1 MONOMVERI C VHH DOVAI N DERI VED FROM ANTI - VP6 CAMELI D ANTI BODI ES, DI MERI C
DOVAI N, | METHOD, ROTAVI RUS DETECTI ON MET g@@ | TI ON,
PREVENTI OW%WNENT METHODS FOR ROTAVI RUS | NFECEQ%QE ﬁiés i nvention
relates to a nmononeric VHH dormain derived fromanti-VP6 canelid antibodi es,
di meri c domain, inmunisation nethod, rotavirus detection nethod,
conpositions, prevention and treatnment nethods for rotavirus infections.
More speci fi cal | PONGMERIGYHY QRMAINBEGED FREAMANTI-VORIGAMBEID v ed 10 from
carel i d ant i begiTeSODIES; TRMERIC DOMEINNIMMYNISATION METHOD, RUTAVIRUE

seduonces showt ot Gril, Loua kAR e esfQ 10 10

4. and where sai mai NS % A‘rotavirus.
BACKGROUND OF THE | NVENTMENHPPSFIRFATAVIRNS NFEGHONS s t he main cause of

severe diasrhoea in children and in the young of many ani mal species of

i oint - : i th.. ' l'ids,
gfg”;"m XS' 2 gﬁ&s%vérﬁ%\éi ﬁ]%%? ngagh%ﬁ%@eﬁgwmsdonﬁﬁg AR hofABntE@pB! 1 ds

) t 1s the thir st co n cause of
deat h associ &BE@IGHADIPASRFe Finalic dwwn?@ﬁ%mtﬁﬁ@a&%mﬁ%%@"(z
mllion deat msetpet, ypeapdsitidDs, tprevartiher ahdntteaiRdnt naetheds dicar rdioemisi n
ani mal s i nt engdedichOr MERNSAIRICAR it bRlieCHARhSHRUIB LghdliY BRHHICgsRRE hi gh
costs rel %eg to grel\t/cgnttora. or W eat ngrgcga G?%@@ RV are articles conmposed
of a tripl® P8t ErRelhpRiRpdisp ¥haR 8id Sopay QPPR AL e APEIHESRd of
prot ei ns VP4 saaeengRy shdyst v FIQ WhNeht.&45Q D el §. SERIRMNoe3 anBEgdRdYe.t hus far,
at |east 27 vaph@phSreQhid¥ndiit biNd esproittvis ovardupn RidiruyP7 (0-types) have
been descri bed. Each G P type conbi nation i nduces neutralising antibodies
that have | ow cross-reactivity with other GP types; for this reason, it is
necessary toﬁ%ﬁﬁ@uﬂ%oﬁi"rﬁ‘f%ﬂ"é’rﬁ“ﬁ@?lai ns that circulate in the 30 target
species imsthe vaccines. The internedi ate capsid is conposed of trineric

in VPG, whj - 9 FA ' h
protein s%g rB%Pa"rLt?ss (ﬁ% ?\%{?185 chid ¥idel, 0 tea.[ﬂ‘?l?@@‘génn&ao:ﬂ the

presence or a e érent epitopes.in protein recogni sed by
monocl onal an®§ BeHI%eSs" MAFY BUNB0SRENPSIE |PTPEYC INteE8H (DAVIRGS SRYIENES are
addi ti onal | y egliass,i Saudid Aaerisarbcaroelils, €i8h)Ad a public health ptdblemdividt theai | .

\'}"I;EHPSRXI ar e yisHahdsy cnrhdn cA08E g&sd@eﬁlﬁ BBl Gith! §d1RFd dvarRBed - inProtein

ly 1 nogeni.c: naturally, infected_h ns and s devel op a
strong hufr devABERe ped Rt deedin Proyet” CAEPReEREnE PV TRieed
above- nent i onisdrioadgn cupsals\Virgnded doh cgrawnitions Ervesenile ety wiives.n al | the
S Goup A RV caaSQRightdds Redie ROTBVpEy) or Bsdmehe shared common anti gens may
be detected by broadly reactive polyclonal antisera or nonocl onal
anti bodi es. Therefore, VP6 is the target antigen in nost inmunodi agnostic
“tests desi gnéHoHRAJRY ata PRfigepCanrazed tha tHaRie iPhiein cargfy Bia @ief@&F st this
protei n dps naurfhevie compbead oisirotging 0ARAANWRT) betH sfavhidhoave\rdghly Vegidblsonocl onal
anti bodies 1 g AV : iy Gt i~ LAt . .Y\ m ce.
Currently, tﬁﬂg re’v‘i’g“%?%ﬁhﬁ%%?{%&g@%@;ﬁﬁ@zﬁ%%ﬁ i ?@.i"‘%"ﬁzsed on
passi ve i muntd¥gshnnavkhebesls SREPIRRY | i St i e SOREEh REYRET bei ngs.
I n ani mal s, pevkaisagadnibndes ithatheds Jow goseaeadtvibs wih etrepsi-Pddpds fpr egnant
femal es, 15 iyRsQs4eh, 1t9s REQIBEY thhg:RROMAL bl SHERY HHBEcitduRAS reheOf

“mat er nal gﬁgt itbod{/%s Vi a {hhe colostrumand the mlk. This strategy is highly
ef fecti ve®T n "PEEVEREERY' YR Pt ons of severe diarrhoea and in reducing

the norbility and nortality in the affected stocks, but it is not capable
of preventi ngnR\hteh&hite QApHIe tatEBpdsed A9 @it préiegnVPE ORNENR Yeptadtee t he

armount of vir.ys . t i.nfecte i nal [ - et al.,
Vet | mmunol I%ﬁfﬁgét% {?gﬁ_ rﬁ%& QS&AZ[% '@0@4??%%1%‘3% ﬁé%%tg Ié ﬁﬁ@% d@/eer%g‘nce of
high titres GPIPRESIN PEotaiRtYPERESNISES 8y SrPalopRiantiredas MARl Zﬁﬁ%ﬁéﬁ*d

(nat ural | g5 pragdi@.e@roop AR tirginabley addittedily olattiiedrat lsphbgroagd Ein¢llylipr ot ect s
agai nst diarrhoea and significantly reduces viral excretion (Fernandez,
F.M et al., Vaccine 16:507-16, 1998; Saif, L.J. et al., Infect Imun
41:1118-31, 1983,



25 and Saif, L.J. et al., Adv Exp Med Biol 216B:1815-23, 987). In children,
two |ive m%&gﬁmm% ines attenuated by genetic reassogi-ali-Qf BaYe been
approved. Both products have proven good efficacy agalnst severe RV-

i nduced di arrhoea. However, given the history of intussusception associ ated
30 with a vaccine previously used in hutmans (Miurphy, T.V. et al., J Infect
Dis 187:1309-13, 2003) and the recent discovery of RV viraema in naturally
i nfected chi |ldH end pRaipll. Human Ry are wpuplif 8k dl, phereas anisgg RY3re pOOGyand

Blutt, S.E e3b aProteih&™ead highid irhdhbhogbni 0aB)allytiitectbMRaGERYIaMESSak Sai d

! rmunosuppr e<EigCRAL T buaR RSB RS ol biler RTINS LRea

chi | dren. Theberementignadesubatqups, VRS i RSBy sppsavechpeifie yithineahBeded f or
the prevensi cdiroapd quagmrfﬁramiﬂia aBNd-tiomalslogy), amcathcharased E%?ﬁmbwgn{igﬁmni ty
strat egi es, %H&_h S e ; -

anti bodi es purt’f ib%d dP{eg%lﬁb%gi %Jg,gggl {)e%??xﬁeﬂq’ﬂg@c@éé@tat\ﬁ%ﬁ%nogh%cflngglgp%g anti-RV
| gG and chi cl@HPHRF- JOERIGWFE Rdhe tasgrl Antige) dTRRt enHagdiapesichiesiSase i n
both hunmans afdigasd ftradeect Burbup ARWOE dntibbtigs dreqieddgainsighis aray@ngoant i ti es
of ant i bodi eshl thede GRbaRIAJ SERRY ABARE! HoRBFrIGA MERLRAKCERIBIREOPEr L es,
is | ow Th(ﬁrefore Iﬁ&q‘:}’fs] .Eagceﬁsz% ﬁ_too%&qerate .anti bodi es desi gned for
passi ve anti "TRP2EH 1§ Vb fGRIFAYCR RCRR SR uman bei ngs, particul arly
anti bodi es that may be produced at industrial scale, that do not cause

i munol ogi calcyreagy,i @BSpretéionase RYUhdi@eRENoT lanikiehd ibanihy access
the epitopes of .conserve [ ot ei ns,

i | agi hnt eerrnal C[q t::1nd tha{. zﬁLe cgf)abl e! of
r ecogni si ng ARASTRRT BT TAIE  HE P RpRTE I TOH TSI P SPrind MBI GeF oSy Bnt
genot ypes ( péiyraacraredgral mectivated\ s viaepiaesh ast anried baprephant maleady heavy
chain is, 18 tif celentd gidtecothelfedtbles thidags FRl frefferkn ovilomal aHtiBbdigonmi n with
f?’”p' ete ant igen-pLagh %d%ﬁ?%lk? ¥'hits'§lra't j(ails H@z;ﬁ%ﬁ?&ﬁé% g%@ﬁfi VA

ibraries for single-charn fragments w an ral _anti gen recognition

capaci ty. Mor¥Epiims dseypregiagioes s Fdveingdhg mapalily aag Mesalils@yeo enri ch
the VHH |i br affgcted stooks dutlit isecdtedpagaioh ptevantirgrisV geeciioh becduedisdcesDue t o
chai he ar g vary HRaRgEH ESetMCHIRADIRGS (ol iAol STt I8 ot s
on b odied « RS SACt B BhegenimBind gt Rl ke ot S0EOORY e
exanpl e, a VRodiinedtrseseagaichBighditres oDpasaive RY-BY raiirgdicdsin fhe théestidali n
yeasts, has ngsenidaturBBeproten sreshifidalghawenattra iR on@stkly\irbiécisn Vitro,

and the purif} V } r i.n n and,the

durati on of Rl Reate SRFRENT & %ﬁvﬂ?f FdERdRoRaRRS Y &°
Infect Dis 1% Ysgineg!6:50045. 18 vaih bdr ehalafifed omust4131118-31ad8Bhe, May 8,
24(19): 4139- and SI00). etkHOwesheExp be Binl 2ubBasss-Rav@s7mot been able to
identify against which 30 viral protein the VHH obtained are directed and
t hey assume thah,& hey woul d be directed alg;i ng}tg conformati onal epitopes of
external pr otBiCHLIEPIONIVEIHRUSNEATEIND 2PEDET 8% &% InaliS £a58edatioReoduct i on
and use of Vieeoegrpionsd.oboth macperst sausheoeed gasd aeffither agand eevérafRAGt | ons

produced by eMiRE®-didmolal RBEENC fgmaﬁ RO TGy SETBintuE Qs cBRRMPARoEMieg! T Shows
the prod or the use th reog;}yl.ﬂga? BEC'IHHC_S e rel ease
't he- i

t;%(]t]l on, of said 4 VHH L ¥
system SBPIVESCIG PIRVISMSYSWREY: Fleh RN, PAUTR "¢ n t he
gast r oi nt est i18311389-4BeR0BY) ane dpe uksaentodis¢avenl gf Al evirafbice b epturally a
\rNﬁ! eﬁse Ime't h@ﬂteétbd @msmfgﬁﬂ ﬂ.eemt,eg foec?tﬂ‘.‘ﬁé\$®@Bﬂ$ﬁ9$}r®bh,0éddgaiﬁﬁ,(&gpétgan! SNB
ich rel eas filpe 0 n rei i roor.gani sns
may col oni se%tl'hggrﬁ%gr)réﬁéﬁﬁ%%gt :ékr’l@j h% ﬁ’r‘gﬁ*&g%g%&i €s‘fsga‘?d;‘r"l C%glteP arﬂaégti’aéag to
prepare drug$abad figBysovrstiag \ARacEAY | BodPesalatr FneunssuRpasHedt endor
expressed by probiotic mcroorgani sms. The VHH produced do not bind to VP6,
woul d not be neutralising, and are al so not used by thenselves, but within
a controll ed-rel ease system Patent docunment US 20050054001, by Myl der mans
Serge, discloses heavy-chain antibodies, functional domains of heavy-chain
anti bodi es, functional VH domains or fragnments thereof which conprise
certain nodified or mutated am no acid sequences. It does not disclose
sequences that correspond to VHH domai ns which bind to RV VP6. Patent
docunent WO 00/ 65057 di scl oses nonoval ent proteins that conprise a single
vari abl e domain, which bind to viral antigens, particularly bacteriophage
P2 of Lactococcus. It only discloses VHH sequences that inhibit said
bact eri ophage.




Pat ent docunent US 2007/0009512, by Haners et al., and previous docunents
by the sang inventors, disclose heavy-chain fragnent I | obul i ns
and the us&4HEY for veteri nary treatments, for e}g?nﬂeﬁ%ﬁég@?\/e

i mrunot herapy or serotherapy. The VHH described only recogni se the tetanus
toxin. The nethod used to obtain the VHH is fromimunised canelids nRNA
4a SUMMARY In a first aspect, there is provided a dineric or nononeric VHH
domai n char acteinparistted rehiifhat. ITheetmpr eiesatate, |cpaptenmantarg exjitauiss sl ect ed
fromthe groupsedelirht Nevertion SRPHERAMNG PRV dthosh and SEQ 1D NG 4.
In a second aspect, there is provided a rotavirus inmunodetection nethod
characterized in that it conprises: a) bringing into contact an rotavirus
cont ai ni ng salfgdsiyeviintriunign swategies.aatict aschyaesiteedingl e tagithifistoation leé agtioup: SEQ
ID NGO 1, SEQRYRniKddied pusks HrEmMNSSvind colbdRulPoMNedgsAhumERah® blhe Ynti-SEQ | D

NGO 10, SEQ I 11, | D NO ,.or combi.nations.thereof: and b)

devel opi ng. | E&ﬁﬁ%&"%‘%ﬂ@{ M@Jﬁ ngrep.% _\“7“3“0"83]8 C@%&W idbgﬁéﬁ%g]i gned to
confer passi vieoth ftnans ypnd @ninatgnPel] the creasibitityesfi wedlcng letuepatantiigp eh ami no

acid sequenceggghaies &tla fobamatidient ghawhyr, SQuit rdbdubiblSERPeRebGs Idw. SEQ 1 D

NO 3, SEQ I .S i LD . : | D NO

12, or co(ngbi ?a |%f8%‘.ftﬁ§%%%?g§§8?g&ngﬁ% 3&3%9 na’r?ungtrcﬁ ujf(%a"&érggye %g]m-g%]‘? (?urt h

aspect, tR8r dmrunegon ieanimalgiang HugnarrmsirgsyPRiticHatrttbedigs dhadynaydi®ori si ng a

nucl eoti de sesrueuze &t matsttaidichiepthatdy nof caube immamdieyidat raxctichadat aredonai ns

as defi ned ahgyionhp dnd é%fﬁcgmgi acdlS" fhd SpRIRKT e dofisdr O TRbMAN!
ar erize S as, defi

expressi on vector c ct onprisiLng the pla ) ned above.
P e St xth adTBEIS. PHb MR S SREHG S TPRBYGHTS BOPESba fRisF R Co:

t ransf ect ed ostrainsffeet differsint ¢erchgpesdptlpractetlef i ned above, characterized in
that they4gexpress the DNA included in the plasm d as defined above. 4b In

a sevent h aspect here.i s, provided a . .nethod for the product.ion .of the
Gommi ns. as. del Tn¥HHAHEAN h e S SuEoIBeraThal iy b apeeioghor 15

transf or m ng ldia.t thenshedesingnayyn i neteiet | dagnaip switle edompléte anifgenrdnding i n

i nsect | ar vaecagatify, ishigi=dl @6 goiiraRNinceainh ONARLESEd Bedngleaweain tigniepepi ng t he

cells grow ng., | (N i.s0l : d._purij.fication
of the o it HeuRRRAREL T RARH' el Moro0Bh Sl s

char act er E8ed'aAscHmpresissy ansiish HreVdBntrany mdheser dirstpchpediest am a ninth
aspect, ther earitigeprodinatest. Bukitd ité particolan pageties VidH domatret darived srooonpr i si ng
an am ngEgC'l %m%@%ﬁ%%@%h%%ﬁgnég ra@@‘é/eg{z%rlsgil@%clééorsﬁ[g g%mﬁfe%@ %155(2' :Z)DNO
12 o conbi RN (RRERSET AT AT ﬁea‘faa%ﬁ? P{%\*&PE%&@@*N%\{-H@HG amno
aci d sequencedisehasst dobr feemplchea gvidid pdifastare dgbipstSEGE DE{pe BY SBEGn D NO 2,
SEQ | D NOp53, profbeekilh Nekstd, haabedddyMdenSepstdd LMW nelfralistifadiitNG 11, SEQ

ID NO 12, or , inati R of . for.use in a thod for th evention
or treatment 475 RFoRE SRZen VERT Ry deeplcdl Pl d By BulBhed SIS O rog
| NVENTI ON Onedisglascet RBY-indhped piarbaes éhlactating nieaivardeNachdlhohtsfact Difomai n
(VHH) deri vedid4: ta80eH b, taraintanbgstivasyt Jie eedl)) Vaatide, deapa edray).4goone of

the am no aci j I , ; ) D No. 3
or SEQ 1Mo, £U0Gh SHEReR SRS duhoiE Rel nitbeck ooRH il aotp SR 0 D7
RV. 5 AndPherrabpjoiin therVHIR phtainegdeate circipd apd ey sosiee Bainsmogiddiai n t hat
bi nds t o pr otdiresiedREaokt gpnfarpafiond epiderseat pxiematiploteison protei n conpri ses
at | east one nononmer sequence shown in SEQID No. 1, SEQID No. 2, SEQ ID

No. 3 or SEQ 4 1In [ nhodi nent, the fusion pr n

conpri ses t hefgge‘gﬁ‘f“?%mﬁm Q@gaﬁéﬁﬁéﬁ%ﬁgﬁo?‘%ﬁﬁém%c’m agd “%éf%o. 10,
SEQ I D No. 1ldemainSEQra@ngids theeoiraoaberap fardufedtions nirgducaddntérderoi s to
provi de assg}@é(hdsg&jd MIBPERTIRES, | 1OP eRBhBIERY hRh&NTRTd 5RYubidnn@i &8t | Nt 0
contact an -containing sanple with one 10 of the am no acid sequences
shown in SEQ ID No. 1, SEQID No. 2, SEQID No. 3, SEQID No. 4, SEQ ID No.
6, SEQID No. 7, SEQ ID No. 8, SEQ ID No, 9 or conbinations thereof; and
devel opi ng. Sai d i mmunodet ecti on nmethod can be carried out by any of the
techni ques 15 known in the state of the Art, for exanple: imrunocapture
based tests ELISA, ELISPOT, conpetition ELISA, nagnetic beads or pen-side.
Anot her object of this invention is to provide a conposition that confers
passive inmunity to a mammal, which conprises any of the sequences shown in
SEQ



20 ID No. 1, SEQID No. 2, SEQID No. 3, SEQID No. 4, SEQID No. 6, SEQ ID
No. 7, SEQ ID No. 8 or SEQ ID No. 9, excipient and i mmunonodul at ors.

Anot her object of this invention is o provide a prevention method agai nst

i nfections produced by RV which conprises adm nistering an effective
quantity 25 of any of the sequences shown in SEQ ID No. 1, SEQ ID No. 2,

D No. YBHoP"cBore IThedt s oPoplS:s Rararst rat WBed2on BRI oy sai 0

Sequenc@sciakes et REEBR] Ve ssaiitid nadHWIN ihe ukstrantestindiasysaaapgul at e
and protect them from degradation in the gastrolntestinal tract. 30 Another

obj ect @icapsutationvieraigioats. Mereopeindsde relepse Mmetbad ihptopeges dhe st &t i ons

e
No. 2, SQwhrdin.safd niEQotdariNems MmayBESohReNde KumSE@tbEtiMg. It plipcSEQ | D No.

35 11, SEC) I D No. 12 and conbi nations, thereof to a manpal that needs it,
by WO giffgnt 1sinaiegies erptsraresivgs @ {ansiss BEsVE eplprdies Wet mre

subst an - . At j ' adation
n the SaAsged & AR 8 B it oot Eh B NBRhocP 807 | I
I muni zadt ind tS6RE] waid oot bemaenitratisingnand ang bisocradt! wesetd mnthemseived)| eedi ng
and eval uation of rotavirus anti body response in serumduring the tine

cour se BT WithiD @ SRGWRA-TaleEsBSu5! Mt er s neasured by (i) ELISA using

reconbi nant VP6, (ii) ELISA using rotavirus (IND;, Sb I P[5]36), (iii) virus
10 neutralization and (iv) ELISPOT using the sanme rotavirus (IND;, Sb |

P[ 51G5) Patémt clataimant 18 n20Q50I054804r byridpyldsenans $sroer dinuosesi beawy-2.

Det ecti on .of tive and rec i nant VVP6 protei.n by. West ern Dbl ot | ysis.
SR | Dl Btk G TS (2f e B AN eI Vs or
under n@AMEREAUST REgHERE thbrRIb viHich B6kRrEE GealhmdafmRBorlmanste8-arkayi ne

Pol ycl onal serum anti- group A RV; 2 and 9-Anti VP6 Mab (R025A10); 3 and
10- VH-eEEASqarntes/Pedoes apidlisdlose/srroumEsdhet cupesp@ daledyiibl doyppingB2 ant |
VP6; 6- ﬁng‘ 13 XHF%}?O% anti VP6; 7 and 14- non related VHH 20 Figure 3.
VHH EL| %A Iﬁ?g ¢ on P rotavirus strains with different subgroup
reactivity and G P type specificities fromdifferent ani mal species. A

Ant i body- capt ured nmononeric VHH 2KA4, 2KD1, 3A6 (2 pg/well). B) Direct
coat | ngPakarh dsuEIaRA (/O PPISBOBKAHSCIns e RISTIOVBIATS AOREIND GBS aT: ssue

cul ture_supennt Vi i ; ; : . ;

P[ 1] 06) single g%’té%ﬂ%ﬁ”;‘g‘ wﬁﬂﬂ%ﬁ@%ﬁ@# %‘é@%d’sﬁ{}é}‘? PFQ%%%%% and
equi ne Pot afi ILastdddctSh Mo dniy ndisclaseR] MHIA3)seqBescds vihat adddlsit §aidcal

sanpl e corresponding to the peak of virus shedding of a calf experinentally
i nf ect eBAGRIAPPRYS-ne rotavirus I ND; MA- 104: 30supemat ant of nock infected
cells. PBS: (blank of reaction), negative faeces: calf faecal sanple
negative for rotavirus. Error bars indicated standard deviation of two

i ndepenBetdnt deasioreeried® K007/0009512, by Hamers et al., and previous documents

by the same inventors, disclose heavy-chain fragments of immunogiocbulins and

the use thereof for veterinary treatments, for example passive immunotherapy or
serotherapy. The VHH described only recognise the tetanus toxin. The method
used to obtain the VHH is from immunised cameilids’ mRNA.



7 Figure 4. In vitro rotavirus fluorescent focus reduction assay. A
four-fold dilution of each nonoval ent VHH 2KA4, 2KO01, 3A6 and 3B2 was m xed
with the same vol ume of rotavirus copfaining 100 FFU. The VHH concentration
t hat generates >80%reduction of the infection rate is considered as
protective. 5 A Bovine rotavirus C486 (honol ogous to Ag used in

vacci nagbmgql m ce chal l enge); B. Bovine rotavirus |INO (honol ogous to Ag
used in selection); C Bovine rotavirus B223; 10D. Hunman rotavirus
Ve E(RAY Rest! QERMAT UReld-is THEVRIGAPES JiRBFESENmEASIMEHETRHW [RFikS Of two
i ndependent assays. 15 Figure 5. Protection rate agai nst diarrhoea achieved
by nonostareaterivetti? Kt it @oprised@ least 312 séqueramnstiattedifomm dhabranged with

once. = 9 YRR SERIING' 25068 BROSR SEELEREl 4re chal | onged

intragastrically with RV 2 hour after routine feeding. D arrhoea was
followed daily up to 96 hs post challenge. 20 A Challenge: 30 DD50 (6x 105
FFU) of Inbevisaecnataspecusthessds mayisicdhrenrotasisus dmmeepdsiection netbed

ot avi rdereeret o it (SR AT a8 i Bl e A cp b Rume S elipd or s
m ce pegarfipRURith 2iCamhd Wsics begekime guiadtad fromt B GioupkISEQIID Nae 1,0% w v
smal | intestine hom)genat es. The_s e percent;?qge of affected

h nbol # th
ani mal SSERAID BT or SEQ BhNGArSEG 17 Bt heSRGnID Nait S eRaT BBt gr oup,
Fi sher Exaeip g5t BED 09NG0 B8 ARRESEN 1S A98e0liobfg ELI SA
m pe anaar

absor bances a r-group.” Error bars 1ndicate vi ation.
ELI SA cut off val ue: 0.200. Figure 6 A. shows the expression of VHH in

T.ni larvae. The expressiaon |levels 35 are high enough to detect two bands

of the Expbird@asRAGhhes 'M%W?eiﬂr\at%@‘p%'%ﬁgﬁﬁﬁg?dgpéﬁﬂfﬁpi@é‘éW@59745 8
. ha S o of \ AN
arvae Donen) Ry tm el e AcRIBRE0) EOH R ah i e Toral
sol ubl esgiectedifram (tiSkRoepct SECK K NCom ,\FIBQdpNEs A, =N dPVvid®: BAGEQ JDor from
infected | a 1 Non- rf..reconbina cul oyl -)J were used
![O coat ﬂ@.l‘gmgfﬁt gs%ﬁ@sgppﬁ}\lgt& &rﬁﬁr Ei &/:E{Cﬁ?@g@&gﬂ)zdiqruti oﬁs
starti n@or%m@@oh@/trv@lebf;Ie&c%ﬁémnaamn@érﬁbam@&fraonate buffer, pH 9.6 and
i ncubated 0. N at 10 4C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON For pur poses

of this application, the term"domain" is a part of protein (antibody) 15

sequencg and structure, that. can eval ve, _functi exi st .independently
of 't e Ped oy HEPLoHAIR BN R, BB e R

t hr ee- digmpaLiAEH netiedfiddseqasscd i oddRsbeny pigReMdaBHeYicirahhrriand

fol ded. Many proteins consist of several structural domains. One donmai n may

appear fi@amaingaag defjnast ale@yst.utionarily related proteins. Domains vary in

| ength from between about 25 20 amino acids up to 500 anino acids in

| engt h. The domains are able to bind epitopes. The donains of the present
appl i cafd gfifthiaspetp thsretieipioWiPedt rotbierR\éxpression vector characterized

by comprising the plasmid as defined above.

In a sixth aspect, there is provided fransgenic cells fransformed or {ransfected or
infected with the vector as defined above, characterized in that they express the

DNA included in the plasmid as defined above.



For purposes of this application, the terms "VHH', "VHH donmain", "nononeric
25 VHH' and "VHH nononer" are considered to have the sane neaning and to be
i nterchangeabl e. For purposes of thig,application, the ternms 'protein VP6",
"antigen VP6" and "VP6" are considered to have the same neaning and to be

i nt erchangeabl e. 30 For purposes of this application, the terns "dineric
domain", "VHH di ners” and "dinmerjc, VHH' are considered t ave the sane
toant ndnange Yannaspatte MbiaiuREIES 3 sthBbEaRE Rropet B 08 FOBAAS 5 The
term” it dodvEetifiedomdrided! ML ifblWinBOlsyRAP hflard romeingY of WO

i dentical nmononmeric domains, with or without "a |inkage sequence. The

t er m " Hetresfectingeorinfestidg fiosk delissingugineg ef i insegdasypeprithd®ef or ned by two 5
di fferent nononeric domains, with or without a |inkage sequence. The
expression "appropriate growi ng conditions” refers to the suitable

envi r ongesinbiiaR! Vehed Ad durded bBovdIPbpvRdiiey aheweslifgrbling narisgeni ¢
cells (transforned, transfected or infected by the vector defined in the

i nvent i appropraie coodiicaspkkisotatieniantaeyréigation phthend@mREt in growt h chanmbers
at 28C and collected at indicated tines. For the purpose of the present
invention "vaccine" is a preparation which is used to inport inmunity to a
parti cuhadn digheRasped temaspioviizddasivpdtd dtaardbtecioad &y qoagwisieg anyunity to
a mammal , characterised in that it conprises an am no acid sequence

sel ect eef the GipMaies gp G@HnedEhedeby SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3,
SEQ ID No. 4, SEQID No. 9, SEQID No. 10, SEQ ID No. 11, SEQ ID No. 12,
and conbi nati ons thereof; excipient and i nmunonodul ators. 20 The expression
"ef fectinve qlmintaspecef tieareais peovided s ddtuéorc ém(poiogptgatiodedl romvbes

adm nistered in a manmmal to prevent the infecti roduce refers to
a pre- cAMRESIEY ANBTHIO BFid; “gﬁFﬁogegﬁﬁ?%d %@&"&é@@ !{%pgl 'ﬂeg‘?l?%éngg)eded to
bi nd t | O : (g r ;

event ual’l %E\%t W%@@n?%@f@ NyhﬁﬁE%r ing'<;)1fr\1|ids'm' #%ghgggpésﬁ’o%megppga ive
quant i t {1, 3E@rDaNDnd 2aci corebipadinoe thgseblypept i de)” to be administered in a
manmal for treating the infection produced by RV, refers to the anount of
the am no acid sequence (polypeptide) needed to bind the 30 epitope and

bl ock tjpeg 36hi0RsRict! HRroH PRIRTedVRINCHMIRS asir eaienica Reéadd trisim hast

or gani sm For 't he urEoses of the present invention the term"mamal"

r ef er s, gionpdermediby & s1,03EQNE HGist SaRnE N&: 3 7E@XENIS:4, human
bei mas. . 3 . Vi ; . i
cequancSErl 1BENGR R rSEEL TBNG uB” erd 10 i d 1T AT R A 2 nshomar i ¢

domai nsgofbilaBioR€! tReidoPNforobéaiimne methdd fohahacirevesidn on tedatividrt asit i bodi es
directed to the internedi ate capsid protein of the group A RV, VPG, is
descr i bgectionsipsodurashby FiBVIFYe VHH of the invention are broadly reactive
protei ns which may be nmani pul ated to be used in a universal
i mrunodi agnosti c assay for the detection of group A RV. Mreover, it is
shown t BRIEE ®ESORIPTION ORTHEINVENTNE VHF! 10 have broad neutralising
activity in vitro, and that sone of said VHH protect against viral
challenge in vivo. On the basis of their know edge, the inventors believe
that th : y [-QN: A £ [ kLhed which
bi nd t oCpeeranet Upiis ARG SRl IR o FlonBReRe, h6halr? (PAH) ARfve0

from camelid antibodies, wherein said domain may be one of the amino acid

sequences shown in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 or SEQ 1D No.
4, and wherein said domains bind to protein VP6 of group A RV.



15 In order to obtain the VHH donmai ns of the invention, the aninal

i muni sati on schedul e shown in Figure 1 was perfornmed. In order to eval uate
the |l ama' FAHNIHY esponse, the anti-RV and anti - VPECARFIBBEY “Fitres were
anal ysed by ELISA, virus neutralisation (VN assays, and the specific

anti body-secreting cells circul ating inSperipheral blood were anal ysed by
ELI SPOT, As expected, 20 on day O post-innoculation (DPl), the |l anas were
positive for amitherEdbjesttdf heidiigentibmé BApiodend eitharitSdaraah agdt hddidt he

antigen. Howe : r i.ho reti [ ing in

bl ood. On da rg{egqo{s”!tggicﬁf;}g?@ ierﬁ,g’ _ﬁﬁéeljeg]n |qﬁ§&ﬁwé%rg%rérﬁ? %/%ﬁg%ﬁr%ody titre
det er mi ned byMPEIITSK SpaYenegoidn SESL HR Not TRUESHELNP] @ HR B Secret i ng
ceIGII s was det&iéénelﬁ No. pein phesiatred bowddimbai, aik 8siad pprtaid ushpgsantie- RV f

| g@ 5x105 n r c eau from
day 14 pos??i%mé{g a@i%nse&\%rh?ﬁog qg%ﬁg%sbté’te?%gq?g\#&ggt Egtéhgg r\%ﬁ?ﬁe virus
and protein E Qh’é" tont rary, the neutralising antibody titres renai ned
simlar and very low for all the different RV studied (IND, B223, Wi and
H2) . Al t houghaysiar Bhight SNt QA¥%nidd (L% gzaﬁd&%t AraGds | iR RlcHSRechdne

quantity 30 of tgnél - ant. | bogj%-secr eting cel ﬁ/ dettect ed inb ,%od decr eased
with each bodBfBPd HiEt GamRIass Drisgind (P Soplagsyh RVariiaining PPl Ay de
enough ti @ t@ thagoino aoid isbaubnoss shavint in $ERUPaNG.oh, SEME NoasSERDDNot
receive the fisa, SERHIDING 4, WHD 1D NECH, SBOED NI, 81 1B4G.RSED M REti on

(appr oxi mat el At h. ter .th e). Finally, the |Ilama was bled 4
days after th%or?@ﬁo%a&@g?é@e,eoj,eagghqdéktgc&ﬁaues 35 of 26.8 anti-RV Ige

secreting cells/5x105 nononucl ear cells. 6x105 11 nononucl ear cells were
ext ract eg f r oBaid GRmuhoddtedtlonotiethobicah wDBhsiee dly &@ast the2edhiiqidé specihfi c
| gG anti y- i ' (of qaJromthe
RNA pr oceggec}51 ?%gﬁ lrtrﬁbg?tg%la&@%%ﬁ?a%?x%?’giea'r@gg\%@a @E%%%e?d@ \%&%%:L%S"g’ont ai ned

6 x 107 cl oneBLISHEE: Gaeretiian Ebﬁ%mﬁ%ﬁ%@éﬁsfﬁﬁ%ﬁ@& that, in order to

obtain the VHH of the invention, it is nore inportant to achi eve high

val ues of spegidiiés Bkt BOAK-HRFHSH 118 pffhdeSa bahPSLiidNAR: dnis BaLdnROdY
titres direct.ed aﬁalt nst the g%tcgens of mtergﬁp. In the gacc,ng%bon schene
used, it was PEETHIR2{OBEELN CHNTFEPRHENY HRNE FHIESNGF SERWL it

ant i body- £8crietiag . &EQ €2 Nphad, $e8ulthy. ShEEChEUNdut.i B tHhdla. nBBLsIBt | on

al low us to 1.l gL IBio.teeSHbe RESY, sxBibRAtad PinfridrlBWdaRdrgmuni sed

| lama' s i nmune response, in order to build a VHH library, is to select a

t echni que that evaluates the quantity of specific antibody-secreting cells
circul ating iy Pt Bisobuertiorseeldprigiidene MayaliPafeethertpoenst es

agai nst the anfetijpen mbducet dyeRY whithaotrgiriags hominiterpatdresifectife quantity

ant i body- S6Chn G el et BiRIRGHN if SEWAP EIOWBENR N8 230 RFNGC] 15
schene with ﬁé(g N@ntgé{ I E\Eﬁtweg t[§ ast%éﬁo ﬂj(éses ronot es the

circul ation E af @L‘B '?-yg 7 g@ciﬂf"i e 190 - FebPntf ¥el1s in
peri pheral blwoodinatibnserel foa staowm! theatheeds i, Avhdagis said sequamaec ateddyi on,

there is a grigahsivddupDBEmBhed ivithUd AkizRBe P Hak RPN SREE @bl NHote&! hemagai nst
t he anti gen ost-innocul ati on. The i nmmuni sation

f interest than at,6 7 days
scheme shoul 3%9%%&%1%%%@%8%%3%%P"ﬁ&‘y that the booster dose is
applied t80the |lamas at least 5 nonths after the |ast dose and the phage
colt 'OBi gs ar e geferabRdt vhs Rveitidntié tnyp;@t;idaQpﬂéatalﬁnﬁmeimaa@mfecﬁéﬂs{ genf 1 9G
ant i body- secr i i 0 . ef.er y, for
anti Vb virtpgReg iy B, el S elrgan B BSeS Honltiftha o neff%s Foher al
bl ood nust beqUéﬁwmtofmyaﬁ¥he-@am|9@tdeswem% AN REQ He Net T ngeRel s. 25
Those ski | | edva.12, SR laritio k) @EQ akio.of, IBEQ IDMNuNG, 520 dhNschE 82X IBjobe used
to obtai ngguifalieey ¥ N #20hnd BEMHRLNALSHERE: LPHMRSHECRS Aledst Soy

i nventi on.



In order to select the phages that expressed anti-RV VHH, three selection

rounds wer g PREf@LNED 1N vitro using RV IND as the aniigehusekdasCl ones were
30 sel ect ed.OO%egst rlF%tion anal yses were performed for all the clones that

showed a | arge VP6-binding diversity in_.the VHH |ibrary; this was

determ ned by phage ELI SA. The cl ones were al so assayed by ELISA to

determ ne their capacity to bind to an RV and to VP6. From 14 clones with
di fferent sedbenesiées 00 cembined wiby eulsitrmes ciatvehedpsyiatanedd ireterigte speci fi c
bi ndi ng to R4n#Bskid8gaisit dedra@itionWOm20RROikEEaRR&heEP2008/ 059745 12 were

sub-cloned in an expression vector that provides a carboxy-term nal

hexahi stidine tag to facilitate the purification thereof (Table 1). Table 1
5 Summary of RRRCRESHPN ORTHE RIGWEESI t ati ve eval uation to sel ect the VHH
domai ns O08E42nd Anornal 2KA42nd B++++++nor nal +++4- ++++ 2KA52nd B:

I I LysSi S++++++e+++ +444+ ' ++. [0.50 .
B+4- ++++nor n'alTI 'i"fi@%'q%&gﬁ‘.% 8%@1@+%§%§®€&3&'—%Al%§g’r %%ﬂ@ﬁé‘?ﬁm +++++++

3C103rd B+++rdehiipadingand evpiuptign gf iiavinug aptikndirdpsbense Inneawy Y lingthRot ++
3H13rd B+++Lythies copraei 6fi iedniBdustidnt antithely pltatsermeasurgd ant (i) LA dising

anti body. recombinant VP8, (i) ELISA using rotavirus (IND; Sb 1 P[5]G6), (i) virus
10 neutralization and (iv) ELISPOT using the same rotavirus (IND; 8b | P[5IGB).
Vaccinetion time polinis are represented by arrows.

Figure 2. Detection of native and recombinant VP6 protein by Westem blot
analysis. BRV IND (A} or recombinant VPS (B) run under reducing conditions;

15 or under non reducing conditions and detected with: Lanes 1 and 8- Bovine
Polyclonal serum anti- group A RVY; 2 and 8-Anti VPE Mab (RG25A10); 3 and
10- VHH 2KA4 anii VP6; 4 and 11- VHH 2KD1 anti VP6; 5 and 12- VHH 3B2
anti VP8, 8- and 13 VHH 3A8 anti VYP8; 7 and 14- non related VHH.

20 Figure 3. VHH-ELISA: Detection of rotavirus strains with different subgroup
reactivity and G/P type specificilies from different animal species.

Ay Antibody-capiured monometic VHH 2KA4, 2KD1, 3A6 (2 pg/well).
B) Direct coaiing with bivalent VHH biv2KA4, bivaKD1, biv3AB (1 ug/well).
25 Tissue culture supermatant of bovine rotavirus IND (8bl; P[51G8), €488
(Sbl; P[1]G6) and B223 (Sbl; P[11]G10); human rotavirus Wa (Sbll;
Pi81G1) and equine rotavirus H2 (Sb no |, no ll; P[12)GS); Positive
faeces: fascal sample corresponding to the peak of virus shedding of a
calf expetimentally infected with bovine rofavirus IND; MA-104;
30 supematant of mock infected cells, PBS:  (blank of reaction), negative
faeces: calf faecal sample negative for rotavirus.

Error bars indicated standard deviation of two independent measuraments



Four cl ones were sel ected which bound nore strongly to the RV strains that
corresponded to different subgroups; these clones were called 2KA4 (SEQ I D
10 No. 1), VAKIMYYSED | D No, 2), 3A6 (SEQ ID No. 3) arf§TEB2OFSEMS| D No. 4),
whi ch recogni sed a reconbi nant VP6 and its native counterpart of RV I ND
eval uated by Western Bl ot, which indicatfes that said VHH bind to
conformati onal epitopes of this protein VP6 (Figure 2). Hereinafter, the

VHH cal | ed 2Kpghur KDk vitdAB1=AMGs RRAcRBA bR MalibiRAMRLAS ObutBiR dinygntion. 15

The DNA sequences that enc ch t VH mai_ns. wer he foll ow ng:
0 1D No. 5 B el RERYO AR Rbu i AR 3B oD e Mo 1 ho
SEQ I D No. 2 velwmisf ramdus poneining E0ddée S hendiseandentraiion Batigeneiaies WO
2009/ 016 100PCI 43R 280B I ODH ARG intetiiDi fRtEIR MNPsid8rean@ani@sctiviee SEQ 1D No. 4

domai n; These skilled in the art know that any DNA sequence that encodes
said domains falls within the scope of this invention. For exanple, amno
aci d 5 sequenceASEQVING rRigVirys A6 B@“’é’r‘ﬂi’@éé(ﬂo B9 USRA, irs verERtien SEOMIEE No. 5 or
anot her DNA sequentelidniga); differs from SEQ ID No. 5 due to the degeneration

of the genelic 0dtninkiGagRIlNe ABRbRabS: tmdigt eli% bABENeRorble am no aci d

sequences (SEQ |.D _No, , encoded b e respective sequences
(SEQ ID No. 6, ¥ &yingyctayig anti-VP6 specific VHH of the invention were
very effidifent & Hesgeotayirg®Wa he | mmunodi agnosi s of RV. The nononeric
forms of the VHH ¢fyulRgoiadventizon were assayed in ELISA as capture

anti bodi es, as secondary anti bodies or imobilised by neans of anti-His
anti bodies. The VHH of the invention were 15 capable of detecting RV

strai ns of huhihgrephaispraseniohe gummant lesdisfdfdve indeppeisint assagsibgr oups and
different G and P types (Figure3A). On the other hand, expression vectors

' ) e v : i ;
speci 11 cal'Py Eart 8 HREHICale ot B fo Kofbvelt B8 B 2800 0una 10
a |inkage seqiEnbeASiand B2 g aonatehiiirerrrlignasdvgle retsirah daipsTRse &@dver i ¢ VHH
of the inventwitnidepe (HW0) evaiahaidd fiam Ehy SAo &5 odie & elay ORPhttH-gastshow ng
clear, reprodygidlheqs) ¢ @fg;% w@% wlel ciaflés é@Fé@%’f.@ialgtM?l B¢ A fdPukg, 36) . The

dinmeric VHH of the inve may be use | a ensitisation,
thus el i m nat PHER 'RENAS a?'?)‘}ei?s‘ﬁas\fﬂli—? 3y 4r &P BB P@s':%a 895 show better
results f&0 RV detection than their nmononeric counterpart. It is worth

hi ghl'i ghting that OhaRengeebd®DBL (BRAOIEEUT oMbiRXRILFE8 E4B8. EHRNRRA Pl asna
of E. cog were co%a%ggge oh?ingna%%ﬁnc%;% ortnggst% o;?eri autrhofgs in E. co//and
yeasts. 30 The npononeri ¢ and ai 1ChY _5 FS Hb%%??@ﬁ Have proven to
be very useful Bofhglanggi dthES5E SmumpedpiayirghBCws Sxesrimer s arel as
recombi nant nonocbonialwamdepeticatadsayanys misapredicagnosi s known by those
monomer i ¢2and demere VPR Bbiar e b BoBERe T b ddb TG 14 of
the invention nmay"B&C $or any type of imunodi agnosis assay to detect
RV, and that said assays fall within the scope of this invention. The

anti - VP6 domermssydbol #8daRy 81 pRberiBe Rertsed ahMOmst GiHet HnfRasmsuch as
from the non treated/challenged group, Fisher Exact Test, p<0.05.
30
Bars represent the average of the ELISA absorbances at 405nm per group.
Error bars indicate = Standard Deviation, ELISA cut off value: 0.200.

Figure 6 A. shows the expression of VHH in T.ni larvae. The expression levels
35 are high enough to deiect two bands of the expected molecular weight in the



5 those described herein, for exanple honodinmers, or may be fused to form
het erodi mers, for exanple by fusing domain 3B2 and domain 3A6, or fusing
any two of Wh¥ e hononers of the invention. Furtheri3F@2008M86 or nore
VHH nononers of the invention nay al so be fused or conbined to generate
honmotriners or heterotrinmers. Al the nmaltimeric forns that arise fromthe
10 conbinati on of VHH nononers of the invention, whether or not they

contain a |"’%%%%s§1§0éi§iﬂiﬁ§ Bf @hbwiMal audhuﬁcth%éq:%ﬁe O fyxérésg'é/cﬁmf-%n In a
preferred enbodi nent he”VHH di ners of the i1 nvention have the sequences

di scl osed as 'SEEFFH t?\f& 9, or SEQ ID No. 10, or SEQ ID No. 11, or SEQ ID
No. 12. For exanple, the diners nmay conprise an amno acid Iinki ng
sequence, such as 15 that shown in SEQ I D No. 13, or any other sequence

that acts as The L 1 owi Tahl e .

char act eri §t ﬁgmefng? h&?@@%ﬁ‘%gc %%{}%mﬁ%ﬂ&f ?ﬁ%ﬁﬁoﬁ@gﬁ?ﬂws WO
2009/ 016100 PcﬁTﬁEbgmﬂﬁmh’?Bﬁprﬁéﬁn@ lggvaerApieh @rfiost infestakprePesh alyesNO
2KD1VP621. 3y eddii-nbeB ARvhahBatty eablidiviinm 3BA3VP6Re:Oyest eh choneErghat ed VHH

Cel | ul ar prot 5

reconmbi nant VI ’8”’"%@”% 'QS'I'({} ﬁ%ﬂ?ﬁé’rk}bx’wtme%ﬁﬁpﬂg 0§§V sk%@%gu” f| ed by
means of an H#VH ©t YUM cprRgneigibipspongtepaitiies: phd9-& AnRINcbater 2. , Sb
1, Sb noi®; 416.11. 10 The anti-VP6 VHH domai ns of the invention Were
capable of neutralising different RV strains in vitro. Three of the four

nmononers of t ' ' , showed broadly neutralising
activity in ﬁ%@ﬂgﬁﬁéﬁwﬁﬁgﬁﬁﬁgﬁﬁﬁ@%f each VHH was honpbgeneous

for all the RV strains eval uated. Mononer concentrations from3.9 ug/m

wer e capabl e R Q%Bé@&ﬁh% as BlicABER, 1t teshNgorhAig” Ig@g@w f rdtéin @Aﬁ%a ed by 100

and to (P s%g@mgﬁ P8Ry LA SRl aS[a?%Stl

di ff erent RV’@%r i e @}Pi@d“ sbeins Egph \Momﬁ’fhf%ﬁc%ﬁpmﬁpfom’%ﬁ dimemgiopgl f or each
monomer. 16 sTrabﬂuaa andNetiten adainsibd iimiepbhddrgly aftatilhendi bidete Manponeresi ¢ and

dimeric VHH d@ABLNS several structural domains. One domain may appear in a variety of
evolutionarily related proteins. Domains vary in length from between about 25
20 amino acids up to 500 amino acids in lengih. The domains are able to bind

epitopes. The domains of the present application bind to protein VP8of group A
RY.

For purposes of this application, the terms “VHH", "VHH domain”, “monomeric
25  VHH" and “VHH monomer” are considered to have the same meaning and to be
interchangeable.

For purposes of this application, the terms “protein VP&, “antigen VP8” and
"VP8" are considered to have the same meaning and fo be interchangeable.

30
For purposes of this application, the terms “dimeric domain®, “VHH dimers” and
‘dimeric VHH" are considered fo have the same meaning and to be
interchangeable,



VN anti body titre VHHH2 | ND0486 B223WA VHHconcentrati onSb not,

Sbl Sbl Sbl Sbl | Donai nassayednol | P[5}06 P[1]06 P[11] 010 LlpgggGl P112103 5
| Neutral i ¥I%§P Mt Pbody titres for different RV straiftd/EPER#PRESed as the

i nverse of the highest VHH dilution that reduces >80% of the focus-formng
units generated per 100 FFU of each RV 8train. Therefore, the VHH nononers
were capable of neutralising RV strains 10 belonging to different

conbi nati ons Ok R wrmeézrﬁeh’a;% PhBRalsYa @saot@iﬂtorl peBtidd RSl f@l | sation.
The VHH rmnorfﬁe(n |Wéd en [%Fat est pﬁutr%%gatll gn cagam ty was nononer 2KDL.
On the ot her r% '%?F{% g S |1 gl %35 © u%ﬁceappr opriately
recogni sing all the RV in ELISA it did not neutralise any of the strains
studi ed. The Teeprehtfetefodichg” \dtbivledtdiea iphvient brofbifpplidlitdndbt 38 thl hi gh
o ot BT AAB AN WAL W LTS ihRdllsclliab, S 0n {1l cance and

woul d make them poly-neutralisin operty makes them
potential prevention or treatnment tools for RV-i nduced di arrhoea regardl ess
of the serotyje E2FreBsibypappapdait6 (PowippesondilibBs” refers to the suitable

2009/ 016100P%M#é°r%9&ﬁ’s@a’%ﬂ¥ﬁe% it rEE&etod' 5\Jecth¥'ﬂﬁo\§€ﬁoé(ﬁﬂe HERSy é}h?&%@%' | sation

activity tha non

0
mononer s of Rtﬁ ‘?W'@HtV n?etcéquréafgctgﬁgaydp%\\;%?r %9%8\% t?%é&’@”%? di¥ed by RV
i nf ect i onlGasxavaleuticdafeci®o larasarernept napnsthalhambers al@BC adkitoliestear ed a
dai ly intragasindice:edasmof VHH for 5 days (day O to 4). The mice were
chall enged on day 1 with viral strain C486, also by intragastric route (Fig
5). 60% of the mce treated with nononeric VHH of the invention 362 were
prot ect ed ag&iohdhe RyboRe 9f ditk dreserhibeentionhiveceitedtie ¢t preparéien sy i cant |y
10 greater whesd ao GAPPANINSRAIYVES aNBaltchat weedbst Re chmhsadiRt dddigheand t he

unt reat edygr ggn@ LOGSE hinGhod W&t}nigggﬁgagie?g%yphhgh W%Sa erein

all the mce su rom |arr oea )h%g f eover,
severity and af‘ﬁ{é" Y sequsAee pelpied Hoay R SE T farmper Pl BaP $ict 1 eBERIPwI t h t he

VHH of t he8| mlnglal bot Inee 3s56@I DiNmAL BEQY IBdue el SES) IDoMpaice8ECADt e cont r ol
roups. 1 Prigt eQt 1 OR-a st t Vigus in
Igact gt ing m ligmu:fﬁdu%ioeﬁge 2% gg{}a‘l co%wﬁk%na@?zx 1075 FfWI &05%9 and
20
The expression “effective quantity of an amino acid sequence {polypeptide)” to
be administered in a mammal to prevent the infection produced by RV, refers to
a pre-estimated amount of the amino acid sequence (polypeptide) needed io
bind the epitope and block the action of the pathogen {virus) that eventually will
25 infect the host organism.

The expression “effective quantity of an amino acid sequence {polypeptide)” to
be administered in a mammal for treating the infection produced by RV, refers
fo the amount of the amino acid sequence (polypeptide) needed to bind the

30 epitope and block the action of the pathogen which has already infected the
host crganism.

Far the purposes of the present invention the term “mammal” refers, in general,
to members of the Class Mammalia, for example: human beings, bovines,
35 caprines, ovines, swines and equines.
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A linkage sequence is defined to be an amino acid sequence that links two
monhomeric domains.

The selection, obtainment and characterisation of VHH antibodies directed to
the intermediate capsid protein of the group A RV, VP8, is described. Ii is
shown that the VHH of the invention are broadly reactive proteins which may be
manipulated 1o be used in a universal immunodiagnostic assay for the datection
of group A RV. Moreover, it is shown that some of the selected anti-VP6 VHH
have bread neulralising activity in vifro, and that some of said VHH protect
against viral challenge in vivo. On the basis of their knowledge, the inventors
belisve that the VHH of the invention are the first molecules to be described
which bind to pratein VP68 and have neutralising activity.

in order fo obtain the VHH domains of the invention, the animal immunisation
schedule shown in Figure 1 was performed. In order to evaluate the llama's
immune response, the anti-RY and anti-VP8 antibody fitres were analysed by
ELISA, virus neutralisation (VN) assays, and the specific antibody-secreting
cells circulating in peripheral blood were analysed by ELISPOT, As expecied,
on day O postinnoculation (DPI), the llamas were positive for anti-RY
antibodies, indicating previous contact with the antigen. However, there were no
antibody-secrefing cells circulating in blood. On day 7 post-injection, the anti-
IND-RV or anti-VP6 antibody titre determined by ELISA was high and a peak of
RV-specific antibody-secreting cells was detected in peripheral blood (16 cells
producing anti-RV IgG/5x10° mononuciear cells). The humoural response
reached a plateau from day 14 post-injection, with high antibedy titres for both
the whoie virus and protein VPB. On the conirary, the neutralising antibody titres
remained simitar and very low for all the different RV studied (IND, B223, Wa
and H2). Although very high antibody tiires were obtained in serum, the guantity
of anti-RV antibody-secreting cells detected in blood decreased with each
booster {Figure 1). For this reason, and in order to provide enough fime to
favour antibody affinity maturation, the llama did not receive the final VP8 dose
until much later, on day 246 post-injection (approximately 7 months after the 4th
dose). Finally, the llama was bied 4 days after the last booster, reaching values
of 26.8 anti-RV IgG secreting cells/5x10° mononuclear cells. 6x108

A
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mononuclear celis were extracted from 800 ml of blood {which contained at

least 32,160 RV-specific 1gG antibody-secreting cells, according to the

ELISPOT results). From the RNA processed (210 pg), a VHH phage library was

generated which contained 6 x 107 clones. The vaccination scheme used

5 showed that, in order to obtain the VHH of the invention, i is more important to

achieve high values of specific antibody-secreting cells rather than high

antibody titres directed against the antigens of interest. In the vaccination

scheme used, it was possible io obtain sufficient quantities of specific antibody-

secreting cells. The results obtained during the immunisation allow us to

10 highlight that the best method to follow an immunised llama's immune

response, in order to build a VHH library, is to select a technigue that evaluates

the quantity of specific antibody-secreting celis circulating in peripheral blood,

instead of the serum antibody titres against the antigen of interest. According to

the pattern of antibody-secreting cells obtained, i was shown that a vaccination

15 scheme with a long interval between the last two doses promates the circulation

of a greater quantity of specific antibody-secreting cells in peripheral blood. It

was aiso shown that, at 4 days post-innoculation, there is a greater number of

circulaiing antibody-secreting cells against the antigen of interest than at 7 days

post-innoculation. The immunisation scheme should be performed in such a

20 way that the booster dose is appiied to the Hlamas at least 5 months after the

last dose and the phage colonies are generaied when a guantity of about 20

anti-target antigen 1gG antibody-secreting cells is achieved in peripheral blcod.

Preferably, for anti-VP& VHH, the guantity of igG antibody-secreting cells in

peripheral blood must be about 30 anti-complete-rt IgG antibody-secreting cells.

25 Those skilled in the art know that other immunisation schemes may be used to
obtain suitable VHH for the methods and compasitions of this invention.

In order to select the phages that expressed anti-RV VHH, three selection
rounds were performed in vifro using RV IND as the antigen. 192 clones were
30 selected. Restriction analyses were performed for all the clones that showed a
large VP6-binding diversity in the VHH iibrary; this was determined by phage
ELISA, The clones were also assayed by ELISA o determins their capacity to
bind to an RV and to VP8. From 14 clones with different sequences, 10 clones
were selected which showed stronger specific binding to RV and VP8, and they



chal  enged 19 na: not applicable The nean val ues of the sanme colums wth
different letters differ significantly (Kruskal Wallis, p<0.05). 5 The

per cent agedGA§gt ed animals with different |etterBSTEPRPEISOIE gnificantly
(Fi sher Exact Test, p<0.05). It is worth noting that the highest
neutralisation titre was obtained agai ngt the 10 human het erol ogous RV
strain (W4, Sbli, P[8]GlL), which is considered to be the strain nobst

commonl y assoghat egh Wbty %sgnr @ﬁé]}éé‘ééﬁ 'V@CTEP év?il ! ér@(n@@s V&)EL%‘ng%rmﬂRQ

producti on an %‘gHrl flcatio ese € perforned
with high yi ePg@nstidiagagge %P"ﬁ%}@vé'?e W@aﬂ@mﬁweefdé'@%'e Fhis is particularly
rel evant in 15 devel oping countries, where the magni tude of infection and
the norbilityfgmgtality due to RV is enornous, and treatment and prevention

costs are critical limtin ors.. An rson skille the art knows
hat . on't he. Burenis Minispois S bl @R & SeeHEP o MAHasmARS of t ne
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conbi nati ons Ay mx%drées fa%l Wl%hl n tchegscope of thi's invention. 30 Such
as it has been Rentiohed befdfe, four cfones were sel 6¢ted Vi ch bound rore
strongly to tdwasRV sStdisa ns that conrespended t &°ldi f f erdnt suB§roups. These
clones were called 2KA4 (SEQ ID NO 1), 2KD1 (®E#5Y D NO 2), 3A6 (SEQ ID
NO 3) and 3BFP{SEQ PHENQ 47+ whith re¥®gni sett*a recorbi nant+VP6 and its
native counte™§art ofdRV | ND+eval tat edndspal\\est e#+n Bl ot++ whi ch+i ndi cat es
that 35 sai d 38H bi nddBo | i near epitopesmagf thiss protewn VPG++ 20 Said
dormai ns of tHE€itnvent#dn (SEQ+I D NO Inctrasi 4) o+ t he nuel eot i:de sequences
codi fying forspehem (SE® | D N&+ 5 40 8)romy be lmserted:in amaagRi@priate
reconbi nant vector, such as an expression vectm:. Therefore, the present 5
i nvention furtfer re?"%?s to &h express‘tyﬁﬁ vect&,r;,f,etdhat corrprl’"é'és sai d

sequences. Thegehegiiabmak t S 6f—host
cell in which The vector is glang 2 phe Oduced II Iustratl vely, the
vector may be a plasm d or a vector that, once it is introduced in the host
cell, is intdguaredeswendiseientetihehigebomel ofores airchdho &t theeRY . stiSmisdhatect or can

be obt ai ned Qﬁbn%;bd?ﬁeaw difRANMR STBSBOSk i ﬁ?@ﬂ%és%ﬁ&e'daué@éxﬁh% o9 the art

nvont§ on Ban e TLag é%E%Qmeifﬁté% B e norar ooy e 18 Nyt

cel I's. Thus, Wiieh eeegoicedfa fammbmehNPQrwamians mativd opurdsmapl o, RV IND
Agr obact er i Urdyafugreaf afyl eNEstem B, I dhiche Ghddata@P| Bat Osatv@ mqpir Etﬁﬁi:?dto' n plant

or ani mal cel loﬁfo%@tto%apgékdg%gl&rthgg%%%%nn@% 6[ tpge éi rﬁefﬁt\éa ee(t l}% %ﬁgyl n the

15 present invent be used
for transfor ARy 2k4ah 7K c BA6 g PBR arecibe Vil W'@Wﬂs ohlihg devention.
15

The DNA sequences that encoded each of the VHHM domains were the
following:

SEQ ID No. 5 encodes the SEQ ID No. 1 domain;
20 SEQ ID No. 6 encodes the SEQ ID No. 2 domain;
SEQ ID No. 7 encodes the SEQ 1D No. 3 domain;



or animal cells, preferably insect or larvae cells. Therefore, the present
invention further refers to the cells transformed, transfected or infected
by the 20 VYEt$H81gp6 t he i nvention. In a preferred entSaTEF&N8/08T45t he
invention, the transgenic cell is an animal cell, preferably a insect cell
and nore preferably a |larvae of said ingect cell. Therefore the invention
further refers with a transgeni c non human ani mal, such 25 as a transgenic
insect or transge p characterized by the SEQ
ID: 1to4ina hlryE}Qi) yi e?{gf rﬁtﬁg‘%i ore tLeﬁse‘gpé¢1g@f the invention can be
used to produce and/ or store the domains of the invention characterized by
t he SEQ | D NOfhdset skitedaimditer a8 trowl that aﬂzydﬁrﬂs\emb@! thmhencmdesemid

ot “Lgﬁzrfzéé@ﬁ%"a%f&‘@ RthiR Ao BODOLe Al ”’%%' ?‘%n inb Md vent i on
e a5 el S BG4 fraf o ciep S r BRIR sashanes SEG TP 8t o 1o

producti on of axdhat [hheequencd trat difadi frarno BEC B Nop% dus i the delgeneratisgrur e of

E) ?eatn r anmsgegl & tfﬁf@lglenerc eds@m?ma\%é Iexslﬂ&ens Valid iheeddHSr B2 éﬁwmseelckci g; "o
I S us

20061 016100 PR PEEIBNS. 21 5 sl FRoatBd sb e, HsBielk 8%%&%?‘1‘9&8%3 thei r

i sol ati on and(SR& {3 Nedt 7awdBBl | owi ng any of the method known in the art.
I'n preferned embodi ment, the present invention refers to antibodies 5

char act er | zedr#%vgam § RR0 B ind DRGSR LAGEHYE O fof

nononeri ¢ VH1 m cane rised in

that it conpri8dEmMuperiagnesie & §@Pémr@aieripéﬁﬁrrt9r@‘ te Yy PlghedrenionsEQ | D
No. 1, SEQ | DvdNe. as2ay<RE@ [HDIMo as3camdte SEfbbledoas k8dondahe maiifodiai o domai ns

bind to prot eman&sﬁée@fb GROAR &) 4restm¥'arnu§ocﬁ£\/)rhe ‘@-IFI %v\émmm' n that

binds to otein VP aracter.is rlses at

| east oneq[ﬁon‘fﬁ?apl gaﬁt@ﬁ@p g@ls“g@‘f‘ﬁﬂf g'r"Bﬁ’? Phangenereiy Wft erb"’gmlsﬂg'yécequences
shown i n SEQ subgruips 26d diffseg GRNG? types SEMre¢IA)No. 3 and SEQ I D No. 4.

Anot her aspect of the present invention refers to a kit for innunodetection

of RV conpris a el ect r f ormed by
SEQ ID No. 1, b@%@ %&%%2%%%% ‘ﬁ!g cfitbing 8 ﬂmg'é%%hﬁ "G 9, SEQ
ID No. 20 10, VREEQf|ths fgyention thafepeefiqaly bIngl, toaM@6.cuheh mansiine idersicebf . The
i nvent i onzburyHhierganet ercgintl Goad liakageo seqicfics entigncie Hel eehed 1§A amdehe group

sequence, The dimeric VHH of the invention were also evaluated in ELISA as

direct capture, showing clear, reproducible signals for all the RV strains studied

(Figure 3B). The dimeric VHH of the invention may be used for ELISA plate

sensitisation, thus eliminating the need to use VHH capture antibodies and

25 show better results for RV detection than their monomeric counterpart.

It is worth highlighting that the yields of monomeric VHH expressed in the
periplasma of E. coli were comparable to those reported by other authors in E.
coli and yeasts.
30

The monomeric and dimeric VHH of this invention have proven 1o be very useful
for the diagnosis of RV and, therefore, may be used as recombinant monocional
antibodies in any immunodiagnosis known by those skilled in the ant, |t is
evident for those skilled in the art that the monomeric and dimeric VHH domains



formed by SEQID No, 1, SEQID No. 2, SEQID No. 3, SEQID No. 4, SEQID
No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, and conbi nations 25
t hereof , f &0 W8¥IFR0 a nethod for the prevention of i MEEPREHNS'PFoduced by
RV. In other words, the invention refers to the use of an am no acid
sequence selected fromthe group fornedipy SEQ ID No. 1, SEQ ID No. 2, SEQ
ID No. 3, SEQID No. 4, SEQID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQID
No, 12, and cgmf mh{8E §QEel 1Ol 1R SRBMIACLMERLSL a8sa5Q8RERLE | on for
“gg% o 0% SFEHRAHHEROR, feek

t he preventio voer, e invention

i on
further ref er Cﬁ%gsé‘l’:? %“5\@3@6%@%0&%@1*%@%'? &% t he group formed by
SEQ I D No. 1, SEQ ID No. 2, SEQID No. 3, SEQID No. 4, SEQID No. 9, SEQ

ID No. 10, SE@.é hiNopg aama.%@r thP iR ntidmapBd u§.§d ms@@éﬂdﬁﬁ@sgn&{@@f for

use in a d fo tre ng..| fect |op rog % $ t her words,

the i nvent| on Pﬁ? é{egcr#ag eEe s ot SPeamp eaﬂ$'ﬂ8 %fsd %éﬂﬂ% BelUSe é?:?@ﬁ' from t he

group forned Iwersa@a@fwxampi@ﬁqusm Homaip, 3E3EMd dnkon 386, GEGINDaMo. 4, SEQ
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passi ve i muniYBgtigars ﬁbﬂ‘e@(ﬁﬁﬁmﬁ%sﬂ e mMmdmarist fod?’ﬁs ohalaried fiegt fhﬁe
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DEPCSI T OF I\/I H\I%%I’ % FLE %%EngﬁﬁA'F‘Y lgﬁ?%
FBMel VHH d h S
lOCoI | ect i on( ?ee m?ﬂr i@%ﬁﬁ?’“ﬁg @qhgmeﬁ"r’]ot 5 %E%‘i?l-‘ec”ﬁés 9‘8@%%%%?’(: nunber

CECT7431, on £ha IEDaJ‘tie D2rGEDH) N0 1EX@¢I\/E’EESDTEHO s?“i ror&SHEQ oD Nos 1BeEor

i1lustrated by fiRb IRNAE IR} ESRbRS, arVBingRd é&?@l}thﬁn@% ok NbRiPsLt ed to
be alimt osed i.t must be

pe the ra
clearly ud erg?BS Sgﬁh@rﬁgnﬁgdpﬁgﬂ¥éﬁhﬁﬁﬁﬁﬂ??qgﬁ.h@ﬁﬁmﬁﬁﬁyﬁg”gﬁhlvalents
t hereof may Uﬁwmgﬁﬂﬁmhlch this description my suggest to those skilled in
the art wi thout noving away fromthe spirit of this invention and/or the
scope of the i |cat|on
of the nnnonéﬁ#%ﬂﬁﬁgﬂ%QEB%Q§bgBSvﬁﬁ§§%ﬁﬁhgmﬁﬁbéﬁb?5ﬁn t%ﬁﬂ%@ﬁ#£ ®the VHH
library of théHHe)Erinhtion. The reference bovine IND RV strain was used
(Sbl; P[5]G6) as an antigen in 35 the biopanning process to select the VHH
In order to have an RV panel that 23 represents different subgroup
reactivities with different conbinations of G and P types fromdifferent
ani mal species and from humans, the reference RV strains listed in Table 4
were included in the different assays perforned to produce the VHH The
viruses were propagated in nonkey kidney cells (MA-104). Also 5 included
was a faecal sanple froma col ostrumdeprived neonatal calf infected with
the IND strain at the time of pre-innoculation and at the peak of virus
spr eadi ng.



WO 2009/ 016100PCT/ EP2008/ 059745 24 Table 5 Ref erence rotavirus strains
used in the different procedures performed during 5 the production and
characteri $dt 108160t he VI-1H of the invention of ori@iErz0@486:5Bovi ne P

| GReconbi nant VP6 antigen used for vaccination and for specific ELISA

LI ama anti body response (VN) Bindercharagterisation (VN, ELISA) Chall enge
in mce |NDBovinel P[51GBi ndersel ection (Bi opanni ng; Phage- ELI SA Bi nder
characterisation (VN, ELISA) Llanma anti body response (VN, ELISA, ELI SPOT)
B223Bovi nel P[ 111GLlOLlI ana anti body response (VN) Bi ndercharacterisation (VN
ELI SA) W aHumB@?'® B[ 8] GLLI ama anti body response (VN) Bi ndercharacterisation
(VN, ELI SA) H2Equi neno | ; P[12] 33LI ama anti body response no |1 (VN)

Characieristics

2KA4 VP6 527 yes — NO

2KD1 VP§ 21.3 yes High

3A6 VP8 18.6 yes Medium

3B23 VP6 18.9 yes High

rnon-

related Ceﬁufar 7.2 NO NO

VHH protein

BW2AZ  NA 080 “NO

BiveKD1 NA 0.50 Low

Bv3A6  NA 172 yes Low  and - strain-
dependent

5 ~"Determined by WB against RV IND and recombinant VP8.
% Based on a set of 6 cultures of 0.5 | each, purified by means of an anfi-
histidine tag column.
% Detection of RY strains Sb 1, Sb 1l, Sbno I; no .

10 The anti-VP8 VHH domains of the Invention were capable of neutralising
different RV strains in vifro. Three of the four monomers of the invention (2KD1,
3AG and 3B2) showed broadly neutralising activity /n vitro, The neutralising
capacity of each VHH was homogeneous for all the RV strains evaluated.
Monomer concentrations from 3.8 ug/mi were capable of completely

15 neutralising the infectivity generated by 100 FFU of RV strains C486 {P[1]G8),
IND (P[5]1G6), B223 (P[11jG10), Wa P[8]G1 and H2 (P[12]33), in vitro. Table 3
lists the neutralisation titre against different RV strains of a solution with a
concentration of 2 mg/m| for each monomer.



Bi ndercharacterisation (VN, ELISA) WO 2009/ 016100PCT/ EP2008/ 059745 25

| nnuni sation of the |lamas: Protein VP6 derived from bovine RV strain C486
(Sbl P[ 1] 06¥© Haxipdhduced in Sf9 cells infected with BHERUWHIMANt

bacul ovirus. A one-year-old nmale |lam received five doses of crude
cellular 5 extract containing 500 pg of18/P6 m xed with I NTA oil adjuvant
(Marcol : Arcel : Span: Tween) at days 0, 21, 28, 35 and 246. Serum and bl ood
sanpl es were taken at days 0, 4 and 7 follow ng each innocul ation. The
hunoural resp rBsIe was eval uated by ELISA and viral neutralisation (VN) (see
further bel ow f $H order to evaluate the effector B-cell response, an

ELI SPOT 10 assay was adapted which determ nes the nunber of RV-specific
ant i body- secreéutegis%nltﬁreld?ﬁb&ﬁﬁd@&%&ﬁéno@&@%n@brﬁm wm%ma&ifsed I'lam, on

t he basis of—pren . SSgYs-pe S C . Par r eno,
VC. et. al., Vet Irmunol Irmuno at V.V. et.
al., J Vet Med B InfectVHBbl s Vet Pq@b fé qu?&? 5 20042 |ncorporat ed
herei n sol el yHEP as a egiRreAGR) i ef r@ ceI 142 nf ey e%dM th BRV
IND (with nok %mtaggn 80[4% nfecti on Wdt ectehl by Blhrunof 13 esc nlce) wer e
fixed, grownn es Wi R[BGEO %A oPe 1 cRior -misjced 4 stored at
-20C unti | they were to be used SuspenS| ons of m)nonucl ear R{@PIGS (MNC)
derived fr Z

the wells ( ; ). After
centrifugi ng<kf4500 g for 5 mnuted thehl at eP were iffcubatdd for 12 to 14
hours at 37C2KB15% COZ.2 T erI at eoder e agashedeouist h PBS9wi t 151@. 05% Tween- 20
in order to pgpove the ent cejgbs, afybst heoggpot s e gepgrated by

addi ng t he sgag conjugate used in ELI SA e%1 500 \g%lrutl glrnﬁ%f or 2 hours
at 37C, foll d by 50 pl of the ﬂl@g4per%4das%04§5 subdetat e51§ystem (KLP,
Maryl and, USHpnr-r@laedhandl | i nnocul ation and collection of Ilama sanples
was perfornequpy tral n@g"ﬁ%[ggonnel‘f nder<8t he s‘Eﬁ)erw si®n of <§ veterl nari an,
i n accordance.w 0r.0 a\VA=Te al__w hi.CcS
committee. 3B7H

VP6- bi ndi ng 9M ol l ected
4 days aftergihbEDHast bsjRgthion, @2105 mpaonucd ear celilsg wers extract ed by
Fi col I Paque i ent fugat| we t hen trifuged, frozen in
l'iquid ni trogg{i E nd 3555 s!equent I@gkeb[}’qét 8%C The%tqgt al %%A

extracted 8@si n’ﬁeﬁéi‘ﬁilﬂﬂmawm‘f&%ﬁfﬁéé@ﬁ dfierequiR) radmtns( mﬁ@eéyasr\iagemwer%cl eospi n

RNA |h 1), ogt &timheghi@i‘iébt po-iofditig e beaairnt80ce dihthel foces-fofiNg ahii N was
synt hesi se [ I verse Transcriptase equi pnent
BRI ARG Ry

(I'nvitrogen), primers (Invitrogen) or random priners
(I'nvitrogen). ln a 20-p.1 reaction mxture, 0.2, 1 or 55 lag of total RNA
were used. ThHéheddbke, athd VHHenwodineg oA mbbpeéirﬁdmahényg aripl stfairmd by PCR

using pri Aer efeNekdd 110(W@h&%:n%ﬁbsaﬂ%/%ﬁ@@ﬂa{sﬁ@nﬁ&ﬂ Ng néﬁbdud@' ch

anneal with the I'ea ences gnent

VHH CH2 wi t hdl Ssafdﬁraéﬁﬂ?' “wgg BB, Wi‘“e CaghroER 5‘81*“’3‘%??
separating i tcapa@%nwaﬁemgmnwwa@mm ofrex baryd, WRh@gh-maenEBHZKAI RS VHH wer e
then anplifiedpbyean a@ﬁdﬂpﬁhi@@&bccﬁ{ﬁé@a?% PitiR ERBSNEﬁ YiceARaRlutagseAt

and wi Ch- ie%‘i%“g‘"e(?%s%@d APt L PN by EE A bRl Ori ng

and with S .caon
steps: VHH or¥g wge@flab’ﬂw*caibﬁ'ﬁewnﬁ RVreeins; i of gigabpigricanee aﬂé@iﬂulﬁind Pstl,
and VHHr ev2 (r&ﬁ@ tf@nﬁ\l@o!ylr&amramrtg’l reblgeRBis| itilé | opesiyt makey 1M |poteHinel fi nal
PCR 15 fragmefit s Sl r&ﬁPn%gt 19 PW fn@ cf %ﬁr{ﬂogé'@ga@kgésefl\lﬁ%l or Pstl
and downstre mrest{ t|on SI i) md vector p Lib, a
modi i ed ver SPEIVRSH 2 e"’(% t@%ﬁ’r)iroudl Desnyter A, Wns L, Haners
Ft, Muyl dernmans S. SeI ection and identifi catl on of single domain antibody
fragments from canel heavy-chain antibodies. FEBS Lett. 1997 Sep 20 15;
414(3):521-6), which contains an irrelevant | ong sequence that is renoved
following the insertion of VHH, in such a way so as to delay the potenti al
propagation of the vector without the VHH insert. Escherichia coil (TGl)
cells were transforned with the ligated material and the cells were seeded.
The colonies were scratched fromthe plates, washed and kept at -80C in LB
25 nmedi um suppl enented with glycerol (50%final concentration). The
specific VHF1 were selected fromthe library using phage display




technol ogy. The VHH library was infected with ML3 hel per phages
(I'nvitrogen), and the phage particles that express the VHH repertoire were
rescued an®BWYEet pitated with PEG as described byPOVEPRS/03374D, |
Hoogenboom H. R, Bonnet T.P., MCafferty, J., Giffiths, A D, Wnter, G
JMB, 1991. The enrichnent in specific VWH was perforned by two to three
selection rounds in vitro, that is, by the technique known as bi opanni ng.

| nunot ubes - ' t ' a O.dilution of .

semi - puri f i e?@ﬁ%ﬁe%’éﬁ %‘{%’%2%? nifighleidn Pkl I %08 INGPPBR S an
anti - RV pol ycPBWEPHE i serum from guinea pig in 27 carbonate buffer at pH
9.6, followed by a blocking step, and a 1/50 dilution of the sanme BRV | ND
was capt ured. ugd:.ph S i.n t i th t BRV, | i ther
directly or WIT,I?- %ta %%t% ‘?‘e'iﬁ‘i@ gg \}/ﬂéﬁé_‘ﬁ%']rs e%?ﬁ]\%a@ﬁ%w&a}?d n?%teg%o@ %%}ﬁage
particles wer @ BNIREEPIFYRT PYERIecoR VRS PyHvFad ot IS eng. peqqatpl mice

i mredi at el y neereraainisieidras 4 Hailirintsagalsirié . dése Bh¥Hel fot &diaph alpg0 teet)eThesed t o
| nf ect exponefiokaldry oARM AT Bly §SfihSiraf bk b, S85 0N BRad fdlte

bi opanni ng round I.ndrvidual’® col onies wer o) and the rrespondi ng
VHH cl ones we&gq @né%s%ﬂ"%’?%ﬁ?@?dEﬂ‘i%é}&‘.’”wrﬁxe\ﬂ%é5!?“8@‘%’? O'bﬁéé)f’“ieﬁ‘?ati on of
the mononer i chraiegtedi aeeing! RV-indudedotiiatrheed. nVeint potectiThewaisigniidantyf t he
clones that wabgtePadichi ¥ econibabibdrSAvalefBdd e thael Hha@qr ARk kil iR enzynes

Ncol and Notl i pressi vect N6 r g Ko et, al.

Antim crob Ag%ﬁ%?%h@’n%t#%gﬁ%&t%f%d?@ ,noﬁ%%{é_d%'gigr%ﬁ&g%e% Wﬁ?rsinn_algol ely as
ref erence), wAfEHcHPiarerbiorn dirspes Aralia 4 agd Siapr Ak Mdrepver e sevasier i pl asma
and a car boxyartdethi duahtioni of- thi Stidrthone it &g afiraldiryabe Mith HE WM f genst ruct ed

by PCR anpli fj i » ' [ ' r2 (SEQ I D No.
20) and Bivré3%Q?§ngﬁ%ﬁkﬂﬁ*¥??“?@%%f?%ﬁ?ﬁﬁéggf?ﬁkﬁﬁé ol H%%%é a |inker
related to the human I gA hinge. The PCR product and the pHEN6 vector
containing the VHH tenpl ate were digested with Ncol and Pstl, and 20

| igated to produce vector pAO biv, which contains the bivalent VHH 1In
order to produce the nonoval ent or bivalent VHH, E. coli XL1 Blue cells
were transformed with the different plasm d constructs. VHH expression was
i nduced with 1 mM i sopropyl -D-thiogal act opyranosi de for 16 hours at 27 C
(Sanbrook, J., and Russell, D.W, 2001, Ml ecular Coning). After
centrifuging the cells, the 25 periplasmc proteins were extracted by
osnotic shock. The VHH were purified fromthe periplasmc extract using an
N Hi gh-Trap HP chel ati ng col um (Amersham Bi osci ences). Exanpl e 2:
Characterisation of the VHH of the invention 30 Western blot: VP6
concentrates expressed in a baculovirus systemand BRV | ND concentrates
were re-suspended in a Laemmli sanple buffer, boiled for 10 m nutes. They
were then run through a 12% SDS- PAGE colum and transferred to an | mmobil on
P menbrane (MIIlipore, Berdford, MA), The nenbrane was bl ocked for 45 mn
wi th PBS/ Tween (0.05%, containing 10% 35 skimm |k, and each of the VHH
(4pg/ ML) were incubated for 2 h at anbient 28 tenperature. The nenbrane
was t hen washed with PBS/ Tween (0,05% and incubated overnight at 4C with
the anti-pentahistidine anti body (1/500 dilution in PBS Tween (0.05% BSA
(3%9. Finally, they were incubated with HRPconjugated goat anti-nouse |1gG
(1/5,000 dilution) (Arersham Pharnacia, 5 Biotech) for 40 mn at anbi ent
tenperature, The assays were devel oped with ECL ( Anersham Bi osci ences).
Sequenci ng of the VHH of the invention: In order to sequence the VHH, the
"ML3 forward" and "ML3 reverse" oligonucleotides were used, following this



10 nethod: Big Die Term nator Cycle Sequenci ng Ready Reaction Kit (Applied
Bi osystem) in an ABl-Prism 377 DNA autonmati c sequencer (Perkin Elner,

Appl i ed Bi 38PMEYS Exanpl e 3: RV i mmunodet ecti on af&A{FE2UEI ALYt he VHH of
the invention: 15 Enzyne i mmunoassay (ELI SA) and Western bl ot: The ELESA
experinments were performed in Maxisorp #6-well plates (Nunc), by direct
sensitisation with RV or by capture of RV or of reconmbinant VP6 with a

pol ycl onal anfétﬁ 9dy produced in a gnotobiotic pig. As antigens for the
negative contr pseudo-i nfected MA-104 20 cells and a non-related protein
expressed in bacul oviruses (protein E2 of the bovine diarrhoea virus) were
used. PBS wasPusmtiomagaindltanthallamgh widnRotEewmrs is édtajngmeee pi g serum was used
as a negative capture. The presence of anti-RV antibodies in the |l am

serum was anaJE?Lsedﬁ?s_ZS_dﬁLLLbexLLaeEaLLemgLQ_et_aJ_,qlet_menol
| munopat hol 188"™E% 4, 300253 hat of anti-VP6 antibodi es was anal ysed

wi th a protoc@POadgpt@d frdfedrer ndfedez et al . (Fer nahen, F. Bevesity al .
Vaccine 16: 504316, $988). -H&ﬁatibba'iﬁvér%ﬁ éﬁﬁt‘?ﬁisd%ﬁﬁeguﬂéﬁér{‘g &  the

per oxi dase- | abnel l ed goat anti-) | ana f‘ﬁ ( Bet hyl i ncﬁhl\/bnt gonery,
CA, USA), in 42 di I dti e der| vel f i PRAENYSRdi vi dual
cl ones obt ai nfét 4b9‘aktﬁ QJpannlginW\/er @thi?al ysed by phagedEI’_thﬁ Briefly,

i ndi vi dual exsgomaﬂe@bl y growing E. coil TGl clones, jcontai namgme

di fferent VHH, 2 ﬂvect or phen4, were infected WI @ct %ﬁx’nﬁg phages
in order to produc phiage particles that express VHH? ed t surface
protein, and ##® culture super nat ant containing the BWH@&S 35 progeny was
assayed in EL{IQSA)*‘ﬁIF&M)s sensitised vvlth BRV IND or VPG6. The 29 bound
phages were egtee R ; SHEAT THiRPrE 3
anti-ML3p8 anti body (Arrersham Phar maci a, Br ot ec fFor 40 m nut es at

anbi ent tenperature. The assays were devel oped Aisi ng H202/ ABTS (Zymed). 5
First, the noiival ent oriQbitvaBent 3\VA4HB putd ABed Wwed h £Ke&3 car b&X§-B er m nal
6-H s tag were studied as reagents to detect R\,/e\or VP6 by ELI SA, as

(@ agen. 1/5.48) “and anonée an 3@5 e%t%%?' ark 2 ot (haas% second y.

t hese were anal ysed as an RV capt reagent b’bth by direct ELISA plate 10
sensitisatiomed 10 pg/nic afg FH -hi stidi ne
nonocl onal anti body, and, '. S were
devel oped usij RV pal yclg /ed cal f
hyper i mmuni s&¥P eH@‘BRV5I NI§ 4AB2 660 di | (AABN) bAd a2 fetbxi dhéeAPBabel | ed
anti-bovi ne I"g@&(H+L) (KPL, Gaitherburg, Maryland, USA) in a 1/5,000

di lution. 15%e—drﬁ=eﬁ—e—VHH*mefe+es+ed—by~EbFSA—as—afHW—eap%u%e—r eagent
at 10 kg/m. The nmononeric VHH were al so_assayed as secondary antibodies
and the ELI SASedevel Gped B th &nk?- pe?]%ahi st'f@i ne™onocl offal anti bodi es
and HRP- 20 cmhjclogat ed goat anti-nouse anti bodies (1:1,000 dilution)

(Amer sham Phaygmgci a, Bi ot ech) Viral neutralisation assays: The

neutralising anti odytltr r viJ.uses H2 in

| l ama serum s@ gs and pu%l g bdog}g dgfgr’%n Eéégaoy fﬁlggg‘ scent

f ocus neutralﬁ@@tqnéh (FFN), as de§<b3r| bed in To, et al. (J Gen Virol 79
(Pt 11)2661- 72rud998). Briefly, 100 ul of serial d| lutions of Ilanma ser um
sel ect ed purifedHt-rprorers—or—di-rers—were—mxed—wth-egual—v+us
volumes in order _to obtain 100 focus-form ng units (FF%JE/lOO pl_of mxture,
and i ncubat edJHttRateshe hdér 3t 37C2-3180 pld t HeCant BBddy- vi .83 Ari xt ure
were 30 pl at gehdliBnddi 104 rmnol ayers (4 repI | cat;es) and |ncubat ed for 48

hour s at 37C. --2 £ iR £0% oRe-ane A was
devel oped u5|ng i

;UB‘

T ed anti-RV antlboy from a coI osrumdeprlved
cal f hyperi mfuﬁl*%’@&dwth RV. The VN titre was expressed as the reciprocal
of the highes ution 1n g saiple at Te 0 a >80% reduction in the
nunber of quorescent foci. 35




WO 2009/ 016100PCT/ EP2008/ 059745 30 Exanple 4: Use of the nononeric and
dinmeric VI-I1l of the invention for the prevention and/or treatnent of
manmmal s RVVS2898Et9%n assays in neonatal mice: 5 100 HEGPYPSSEEH anti - VP6
VHH nononer in 100 pl were adm nistered to fourday-old Bal b/c mce, using
an intragastric probe, once a day, begiigning on day O, and for 5 days. The
lactating m ce vvere chal l enged with 100 pi of BRV C486 (Sbl; P[1]06),
containing 2 g &grgég% on day 1,2 hours after the customary 10 VHH
dose, and then W tﬁ of a 5% bi carbonate sol ution, also by
intragastric route. The innocul ate was capabl e of producing diarrhoea in
100% of t he ukitermatredaloantt e sarmuecollings edhtdiftdrengrictgys diffee dighificanily
experinment Wekgiskéliwaiid, ¢eoiognocul ated with RV and not treated with
antibodies. i1) mce treated with the same quantity of non-related VHH,
directed aaal nst a cellular protein; iii) 15 mce treated with 450 pg of

af finity purifieepercgtagrs Dﬁ/@ﬂecﬁmbwmmiwﬁéadiﬁergnbéﬂtbprﬁ diffat signtficadlyum with a
VN titre of aﬁégemgmésttmmwol ogous RV; iv) mice treated with the sane
quantity of 1gG froma seronegative control guinea pig; v) mce not
infected and treated. The RV-induced diarrhoea was clinically evaluated by
di rect pal patli Brivesih pofinarihelethg highesheeuttlisatieg tirewas abipiedrageingt Yo st udy.
The severity m;fnatnh@teibiagdsdrm‘a sWais masyswsmmm@n lsyohglsérad tdiye ®esi gni ng a

nunerical val %@ﬁ ol s, as

descri bed by %o HEH%S%%'%BE @I i g%&hgi&gé’%@hng&%gﬁﬁ i sher's exact
test was used to conpare the proportions of mce with diarrhoea between the
groups. The Krhaegkaduciah bng pouiicagar ahibkese enifbesiy fsgsieuisedayt be perfipaned t he nean

25 onset, durgf rﬁ’ﬁh %&Qs SIQé/cﬁﬁg {MoRér ﬁrB&;c%b@E&QQe@}@@tp‘éﬁ%Glah hﬁaiévraﬁ?ahed

g;gﬂrzw rugnpé%(‘fﬁ}g?’WH R Chd '3322?”5?%3 I e 8‘?“&% at%on ; CO e@ganrgﬁhﬁt ai ni ng

t he VHH 3B2 dupllivtreortadityudiects. RV%emrmsnanﬁage@manhm Dlﬁw%fdloﬂmﬁ’ﬁst he phen
6 plasm d usimgeiikel fretih@acrg. prinmers: SEQ I D NO 23 and SEQ ID NO  24.
This anplicon was then cloned into the pFast Ml B2 vector in frame with an

i nsect signal sequence derived fromthe honey bee nelitin, using the BanHi
and Xbal restAVcReer skitesin e adddows thike OEOTF‘Pe@ﬁ@n@f Whalpiei fiegiesedThe 35

resul ti ng2pFBigedivibe pHasdddaina st ibhanaotier mae tehyoduttd ptsguthegdgueihei ng and

31 used to g e
Bac-t oBacO ngﬁléié/ﬁ;?g;% E?ts gc!tn’%)éélﬁz%cé)%% h@‘@xé@sﬁﬁ%@éé\ﬁéﬁgaﬁ!éé@ng%@f acture's

@O
i nstructions i O BER cﬂﬂa% b propagated and anplified in sf21
insect cells to reach infective titers between 107 and 109 pfutm and

]St oc ktS S wer e lée@did@ﬁ {4 Carkyo perdah |s)€;||iék§% #dant 804 &ifsrehOBEMBigAtIBNS tRage.

nsec gr i t.i,on essian

fifth-i ns %Emﬂp@% of(the ‘?'t—'ﬁqgo'ﬁ %a%%g%el:gg’r‘ gﬁ%nglﬁ%%{s {gﬁiz:y e aﬁgut 250 ny

wei ght, wer e e kecysed ol fﬂ“rﬁ?"ﬂtﬂ@éfaﬂé@%‘mﬂf%ﬁtmrb@fc%‘i’ #eqtigaeandiseatmenieofpr ol eg

f( forward the rivraiyiale dvedtyg by SvhgitHonbsirerip§ tiie epintaf dosmsentionf #etweitkrbiar vae were
ept in gro i . i arvae

were then mmag@ @@%f?@%ﬁﬁgﬁgﬁﬂggﬂtgﬁgg% n q@f&%@%@ﬂgéeﬁ%ﬁqﬁl nsect

cell cultures were also infected using known doses Infected cells were

kept at 28T fSuch a2 ithashasal hgntionke teide, dalitanres were echaedegtddiand t he

gfl)lcglsgredpelzgm%gfgw a“ﬁahﬁ@ H\mg?a%%ﬁﬂaﬁnfew@r%@d@qam&%ﬂ% Laatgmu%gcmaé 'n 'S (TP

processed. 20, cLh Aen SRRl E Ak Kok 58] A h5aEeh

extracti on bud:ed E@Gr&B& (BE6Y 10 NC: i Widlmrco@TTeds reduriiinginh VPP endiits

i nhi bi tor coglstid bourtarpRk oF v R Beaiudted ey stbim BIBS whith indicates that

35 said VHH bind to linear epitopes of this pretein VP6.




25 Anal ysis of protein extracts A Coornassie blue staining and an

i mmunobl otting anal ysis were perfornmed for the quantification and detection
of the spedVF 189 protein contained in the TSPs. THYS/ER2HBYTSf TSP per

| ane were | oaded in 12% SOS- pol yaoryl am de 30 gels. After el ectrophoresis,

gel s were stained with a Coomassi e bl uezgol ution or transferred to

nitrocel |l ul ose nenbranes (Schleicher & Schuell,) to performa western bl ot.
For Western bl ot assays SDS- PAGE (129% was transferred onto nitrocell ul ose

35 nenbrane ( d, USA d gvernight at 4C with PBS-
32 0.05% Tweeﬁ ‘%éﬁ?ﬂﬂﬁ@ﬁ§ '%@/H“é%f'ﬁi’ %E@%E\f(ﬁcﬂ"r‘fﬁ OF ({15 W{CISOlES SeHENERRen
i ncubat ed at catiyingdopéreat (BEQ (IR NOE & 10l 8h mayi by irsertadblin tanasytprefvidid serum

(1:100 in BF) recomemmaoscw»assu\e@%eqnSefré@%n%édbrPEﬁEr@&@ fthé‘?rés)ént
anti - r abbi t5 I was added

For 1oL 5y e et B A R B Yoo oAt SAl RIS pr ot o1
bands were def ks eleeionsif g vecior s tuseiprtdra typg otieest celi ommq)smewe@nr

Hyper fi | m ECLisfdolngio CAnmrsinasd. 11Sfhtivehe thdridttirend e a puaedid @nakfe@eanal ysis 10
TSP extracts tfhaPrSh}/J’ fid @trfz&){de@‘?n E:Pa[t h"s‘t rcg[g @fn?ésggétg& O%B{Tﬁ%ﬁ gncgli

[Ag(+)] or from’ owrus
[Ag(-)] were B&@do8b C@H)a‘éaIEL‘resmrnWr 6p| eftteigeqd myl Ysing EnYNGRRAN D@ifm k) with
serial di N0t i cosprisbdriti thg eafuted @f jthg/ avel[BambroROeiriyl. ctgdaQnat @ bigiardonat e

buffer, pH 9. Gnalimdm, IBHLPUQ&EPBF Qre'\'in@ént%ﬁ e{}lleéé LQQM topA@ r%ért&ﬁﬂﬁ ppashed

W th PBSTfour tinmes. Pl ates weres our at 37C
under const an¥*"%gi% oft RigH oranima tﬂeg%k—ﬂ'ﬁkj gl?l‘{ﬂc Bt GPF%WEQB,%“B@@ ba,Ger pl / wel |)
for 30 mi nut esxanﬂmn%gmﬁ:aderm&#umafammrfammi Vetioezipe ds Sergyplessedian at 2, 5

jig/well dilu Ilaﬁ’trbr' éhurhhp@éﬂb ng é)ﬁéfaﬁi%&faf @ﬁ“sbédlﬁken?'tﬁé SRaVRIcR: L8R ashed 4
times W|tq5 ocke nutes. Then 100 pI/vveII of a

a
pol ycl onal an‘?reﬁ%rgfvfa \RRY 30%0‘%’6)%5%%% e VHFI nmade in rabbit was
added and i ncubated for 1 h at 37C. Plates were washed 4 tines with PBST.

T ggggy : nlgloomd v&lidr oy BaUked &blwahsfbgﬁﬁngi%rlsvéwhéa od lrﬁéﬁﬁh?%r@n Chj elt gts e\clllve o
|

“hed four tm g%a? GA%OB{W@@ ﬂQ?éi’ F?Ji@e“bc%é %ﬁer’?@?& M prdbaf

bi s( 3- et hyl belR¥JHRP 49816 feler- t@dh? &ﬁi‘%tr@bﬁfweﬂstr@sf%mw ingxfediBy deadded to

t he pl at egd Pexctxiotithednveedat.i on was all owed to devel op for 5-10 m nutes at
roomtenperature and reactions were read at 405 nmin an ELI SA mcropl ate

reader (Multiskan , ,Th El ectron Co USA) (See Figure.7).

26/ 05/ 2009 117 fﬁ@gﬁ@ﬁ f%égpfﬁ@%ﬁéhﬁéf SBERIS ')Sﬁéf/“iﬁe ‘“2%’03@}3059 745 -
26- 05- 2009 33pralvENDER Espetves: and)mmemmf@fabiw adaveerdfcsad . itdscl wdmai n

ehar act grE it ledme?efbmhe lirfve BRINIUHEE SeRts Jvﬁﬂﬂraﬁ%nﬁﬁﬂﬁﬁﬂ%rﬁﬁlﬁﬁlt 86kH 1 g ;n tT Ee
group: e
doray n, aceorHt ByRTseIP It hsfe B s A Tty at ety

anti bodi es of 3@5?@5@@ ddp 4d1 afighviést he group: Lama gl ame, Lama pacos,
Lama pani coa and Vi cugna vicugna. 10 3) The domain, according to claima1,

characteri Zedfﬂé?efk@at?u 'Jectm' Bpﬁme IRJ&?IQZ %%ﬁrbqubﬁ 3(5) %ﬂﬁucé '&ﬂd)@p gﬂ)pé kgen

present in gr rotayrus. 109 Lo claim
1, characteri 'PJ'%/O [PV PEIcRGhRRGTeERL R BRRRQ R NChd o F'cfé‘ﬁfqrgd‘i’ &r
di f f er ent 30selaeqekertly ofinet presant duyentiSEQ@irihe)y réi@s tb, a SEGhddDidQ@rodicirgEQ | D NO

3 and SEQ | D dhaide oPkndirRHidh @Qﬁ%dﬁwpr@ éunﬂ tF)@ ééjllabm% ofBAkAct eri zed
in that it f%éng%rcte%or{%ns ormecf1 or IT%&%S wf e vec or of %he invention under
conditions that permit the production of said domains. The conditions for
optimizing the culture of the transgenic cell or organism will depend on the type
35  of cell or organism used. If it is desired, the method for producing the domains



20 6) Dineric domain, according to claim4, farther conprising a sequence
selected fromthe group: SEQID NO 9, SEQID NO 10, SEQID NO ii and SEQ
| D NO 12. “2(52)95’9’%6‘%‘& avi rus i munodet ection met hod cHATHEREBPYPEE in that it
conprises: a) bringing into contact an rotavirus containing sanple with an
am no aci d sequence selected fromthe &wup: SEQID NGO 1, SEQ ID NO 2, SEQ
TDNO 3, SEQIDNO 4, SEQID NO 9, seQID NO 10, SEQID NO 11, SEQID

NO 12, or copithgavbas ihitedr@ehpigdichnBl davieh 991‘1 Bgﬁfscgﬁ?ﬂouémﬁg%gepd,
according to t%l algghg char.aﬁ{ er|zed by belng selecte rom-t group:

i mmunocapt ur e ARHEPY M ig * ELI SPOT, conpetition ELBA. and magnetic
beads. AMENDED SHEET Recei ved at the EPO on May 26, 2009 11:40:18. Page 13

oL 15 t34_ 9) dm C@mﬂéhﬁie%oéﬁ@ngnﬁﬂetgra%gﬁf ShvdRieR| \f@‘effs”“?dt giafcl%béeﬁ?ﬁ mamal ,
characteril se LS Ng. an am.n Cl seguence sel.ecte rom € group:
SEQ TO NO. %1,"%%%59%%%&8 CE'?'%T':”@ oy e §?m§ﬁ§§ %B'Wﬁ!’l"% SEQ ID NO 9, SEQ
ID NO 10, SEQID NO 11, SEQID NO 12, or conbi nations thereof;

ex. cipient and si mruperedutiat ¥HE  d6haihl aggrved PREMOVEArhelkl Chaiaeleel | zed by

conprising a nucl i .seq ) . i_fd f ic or
di meti c domai ns o% ﬂ%'lﬁgt%g?%ﬁgﬁ%%t%’?@'S‘%ﬁ’efjaﬁ%%ﬁ%%eﬁ%gﬁ mggmgﬁés‘fpon vect or
characterized by dIMSHi; SR {P&NopaSkdPdFo-& S5 'R)?"O‘lé)a“ﬁm Nant

expr essi oridvect or 4, abeeintianbddrains Rinthid frotedh 8P oF gioup @drotavieud [Ri). sai d
vector is a virus, particularly a Baculovirus. 15 13) Transgenie cells

transforned or trausfecte r infected with the vectaor of claips_11 or 12,
characterized if ?h&ltm%fﬁeg**g&ﬂi"é‘%‘ E”ﬁ‘g qﬂ\clf& fché’lr‘?]ﬁlédv?ﬁ hEHPANRY of claim
10. 2014) Method fbarattedsest duldiedti brecofprisée afl drestnenofmaiomiarssetiubness t hat
(r:]orr{)rl slels the fol :s@wu@g ﬂ%bfi?@qé@.)p braas beHe é&qugi?césrsﬁa%ﬁﬁ_tsea;galcgmol nfl gctl ng
ost ce incu la onbi or of clains or :
25Db) Keepﬁﬁg t he ée%fé@qaﬁ%ﬁﬁgh @Hgg\?ogbpaﬂg%%q ﬁf@o‘(ﬁ%ndi tions. c) Isolation
and purification of the domains, e or in insect 15) Antibodies

char act er i zedamyth@reEpsdt $f 1hg pREseN0hvEftndedRl 1B I6f foEnaiuiBddtb&iod.of 3 16) A

kit f : ) \ W ! ;
sel ected 1 ?o"m'%@é@ﬁibﬂ%aﬁﬂ%%%‘?#ﬁég feu Lol R P BfndERy SR g
rip NO 9, SHEPI'DIRE Do BEEQ B Ner 313EQ deda. B RER IPNo.&h Mat i ons
thereof 20 10, SEQID No. 11, SEQ ID No. 12, and combinations thersof.

The invention further refers to an amino acid sequence selected from the group
formed by SEG D No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ 1D No. 4, SEQ ID
No. 9, SEQ ID No. 10, 8EQ 1D No. 11, SEQ ID No. 12, and combinations
25 thereof, for use in a method for the prevention of infections produced by RV. In
other words, the invention refers to the use of an amino acid sequence selected
from the group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ ID
No. 4, SEQ D No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No, 12, and
combinations thereof, for the manufacture of a compaosition for the prevention of
30 infections produced by RV.

Morevoer, the invention further refers to an amino acid sequence selected from
the group formed by SEQ iD No. 1, SEQ ID No. 2, SEQ |1D No. 3, SEQ iD No. 4,
SEQ ID No. 9, SEQ 1D No. 10, SEQ ID No. 11, SEQ ID No. 12, and
35 combinations thereof, for use in a method for treating infections produced by



AMENDED SHEET Received at the EPO on May 26, 2009 11:40:18. Page 14 of 15
35 17) Amino acid sequence selected fromthe group fornmed by SEQ 1D NO 1,
SEQ I D NO WO 2081 NO 3, SEQ ID NO 4, SEQ ID NO HEIFBE@SIDMNO 10, SEQ
ID NO 11, SEQ ID NGO 12, or conbinations thereo for use in a nethod for
the prevention or treatnent of infections produced by rotavirus. AMENDED
SHEET Recei ved at the EPO on May 26, 2009 11:40: 18. Page 15 of 15 36

SEQUENCE LI ST <110> ALTERNATI V XPRESS| GENEX) <110>
| NgTJl TUTO NACF%L é E@Eﬁ‘,&’e&gﬂbﬁ%@ﬁﬁ R PPRFIAFD Bm %) RBFSHE? i ¢ VHH
domai n deri veéelﬁﬂ@ﬁff&mtheV%Pd@rﬁﬁdlQ:V SERID i és$E@|IE?ENq &, 8REDrVo. 3,

| muni sati on BEChIgN. rNISRG MUNoJe iSRG IDMNITBBhOER 1D No. 11, SEQW@Q% t1'20n

prevention an t S r |nfect|on 3 <160>
24 10 <170> PQ?‘Eent ﬁ’nm\%‘g&‘s%nt%’q ol L “%i‘%fi“l@ S CODROSIT S?féﬂgL

gi ama 15 <&oobfertipps piafecesdly R4l G n Leu Gn Ala Ser Ay Ay Ay Leu VaI
Gn Ala 151015 Gy Asp Ser Leu Arg Leu Ser Cys Val Gn Ser Gy Pro Ay Arg

Tyr 202530 ZOFﬁaVy,% p@séﬁnﬂﬁ&nﬁ@@ réib@ ‘igQn’(@‘{h%dl?ﬁppags?’(feli%ﬁmﬁs%ﬁé( 91&9 u Phe
Val 354045 . . . . .
comprises the inoculation of an effective quantity of the above dsfined
antibodies in the human or animal body.
10

DEPOSIT OF MICROORGANISMS ACCORDING TO THE BUDAPEST
TREATY

15 Plasmid pFBMelVHH (see Example 5) was deposited in the Spanish Type
Culture Coliection {CECT); University of Valencia, Spain with the accession
number CECT7431, on the date 02.07.08.

20 EXAMPLES

This invention is best illustrated by the following examples, which should not be
interpreted {o be a limitation imposed on the scope thereof. On the contrary, it
must be clearly understood that other embodimenis, modifications and

25 equivalents thereof may be used which this description may suggest to those
skilted in the art without moving away from the spirit of this invention and/or the
scope of the attached claims,

Example 1: Obtainment and purification of the monomeric and dimeric
30  VHH of the invention

Obtainment of the VHH library of the invention:

The reference bovine IND RV strain was used (Sbl; P[5)G6) as an antigen in
35 the biopanning process to select the VHH. In order to have an RV panel that



Ala Ala Val Ser Gy Ser Ay Gy Ser Lys Tyr Tyr Ay Asp Ser Val 505560 G n
Gy Arg Phe Thr Ile Ser Lys Asp Asp Ala Lys Asn Thr Val Tyr 25 65707580 Leu
Gn Met AsWORW/AEE Lys Pro Gu Asp Thr Ala Val Tyr TWREI/EEHE8/059745

859095 Ala Val Arg Arg Thr Tyr Ser Gy Ser Asn Leu Trp His Arg Ser Asp
100105110 30 Gu Tyr Asp Ser Trp Ay Prge@y Thr G n Val Thr Val Ser Ser
Gy 115120125 Arg 37 <210> 2 <211> 126 <212> PRT <213> Lanma glam 5 <400>

2 Met Ala ASpre}ﬁ?éseﬁs%ff&%nt@%ﬁhﬁféﬁ&l@é’\mﬁ éﬁgeét E&%Mﬁlgngo Gpa{ngi 51015

Gy Asp Ser Leu ?3? “"‘F? 02530 10
Ser Tyr Ser |P&e f%fea 3 eeresryd pp @mamsy ecelproncg Y 889045 Phe

Val Ala Thr | lr%ecSearTe&MtlS@m Aslpdstin tRe miiff@rmntﬁya;ay@mﬁ@med%mr&ﬂﬁzﬁﬁﬂe Al a Lys
Ay Arg Phe TUHHvﬁhe%rﬁlséé Qve\@-'pr%bgﬁ{e% inyﬁzoﬁf?ﬁﬂ/ Hape c@l 51§w§%975;§90 Tyr Leu
Hs Leu Asr% giulc'iec'iJ wa¥ 7P ecal sample fpom a colos%um-deprfzed ngonatai calf infected
with the IND strain at the time of pre-innoculation and at the peak of virus
spreading.



859095 Cys Ala Ala Ay Ser Val Gn H's Met Ala Asn Gu Asn Qu Tyr Val
100105110 20 Tyr Tip Ay Gn @y Thr Gn Val Thr Val Ser Ser Ay Arg
115120125 ¥D0pew/a36tepll> 127 25 <212> PRT <213> Lanm JICAFER20e4GOMS3 Met Al a
Gu Val Gn Leu Gn Ala Ser Ay Ay Ay Phe Val Gn Pro 151015 30 Ay Gy
Ser Leu Ser Leu Ser Cys Ala Val Ser G yw4Arg Ser Phe Gy 202530 Asp Asp Val
Met Ay Tip Phe Arg Gn Ala Pro Gy Lys Gu Arg Au 354045 Phe Val Ser Al a
Ile Arg Phe Arg Ser Asn Ser Pro Phe Tyr Ay Asp 35505560 38 Pro Gy Lys
Gy Arg Phe Thr Ile Ala Arg Asp Ser Ala Lys Asp Thr 65 70 75 80 Val Tyr Leu
Hs Met Tyr A@yla%u Arg Pro Asp Asp Thr Ala Val Tyr 5859095 Tyr Cys Al a Val
Gy Asp Ay Ala Leu VS Asn Arg Ala Ser Asp Tyr 100105110 Thr Tyr

Trp Gy Gn QGferlhte Bifvive!suliMs 0B ivthe BRbrdrt Yrddolurkd phAdHRR ding?10> 4

<211> 128 . .
5 the production and characterisation of the VHH of the invention

C486  Bovine

used for vaccination and
for specific ELISA
llama aniibody response
(VN}
Binder characterisation
(VN, ELISA)
Challenge in mice

IND Bovine ] P5iG6 Binder selection
{Biopanning; Phage-ELISA
Binder characiterisation
(VN, ELISA)
Llama antibody response
(VN, ELISA, ELISPOT)

B223 Bovine I PI11]G10 Llama antibody response
{VN)
Binder characterisation
(VN, ELISA)

Wa Human it P[8IG1 Liama antibody response
(VN)
Binder characterisation
(VN, ELISA)

HZ Equine no I P[12]G3 Llama antibody response

rio ! (VN)

Binder characterisation
(VN, ELISA)




<212> PRT <213> Lanma glama 15 <400> 4 Met Ala Asp Val Gn Leu Gn Al a Ser
Gy Ay Ay Leu Ala G n Ala 151015 Ay Asp Ser Leu Thr Leu Ser Cys Ala Al a
Ser Ay Ar§OEPOPHES Ser 202530 20 Ay Tyr Val Val d WCHEB:PHEYAFg G n Al a
Pro Gy Ala Gu Arg Gu 354045 Phe Val Gy Alalle Arg Tip Ser Qu Asp Ser
Thr Tip Tyr Ay Asp 505560 Ser Met Lys 4dy Arg Ile Leu Ile Ser Arg Asn Asn
Ile Lys Asn Thr 25 65707580 Val Asn Leu G n Met Phe Asn Leu Lys Pro Qu Asp

Val Thr Thr @ u Thmgeiener tedsgel fodus e s bl &rln s E TG °
Val Thr Val Ser Ser Arg Ay Arg 115120125 <210> 5 <211> 411 35 <212>
DNA 39 <213>C488meSigPENGS)<420> phrdata ot ¢ Gellg dafgebgomitrggcgempiagni
ggaggat t gg t geagRGHad ﬁggﬁ@gﬁé%@?@sdé 1208GLEL &S] fz% %@ésa Gl %@ﬁﬁ%ggc
aggt at ggcg_tgggctggtt cc cca gaaag tg ct
gt gagcggga® gt GYegt Tt g%t éaat%oogg\éggcf@@jj t 3&%9 Oét % tc
t ccaaagacg ac(@’(amgmi Samgﬁwmratatmfs ¢ ¢daaat §a aad BA6C Sgam and thipaggac
acggccgttt atdaAghidl derl UehIFREAR08, 4 and 7 following each innoculation. The
humoural response was evaluated by ELISA and viral nautralisation (VN} (see
further below). In order to evaluate the efiecior B-cell response, an ELISPOT
10 assay was adapted which determines the number of RV-specific antibody-
secreting celis in peripheral blood of the innoculated llama, on the basis of
previcus ELISPOT assays petformed in pigs and calves (Parreno, V.C. et. al,
Vet Immunol Immunopathol 100:7-24, 2004, and Parreno, V.V. et. al.,, J Vet
Med B Infect Dis Vet Public Health 48:713-20, 2001, incorporated herein solely
15 as a reference). Briefly, MA-104 cells infected with BRV IND (with more than
80% infection detected by immunofluorescence) were fixed, grown in 96-well
plates, with 70% acetone, air-dried and stored at -20°C until they were to be
used. Suspensions of mononuclear celis (MNC) derived from peripheral blood
(PB) of the innoculated llama were added to the wells (1 x 10% 5 x 10% 2,5 x
20 10° and 1,25 x 10° cells/well). After centrifuging at 500 g for 5 minutes, the
plates were incubated for 12 to 14 hours at 37°C in 5% COs. The plates were
washed with PBS with 0.05% Tween-20 in order 1o remove the adherent cells,
and the spots were generated by adding the same conjugate used in ELISA in a
1/1,500 dilution for 2 hours at 37°C, followed by 50 ul of the TMB peroxidase
25 subsirate system (KLP, Maryland, USA).

The handling, innoculation and coliection of lama samples was performed by
trained personnel under the supervision of a veterinarian, in accordance with
protocols approved by INTA’s animal welfare ethics committee.
30
Production of the VHH library and selection of the VP6-binding VHH of the
invention: From a total of 900 mi of blood collected 4 days after the last
injection, 6x10° mononuclear cells were exiracted by Ficoll Paque gradient
centrifugation; they were then centrifuged, frozen in liguid nitrogen and
35 subsequently kept at -80°C. The total RNA was extracted using an RNA



acctatagtg gtagtaacct ttggcacaga tcggatgagt atgactcctg gggcccgggg360 10
acccaggtca ccgtctccag cggccgccac caccatcacc atcactaata g411 <210> 6 <211>
402 <212> BNRCIWIE 3> Lama gl anm <400> 6 at ggct gat g RGGERFELEASggcgt ct ggg
ggaggatttg tgcagcctgg agattctctgb60 agtctctcct gtgcagcctc tggaggcacc
tttagtagct attccaftgg ctggttccgcl20 cagggt ccag ggaaggagcg tgagttcgtg
gctactatca gttcgagtga tagtccgtggl80 20 tat ggagagc ccgcgaaggg ccgattcacc

gt cgccagag “é@r%gﬁ%a@qu%?érﬁgﬂg&%é%gﬁ 4% SRS éﬂ@ﬂg%ﬂ%ﬁrﬁn 29A5£ 4020

acacggcca ctiatt gc t’gt acaat acat gag

? at gt 2? att gdg c’gﬁﬁg 33@3{%9@ e@t\f&%scwat elg eaew &S&flafac

cat cact aat agﬂ%@&e&é@%r@taséhhwpd%t 42dPxaDNAvik? OBgodTafte-1gh arme$00> 7 30
at ggct gagg tcwrofggﬁ)%rqgﬁ&ﬁn%gﬂarsg@% ARk %ébé Ra%ﬂ& et sty
agtctctcct _gt c ca tccgcl2
caggctccagsgﬁéﬁgg Ta{ %%@ga“?ﬁg&%% 3’380@@&5%&

ttttatggeg acap@clgwjaaarg@@edqat PERausiag quioess m&eag&gﬁ éi&ai‘@gawa(}gld240
gtgtatctge aC@Azg,fo@C(s&cpm g@gaspwwmam% %greaaéiérﬁf EHYt:9664Ha300 35

40
Jrcaccgict ﬁg R R (s T éé%%%ﬁiﬁ%%%g% e

o agarose gel, after separating it from the 900 ~pb fragment (exons VH-CH1-
10 CH2). The VHH were then amplified by an additional nested PCR with primers
annealing at framework region 1 (SEQ! ID No. 16) and framework region 4 (SEQ
ID No. 17}, and with primers centaining restriction sites for the subsequent
cloning steps: VHHfor2: (SEQ 1D No. 18), with restriction sites for Ncol and Pstl,
and VHHrev2 (SEQ ID No. 19}, with a restriction site for Notl. The final PCR
15 fragments were ligated using upstream restriction sifes Neol or Pstl and
downstream restriction site Noil, in phagemid vector pAC-Lib, a modified
version of pHEN4 (Arbabi Ghahroudi M, Desmyter A, Wyns L, Hamers R,
Muyldermans 8. Selection and identificaticn of single domain antibody
fragments from camel heavy-chain aniibodies. FEBS Leit. 1997 Sep
20 15,414(3):521-8), which contains an irrelevant long sequence that is removed
following the insertion of VHH, in such a way so as to delay the potential
propagation of the vector without the VHH insert. Eschetichia coli (TG1) cells
were transformed with the ligated material and the cells were seeded. The
colonies were scratched from the plates, washed and kept at —80°C in LB

25 medium supplemented with glycerol (50% final concentration).

The specific VHH were seiected from the library using phage display
technology. The VHH library was infected with M13 helper phages (Invitrogen),
and the phage patiicles that express the VHH reperfoire were rescued and
30 precipitated with PEG, as described by Marks, J.D., Hoogenboom, H.R.,
Bonnert, T.P., McCafferty, J., Griffiths, A.D., Winter, G. JMB, 1991. The
enrichment in specific VHH was performed by two to three selection rounds in
vitro, that is, by the technigue known as biopanning. Immunotubes were coated
overnight at 4°C with a 1/50 dilution of semi-purified BRV IND (Sbi; P[51G6) or
35 with a 1/5,000 dilution of an anti-RV polyclonal antiserum from guinea pig in



<211> 408 5 <212> DNA <213> Lanma gl ama <400> 8 atggctgatg tgcagctgca
ggcgt ct ggg ggaggtttgg cgcaggctgg ggactctct g60 acactctcct gtgcagcectc

t ggacgcacc WQ ¥eftieige t at gt cgt ggg ctggttccgel20 10 cagifdirEredseyyijcggagceg
tgagtttgta ggagctatta gatggtcaga agatagcaca 180 tggtatggag actccat gaa
gggccgaatt ctcatctcca gaaacaatat caagaagacg 240 gtgaatctgc aaatgttcaa

t ct aaaacct gaagacacgg ccgtgtacgt ctgtgcagca 300 ggggccgggg at at agt gac

t act tt t g cC ct.cacgcgg
cogoeaccac cap Byl bufl 3905 £ MGR0RSH BN ANERTEY SHSCAERERSRY .. Lo
gl ama 20 <400%esameBRY NNAgs gaptugd, The psgred phagesererainpuimitgd @ith the Val

G n Pro 15101BRE WOG githSetirdathy Gewith abatSeevieysly Abptukl, Wiehe@ nd\igs _SerAPhe
Gy 202530 25 - Mat r . : u Arg
G 354045 Phg&@g_ $%1G_M§|%%¥eltﬂ%ﬁﬁﬂﬁ%@W@g@%@ﬁ%&o&%ﬁgk@@% y Asp
505560 Pro°G Yrsriat Ve%‘%s%&"ﬂ‘rfﬂ%sPﬁeiﬁdﬂﬂeﬂ@'@fewbawwwa'sg@écf%ﬁf Thr 30
65707580 Val axponemiali-powivet TEY colr §fibrtie Apgpriaras tisbidsmnigrodidy théal  Tyr
859095 Tyr CymdiblddalVebiohkey VSR HohrMafa LRE MilespSitidd o/l icfls 3R TYT

100105110 1 aiysed by phage ELISA.

10 Expression and purification of the monometic and dimeric VHH of the invention:
The VHH cDNA of the clones that were positive in ELISA were re-cloned using
restriction enzymes Ncol and Notl in expression vector pHENS (Conrath, K.E.M.
el. al. Antimicrob Agents Chemother 45:2807-12, 2001, incorporated herein
solely as reference), which provides a pelB targeting sequence for the

15 periplasma and a carboxy-terminal six-histidine tag. The bivalent VHH were
constructed by PCR ampilification of the VHH sequence using primers Bivior2
{SEQ ID No. 20} and Bivrev2 (SEQ ID No. 21) {SEQ ID No. 22), which encode
a linker related to the human IgA hinge. The PCR product and the pHENG
vector containing the VHH template were digested with Ncol and Pstl, and

20  ligated to produce vector pAC-biv, which contains the bivalent VHH. {n order to
produce the monovalent or bivaleni VHH, £ coffi XL1 Blue celis were
transformed with the different piasmid consiructs. VHH aexpression was induced
with 1 mM isopropyl-D-thiogalactopyranoside for 16 hours at 27 °C (Sambrook,
J., and Russell, D.W., 2001, Molecular Cloning). After cenirifuging the cells, the

25 periplasmic proieins were extracted by osmotic shock. The VHHM were purified
from the periplasmic extract using an N-High-Trap HP chelating column
(Amersham Biosciences).

Exampie 2: Characterisation of the VHH of the invention
30  Western blot: VPG concentrates expressed in a baculovirus system and BRY
IND concentrates were re-suspended in a Laemmli sample buffer, bolled for 10
minuies. They were then run through a 12% S8DS-PAGE column and
fransferred to an Immobilon P membrane (Millipore, Berdford, MA)., The
membrane was blocked for 45 min with PBS/Tween (0.05%), containing 10%
35 skim milk, and each of the VHH (4pg/ml} were incubated for 2 h at ambient



41 Thr Tyr Tip Ay Gn @y Thr Gn Val Thr Val Ser Ser Ser Ay Pro
115120125 Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val G n

130135140 BQuWep/@ist Ala Ser Ay Ay Ay Phe Vval

G n PKG/EERAPSA39{#SSer Leu Ser

145 150 155 160 Leu Ser Cys Ala Val Ser Ay Arg Ser Phe Ay Asp Asp Val Met
165170175 Trp Phe ArgggG n Ala Pro Ay Lys Gu Arg Gu Phe
Ser AI a I1e 10180185190 Arg Phe Arg Ser Asn Ser Pro Phe Tyr Gy Asp Pro

Ay
Val

Gy
Tyr
Tyr
Tyr
Ser

10 Met Al a AS%
pte

Cou 115 NEPRRSICH AR ab, e OB R R
Adpt ey SR a A ASRORANA. Ser Asp

Cys Al a VEpubef W'@@Gﬁ
Eaﬂaé%&léﬁ wlryy iﬂduba@danaIHH‘r‘hr Val Ser

Thr Tyr TinE%E/STw@bm (0.05%) BSA (3%

Thr Val
al Tyr

51015

Gy Arg 2Qq %Fé% Ofntﬂfﬂmfs%ligh ?(% Gﬁ%la?uﬁ'é’@’r K@efs% \/% %%Wﬂ%&éa”a Pt

Gy Asp SeP
Ser Tyr Ser |#el @merFhan Boscignggslin Ay Pro Gly Lys Au Arg du 354045
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Sequencing of the VHH of the invention: In order to sequence the VHH, the
"M13 forward” and “M13 reverse” oligonucieotides were used, following this
method: Big Die Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystem} in an ABL-Prism 377 DNA auiomatic sequencer (Perkin Elmer,
Applied Biosystems).

Example 3: RV immunodeteciion assays using the VHH of the invention:

Enzyme immunoassay (ELISA) and Western blot: The ELISA experiments were
performed in Maxisorp 96-well plates {Nunc), by direct sensitisation with RV or
by capture of RV or of recombinant VP6 with a polyclonal antibody produced in
a gnotobiotic pig. As antigens for the negative control, pseudo-infected MA-104
cells and a non-relaled protein expressed in baculoviruses (protein E2 of the
bovine diarrhoea virus) were used. PBS was used as a blank, and non-
immunised guinea pig serum was used as a negative capiure.

The presence of anti-RV antibodies in the llama serum was analysed as
described in Parreno, V.C. et. al., Vet Immunol Immunopathol 100:7-24, 2004,
and that of anti-VP6 antibodies was analysed with a protocol adapted from
Fernandez et al. (Fernandez, F.M. et al., Vaccine 16:507-16, 1998). The llama
lgG were detected using a peroxidase-labelled goat anti-llama igG (H+L)
(Bethy!, 1ab inc, Monigomery, CA, USA), in a 1/2,000 dilution.

The phages derived from the individual clones obtained by biopanning were
analysed by phage ELISA. Briefly, individual exponentially growing E. coff TG1
clones, containing the different VHH genes in vector phend, were infected with
M13 helper phages in order to produce phage pariicles that express VHH fused
to the surface protein, and the culture supernatant containing the phage
progeny was assayed in ELISA plates sensitised with BRV IND or VPB. The

0@@? “3’8‘2

02530



Phe Val Ala Thr Ile Ser Ser Ser Asp Ser Pro Trp Tyr Gy Gu Pro 505560 42
Ala Lys Ay Arg Phe Thr VvVal Ala Arg Val Asn Ala Lys Asn Thr Ala 65 70 75 80
Tyr Leu H ¥QBMNMEM Arg Leu Lys Pro A u Asp Thr Al a THA/ERYH8SP745859095 5
Cys Ala Ala dy Ser Val Gn H's Met Ala Asn Gu Asn Gu Tyr Val 100105110
Tyr Trp Ay Gn @y Thr Gn Val Thr ValedSer Ser Ser Ay Pro Ser 115120125
Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val Gn Leu 10130135140

Gn Ala Ser I r 150 155
T60 Sor s AR dhage¥ WS dé%d i 8 B8 @%ﬁ &‘ ol Wéﬁjc‘éfa%s
165170175 15 BHEMASRP @nﬁb@gfy Aoperstgiy,. | Rhanppgian t@h) ot e4&/amin rile
Ser 180185190arsalenﬁempé«smrée%@asaag@rmraw@véa;ge@mndqﬂgoﬂm&mn@dy Arg Phe

Thr 195200205 Val Ala Arg Val Asn Ala Lys Asn Thr Al a Tyr Leu H's Leu Asn
Arg 20210215 Thr AI Thr T r s Ala Ala Ay Ser

Val 226 238 F4530 EHVRPS Tt Vil rerite g?xﬁ’\)&rmw 5 Ay Gn
Gy Thr 24525’{@95&@@1@1@ Yalredduntsval dSect B@‘rorGV?GArygEfZlm <@1dscdded<211> 267
30 <212> PRT s3> dediBodl &) Bar4flpehihistidine monocional antibody (Qiagen,
1/5,000} and an HRP-conjugated goat anti-mouse antibody. Secondly, these
were analysed as an RY capture reagent, both by direct ELISA plate
10 sensitisation of 10 pg/mi of VHH and captured by 10 pg/mi of anti-histidine
monoclonal antibody, and, subsequently, 20 pg/ml of VHH. The assays were
developed using an RV polyclonal antiserum from a colostrum-deprived calf
hyperimmunised with BRV IND (1/2,000 dilution} and a peroxidase-labeiied anti-
bovine lgG (H+L) (KPL, Gaitherburg, Maryland, USA} in a 1/5,000 diiution.
15

The dimeric VHH were tested by ELISA as an RV capture reagent at 10 ug/ml.

The monomeric VHH were also assayed as secondary antibodies and the
ELISA was developed with anti-pentahistidine monoclonal antibodies and HRP-

20 conjugated goat anti-mouse antibodies (1:1,000 dilution) (Amersham,
Pharmacia, Biotech).

Viral neutralisation assays: The neufralising antibody titres for viruses IND,
C486, B223, Wa and H2 in llama serum samples and purified VHH were

25 determined by fluorescent focus neutralisation (FFN), as described in To, T.L. et
al. {4 Gen Virol 79 (Pt 11):2661-72, 1998)}. Briefly, 100 W of serial dilutions of
llama serum, selected purified VHH monomers or dimers were mixed with equal
virus volumes in order to obtain 100 focus-forming units (FFUY100 wl of mixture,
and incubated for one hour at 37°C. 100 pl of the antibody-virus mixture were

30 plated in MA-104 monolayers (4 replicates) and incubated for 48 hours at 37°C.
The plates were fixed with 70% acetone and the assay was developed using an
FITC-labelled anti-RV antibody from a colostrum-deprived calf hyperimmunised
with RV. The VN tiire was expressed as the reciprocal of the highest dilution in
the sample that led to a >80% reduction in the number of fluorescent foci.

35



Met Ala Asp Val Gn Leu Gn Ala Ser Ay Ay Ay Leu Ala Gn Ala 151015 43
Ay Asp Ser Leu Thr Leu Ser Cys Ala Ala Ser Ay Arg Thr Phe Ser 202530 dvy
Tyr Val VaWa@Hp/ioreigé Phe Arg G n Ala Pro Ay Ala G u AKG/REPS/BBZE45 5 Phe
Val Ay Alalle Arg Trp Ser Gu Asp Ser Thr Trp Tyr Ay Asp 505560 Ser Met
Lys Gy Arg Ile Leu lle Ser Arg Asn Asmgdl e Lys Asn Thr 65 70 75 80 Val Asn
Leu A n I\/bt Phe Asn Leu Pro Au Asp Thr Ala Val Tyr 10859095 Vval Cys

b Gy Ay GERE ﬁs@s%@%‘m&% L fingho 3l pY e POEBRIL 100" )
Thr Pro Pro A REpverdign gidfordreatment of faam“&? Ser Asp Val G n 130135140 Leu
Gn Ala Ser Ay Ay Ay Leu Ala Gn Ala Ay Asp Ser Leu Thr 145 150 155 160

Leu Ser QIS A\’?@’p%t@cb%ﬁas%ﬁé:ﬁ%@oﬂﬁéin?&@ Ser Ay Tyr Val Val dy 20165170175
Trp Phe A ?’ Gn Ala Pro Ala Gu Arg Gu Phe Val Ay Ala Ile 180185190

Arg Trp Set” Gu Asp Ser Thr Tip Tyr Ay Asp Ser Met Lys Ay Arg 195200205
25 Il e Leu || &{@ey cArgchhsnii-MER HH mopemas i THO pWalerAgominktera o Katr-

g%gZ%ggZQBSPfgﬁa 8 Bk b, E’élﬂg awht Est}l_@rﬁrdﬂeao?(@i_éha-ﬁﬁﬁ ﬁ%ﬁﬂn R AIT? GGy
Arg 302452502%5%@?& E?H%ysg%‘ e aﬂ?ﬁ ’??a{”e@e#hagéﬁjgear r yr CI%I P Y
), containing 2 x 10 FFUImE onday 1, 2 hours after the customary
10 VHH dose, and then with 20 pl of a 5% bicarbonate solution, also by intragastric
route. The innoculate was capable of producing diarrhoea in 100% of the
untreated control mice. The control groups used in the experiment were: (i)
mice innoculated with RV and not treated with antibodies; i} mice treated with
the same guantity of non-related VHH, directed against a cellular protein, iif)
15  mice irealed with 450 pg of affinity purified IgG derived from a guinea pig
polyclonal antiserum with a VN titre of 2048 against the homologous RV, iv}
mice ireated with the same quantity of IgG from a seronegative control guinea
pig; v) mice not infected and treated. The RV-induced diarrthoea was clinically
evaluated by direct palpation of the mice's abdomen during the 5 days of the
20 study. The severity of the diarrhoea was analysed on a daily basis, by assigning
a numetrical value based on the colour and consistency of the stools, as
described by YanCoftt, J.L. et al., J Viro! 80:4948-61, 2008. Fisher's exact test
was used io compare the proportions of mice with diarrhoea between the
groups. The Kruskal Wallis non-parametric test was used to compare the mean
25 onset, duration and severity of the diarrhoea between the treated groups.

Example §: Recombinant Baculovirus generation

Recombinant baculovirus BacMelVVHH was generated from the phen 6 plasmid
30 containing the VHH 3B2 compleie sequence. The protein was PCR-ampliified
from the phen § plasmid using the following primers: SEQ 1D NO: 23 and SEQ
ID NO: 24, This amplicon was then cloned into the pFastMelB2 vector in frame
with an insect sighal sequence derived from the honey bee melitin, using the
BamHI and Xbal restriction sites included at the corresponding primers. The
35 resulting pFBMelVHH plasmid was characterized by automated sequencing and



260265 <210> 12 35 <211> 270 44 <212> PRT <213> Lama gl ama <400> 12 Met
GnLeu Gn Ala Ser Ay Sly Ay Leu Val Gn Ala 5 151015 Sly

Al a
Asp
Sly
Val
Phe
Asn
Arg
Ser
Ser
Leu
Arg
Phe
Gy

Asp
Ser
Trp
Ser
Thr
Asn
Thr
Trp
Thr
Gn
Leu
Arg
Ser

Val

LedvONOgp/lEd0 Ser Cys Val

Phe
Ay
I'le
Leu
Tyr

Sly P&

Pro
Al a

Ser
GnR
Sy
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Gn Ser Sly Pro Sty ACG/EPG0s292530 Sly Val

Arg Gn Ala Pro Gy Lys Gu Arg Gu Phe Val 354045 10 Ala Al a
Ser Sly Ay Ser Lys Tyr Tyrzdy Asp Ser Val 505560 G n Sly Arg
Ser Lys Asp Asp Ala Lys Asn Thr Val Tyr 65 70 75 80 Leu G n Met

;@e(sr%dgo gjege\’htéz}pe Pz};r rrf% r%nh%gcultwlrugyéac%e?\/%d%%%i%ﬁ%cdg%/r A,ragp

IPVingp nsygtam T(rkfrw‘fmﬁns @erol@éﬁnglﬁba_zmats‘aggreg y Pro

Rﬁﬁnﬂhgn@ﬁ@ecﬁﬂfmsr@i@ bSeuiovifae 0 pRipagdes aeiParh@ified isxiz#0 Val G n

%ée&'rﬁéllﬂé’r K i \é hofF Bben 30 LR01QEplibarElolie

160 Leu
175 Trp

%r@r-‘fﬁef%ﬁ“ycugfsd S%A?fej’ @@hﬁ%@élﬁf’w '3ea Vai 180185190 Ser

Gy Ser Lys Tyr Tyr Sly Asp Ser Val Gn Ay Arg
nsect growth conditions and inoculation

For expression expetiments, fifth-instar larvae (last instar larvae before
pupation} of about 250 mg weight, were injected with the recombinant
baculoviruses near the proleg (forward the body cavity) using known pfuflarva
doses. Infected larvae were kept in growth chambers at 28°C and collected at
indicated times. Larvae were then immediately frozen and kept at -20°C until
processed.

Insect celi cultures were also infected using known doses. Infected cells were
kept at 28°C for 72 h. Finally infected cullures were harvested and the cellular
pellets were also immediately frozen and kept at -20°C until processed.

FPreparation of protein exiracts

Total soluble proteins (TSP} from T. ni larvae were obtained by bending the
freeze larvae in an extraction buffer containing triton 0,01%,; DTT 25 mM and a
protein inhibitor cocktail (Complete, Roche, Germany) in PBS 1X.

Analysis of protein extracts

A Coornassie blue staining and an immunoblotting analysis were performed for
the quantification and detection of the specific VHH protein contained in the
TSPs. Thus, 20 g of TSP per lane were loaded in 12% SDS-polyacrylamide
gels. After electrophoresis, gels were stained with a Coomassie blue solution or
transfetred to nitrocelluiose membranes (Schleicher & Schuell) to perform a
wastem blot.

For Western blot assays SD3-PAGE (12%) was transferred onto nitrocellulose
membrane (Bio-Rad, USA). Membrane was blocked ovemight at 4°C with PBS-
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cigdibBe<ddOwadbed 3 times with PBST and finally anti-rabbit 1gG-HRP-
labeled conjugated (1:2000 in BF, Sigma, USA) was added for 1 h as
secondary antibody. After extensive washing with PBST, protein bands were
detected using ECL Wesitern blotting detection system on Hyperfilm ECL fiims
{Amersham, USA) (See Figure BA).

Functional analysis

TSP extracts from VP6 (a bovine rotavirus protein} expressing larvae [Ag{+)] or
from infected larvae with a Non-insert recombinant baculovirus [Ag(-)] were
used o coat ELISA microplates (Polysorp, Nunc, Denmark) with serial dilutions
starting at 40 pg/well in 50 mM carbonate/bicarbonate buffer, pH 9.6 and
incubated O.N at 4°C. Next day, plates were washed with PBST four times.
Plates were sequentially incubated for 1 hour at 37°C under constant agitation,
with blocking sclution (PBST-2% BSA, 100 pliwell) for 30 minutes. Then, with
TSP extracts from VHH expressing larvae at 2,5 pg/well dilution in blocking
buffer for 1 h. Plates were then washed 4 times with PBST and blocked again
for 30 minutes, Then 100 piwell of a polycional antibody (diluted 1:100) against
the VHH made in rabbit was added and incubated for 1 h at 37°C. Plates were
washed 4 times with PBST. Finally, 100 pl/well of anti-rabbit IgG-HRP labelied
conjugated diluied 1:2000 in blocking solution was added. For substrate
reaction, plates wera washed four times and 100 p/well of 1mM 2,2 -Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS, (KPL, USA) were added to
the plates. Peroxidase reaction was allowed to develop for 5-10 minutes at
room temperature and reactions were read at 405 nm in an ELISA microplate
reader (Multiskan EX, Thermo Electron Corp, USA) (See Figure 7).



<211> 65 <212> DNA <213> Artificial <220> 35 <223> priner to anplify VHH
4 16 .,aaca t cgcggce t casewggegnat ggct gakg t bcageégcee/is

gg?:@t%c gggrﬁéggaggg%g%ghgg%lo> 17 <211> 53 <PAPHAFRROKIESR745 ti 4615k 0R92G>
10 <223> prinmer to anplify VHH <400> 17 attattattc agattattag tgcggccgcg
t gaggagacg gtgaccwggg tcch53 <210> 18 315 <211> 33 <212> DNA <213> Arti fi cijal
<220> <223> prinmer to incorporate restriction sites 20 <400> 18 ggct gakgtlb
cagctgcagg cgtctggrgg agg33 <AiR=piEd cidhiis 51 25 <212> DNA <213> Artificijal
<220> <223> primer to incorporate restriction sites <400> 19 30 gttattattia
ttcagattat tagtgcggcc gctggagagt gaccwgggtc c51 <210> 20 <211> 48 <212> DNA
35 <213> Ar tIi) fihigie@d or monomeric VM domain characterized in that # comprises at least

one sequence selected from the group: SEQ 1D NO: 1, SEQ TD NO: 2, SEQ 1D
3 NO: 3 and SEQ ID NO: 4.

2) The domain, according to claim 1, characterized in that it derives from
antibodies of camelids selected from the group: Lama glama, Lama pacos, Lama
guaricoe and Vicugna vicugna,

10

3) The domain, according to claim 1, characterized in that it binds to a linear

epitope of the VP antigen present in group A of rotavins,

4) Dimeric domain, sccording to claim 1, characterized by comprising two
15 sequences, either identical or different, selected from the group: SEQ ID NO: 1,
SEQ 1D NO: 2, SBQ ID NO: 3 and SEQ ID NO: 4,

5) Dimeric domain, according to claim 4, characterized in that it further conmprises
a linkage of SBQ 1D NO: 13,
20 |
6) Dimeric domain, according to claim 4, further comprising a sequence selected
from the group: SEQ TD NC: 9, SEQ ID NO: 10, S$EQ IDNO: 11 and SEQ D
NC: 12, ‘ ‘

25 7) A rotavirus immunodetection method ‘characterized in that it comprises: a)
bringing into contact an rotavirus containing sample with en amine acid
sequence selected from the groum: SEQ 1D NO: 1, 5EQ ID NO: 2, SEQ TD NO:
1, $EQ ID NO: 4, SEQ [ NO: 9, S8EQ D NO: 10, 8EQ ID NO: 11, BEQ ID
NO: 12, ot combinations thereof, and b) developing.

8) The method, according to claim 7, characterized by being selected from the
group: immunocapture based tests ELISA, ELISPOT, competition ELISA,

and magnetic beads.

AMENDED SHEET
Received at the EPO on May 26, 2008 11:40:18. Page 13 of 15



47 <220> <223> prinmer to anplify dinmer sequences <400> 20 ctcgcggccc
agecagesat 19g6eggatgtgsnaget t cagg cgt chygoeE8eENx210> 21 <211> #46:.<2i25 DNA
<213> Artificial 10 <220> <223> priner to anli/EY 24I08P58etften@és 0242039 2
gcattggttc tgcagttgca catctgacgg cggggt ggac ggagac46 15 <210> 22 <211> 43
<212> DNA <213> Honp sapi ens <400> 22 2 gccgcggcgg ggtagacggg cccgat gagg
agacggtgac ctg43 <210> 23 <211> 30 <212> DNA 25 <213> Artificial <220>
<223> primergit 8 aapsichy addidhed to 3Bl iﬁmﬁﬂngB admrBAl BEAL &G4 @ ggct gat
gtgcagct gc30 30 <210> 24 <211> 29 <212> DNA 35 <213> Artificial <220> <221
primer to anpl P¥ SPPRERED 451HY asidFequpperschgied from the group: SEQ TD NO: 1,
: ' SEQIDNO: 2, SEQ ID NO: 3, SEQ 1D NO: 4, SEQ ID NO: 9, SEQ 1D NO: 10,

SEQ TD NO: 11, 3EQ TD NO: 12, or combinations thereofi excipient and
3 immmunomodulators. - '

10} Plagmid pFBMelVHE charvacterized by comprizing a nucleotide sequence that

codifies any ofthe monomeric or ditmeric domains of the claims | to 6.

3>

10 11) Recombinant expression vector characterized by comprising the plasmid of

claim 10,

12) Recotmbinant expression vector, according to claim 11, characterized in that said
vector is virus, particularly a Baculovirus. ' ‘
15
13) Transgenic celis transformed or transfecied or infected with the vector of claims -
11 or 12, charscterized in that they express the DNA included in the plasmid of

claim 10,

20 14) Method for the production of the domains of claims 1 to 6 that comprises the

following steps:

n} Trangforming or trangfecting or infecting host cells i culiure or in insect
Jarvas with the recombinant vector ofclaims 11 or 12, '
25 : b} Keeping the cells growing under appropriate conditions.

c) Isolation and purification ofthe domains,
15) Antibodies characterized by comprising any of the domains of claims 1 to 6.

30 _16) A kit for inmunodetection of rotavitus comprising an aming acid sequence

selected from: SEQ 1D NO: 1, BEQ ID NO: 2, 8EQ ID NO: 3, SEQ ID NO: 4,

SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, -SEQ D NO: 12, or
cambirations thereof. - '
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17) Amino acid sequence selected from the group formed by SEQ ID NO: 1, SEO
D NO: 2, SEQ ID NQ: 3, SEQ 1D NO: 4, SEQID NO: 9, SEQ ID NO: 10, BEQ
1D NO: 11, SEQ ID NO: 12, or combinations thereof, for use in a method for the

prevention or treatment of infections produced by rotavirus.
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