YiReqin i 0aNs FsfuN@e E®s edlthzhl y of
any one of SEQ ID : 13, 14, 15, 20-59, 61-63. 14. The expression
cassette accor & A#¢R>0CeVai m 13. wherein the pronoter is a constitutive
pronoter or a regulated pronoter. 15. A nucleic acid construct conprising a
vector and a nucleic acid segnent that encodes a pol ypepti de consisting
essenti al 123 of TaBY c@AosHionSER HRMN 05 whdeinldhe cEmpoifioh9is Elmbdatar fan
expression cassette according to claim13. 16. The nucleic acid construct
accordi ng to clravienti® ofhdR81GpY Risiopekitipor catry Blte dpapmakianeglishe gr oup
consisting essentially of a plasmd, a cosmd, a yeast artificial

chronosone, a bacterial artificial chronosone, an F-factor, a virus, an
expressi o4, vect ofiral ap6mpophiag efodidisink/ .a Ahh@eREDIGRNEarMEr, US CRAIPIVESDNY A
viral vector and a nucleic acid segnent that encodes a pol ypeptide having
any one of SEQCPDPNEwE auBiclejeacid segrputslat cggodss a iplypentidk preBs penoedgket t e
according to clai erein the,yi:pa ctor is _selected fromthe. group
consi sting ess£ﬁ¥?2¢ﬁ§&€T[€ag%ﬂEI%&QPThgﬁgtgh@}§ﬁ3§$ﬂm58¥ﬁ%§i?%@?hghggherpes
virus. 18. A cemp@sizti on conprising a pharmaceutical carrier and a

pol ypepti de having any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63. 19. The
conposition of claim18, wherein the conposition is fornulated for treatnent

of SARS- . 2 The ,composi.tion of ,.claim18 erein.the c osition is
ggg Ol“hienmr%li {;%Pﬁm olé&ﬁggrélon@ #0 c}alm \yﬁ w1eremener§$¥ﬁ%(fs(1)t§dn 1S

f or nul at for 0 usion wth, of manmal i an
cells. formulated in unit dosage form.
26. A peptide vaccine comprising a pharmaceutical carrier and a peptide consisting

essentially of any one of SEQ ID NOs: 13, 14, IS5, 20-59, 61-63, or a

peptidomimetic thereof.

27.  The peptide vaccine according to claim 26, wherein the peptide vaccine is

formulated in unit dosage form.

28. A vaccine comprising a pharmaceutical carrier and vector into which is inserted a
nucleic acid segment that encodes an amino acid sequence consisting essentially

of any one of SEQ ID NOs: 13, 14, 15, 20-59, 61-62.
29. The vaccine of claim 28, wherein the vector is selected from the group consisting

essentially of a plasmid, a cosmid, a yeast artificial chromosome, a bacterial

artificial chromosome, an F-factor, a virus, and a phagemid.
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97 21. A conposition conprising a pharmaceutical carrier and a nucleic acid
segnent that encodes the polypeptide having any one of SEQ ID NOs: 13, 14,
15, 20-59, 61-63 or an expression cassette according to claim13. 22. The
conp05|t|on of claim 21, wherein the conposition is fornulated for treatnent
of SARS- 2 i i Y IS
formul ate for %he-rl;gg%lﬁ ?ggﬁ‘r% ngﬁgg"&oﬁ\)%F lrijjslﬁ%nvaw%ﬁ %% fg)rrﬁqgﬁl[tefd;ﬁﬁﬁﬁ%&sggem
cells. 24. A vﬁb@ﬁ conposition conprising a pharmaceutical carrier, a viral
vector conprising a nucleic acid segnent that encodes a pol ypeptide having
any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63, or an expression cassette
accordi ng tj0 i ir Si r 4,
wherein the1 co?ﬁ]gs%%glr? |%§ Cl%_grfnzl\)g a\?hﬁgﬁagﬂﬁmqmgo\s]%(g&gﬁf gérﬂm%rZ Or&é&%eegnpztgl de
vacci ne conpri siyugeaofibagemceutical carrier and a peptide consisting
essentially of any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63, or a
peptidom netic thereof. 27. The peptide vaccine according to claim 26,
wherein t e pepﬁh'ed%c%ﬂuﬁcbﬁ%ldnﬁ 3 otuibleat gk | n% g.%%tigoai%g@ﬁ %&H}vicﬁ%e 6
vacci ne conprising a pharmaceutical carrier and vector into ichis
inserted a nu@b&ﬁ@oﬁmld segnent that encodes an am no acid sequence
consisting essentially of any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63.
29. The vaccine of claim 28, wherein the vector is selected fromthe group
consistin es S

chr ormsorrg’ > a gg{;%ﬂéﬂdgy tﬂgr@{l& %lzsaﬂ gmhlr%ognggégér@:en& &% hn?c?tsgefnh&l\)ﬁ P Bgny and a
phagem d. 98 3@nc tABEQAECNOe: I, 14]) Ei, 3028, 6 Whgr ei n the DNA vaccine is
formulated in unit dosage form 31. The vaccine of claim28, wherein the
DNA vacci ne further conprises a nyonecrotic agent. 32. The vaccine of claim
31, whereiyn th i L i An
ant i body gﬁat EF%VQHS&ﬁP&kgﬁﬁﬁgggg?glgggﬁ%ﬁ%@t@%ﬁgggﬁ?%ggggégﬁ{@gffg)%f any
one of SEQ | D MNpske f8teinledceptsr, bizdinp8ombih- 63. 34. The anti body according to
claim 33, wherein the anti body specifically binds to a

35. The antibody according to claim 33, wherein the antibody is a monoclonal
antibody, a polyclonal antibody, a single-chain antibody, an antigen-binding

antibody fragment, or a humanized antibody.

36.  The antibody according to claim 35, wherein the antigen-binding antibody
fragment is an scFv, Fv, Fab’, Fab, diabody, linear antibody or F(ab'),.

37.  The antibody according to claim 33, wherein the antibody is coupled to a

detectable tag.

38.  The antibody according to claim 37, wherein the detectable tag is a fluorescent

protein, a fluorescent marker, a radiolabel, an enzymie, or an affinity tag.
39. The antibody according to claim 33, wherein the antibody is coupled to a toxin.
40.  The antibody according to claim 39, wherein the toxin is an A chain toxin, a

ribosome inactivating protein, o-sarcin, gelonin, aspergillin, restrictocin, a

ribonuclease, an epipodophyllotoxin, diphtheria toxin, Pseudomonas exotoxin,
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Spi ke protein receptor binding domain. 35. The anti body according to claim
33, wherein the antibody is a nonoclonal antibody, a polyclonal antibody, a
si ngl e-chai n anti body, an antigen-binding antibody fragnent, or a hunani zed
anti body. 36. The antibody according to claim 35, mherein the

ant i gen- bi ndi n ti r F b di
| i near antlbodgmgg ?8%5 5{(%9H§*%Cm uﬁgbog§8%8%%$’ “0 %ﬁﬁ?gg) mhereln

the anti body i sempughed vilkrigtindeteetabhe taghicidd, dlfhﬁiramlmmﬂcmﬂdﬁmﬂl ng to
claim 37, wherein the detectable tag is a f1 uorescent protein, a

f1 uorescent nMRPEKEROMYEIR RaPER&END. eip ehesrrBicost an affinity tag. 39. The
anti body according to claim33, wherein the antibody is coupled to a toxin.
40. The anti body according to claim39, wherein the toxin is an A chain
toxin, a 4i boséormla'rmmmmf‘ﬂt tongpBitdhe compasis@rcipharmgekaidan, cagsgengl Ithd n,
restrlct00|n ri bonucl ease, an epi podophyl | ot oxi n, di phtheria toxin,
Pseudonobnas ex@PBQWW(’C§WW4&nr1 doxor ubi ci n, daunorubicin, taxol, ethiduim
brom de, mtomycin, etoposide, tenoposide, vincristine, vi nbl asti ne,

col chi ci ne, di hydroxy anthracin dione, actinomycin D, PE40, abrin, or a

gl ucocorti4@oi d.Thélisc Af pinasitiacieuhatdahdsco PO sl peaide aoguriBigng chiphiafarakeut i cal
carrier and the antibody of claim48. 42. The use of an anti body that binds
to the pol ypept“ﬂf’d’é1 %%@Pgﬂﬁ’@eqlﬁn@ﬂéﬁﬁ the fMUPHALo g h A fIAXT A LAEHNSE SHEME cament

for the innunl Hﬂgl agai nst severe acute respiratory
syndrone. 43. tkgx ”%%n?ﬁﬂgn ody of claim42, wherein the antibody

specifically blnds to an amno acid sequence as set forth in any one of SEQ
I D NGs: 13, 14, 15, 20-59, = 61-63. 44. The use of an antlbod of claim42,
wherei n t He- marbbgIuss §T an ARodY odslainy2, Wherest thyanihedsbwgg ey DBhisaR o t he

pol ypept i de of o6l Mg skQlent D8, <ITR0A AP LAY En0br SLOPM RRSENS, o015 hGso, -

treatnent of severe acu respiratory ndrone |

an anti body of &tledi m 45, wherein the antibody specifically blnds to an

am no acid sequence as set forth in any one of SEQ ID NGs: 13, 14, 15,

20- 59, 61 63 47. The use of an antibody of claim45, wherein the manmal is

a_human. "I%]p‘d&eﬂf’in AiBBlUK 6 ALY PERUH S SRMLLHaPE ANYH N0 acid
sequence as set t In
45.  The use of an antibody that binds to the polvpeptide of claim 1 for the
manufacture of a medicament for the treatment of severe acute respiratory

syndrome in a mammal.

46.  The use of an antibody of claim 45, wherein the antibody specifically binds to an
amino acid sequence as set forth in any one of SEQ ID NOs: 13, 14, 15, 20-59,
61-63.

47.  The use of an antibody of claim 45, wherein the mammal is a human.

48. The use of a spike polypeptide comprising an amino acid sequence as set forth in
any one of SEQ TD NOs: 13, 14, 15, 20-59, 61-63 for the manufacture of a
medicament for treating or inhibiting severe acute respiratory syndrome in a

mammal.

49.  The use of a polypeptide comprising an amino acid sequence as set forth in any

one of SEQ ID NOs: 13, 14, 15, 20-59, 61-63 for the manufacture of a
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any one of SEQ TD NGs: 13, 14, 15, 20-59, 61-63 for the manufacture of a
medi canent for treating or inhibiting severe acute respiratory syndrone in a
manmal . 49. The use of a pol ypeptide conprising an am no acid sequence as
set forth in any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63 for the

j any SEQ ID NGs: 13, 14, 15,  fon |
agai nat & sapsedishRnlEt ERTER e Bhabfl 3E0RL0N ) ATHREAASRANRT | BARE O

clai m 49, wher ebfnhfieusppliepepkinde consists of an am no acid sequence as set
forth in any one of SEQ ID NGs: 13, 14, 15, 25, 34, 51, 52, 56, 57, 58, 59,
61, 62, 63. 51. The use of a polypeptide of claim49, wherein the manmmal is

a human. . T f | fo abl - 1 I.d.se ce as
et Torihin ang® oot PRAANAL b oy MRt DB Ehns Bt BT

manuf act ur e of aminoedd cequente foset tfhveh th agnasd of SEQIBVIEOe: BXulde | §.e5ildat ory
syndronme in an animal _by: (a) contacting a biological sanple obtained from
the ani mal witRltIe 8nt1 B8d ;61dﬁﬁ6@b) determning if the antibody binds to
t he bi ol ogi cal sanple. 53. The use of an antibody of claim52, wherein the
animal is a manmal. 54. The use of an antibody of claim53, wherein the
manmal i s 5a. hurfe .usSf a polppdpnidd of clainma i wigeran thntrabedy icolpnasi ng:  obt ai ni ng
an animal that was immunized with the pol ypeptide having an am no acid
sequence as set forth in any one of SEQ ID NGs: 13, 14, 15, 20-59, 61-63;
and i sol atshng el IOIPQHXIDBHQ%/ th BiflSs TPart Qﬁir%o+c¥9ﬁ@c{deg& a8t 1OHRE % Lo
make an ant’i body conprising: obtaining an aninmal that was 1 mmunized wWth a
coupl ed protei pnhasfi 8GQalbaNGserl3prict eian Dotpl éd-6Bofdrhehe pahyipeqptd dé havi ng

an am no acid sequence as set forth in any one of SEQ ID, NOs; 13, 14, 15,
20-55; and i soliGgieahioqdbs S@ayo%lthatl SYYF RS UtcoT e8P FEPY pe Bl o My B an
am no acid seq%?nce as set forth in SEQID NO 1. 57. A kit conprising
packagi ng material and an anti bocy or aptaner that binds to the polypeptide
of claim1. 101 5@) cdiectligta mblogical saniplc obwhieeéifront the aaimtdl madythe andilerdyul at ed
with a pharnac%uéical carrier or diluent.

dn

(b) determining if the antibody binds to the biclogical sample.

53, The use of an antibody of claim 52, wherein the animal is a maminal.
54.  The use of an antibody of claim 53, wherein the mammal is a human.
55. A method for making an antibody comprising: obtaining an animal that was

immunized with the polypeptide having an amino acid sequence as set forth in
any one of SEQ ID NOs: 13, 14, 15, 20-59, 61-63; and isolating an antibody that
binds to the polypeptide.

56. A method to make an antibody comprising: obtaining an ammal that was
immunized with a coupled protein having a carrier protein coupled to the
polypeptide having an amino acid sequence as set forth in any one of SEQ ID
NOs: [3, 14, 15, 20-55; and isolating an antibody that binds to a polypeptide

having an amino acid sequence as set forth in SEQ ID NO:1.

57. A kit comprising packaging material and an antibocy or aptamer that binds to the

polypeptide of claim 1.
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59. The kit of claim57, further conmprising a syringe. 60. A kit conprising
packagi ng material and a therapeutically effective anount of the

pol ypeptide of claiml1. 61. The kit of claim 60, wherein the Spike

pol ypeptide is fornulated with a pharnaceutical carrier or diluent. 62. The
kit of claim®60, further conprising a syringe. 63. A nonoclonal antibody
that specifically binds to an am no acid sequence as set forth in any one
of SEQ ID NGs: 13, 14, 15, 20-59. 61-63. 64. An isolated polyclonal antibody
t hat specisBi calllhy Kt bfislatm 0N varrdo taciudibsdguefiaeulasd sdth § ehhimdcauteay one

of SEQ ID NGs: 13, 14, 15, 20-59, 61-63. 102
carrier or diluent.

59.  The kit of claim 57, further comprising a syringe.

60. A kit comprising packaging material and a therapeutically effective amount of the

polypeptide of claim 1.

61. The kit of claim 60, wherein the Spike polypeptide is formulated with a

pharmaceutical carrier or diluent.

62.  The kit of claim 60, further comprising a syringe.

63. A monoclonal antibody that specifically binds to an amino acid sequence as set

forth in any one of SEQ 1D NOs: 13, 14, 15, 20-59, 61-63.

64.  Anisolated polyclonal antibody that specifically binds to an amino acid sequence

as set forth in any one of SEQ ID NOs: 13, 14, 15, Z0-59, 61-63.
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