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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
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at |east 27 viaph@phsreQhidindift bi® esproRittvias ovardud mtffruyP7 (0-types) have
been descri bed. Each G P type conbi nation i nduces neutralising antibodies

that have | ow cross-reactivi t% with other GP types; for this reason, it is
necessary to BAMGBOUNROF HEMNMENTONai ns that circulate in the 30 target

species imsthe vaccines. The intermediate capsid is conposed of trineric
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Group A RV are particles composed of a triple protein capsid. The outer capsid
25 surface is composed of proteins VP4 and VP7, both of which are highly variable

antigens; thus far, at least 27 variants of VP4 (P-types) and 16 variants of VP7

(G-types) have been described. Each G-FP iype combination induces

neutralising antibodies that have low cross-reactivity with other G-P types; for

this reason, it is necessary to include the different strains that circulate in the
30 target species in the vaccines.

The intermediate capsid is composed of trimeric protein VP&, which represents
51% of the virion mass. Depending on the presence or absence of two different
epitopes in protein VP8 (recognised by monoclonal antibodies mAb 255/60 and
35 631/9), Group A RV strains are additionaily classified as subgroups (Sb} I, 1,



5 Goup A RV (>90% am no acid honol ogy), and the shared common anti gens may
be detect dly reactive polyclonal antisera I

ant i bodi eg‘g(}?‘ “é@feﬁ re VP6 is the target antigen in ﬁ%@@?%ﬁﬁ%l agnostic
tests designed to detect G oup A RV. Th§ anti bodi es directed against this
protein do not have neutralising activity in vitro. However, IgA nonoclonal
anti bodi es 10 manage to bl ock viral lication intracelull arI y in mce.
Currently, tHell préueimallohiuarn RK ar@m@ﬁr ab # whereas animahRYedrs prigaibised on
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F.M et al., Vaccine 16:507-16, 1998; Saif, L.J. et al., Infect |Immun

41:1118- 31, ]@ﬁ%ntly?&hén&eﬁém‘%n b Ry- zﬁ&uc@'d ﬁiiaﬁﬁdeaE%PaNﬁ%!ﬁhQ'bagé@%nww 23,
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3883} 3'1'81 lg n%’f% Zﬁée&rﬁ @g}g%uaﬂémr%?gﬁgg%é by the infected animals

al ternati g@ ?}gét &t ¢ ’SY?%FEBF Iyungegige Q)?“thhg&g‘gegém 8n and
treat nent of mﬁuedtmwndﬁ af higbditres Phpssane arnniﬁ\mamybcs:hesamé@p edastisaich as
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bovi ne colostr hlg& egg yol k
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But the possr%n Veegineot S:5P6dfc1 9§ Ballge gelatlt ifpddmprunadit 1 U8 le dSBH a
cost - ef f i £§ erindréaifnied, etahdAsv Exp Mearfaﬁzﬂlmsbhemeeml es, is low Therefore,
it is necessary to generate antibodi es designed for passi ve anti-RV

in children, two live virus vaccines attenuated by genetic reassociation have

been approved. Both products have proven good efficacy against severe RV-

induced diarrhoea. However, given the history of intussusception assoclated

30 with a vaccine previously used in humans (Murphy, T.V. et al, J Infect Dis

187:1309-13, 2003) and the recent discovery of RV viraemia in naturally

infected children (Ray, P. et al., J Infect Dis 194:588-83, 2008, and Bluti, S.E. ot

al.,, Lancef 362;1445-9, 2003), the innocuousness of said vaccines has been

called into gquestion, specially in prematurs, immunosuppressed and



10 i mmuni sation in animals and human bei ngs, particularly antibodies that
may be produced at industrial scale, that do not cau I i cal
reactions, "CHA AP sufficientl y small to efficientl %%g’@%g&%ﬁg epi t opes
of conserved internal proteins, and that are capable of recognising and
inhibiting the replication of strains f fom di f f er ent genot ypes

(pol yreactive). 15 The VEIH domain of the canelid anti body heavy chain is,
wi t h a wei ght meihodishk®eachildiee. Shalcfaet akeromiven abmpamahiarai siradids emnpl et e
anti gen- bi ndi fg eaRFHd Yrevdrtioh AR b8 BERGLSIREE 98 RgePNA | i braries for
single-chain fragnments with a natural antigen recognition capacity.
Moreover, strategies to immunise 20 |l anas may be used to enrich the VHH
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VP directed aepdh hgmags @8d@ningle Bt e mesabiliysoigredisiadlargs geandties ohas
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Rv- i nduced i ﬁ@?ﬁ%ﬁezﬂ?%ﬁ?ﬁ%fﬁﬁﬁﬁﬁ@é%Ea%i%% RYEFFR? RO

194: 1580- 80 Jowainisaien adnimale apdanman haingsy pafticulanzdibadies (g may be
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RIpieis. AhY JhRY o CaRRHIE hes SSBBINSERSOENIMNIES| B JSPIERIPTHP

and use of VHWaiteTamdifferent gargtymet <ptlyreadvk).as a therapy for infections

produced By entero- 35 pathogenic m croorganisns, for exanple RV. It shows

t he producti 0 a,d .4 H or the e . thereof in a ecific-si rel ease
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anti bodi es, fdiathdesndior\axadpiemi asVidr dirastate againsther @3 Gyiypec RVC strpini se
certai n npdi fhedudi ifYeads thaRMeBontAChdbnSREMRREBSsholt ndlRassi® boifiitg ¢ 0se

sequences that, corr ond... domai n ich bind to RV VP6 ent
Gocumont v oty ot RaRe VLS TBARe " il e SediateRend BT )
vari abl e domefuiatianheichiv-Hicherd diaphead inleciafjeq sicaiBanti Nubhal.y et &8s ophage
P2 of Lact ocormussaots, 2006, yardi el dsresaavHiMs enslg vaesing hady 8iv(hd)t41sed d

bact eri ophage7 é%%%ﬁ%&%&ﬂ%&& a%&Q%CQRQ@E%’aHP&oH@Q&r aﬁéin@cl 'hicl‘?‘nd

previ ous docunents’ by thé'sanme 1 nventors, disclose heavy-chal n°¥ragrrents of
i mmunogl o581 i Yi&! HWEP"%IH'@ e opiginesqire cipcige pay ey Aysupe HBHHRY oUde exanpl e
passi ve i munditestedegmpinat codorotakiena ppitopEse! Yierrdegotainsed only recogni se the
tetanus toxin. The nmethod used to obtain the VHH is fromimmuni sed canelids
MRNA.  4a SUWVARY | n a fj there is, provided a dineri

monorer i ¢ vt derasueal 1 ePPOEEeI dhabess Eanmrtes aaf et VBhe
sequence sel edareang pofragrhenty thorpe! SE th@apOfor infeSes IPpdNCed 2y @Ea@t D NO. 3
and SEQ | BsNGQathogehit MichQFQIHLAS HBE bxarhPIBrRV.1 § sREWY ttefrodusiRhadt it _

i mrmunodet ecti on nethod characterized in that it conprises: a) bringing into
contact an rotavirus containing sanple with an am no acid sequence sel ected
fromthe group: SEQID NO 1, SEQID NO 2, SEQID NGO 3, SEQID NO 4, SEQ
IDNO 9, SEQID NO 10, SEQID NGO 11, SEQID NO 12, or comnbinations
thereof; and b) developing. In a third aspect, there is provided a
conposition designed to confer passive imunity to a mammal, characterised
by conprising an am no acid sequence selected fromthe group: SEQ ID NO 1,
SEQID NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 9, SEQID NO 10, SEQ
ID NO 11, SEQ ID NO 12, or conbinations thereof; excipient and

i mmunonodul ators. In a fourth aspect, there is provided a plasm d pFBMel VHH
characterized by conprising a nucl eotide sequence that codifies any of the
nonomneric or dimeric domains as defined above.



In a fifth aspect, there is provided a reconbi nant expression vector
characterized by conprising the plasm d as defined above. In a sixth
aspect, there is provided transgenicgcells transforned or transfected or
infected with the vector as defined above, characterized in that they
express the DNA included in the plasm d as defined above. 4b In a seventh

t,. t i jded .a, net hod for .th i t i
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the reconbi nant vector as defined above. b) keeping the cells grow ng under
appr opréngapsubigntinaiginate, Nesepueh @ andepse imetoadilbpropesendhegsaifs. I1n an

ot the RGN WG BTSRRI BRSSPI
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from SEQIDNO 1, SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO. 4, SEQ ID NO 9,
SEQ | D Qifferent, stertenies Ioprepere sirgos (PINGeds2Usipe ¥birbianbprdiss 188t 1n a

tenth a red i - } el I m t he
aroup Ul SELh B AR LY b TR PREV T B T " seq
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t hereof, for use in getﬁrod for, the prevention or treatnment of infections
pr oduceféutby'thlatea@mi@? BRCEEC SYEORN-PTI ON OF THE | NVENTI ON One obj ect of
this invention is to provide a nononeric domain (VHH) derived fromcanelid
anti bodi es, wherein said domain may be one of the am no acid sequences
shown i RatsBEQ ddduleent 1S SENR0DSKO0 1 2 by SAQYIHErMiens Serge SEGd@adoheayy-and

wherein said ins bind t rot.ein VP6 of gr.oup A RV. 10t her, ,0bj ect
of t i scha0catieRIes Eaolind iR Shepranaaiif i theies: et R rber n e
of grougoMafRé oﬁ"ﬁ?‘é‘%rﬁbﬁtsstﬁbﬂedcf"&ﬂii&ﬂ c@!‘r%ﬁ%é PRI ficffecBbr hRdstbd GingoONONEr
sequence shown in SEQ ID No. 1, SEQID No. 2, SEQID No. 3 or SEQ ID No. 4.
I n a prasgidrsegdenntndi desr nottdieclpss seauenassdhat eamesnanskto YidHzdameing aci d
sequence, shaqwn inﬁ%E}QP D No. 9, SEQID No. 10, SEQ ID No. 11 and SEQ I D No.
12. Ano‘f"HEPq%JBﬁjé% 0 bhi s invention is to provide a rotavirus

i mmunodet ection nethod that conprises bringing into contact an

RV-contai ning sanple with one 10 of the am no acid sequences shown in SEQ
| D No. Pates@acpment WO 880507 Nbiscigsesponayalgnt motesirsothah e@smpiise 8Q | D

No. 7, | \ 8 : : Lpat l . fy; | opi ng.
Said i n’r‘%ﬁggdg?e'c Ileodnorﬁgl hg@'&(}gr?'@e?%gﬁrgyghﬂ%dg[}ia&é@ggf btaﬁgé}ﬁ)g?%ﬁisques 15
known i a2t hd gwatezoetus.hdt Asdly BiclomesnpliéH iseuencept that beadleitl saidt s

ELI SA, ELI SPOT, conpetition ELI SA, nmagnetic beads or pen-side. Another

obj ect BRCiEAPBN@YRrention is to provide a conposition that confers passive
immunity to a manmal , which conprises any of the sequences shown in SEQ 20
IDNo. 1, SEQID No. 2, SEQID No. 3, SEQID No. 4, SEQID No. 6, SEQ ID
No. 7, BErtRosamehtdtS IBQ7I0D0NG129by ddarngisesit alarahd pravimrspdatuments.

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 camelids’ mRNA.



Anot her object of this invention is to provide a prevention nmethod agai nst

i nfections produced by RV which conprises adm nistering an effective
quantity 25 of any of the sequences ghown in SEQID No. 1, SEQ ID No. 2,
SEQ ID No. 3, SEQID No. 4, SEQID No. 9, SEQID No. 10, SEQ ID No. 11, SEQ
I D No. 12 or conbinations thereof to a manmal that needs it, wherein said
sequenc§@yﬁ&lgﬁy t hensel ves or conbined with substances that encapsul ate
and pro m from degradation in the gastrointestinal tract. 30 Another

obj ect @f At R Eﬁﬁé‘(ﬁﬂtﬁgré ﬁst&OQ[?‘égJi &€ dinbFi§2bMERENIREARGVEHPN doRigist i ons
produced by Ry, erein said method conprises admnistering an effective
quant i t ghasbctenizedfn thad itacomprisas @t lsagueme sesgsérmnansélactSE@drDtiNe arayp: SEQ | D

35 11 SE6 TN, SEC TN AR EGIPIND: erRtESEY I Bdomal ¢ hat needs 1 1.
by WD 2009/ 016100PCT/ EP2008/ 059745 6 thensel ves or conbined with

substances that encapsul ate and protect the antibodi es agai nst degradation
in the lgast seconcaasipest. thesetis PRSORPR OMNagiug HER @Rt Fingined1. Ll ana

and evapterEe T Bt Flob Y 503 el BREEOFieBLab itk Es g Btunfi ne” ™
cour se gdmpRWith Z& bflino adtd beqeridd sslscreiafufethebyrdup) SEQID NS:Mg
reconbi nant VP6 néiallﬁ ELI SA using _rotavirus él ND; Sb | PI,I—Z5] 36), (iii) virus

10 neut PEM EANG2.aPEQ I NGELSHER NG 4.h3EQalk NGt S EGSI N, 1050 |
b eot) SEEFNCE LR BEQ W5 S!S R fiRRIGTREREREL A bf B¥felpblodt ° ©

Det ecti On nat'i vé "and teconni’nant ern anal ysi s.
BRV IND (A) or reconbinant VP6 (B) run under reducing conditions; 15 or

under non reduci ng conditions and detected with: Lanes 1 and 8- Bovine
Pol ycl olaf BEd @sRasti thege daPraviged 2 compPasiiah F’eWéeg/atB ‘%‘FE%?SR?@?';V@B and

VPo; 6 ERAEE g Mg fotieyateristl ) s R e St e 3
VHH- EL| Sflectbetfearhitbe gnbup:o@ﬁ_@} IIDJNCS'[T(:S];E@ Nt _l\i?:(ﬂ,f&lﬁﬂéﬁm@;uﬁg&ﬁ@) ID
At bodyCh bt S Gl er SEGAR bRaa0 ER ST 5T RN SR S

combinations thereof; excipient and immunomodulators.

In a fourth aspect, there is provided a plasmid pFBMelVHH characterized by
comprising a nucleotide sequence that codifies any of the monomeric or dimeric

domains as defined above.

In a fifth aspect, there is provided a recombinant expression 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.



B) Direct coating with bivalent VHH bi v2KA4, biv2KD1, biv3A6 (1 pg/well).
25 Tissue culture supenmatant of bovine rotavirus IND (Sbl; P[5106), 0486
(Sbl; P[1]06) and B223 (Shl; P[11101f); human rotavirus Wa (Sbll; P[8]Gl)
and equine rotavirus H2 (Sb no I, no Il; P[12103); Positive faeces: faecal
sanpl e corresponding to the peak of virus shedding of a calf experinentally
infected with bovine rgtavirus IND, MA-104. supenat ant ck .i nfected
col L. IpeserantamRPert Mseis Bioyiddnn Metied Tudne ol B ofthe B8R, o
negati vigs fQifink@t BHollS thde" E8MPPRES idifSRVAR oS kRSpar 8) dPaHSIbinRgObr L WO

i ndependent neasurements 7 Figure 4. In vitro rotavirus fluorescent focus
r educt i teansdisating. orAnfesting fhoisticelld intduinredr isdopectdanaglvétt theHH 2KA4, 2KO1,
3A6 and 3B2 was mi xed with the sanme volunme of rotavirus containing 100 FFU.
The VHH concentration that generates >80% reduction of the infection rate
IS CcoNSicderthat HEAbECd \Rfined AabBRY I B KeRiphvd IHe 4185 drbamy agries to Ag
used in vaccination and mce challenge); B. Bovine rotavirus |NO

( hono! czppreptiaiepnddiomsi a) istlatien asel rwificatipn ofthesdemAlS ot avi rus B223; 10D.
Human rotavirus Wa; E. Equine rotavirus H2. The graphs represent the
summary results of two independent assays. 15 Figure 5. Protection rate
agai nstinirpeightieasesdl] eeesl iyrovisavarttibodicd-that Kékriz@K0Y  cobhfiismglaBb2 i n
neonatal mce challenged with rotavirus. Pups were fed with 100 ug (100 pi)
of eacHN\hpdomAne ay C%ﬁf‘@d&b%ﬂce a day by intra-gastric route. At day 1
pups were were challenged intragastrically with RV 2 hour after routine
feeding. Diarrhoea was followed daily up to 96 hs post chall enge. 20 A
Chal | engea AMiDxbdchx tHdB RFPyovided v ikite forofraniunosetetsibn &k petavireat was

carried out in three i ndependent ass f 5 m e r.o al | enge:
316 DDERPTBPIISHG iAeaTUIogs S EORCS BRRP IR RSOt M SBkaitn {68
i ndepengle . 9f SEQISRPE, SEQUD NP®, SEQUD Repdd, EEQUBIND cat ed
by ELI ?%C{aﬁfé%gﬁ%@%ﬁ@l n’t%%tgi ne honogenates. The synbol # neans the
per cent aheSHN 1Bf Mect B8doacombirstivhathatebf ers significantly fromthe non
treated/ chal |l enged group, Fisher Exact Test, p<0.O05.

In a tenth aspect, there is provided an amino acid sequence selected from the

group formed by SEQ D NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,

SEQ ID NO: 9, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO: 12, or

combinations thereof, for use in a method for the prevention or freatment of

infections produced by rotavirus.
BRIEF DESCRIPTION OF THE INVENTION

One object of this invention is to provide a monomeric domain (VHH) derived
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.



30 Bars represent the average of the ELI SA absorbances at 405nm per group.
Error bars indicate Standard Deviation. ELISA cut off value: 0.200.
Figure 6 AVGHABWE e expression of VHH in T.ni | ar va&TERHEBEXHT essi on

| evel s 35 are high enough to detect two bands of the expected nol ecul ar
wei ght in the WD 2009/ 016100PCT/ EP20085059745 8 coonmssi e staining. B.
shows a quantification of the VHH expressed in the |arvae system 5 Figure

7 shows ELI SAafdiedr au;@twsitm iMHrtir @md provigie. a Tehatc Gahalblteatiigdseions (TSP)

extract fro r r rvae with a
N)c()n i nsZrt recong‘i ﬁgﬁt qu h% i hﬁiﬁjjﬁ& prg{emn}ad"qgF%(éé %EIQ V% "

m cropl at es (TPB'P%%E;?C?URFLR?CS %dﬁé&? 1sSECRID Bpy %t$%(ﬁsi5§‘ifhr3t $hg at 40
Mo/ wel | i n 50SEWY iDakbosakes pirefarrdd sabedimehf, éhe fpdio® ptoteindoimpeisdated 0. N at

e arrod! HDESRRILIN S5 SEVENIL Y G0 BUiLdeeBaliolih S

applicati on, omain" 1s a part of ‘protern (anti
and structurear[dr%é(g&%ﬁloev%l ve, functl on, and exist independently of the
rest of the protein chain. Each domain forms a conpact three-di nensi onal

structure andagfitanoi5as aeta.gﬂmﬁme&tk @&l & ARAlile! ifetdinoBR¥idr ot ei ns

consi st of several ur al vari ety

D el Ut ondPPha it s Ba et EOE IMBAARL Ty STt ad SRROE i Bt acon
about 25 40 acvﬁtmaamcd@cempe@w:se@smmm SR dB o 1, &R K NBhe, 86@dDns are

abl te to elpgdfﬂ@lﬂ epesiD ibes, c@ﬁt@am&ooé L3 IiD?\Q)tSﬁnSEQQQ: zu&ast sen :@tﬂ@i EO
protein o] r o] I's application, e terns
"VHH', "VHH oﬁ%rﬁoﬁ%ém %Bhrré@f a@ﬁe\/ﬁlgﬁ'ﬁin "VHH nononer" are considered to
have the same meani ng and to be interchangeabl e. For purposes of this
application, $di¢ imeunBdetpethensihvPean babiirige ol amndf NéPRChagees

consi der ed st qﬂl'aﬁr\ﬁ‘%n ttﬁhest%?a”@f tH@%ﬁt‘ RS e@Qrﬁ%p{eoerrﬁuMHag{u?QBQ%%P{é@EﬁLﬁg aFor

purposes 0 I ca ners" and

I'S_appl
"dimeric VHH'Ele{iS@OE W%?‘%@E{-k?'&ha\?@”ﬂ%b%a&ﬁ@r REYAICAg and to be
i nt erchangeable. WD 2009/ 016100PCT/ EP2008/ 059745 9 The term "honodi mer"” is

defined as a M&ﬁ&idﬂﬁﬂ oPBlsYRRPHbLAR tB gm&ﬂe 5’}50&1}69%{:6?:9[%% SterSBRQRYS i C

donmi ns, vmth or term ! het mer"

t
GolThod s & PEEY b B marfimol BER o P RRa b 1G5 Uer SNt ThahBer i ¢
domai ns, &Pt HOOX Hei ﬁnﬁﬁ@éDé‘én@eﬁEél ID No. 4, SEQ ID No. 6, SEQ ID

No. 7, SEQ ID No. 8 or SEQ 1D No. 8, excipient and immunomodulators,

Another object of this invention is fo provide a prevention method against
infections produced by RV which comprises administerihg an sifective quantily
25 of any of the sequences shown in SEQ 1D No. 1, SEQ ID No. 2, SEQ D No. 3,
SEQ ID No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ 1D No. 11, SEQ ID No. 12 or
combinations thereof to a mammal that needs it, wherein said sequences are by
themselves or combined with substances that encapsulate and protect them
from degradation in the gastrointestinal tract.
30
Another object of this invention is to provide a treatment method for infections
produced by RV, wherein said method comprises administering an effective
guantity of any of the amino acid sequences shown in SEQ ID No. 1, SEQ ID
No. 2, SEQ ID No. 3, SEQ ID No, 4, SEQ ID No. g, SEQ iD No. 10, SEQ ID No.
35 11, SEQ ID No. 12 and combinations thereof to a mammal that needs i, by



The expression "appropriate grow ng conditions” refers to the suitable

envi ronmentystahlished in order to inprove the grow RQfppidifeshbfs@nsgeni c
cells (transformed transfected or infected by the vector defined in the

invention). For 10 exanple, the infect eg | arvae are kept in growh chanbers
at 28C and col | ect ed at indicated tinmes? For the purpose of the present

i nvention "vaccine" is a preparation which is used to inport imunity to a
particul ar ditbemsslvesior sopbisiediwih deitayieed that eBcapsulbter apdgudtee thenunity to

a mamel , chadrgé@ed 8&ndt BedrBadtiontin ﬂ@rgystrgﬁ&saﬁaimmo acid sequence
selected fromthe group forrred by SEQT1D No. 1, SEQID No. 2, SEQ ID No. 3,

SEQ ID No. 4, SEQ I D No. I D No. 10, SEQIDNO 11, SEQIDNO 12,
and_conbi nat i RIFSC WJ#@BTOF'@%@F WRESand i mmunonodul ators. 20 The expression
"effectivesquantity of an amino acid sequence (polypeptide)" to be

adi i ster ed R FARL b ALSKENG 0L 1 SR O RLE0USE, l%éu%%\/ refers to

a pre-estinmate needed to
bi nd the epi t{BgEPIasNG R RVaUAEoR 8F fotRYIrgs aﬂ?f@d(id?f'r%’@% "’(Sﬁf‘#‘“ﬁ@mft‘%
event ual | y witlnthe 2buiisaf efcimrtireraiiost aoitgani ttons Teeswrprigs §) @n.lsmfdsexgt ive

quant ity of aBoBiRhiaees FEEISEE ka&g@&% ﬂg@ S0} s R

ed in a
IR TR Ay 3% §Lb§’?iﬁe§m§§@% ¢ GotBHH @H@ 5 z&ﬁﬁmg‘é”?ﬂd‘“

bl ock t he actYasninefion firee paitiseye reprtcotediysaradwseady i nf ect ed t he host
or gani sm For the purposes of the present invention the term "manmal"

refers, in g er al 0 msnbe s of the O ass I human
bei ngs, . bovi %“’33% @3 Pcf?eg n%t{}'Fn reg\%nﬁgmgwgygg Sﬁeﬁ‘egy Vﬁeisgenrﬁ Ei('?fi"tnkage
sequence i s c%lﬁiyﬁ@daﬁd VB @9 carmegembirsnd V?@oﬁﬁém@rem&mreﬁmmcqnﬁﬁmndnoner| c
domai ns. 35The wRkeabh 08ducht eonaneRé a8 ddtdtisdoiter Lels Panafs- \ddvinant i bodi es

Gescri bed. E%G*%C'J’}t?%%ﬁ‘hgfﬁ SRR wEL By ‘P‘:tt’e“’%o(‘a'*%z@ﬁ‘%?\y? Boactive
protei ns whi c¥- vl BEAREAY tﬁ’lsaf‘é‘d'dtﬁ B u@@@ |5ﬁ“a Rfnidvars - v

i mrunodi agnosstm;w%saandtHVHhammdmapm =20t 1gr norproftéd/VHMDr eover, it is
shown that sone of the selected anti-VP6 VHF! 10 have broad neutralising

activity in vitro, of said VHH protect. a |nst i ral

hal | enge2Pn WoWS 3 HAHHETbaS Befesfon BBy et wth L HocHES LPel | eve

t hat the VHH refctivipanh@éhtypeapanifeitich&ofn dlﬁerentﬁmallwscma be descri bed which
bind to protein VP6 and have neutralising activity. 15 In order to obtain

L b el A AU BB I A TRt ARV SBaaf1ecul  shown
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;

PiBl@1) and equine rotavitus H2 (Sb no |, no II; P[12)G3); 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



i mmune response, the anti-RV and anti-VP6 antibody titres were anal ysed by
ELI SA, virus neutralisation (VN) assays, and the specific

anti body- s&Q¥tVH¢ el s circul ating in peripheral bIRIEFREPEHial ysed by
ELI SPOT, As expected, 20 on day O post-innoculation (DPl), the Il ams were
positive for anti-EN anti bodi es, indicatZi ng previous contact with the
antigen. However, there were no anti body-secreting cells circulating in

3I ?od- _ Onddgy FEE'FMAI IniviticBetavils fitdM8scaRt focud Hg\@ju&%néﬁrsfs@c)w;ﬁtb@@zog&lm&g&g%t t int re
eterm ne Was | - 1 T1C, | -S |

ol 1o wae aet gbrel TifRRaRhE R 25@*5% e BBE S B R ey O

| g& 5x105 non¥AWEE Shrotadup spataining -diher\&¥p epseentratiornibat gensratesau from

day 14 post-i pj@eirédriionbitihe Mfgiion ik Rodysibisies dreecthat h the whol e virus
and proteigVPG. On the contrary, the neutralising anti body titres remai ned
simlar and very low for all the different RV studied (IND, B223, Wa and
H2). Although vér PHINGHOENMIIDHEAFE thomalagoye te Agnsas fedagainadien gry miek
quantity 30 of antchal®ganti body-secreting cells detected in bl ood decreased

wi th each boost er E(o'\zfing%t%y%)sdww?tltnggo?oﬁseﬁs ’seﬁ%qbin?ﬁrgéﬁ%oﬁo provide

enough time to tavour antibody a y mat uration 'did not

recei ve the fingt edﬁtélé’”{f‘r%?ae’; much | ater, on day 246 post-injection
(approxi mdel y P.rbhmdnsotdvires Wahe 4t h dose). Finally, the Ilama was bled 4
days after the EastyhRestérus igaching values 35 of 26.8 anti-RV Ige
secreting cells/5x105 nononuclear cells. 6x105 11 nononuclear cells were
extracted from 900 m of blood (which contained at |east 32,160 RV-specific
| gG ant i body- Ske@gephh@grrasenshe aumoa raulisofite irdepSRENt asssyst s). From t he
RNA processed (210 rig), a VHH phage |ibrary was generated which contai ned

6 x 107 Cl1gne§igu;@§. %@'@Ef-imlai[eoé‘ba%s?ggﬁhggaegchieved by monovalent VHH 2KA4,

2KD1, 3A6 and 3B2 in neonatal mice challenged with rotavirus. Pups were fed
with 100 pg (100 wl) of each VHH from day O to 5, once a day by intra-gastric
route. At day 1 pups were were challenged intragastrically with RV 2 hour after
routine feeding. Diarrhoea was followed daily up to 96 hs post challenge.
20
A. Challenge: 30 DD50 (6x 105 FFU) of bovine rotavirus C486. Experiment
was carried out in three independent assays of 5 mice per group.
B. Challenge: 316 DD50 of murine rotavirus ECw, Experiment was carried
out in two independent assays of 5 mice per group.
25 C. Virus shedding quantificated by ELISA in the 10% w/v small intestine
homogenates.

The symbol # means the percentage of affected animals that differs significantly
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 showed that, in order to obtain the VHH of the invention, it is nore

i nportant to achi eve hi gh val ues of specific antibody-secreting cells

rat her tha®WhioghIee i body titres directed agai nst theP@RPPYEMSTST i nterest.
In the vaccination schenme used, it was possible to obtain sufficient
guantities of specific antibody-secretifg cells. The results obtained
during the inmmunisation allow us to 10 highlight that the best method to
fol I ow an i nmagihiRdie! diaARgS Bl BAMNE of §3RRNSSEIon| d? tRE dBTH teXpRidbd S i HdH
library, is Ho seIQ% a technlque that eval uates the quantity of specific
ant i body- secrﬁpﬁﬁjy &M s circulating in peripheral blood, instead of the
serum anti body titres against the antigen of interest. According to the
pattern of antibody secreting cells obtained, it was shown that a

vacci natio ng.d nt.ery, n t t wo, doses

pr onot es tﬁe c? hfatl ¥6n 152 *e‘g“ %et Y Vglﬁ{tf%t?%, Eéae 1hOga!fso Uole BF3ieire

ant i body- secr@@Fh@xt@éta fgom YPEexpissainalaryaedda+) ar fwasméﬁcﬁﬁ lsyeouithigat , at 4
days post -i nridguinasit oRcombpaet ibsc@ogsaled- purr’@ere afse@i k€ UdcRl | BOSA

ant | body- secrfikidiegebaya0al ke, BeARK] GRR Qlial BIGIGS! A, o 4b days

post -i nnocul a t1on such a 20
way that the 1{%‘6%4 Br 5Q1844 crboppipliceEPargta R‘é‘felfvl Rifredsd éf’d liecabpted c?rﬁh@%s af ter

the | ast ddset’&8nd the phage col onies are generated when a quantity of about
20 anti-target antigen 1gG anti body-secreting cells is achieved in

eri pheral the quantity of 1gG
gntl Body secr%ﬁﬂbgéﬁﬁ&gﬁm %{ﬁ{@l&%mﬁl@gﬁ st _beqabout %o ]
anti-conplete-rt |lye antibody-secreting cells. 25 Those skilled in the art
]Ifnowtth hat oth hreJr pLipEEd Siahic @QBpHENETER: By “Bemalfed atpsamtp%tgm amtb@m/)le V{- éLE |

or e ec e
phages tﬂ? OS%%P%s‘Egeﬁ‘(aa%ﬁ@?"“%\}g%% %VHF’S ubéiogcéﬁcg%u?tdrzﬂ?&gnﬁgplg BEFforned in
vitro using R&St aiDhgsprolpin &heingEach tomadl &nes aseapset W%émi’:’o%’st riction
anal yses wer etmpetufeonngdfittorcaal be tituapehcaty ddtas @homdanﬁaaaygﬁoi\éﬁ’@- bl ndi ng

diversity in cbnsstvmek,b% Bictblomafe 68 SbMLAGHaP koROB YT a ety o N

cl ones were al so assgyr defer m ne |nd to an
£

RV and to VPEYORHYHMAE ‘f%%e@w"i HPAPFIRR VML é%@ﬁbﬁ@@sbetwfb%%sﬁ%re
sel ect ed @i cmishewdd wpt oofijeamgperiidd 01 lphgitli Mge tdon@Yisazrd ARG fo &imd t hey WO

2009/ 016100PGLii5R209R4 0894Ha of the'Rb8erd UBpiItLAReENY b ?ﬁt&% RPBSHyBLp Xect or
t hat provi de%i\ﬁ carboxy-term nal hexahistidine tag to facilitate the
e

purification reof (Table 1). Table 1 5 Summary of the results of the
qualitative evaluation to select the VHH domai ns 03E42nd Anormal 2KA42nd

B++++++nor malFot plrpbdst o2IKAbEMcBion] tHeyi@irBs A+ "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,



+++ 2KA102nd B++++++Lysi sNot ++ purified 2K012nd B+4- ++++nor mal ++++++++
3A63rd B+++nor mal ++++++++ 3B23rd B+++++nor mal +++++++ 3C103r d

B+++nor mal WPA001618Y 3937  B+++++- Fnor mal ++++1- backgr GEAEFPRGE# L7483 H13r d
B+++Lysis purified Bound to the plate using anti-histidine anti body. Four
cl ones were sel ected which bound nore s®rongly to the RV strains that
corresponded to different subgroups; these clones were called 2KA4 (SEQ I D

&,ﬁ- Nﬁ 1), 2KBE '(eﬁﬁ@hb@om&ef’zi%s,c{/eﬁgéd (agEa_QtdeibiN?_ar &ﬁyp@ﬁﬁ%@%m@?%ﬂm@v N?ND4) :

i ch recogni, _a reconbi nant . wand its. n ve counterpart O

eval uat ed by @ CrarTORRGT o Wik PaPCarid Bl U bnd o
conformational epitopes of this protein VP6 (Figure 2). Hereinafter, the
VHH cal | ed 2KAé, teDhctedfifnand d8hedrss & hgointb epsdeforinbe tynwent i on. 15

The DNA seguepees.that. ; ] . n re the foll ow ng:
SEQ I D No.gS énc%nc;es tﬁgefﬁgg%%%%ﬁg& %’fwgﬂrzr)glli%;h %E%hlf%c}%g 6 encodes the
SEQ ID No. 2 domain; SEQ ID No. 7 encodes the SEQ ID No. 3 donmain; WO
2009/ 016100PCTLERRA@84i0D 9 ApbrabBate growing conditions” refers to the suitable
environment stablished in order to improve the growth of the transgenic cells
(transformed, transfected or infected by the vector defined in the invention). For
10 example, the infected larvae are kept in growth chambers at 28°C and collected

at indicated fimes,

For the purpose of the present invention “vaccine” is a preparation which is
used to import immunity to a particular disease. A composition designed to
18 confer passive immunity to a mammal, characterised in that it comprises an
amino acid sequence selected from the group formed by SEQ ID No. 1, SEQ ID
Na. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 8, SEQ ID No. 10, SEQ ID No.
11, SEQ ID No. 12, and combinations thereof, excipient and
immunomodulaiors.
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.



SEQ ED No. 8 encodes the SEQ ID No. 4 domain; Those skilled in the art know
that any DNA sequence that encodes said domains falls within the scope of
this i nven®OHPUEYP? exanpl e, ami no acid 5 sequence SEROTEBAWIOMSay be
encoded by DNA sequence SEQ ID No. 5 or another DNA sequence that differs
fromSEQ ID No. 5 due to the degeneratith of the genetic code. The sane
exanple is valid for each of the am no acid sequences (SEQ ID No. 2, 3 and
4) encoded by the respective DNA sequences (SEQ ID No. 6, 7 and 8). 10 The

The | munod: abrBERE BrahS o 45HERRam ERrapie B TSR TR Tvent i on

were assayed f mAnEDNeSdeRaiaspt ure anti bodi es, as secondary anti bodies or
i mobi [i sed by means of anti-Hi s antibodies. The VHH of the i nventi on were

1. Capabl ecol yeLagl oo SIS RN S MBI Ty BLSl Bl 11 erent

specific subgro é e %t her
hand, expressﬁ’@ﬁ“@éﬁ%@?@ GAPSE BBl P'ﬁé"ﬁ%@"ql’(ﬁ‘ friddu¥BS: isedeficiiead. dt \HH of t he
i nvention t hathospebatfthe aHHyof thadvémionRoe bwhaidyheanins pidieihewhidantdyas) 20 VHH

genes bound trﬁaﬁp?ih@%%%e%@@é’ﬁ%ﬁn%r%t llﬂhu}igdlgg\'ﬁ)shéjggéé If%ﬁpgg&%@u cquence,

The d|rrer|cVHo | rect

égﬁ/ Hr(?ven Ion were al so eva
capture, shovi'riy YBPEHUL eV habsane gf thel Jelackrd 38678 XHRS st udi ed
(Figure 36§. !ﬂve Mpa@meutranalﬁgoaicwhe in mientno thaesonie ctiseid Yo fbis&A pl ate

sensitisatiomn aﬁﬁé’e’%wﬁ'dh@l&@e'ﬂ”gfn}c;"@n”ﬁgcbats% é’fstﬁeiyk%vﬁé@éé”tﬁe #bhiBRdi es and
25 show bett r res $ %‘hﬁ\éﬁetec i.on ?hen{ﬁ mononeric, co nterpart.

It is worth g]‘?% R ? ﬁé”‘{ﬁ“&?’aéf% "ﬁBWé’%CBe?/% 5568 in the
peri pl asna ofoECh @69 ippioieic BRpandbree reutrlione acttfivr t ed by other authors in
E. co//and yeasts. 30 The nononeric and dineric VHH of this invention have

proven tojpe ng%erer%é%fbkﬁm MY VENSHAU0PHS. ﬁienﬁéf AR okl érgﬁg Banqfry Dbe

used as reco %nown by
t hose ski | | edtehpdyiphaph in Fours 1ayas @RS, ﬂm@wréwaléat% thetlamadr t t hat

t he nononer i dmancedesgmise, Methrddifaiang anmrfm@%eai@mm&w@e?% 14

of the invent r
detect RV, anmg’*g?”%ﬁﬁe‘*‘*ifggg@‘ﬁ\“yagﬁ?ﬁ. o h”é@“é@%g' %Hfs ﬁit on.

The anti - VP6 C&Bﬂﬁlr%"" te P e P%Wﬁ’é?y%@yst?éiew rs such
as 5 thos&ldexcrdaped hestéinoulation dR&hpl tbehtaroal mears, pmtlmyorbamﬁ -i¥ed to

f orm het er odigfEb&died, G&fdl@&ﬁ@'@kﬁiom! cBht%bMﬂﬁiﬂ%‘nﬂgt;é’rBZio@@%rd@@Pé wer%% or
noner three or

oo romhuBo sl YO BRI Ao, UEBR) 2he=Eibit, B G
gener at e hormdtPrRé 8 a@WH@t&éwmyuwér@tewmedttWeElriﬁﬁtwmmamba wgak tlat ari se
fromthe 10 dovrbpewid aibody-Mdrbtingnasie waasodetédied inp&phean bio\wqt@eé isor not
they cont 261 Pod e AR PRANGDES: 07! Alonolididl o Eg ?ﬁé’pﬁ rfurdi Nl3pbigent ' on.
sequences di sr@?%%e@da a'éteél’f@“ MOARYG 14 gostgpiedian, mih N ﬁ'ﬁ‘bo@f t@w@o . 11, or
SEQ I D No. 12he Wboieedrasrphe protdie VBB nBn sheneonireonyive rmtrahsrragramsbcdgcistcbsl i nki ng
sequence, SUGBmamed3irhialand RRWIoW ToPER NP dMBrent RV QLdiIBAYING. RRE3SRQUENce
that acts as ad'?—léaggithoughl very%zgh antibody tiires were obtained in serum, the quantity
30  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
35 of 26.8 anti-RV IgG secreting cells/5x10° mononuclear cells. B6x10°



The follow ng Tabl e shows sone characteristics of the dineric and nononeric
VHH of the invention. W) 2009/016100PCT/ EP20081059745 15 Table 2

Char act er i 34 2¥/02/MVP652. 1yesNO 2KD1VP621. 3yesH gh FASWEPEIEIEHESsMedi um
3B23VP616. 9yesH gh non-related VHH Cel lular protein Diners 5Det er m ned
by WB agai nst RV I ND and reconbi nant VPE. 2 Based on a set of 6 cultures of
0.5 1 each, purified by neans of an antihistidine tag colum. 3 Detection

of RV strai nsn&bnhicledPcblls: wld ébarabted%rhlgoolﬁl Eh%ia@@t bvh’éﬁ@:o}-{ﬂ’:‘mé&%@' ns of

th t S |,h vitro.
Three of 't he 1Py P RnBVERaFIE nidl RnbRidbehecr ezlkﬁlc%\ea%ﬁtﬁ 3 Howed
broadl y neut rEl{ PEPhgesds). Frery thmwf\tnrmswzb@ﬁ@m@i &l Y rwga@miﬂa@ﬂytvgﬂ%f each

VHH was hormogg#h fem fudicrabbntbifgd Fé,\/xsWabieﬁeﬁ;/a{él%&%auyhm%geﬁe %sedl in
e L o
(P[ 5] 06), 8223@ lerse 1hf§?1)*@il€gs o\SPPPiBY GItigady- wr%tpplg?lﬁs)'amrnthﬁnt high Tabl e 3
lists the neuintinbdys #lréoniirbeted eaga@at Nisd adtifdrer enNinidsts tin ahd Syaddingiodol uti on
with a concenfrafk %Qetﬁ’,fit ﬁa@és@blé QA oftitfs Quﬁ&@ﬁ%&ntiﬁaa of specific aniibody-
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, it 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



16 Table 3 Neutralisation titre of the different nononeric and dineric VHH
domai ns VN anti body titre VHHH2 | ND0O486 B223Wa VHHconcentrati onSb not,

Sbl Sbl Shl SKQ 2¢ePhassayednol | P[5}06 P[1]06 P[11] ORSTEPBP&S9T#312103 5
| Neutralising antibody titres for different RV strains, expressed as the

I nverse of the highest VHH dilution thatz reduces >80% of the focus-form ng
units generated per 100 FFU of each RV strain. Therefore, the VHH nononers
wer e capabl e ngLs. | Sl ' ongi.ng. t.o diffe

comnbi nati ons @%reﬁ%‘% %l@rlzée{ ;r?%mfg %&%ﬂ?{?eé}%r ?ﬁé{tt &%{é'ggse akcrc o'gjg{(ﬁéaﬁ%\gi i sation.
The VHH rmnon‘%‘?xawsf"l‘lln%/%@t@rf%cit@gtihenfé‘mf'Pﬁlqn%‘fr%fn('réﬁ'ﬁdéi ty was nonomer 2KD1.
On the other hand, although nononmer 2KA4 was capabl e of appropriately
recogni sing afipid e RV in ELISA it did not neutralise any of the strains
studi ed. The gapacity.of the VHH of the inventiqn to neu | i se .15 high
Litres of anttUBRRRAIIP et dn deaptalie srsicatos taﬁe'&?*éa?@ MaiSance and
woul d make t f 1 detegtloes bliem
potential pr
of the serot
2009/ 016100P

“PRE4  Znd A

2KA4 and B i+ A normai ook’ ++ et

2KAS 2nd B -+ - Lysis + ++ +++

2KAID  2ndB st ek Lysis Not ++ i
purified

2K 2nd B o b normal e +4 B

A6 3dB ++ + rrormal b ++ 4+

382 ZdB oo ++ normal e e +++

3C10 3rd B ot - norimal b ++ ++

3Ds 3rd B +H+ e normal bt ++ background

3H 3rd B e - Lysis NOT, . i et
purified

" Bound to the plate using anti-histidine antibody.

Four clones were selected which bound more strongly to the RV strains that
corresponded to different subgroups; these clones were called 2KA4 (SEQ 1D
10 No. 1), 2KD1 (SEQ ID No. 2), 3A8 (SEQ ID No. 38) and 3B2 (SEQ ID No. 4),
which recognised a recombinant VPG and its native counterpart of RV IND
evaluated hy Woestern Bilot, which indicates that said VHH bind to
conformational epitopes of this protein VP8 (Figure 2). Hereinafter, the VHH
called 2KA4, 2KD1, 3A8 and 3B2 are the VHH domains of the invention.
15
The DNA sequences that encoded each of the VHMH 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;



The dineric VHH showed | ess neutralisation activity than their nononeric
counterparts. The capacity of the VHH nononers of the invention to treat
and prevenW®Rbgfa¢ifhoeae produced by RV infection wad@ERWEIRES To this
end, neonatal mice were admnistered a daily intragastric dose of VHH for 5
days (day O to 4). The mice were challerged on day 1 with viral strain
C486, also by intragastric route (Fig 5). 60%of the mce treated with

nmononeri ¢ VHH of ts@?:efd“l_\ég.rgé%dé@%e@@itpﬁlf};z‘?%ﬁginagai nst RV-induced

di arrhoea. This protection was significan greater when a conpari son
was nmade between the treated mce and the untreated mce or those treated
wi t h non- r el at'eabeVikiiedpir0i@la8) knowh éivai amyaDNAL bequance ikatf Eeroelds faaim

di arrhoea (TaghRaifs 306 FiGH"Be @copretﬂ?éeanﬁﬁtr&‘ﬁ. FRY &l b1 b d T at i on
of the diarrhoea in %,E@ Bn%ma%l S treated vgct &ge VHH of % e; I nventi on were
si gni fi cantl yS$EEIRG AP tmal ey PE FNERLEL BN PNGY SeiusTes SECIE Nant & 4
Prot ecti on agaiafsar Qe seqvehte g diffetshirdRo S&G TuNoi hdliabt teidegendretion 5)
Chal | enge on gfaghe ljeniB Bod X" Sarfid Ykample is 3G 140 & Be7HnB0 LB 125
sequences (SEQ ID No. 2, 3 and 4) encoded by the respective DNA sequences
(SEQ D No. 8, 7 and 8).
10
The antt-VP8 specific VHH of the invention were very efficient as reagents for
the immunodiagnosis of RV. The monomeric ferms of the VHH of the invention
were assayed in ELISA as capture antibodies, as secondary antibodies or
immobilised by means of anti-His antibodies. The VHH of the inveniion were
15 capable of detecting RV strains of human or animal origin with different specific

subgroups and different G and P types (Figure3A).

On the other hand, expression vectors were constructed o produce the dimeric

VHHM of the invention that specifically bind to VP6, which constitute identical
20 VHH genes bound 1o a linkage sequence similar to the human IgA hinge

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



A 2KD1 10 1.4 B 3.25 B 70 AB 1. 28 A 3M10 2.2 AB 4.15
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of the invention may be used for any type of immunodiagnosis assay to detect
RV, and that said assays fall within the scope of this invention.

The anti-VP6 domains of the invention may be used to construct dimers such as
those described herein, for example homodimers, or may be fused to form
heterodimers, for example by fusing domain 3B2 and domain 3A8, or fusing any
two of the VHH monomers of the invention. Furthermore, three or more VHH
monomers of the invention may also be fused or combined o generate
homotrimers or heterotrimers. All the multimeric forms that arise from the
combination of VHH monomers of the invention, whether or not they contain a
linkage sequence, fall within the scope of this inveniion. In a preferred
embodiment, the VHH dimers of the invention have the sequences disclosed as
SEQ 1D No. 9, or SEQ 1D No. 10, or SEQ ID No. 11, or SEQ |D No. 12. For
example, the dimers may comprise an amino acid linking sequence, such as
that shown in SEQ ID No. 13, or any other seguence that acis as a hinge
sequence,

The following Table shows some characteristics of the dimeric and monomeric
VHH of the invention.



90 AB 122 AB A 3B2 10 0.8 B 2.65 B 40 B 125 Non-related5 2.4 AB 4A100
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Table 2

Characieristics

VPB 52.1 yes NO

VPG 21.8 yes High
3A6 VP8 18.6 yes Medium
3B23 VP6 18.9 yes High
non-
related Ceﬁufar 7.2 NO NO
VHH protein
Dimer
BivoAd NA 0.90 yes NO*
Biv2KD1 NA 0.50 yes 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.



Unt reat ed1l5 3A5.3 A100 Al.053.3 A5.31 A /challengedA Untreated/not 5 0 BnaO
enanana chal l enged 19 na: not applicable The nean val ues of the sane

col ums w ¥ BYeent letters differ significantly (HKIFIRUFONS | s,
p<0.05). 5 The percentages of affected aninmals with different letters
differ significantly (Fisher Exact Testis p<0.05). It is worth noting
that the highest neutralisation titre was obtai ned against the 10 human
het er ol ogous RV strain (Wa, Sbli, P[8] Gl), which is considered to be the
strai n nost Cﬁr@ogl y associated with gastroenteritis in children worl dw de.
The producti oh®¥nd purification of these antibody fragnments nmay be
performed with high yields, leading to | ower production costs. This is
particularly neuzeaae&tonltme@zw@reﬁlm&wﬁ%e%emn dbh@ingRgni tude of

i nfection ang 5D D due : eat ment
and prevention costs are crrtrcal i Any person skilled in
the art knows that, onVHk basis & what di s¢l osed 0 herdZ n, the VHH
dormai ns of t kygH nvent | @ﬂxd@éa#atm pr Buced @% g*?esr S thesrgor,rcespondl ng
nucl eoti de se}% jce an% e expr essilon tHdr eof Shin any Prb:lbt ceI!I wi t hout
the need to crea e a pha é{ ?rbrarw 5ids 118 dent d@r Ff{ éon skilled in
the art that drfferent conbr nat i ons and 25 mxtures of e \F?-HHﬂﬁiSnorrers
VHH di ners ofaERm encEon e S

i mrunodi agnes a
infected by R¥Ahi thout altering thé spirsdt of “f% s i nvéntiork® and wherein
all the possgkDe conbi nations and zmsturmaf aIQO-'-wthl mrebe grigpe of this

i nvention. 3gapuch as FIMERS been 4 (%E'y of}gs were

sel ect ed whi bound nore strongly at corresponded to
di fferent su%@?oups. These cl ones W«%’ge 04‘69 fred %4 (S D N2 1 1), 2KD1
(SEQ I D NO Rpp-rglagd( S NGO 3) and 3 (SE I D NO 4) whi ch recogni sed
a reconbi nani/4P6 and 5%”9?5?' ve c‘@unter‘grt of8 RV | NDBeval Uit ed by Western
Bl ot, whi ch .

-2 Mg
Biv2KD1 0.5 mg/ mi 32 128 8 128 32

Biv3AB 2 mg/ml 128 512 8 512 128

5 7 Neutralising antibody titres for different RV strains, expressed as the inverse
of the highest VHH diluiion thal reduces »80% of the focus-forming units
generated per 100 FFU of each RV strain.

Therefore, the VHH monomers were capable of neutralising RV sirains

10 belonging to different combinations of G/P types that nommally do not induce
cross-neuiralisation. The VHH monomer with the greatesi neutralisation
capacity was monomer 2KD1. On the other hand, although monomer 2KA4 was
capable of appropriately recognising ali the RV in ELISA, it did not neutralise
any of the strains studied. The capacity of the VHH of the invention to neutralise

15 high titres of antigenically different RV sirains is of great significance and would
make them poly-neutralising molecules; this property makes them potential
prevention or freaiment tools for RV-induced diarrhoea regardless of the
serotype (27 P-types and 16 G-types)



35 said VHH bind to linear epitopes of this protein VP6. 20 Said domains
of the invention (SEQID NGO 1 to 4) or the nucl eotide sequences codifying
for them (BEQUWMING 5 to 8) nmay be inserted in an agTaER1EPB8%Feconbi nant
vector, such as an expression vector. Therefore, the present 5 invention

further refers to an expression vector {hhat conprises said sequences. The

el ection of the vector is a function of the type of host cell in which the
vector is goi t LI e ctor

plasnmd or a T;%ctﬂg?&fchw@ﬁ_{ gﬁ‘%{'geealdwslssrkeqﬁ'{ar'o Iﬁ}c{e%e{mﬁ' Dhaé‘ ér m@@?%e”ff s

I ntegrat ed or HHEEPHI: he genone of said host cell. Said vector can be

obt ai ned by using any known nethod 10 conprised in the state of the art

(Sanbrok et afyg Jc%ﬁ@r]aty &Mt W{ﬂfﬁﬁ%ﬁ‘q ”?Ome”ﬁ%mloﬁqh?) Yr?&tt gﬁd ?Jfrex;en?

i nvention can be, used é) e in
col I's. Thud. TRENQREGRSPISES ONE HiReHen BRS Edaed ?%*hfﬂéwnﬁwata! mice
Agr obact eri ur wereLaviefinisicentsa dailyaintvagaalricvieet of Valb fer § alabe (dayiresyethd n pl ant

gg gplegglmclelnﬂn&e vbé?e@h&%rnbé&% Aby ¢ qJnﬁPé}Fam bblgs\%ué@!} }ﬁ%%&étrd‘%%ge ' Bet Bge |
for transfornf é) g&ér@ﬁ'@c@icﬁ&eﬁ‘%l”ﬂ éﬁ?qwrm E’Pd’é‘@“B‘P“ éﬁ? ceI s,

preferably i rféféiﬁp‘fedr apainsta&Veistidasd Tiawhedar Ehist htgotios emas |mgré°i'uahiim further
refers toibhegeglet Svﬂehaﬁlscfoﬂ{ﬁ"éﬁ&an Waanr%@@t&@lmﬁn e eehed rlaiéetﬁt%z 4 vector

of the invent| t he
Cransgent o ceterieelent el G e aRE AR bR Vil oot ST VoM o
preferably a thawfa%s‘gfef%ff@mld%@@ﬁﬁé@blfe‘“ﬁﬁé éﬁ%@é N@eqﬂméh@ S@h‘mﬁmmher
refers with aard twesgeation sfohe Rigmveanh e aniflahirdSed with théaﬂ%ﬁﬂlﬂggElQ nlsgct .
or transgeni t t he

to 4 in a hi gﬂ“ﬁ‘éﬁﬁ’e‘e&?ﬁ@?ﬁ%&? grénﬂge&\?g%%rﬁﬁ %P @%@glc%féﬁg% can be used to
produce and/or store the domains of the invention characterized by the SEQ
IDNO 1to 4 and/or 9 to 12. 30 Consequently, the present invention
further refers to a nethod for produci ng donmai ns of the invention that
conprises growm ng the cell or the organismtransfected, transformed or
infected with the vector of the invention under



conditions that permt the production of said domains. The conditions for
optim zing the culture of the transgenic cell or organismw || depend on
the type 3B/0P09&HP0 or organi smused. If it is desir&§&TEPHESHEHRod f or
produci ng the domains WD 2009/ 016100PCT/ EP2008/ 059745 21 of the invention
further conprises their isolation and pigification follow ng any of the
nmet hod known in the art. In preferred enbodi nent, the present invention
refers to antyhgdihes 5 characterized by conprising any of the donains of
the invention: A nmononeric VHl1-1 domain derived fromcanelid antibodi es,
characterised in that it conprises the sequences selected fromthe group
formed by SEQHoi2chion adainsEE@ 4¢Halldleye Rith BEQ/itUB iltacteé@ingmuceSEQ | D No, 104,
wherein said donains bind to protein VP6 of group A rotavirus (RV). A

di meric VHH : erised
inthat it cohffi at " ed¥¥ 558 nononer sequence sel ected from the group

fornmed by the(i§équances shdbeen n $E@nI D Wo. 151, SEQViEBnNo. 2eveBBQ | D No. 3

and SEQ I D No.g4. Amqgher apRash %Bvérft}? Q’(n%%%ntohéé‘(eaéﬂa%h refersyld a kit
for innmunodet ectl on c%é RV ¢ rrptrhl sin no, aci d %u&r%h eI ected from
Q I Do &3

g,a
t he groupfor g 'rSE@?Da ted, SEQP a@ﬁ?ﬁ 4D No. 4,
SEQ I D No. 9, fOSEQdNB%o 2@@@ SIQUEDD No. 11, SEQ I maNbOe&ILZIﬂ and
conbi nati ons 5)he}hgm§ngeThe invention further refers tg an am gecad d
sequence sele rO{nthe group formed by SEQ I D No qSEQN)rQa . 2, SEQ
I D No. 3, SE(%! 4, SEQID No. 9, SEQ ID No. 10, E%&D 1, SEQ ID
No. 12, and c nati ons 25 thereof, for use in a me MBS or t he prevention
of infecti ons(QQTMLRFékj by RV In ot her wor ds, the |nvent| on refers to the
use of an a set-ecte FOREtRergEoths M s .
1, SEQ ID No.” 2, SEQ | D No.- 3, SE'INo 4” SEQ 1D No. Q 1D No. 10,
SEQ ID No. 11, SEQ ID No, 12, and conbi nati ons ’%hereof for t he manufacture

of a conposi t2KI f or tthpHet&/Bntl Grebdd 300 ABf ec‘tﬂ&nsQ@r%duceﬁ?@yB RV.
Morevoer, the invention further refers to an amino acid sequence sel ected

from 346 10 22AB 415 O0AB 122 24AB 439 AB
AB A
65 408 25

3B2 10 0.8B

Norm-relaled 5 24AB 44 100 A 12 A 24AB 4.4 AB
VHH

Positive 5 0B 218 0B na na na
palycional

serum

Normal 5 24AB 425 100 A 1.2 A 24 AB 425 AB
palyclonal AB

serum

Unireated 15 3A 53A 100 A 1.06 33A 531 A
/challenged A

Untreated/not 5 0B na 0B na na na

challenged




the group fornmed by SEQID No. 1, SEQID No. 2, SEQID No. 3, SEQ ID No. 4,
SEQ ID No. 9, SEQID No. 10, SEQ ID No. 11, SEQ ID No. 12, and 35

conbi nat i o® 2N0&i&YF | for use in a method for treati FETERNEEEPBRs produced
by 22 RV. In other words, the invention refers to the use of an am no acid
sequence selected fromthe group fornedisdby SEQ ID No. 1, SEQ ID No. 2, SEQ
ID No. 3, SEQID No. 4, SEQID No. 9, SEQID No. 10, SEQID No. 11, SEQID
No. 12, and i pabl RSt hereof, for the manufacture of a conposition for
treating 5 intfections produced by RV. Finally, the present invention refers
to a method for passive imunisation that conprises the inoculation of an
ef fecti ve qualits mygarnfalbbe chthevente tolweds aiithi difterddattars tdiiler bigndicardly ani nal
body. 10 DEPC@MEKWM@?WM SMS ACCORDI NG TO THE BUDAPEST TREATY 15
Plasm d ngI\/EI VHH (see anple 5) was deposited in the Spanish Type Cul ture
Col I ection”(CECT); University of Valencia, Spain with the accessi on nunber
CECT7431, on Tieepetaerda@ss o7 aliscte animelvpitESiifeiest iatieentiffen sigoifipely

il lustrated hyishéesiet tes i@.@yanpl es, which should not be interpreted to
be alimtation i nposed on the scope thereof. On the contrary, it nust be
clearly understood that other enbodinments, nodifications and 25 equival ents
t hereof may Ubisudth opfingHhehihe highest nputiadiratipnytiteuyee sbtaingd agsist ¥R 1 1 ed in
the art wibhdisimamneigigiogwayR¥ soamtva, Spil,rRI8IC0h, wiitisisicongtdred o iBentheor t he

scope of the s%hﬂﬁ%ﬁ@o&hﬁn‘nﬁasggci?}ﬁﬁ@gﬁ’b?%ﬁoén%er@@ﬁ@&ﬂ!@twcﬁl&%d%‘ﬂri fication

of the nmononeric and di ner e 1 nvention al nnent of the VHH
library of the invention: The reference bovine IND RV strain was used
(Sbl ; P[ 5] G5)Thasprasiuciion rge puitiica8én bhibebs epidmaiy figgpeosessy bopsdreet t he VHH
I'n order to haei@isiNs Reathy foeler Hdi@BR @@QQ.tﬁiQ?sfpﬁlﬁfc@@Fhf FHRAROHP
reactivi tigs c{é‘vtlh differ eﬂi co matin%fns of g nd 11[3 %ﬁ)@s rom d{hffer ent
ani mal spedi e€VERANE r SAUALEN S YPEtre e"BHEE Ry &« of i &y 'H Table 4
wer e i ncl udederhilityreortilibyf ducciot R¥ds apermeesf @ndhisertnenpristipiewention cole. The
Viruses were #ps ofRgHirGthd RcRokey kidney cells (MA-104). Also

Any person skilled in the art knows thai, on the basis of what is disclosed

20 herein, the VHH domains of the invention may be produced by synthesis of the
corresponding nucleotide sequence and the expression thereof in any host cell,
without the need to create a phage library.

It is evident for any person skilled in the art that different combinations and
25 mixtures of the VHHM monomers, VHH dimers or VHH multimears of the invention
may be used for immunodiagnosis, prevention of RV infections and treatment of
mammals infected by RV without altering the spirit of this invention, and wherein
all the possible combinations and mixtures fall within the scope of this invention.

30  Such as it has been mentioned before, four clones were selected which bound
more strongly to the RV strains that corresponded to different subgroups. These
clones were called 2KA4 (SEQ 1D NO: 1), 2KD1 (SEQ ID NO: 2), 3A6 (SEQ ID
NQO: 3} and 3B2 (SEQ ID NO: 4}, which recognised a recombinant VP6 and its
native counterpari of RV IND evaluated by Western Blot, which indicates that

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



5 included was a faecal sanple froma col ostrumdeprived neonatal calf
infected with the IND strain at the tinme of pre-innoculation and at the
peak of vi MB28HHESAHI ng. WD 2009/ 016100PCT/ EP2008/ OS5 AE2P8/0%#H5| ¢ 5

Ref erence rotavirus strains used in the different procedures perforned
during 5 the production and characterisziion of the VI-1H of the invention
of origin C486 Bovine P i GGReconbi nant VP6 anti gen used for vaccination
and for specific ELI SA Ll ama anti body response (VN) Bi ndercharacteri sation

Phage- ELISA BPAHEPTES A LFUT D SE QRN LY 825 o e SR Fp 609 Peshonse
(WN, ELI SA, EtodSpor)foBEREBYERdDPNOL BGLOB) ary bmunslaﬁdty im empapsepriate
recombinant vector, such as an expression vecior. Therefore, the present
5 invention further refers to an expression vector that comprises said sequences.
The election of the vector is a function of the type of host cell in which the vector
is going to be introduced. ilfustratively, the vector may be a plasmid or a vector
that, once it is introduced in the host cell, is integrated or not in the genome of
said host cell. Said vector can be obtained by using any known method
10 comprised in the state of the art [Sambrck et al. 1989]. In a preferred
embodiment, the vector of the invention can be used to be inserted in the
genome of plant or animal cells. Thus, the vector of the invention can be, for
example, Agrobacterium fumefaciens or a viral vector able to be expressed in
plant or animal cells. In a particular embodiment, the viral vector used in the
15  present invention is Baculovirus (see Exampie 5).

The vector may be used for transforming, transfecting or infecting plant, algae

of animal cells, preferably insect or larvae cells, Therefore, the present

invention further refers 1o the cells transiormed, transfected or infected by the
20 vector of the invention.

In a preferred embodiment of the invention, the transgenic cell is an animal cell,
preferably a insect cell and more preferably a larvae of said insect cell
Therefore the invention further refers with a transgenic non human animal, such

25 as atransgenic insect or iransgenic larvae expressing the peptide characterized
by the SEQ [D: 1 to 4 in a high yield.

Therefore the vector of the invention can be used to produce and/or store the
domains of the invention characterized by the SEQ |D NO: 1 to 4 and/or 9 to 12.
30 Consequently, the present invention further refers to a method for producing
domains of the invention that comprises growing the cell or the organism
transfected, transformed or infected with the vector of the 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



(VN) Bindercharacterisation (VN, ELISA) WaHuman!l | P[ 8] GLLI ana anti body
response (VN) Bindercharacterisation (VN, ELISA H2E3T€I neno | ; PJ 12] 33LI ama
anti body r @&HWA¥HESHY |1 (VN) Bindercharacterisation ( T"@E‘?"Qﬂé” WO

2009/ 016100PCT/ EP2008/ 059745 25 | nnmuni sation of the |l amas: Protein VP6
derived frombovine RV strain C486 (Sbl# 1] 06), was produced in Sf9 cells
infected with a reconbi nant bacul ovirus. A one-year-old male |l anma received

five doses of oﬁﬁé‘ﬂﬁe%nl fH:ITﬁ"ér cém%ﬁ&ésatﬁﬁlr %Ql%tléh Qh@ﬁuﬁ’f%gtz&gfo%m}(g Qng‘o?(ed with
| NTA oi | adj u%ant Span: T days 0, and 246.

Serum and bl oB§ "8 "%é'? et‘%{t(en at days 0, 4 and 7 foI I OWI ng each
i nnocul ati on. The hunoural response was eval uated by ELI SA and viral

geute Irial Ir Za“ ﬁm (é(b@erré@e%n{b!éﬂﬁlﬂg@n; ttgé OWesehtn 1ﬁmﬁbntqef@aéa3?$ﬁtaﬁimeﬂ fe ector
-c s ss s
number of é%cq‘?rf Egﬁt 'B‘BH?”%%%‘?%“&%%WB@P?SF%& "bvgpr?fher al bl ood of the

i nnocul at ed IIarra, on the basis of previous ELI SPOT assays performed in
pi gs and cal vese( Rar renomeNd. VEIH dbmainVederheiiunen | samMBRpabiodke0: 7- 24,

2004, and Parr eno’ctha&engéc{ lngtlw%[ it c]omﬁ%e%\ﬁl@ s%fg&{c%gtsegcéd\(l%ﬁn F létﬁr Heal th

48: 713- 20, 2001 |ncorp ra iefly,
MA- 104 cel | s i nf edfrEgd \HytshE%ﬂ@/NoNﬁ)’ oRbtIR iW‘lf‘i)r?e SEeLI Book iand EhNget ect ed
by i mmunofibuor esceénekgreinesaéd dornaos bgdw\pmtem UBs ek floup lhabesirus\RY). 70%
acetone, air-dried and stored at -20C until they were to be used.

of the 1 nnocul af od. PTG ViEFeUHaaBAVED S oPracip1Vs 1060 oshxA 16%; 2. 5 x
20 105 and 1,25 xcmﬁaﬁ@ewabﬁméﬂlai) it oﬁxm;ﬁiseseahﬂeaétugnmgncatonm%@uéme 5
rr} n;Jt es, the pl ﬁt %éaemaerom@%@fohgéd tﬁ@seh%eﬁé&érs?\g% nﬁé@q b R fﬁ2 The
gdﬁe(ra:n}t,\e(r: I }Ngs eﬂd%ﬁ’%éﬁo?\%ﬁé @’\8’ éeﬁ\ﬂ\g%?gl @Né%?age: heos;ﬁem\égnj ugat e
used in ELISAin a 1/1,500 dilution for 2 hours at 37C, followed by 50 pl
of the TMB petnmthataspedof halsédent RiventhesaietddboR kiMBF whanddetblSidh.of RV

comprising an amino acid sequence selected from the group formed by SEQ ID

No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ 1D No. 4, SEQ ID No. 9, SEQ ID No.

20 10, SEQID No. 11, SEQ ID No. 12, and combinations thereof.

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



The handl i ng, innocul ation and collection of Ilam sanples was performed by
trai ned personnel under the supervision of a veterinarian, in accordance
Wi t h prot o8¢l BtHppibved by | NTA s ani nal wel f are et hi S§/EPgiepPt4€e. 30
Production of the VHH library and sel ection of the VP6-binding VHH of the
invention: Froma total of 900 ml of blesd collected 4 days after the |ast
i njection, 6x105 nononuclear cells were extracted by Ficoll Paque gradient
centrifugati og, ey were then centrifuged, frozen in liquid nitrogen and
55" subsequent 1y PbaebFbfen R nietlon rerpifunc beS et Beriaciuid peaid ra 26
extraction eq&elpaenfropNae Beneyonreegdly, SR dD divs pi BERNA Nd. R, SBBtRIMG.18g 250 pg
of RNA. Subsegaenit ho. 4, I8Ed ID Nb, 8B b 10ASEQYDINIESHSSEQUDI 10 he

Super script | T Cki i t .(I'nvitrogen), wth OigodT
(12-18) pri merd? CPHFIERARRE' BLIRE ARIIRER v o, oo bRy o e o 0
reaction nidxt [¥eelions prodycedbysS | ag of total RNA were used. The VHH and
VH-encodi ng cDNA was specifically anplified by PCR using prinmers CALLO1

(SEQ I D No. 14 ; : [ ' . eader
and CH2 sequeﬁ)c%@{’1 g%-”(‘%ﬁ%i%%%tm e%gﬁz‘gﬁm%%gﬁafn ngks{%“%&g‘ﬁk CH1) was
el uted from acﬁm%"%eégg‘l‘;owc afion it & Wea ALty toff femabree gishiogsh
fragment (exoagibvHieCilthe hOmEkRY anifatbddid were then anplified by an

addi ti onalypgnested PCR with priners annealing at framework region 1 (SEQ ID
No. 16) and framework region 4 (SEQ ID No. 17), and with prinmers containing
restriction sites for the subsequent cloning steps: VHHfor2: (SEQ I D No.
18), with resPEPESIONOE| MIGROSRMMIBISME dACSORDING TZHHFIdE 2 BUSEPHST No. 19),
with a restritgamysite for Notl. The final PCR 15 fragnents were |igated
using upstreamrestriction sites Ncol or Pstl and downstreamrestriction
site Notl, in phagemd vector pAO-Lib, a nodified version of pHENA (Arbabi
Ghahroudi 'R1 D eFEMeMifhésae Exginele sSiFwas Meppaliednine SSpaighedvdeon and

i denti fi cati oDulofre Takgbiend@ETT), datvekdyoif Vagiet Spdif enhcagedcchaamy - chai n
anti bodi es. FEBSdretdoT7499 n3BR a2R 0’12'_3@%%( 3):521-6), which contains an
irrel evant | ong sequence that s renoved following the insertion of VHH, in
such a way so as to delay the potential propagation of the vector w thout
the VHH i nsert. Escherichia coil (TGlL) cells were transformed with the

| i gat ed matergrhmpngst he cells were seeded. The col oni es were scratched
fromthe plates, washed and kept at -80C in LB 25 nedi um suppl enented with
glycerol (50%final concentration). The specific VHFl were selected from
the library uSHhvenegds Bpsdiusiated shiilos BljowinDiexanplas] Wivelaslhowldsot ref ect ed
with M3 hel peterprbiagas belahitdiieg @nposeainsh tHaescphadRr@dl Dhah&Sokihay, iexpr ess

t he VHH repert Qlr S 0 CLpi Wi F s, descri bed
by Marks, é Dr?‘?éftl—@%ég%gg%m H?%@g%%ngp{# %‘j%&i}}l%%aq‘fsf e%??ﬁélﬁp?géqo?fi t hs,

A D., W nter, cHVamB heirel mayie wird Whish ifisdeserpiien may sA99e8ds 1hese or ned by
two to three sdleddt therart withvdis riomingizway, franh#de dpiit obthid heeritee kird@uehdknown as
bi opanni ng. Igmpaet HbegaMREI&Aat ed

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



overnight at 4Cwith a 1/50 dilution of sem-purified BRV IND (Sbl; P[5]66)
or 35 with a 1/5,000 dilution of an anti-RV polyclonal antiserumfrom

gui nea pi gWh200902618%r bonat e buffer at pH 9.6, fol | owdETHPZHSBIOGEKI ng st ep,
and a 1/50 dilution of the same BRV I ND was captured. The rescued phages
were incubated with the BRV IND, eithergglirectly or with that previously
captured, washed, and the bound phage particles were eluted with 100 mM
triethylam ne, ?es%h‘ts@ﬁ&eﬁt&%b@mh & %iﬂpﬁl‘ﬂ‘glrelﬂ} bR B o%_é'laﬁ’rdqi_' 7. 4.
The el uted phages,were _used t0 | nfect exponentra gr ow ng cells.
After the secBh&s HP"‘tﬁﬁ?famb?%%érﬁﬁ’Pﬁﬁs £Bd Ham I?ersné'le\ﬁﬁfﬁﬁ%cec%\f W8S wer e
grown and t heligted ineBidndivwege Wickdded ortbs different ansdyg gedobyedpidagedice A 10
Expressi on angypurnki ' BRORE el ' = f t he
i nvention: TheH%Jh%Dﬁ&kf%fgﬁfﬁ% %ﬁgdnes tﬁ?%ﬁﬁ%ﬁﬂ%ﬁ%@% %ﬂ- é&%\er e
re-cloned dsi RGUFEL AP & PGP SATY RS HEMERAVeh nenstal salf Siediet t or
pPHENG ( Conr at #ith KDEEIND shain al iheAlimée mif qrednnagelatien €ha mbtthe ped 0280Ts 12,

2001, i ncorpog;&g&a&jn@erei n solely as reference), which provides a pel B
targeting sequence for the 15 periplasma and a carboxy-term nal

si x-histidine tag. The bivalent VHH were constructed by PCR anplification
of the VHH sequence using priners Bivfor2 (SEQ ID No. 20) and Bivrev2 (SEQ
I D No. 21) (SEQ ID No. 22), which encode a linker related to the human | gA
hi nge. The PCR product and the pHEN6 vector containing the VHH tenpl ate
were digested wwth Ncol and Pstl, and 20 ligated to produce vector pAG biv,
whi ch contains the bivalent VHH In order to produce the nonoval ent or
bivalent VHH, E. coli XL1 Blue cells were transformed with the different

pl asm d constructs. VHH expression was i nduced with 1 mM

i sopropyl - D-t hi ogal act opyranosi de for 16 hours at 27 C (Sanbrook, J., and
Russell, D.W, 2001, Mol ecular doning). After centrifuging the cells, the
25 periplasmc proteins were extracted by osnotic shock. The VHH were
purified fromthe periplasmc extract using an N-H gh-Trap HP chel ati ng

col um (Amer sham Bi osci ences). Exanple 2: Characterisation of the VHH of
the invention 30 Western blot: VP6 concentrates expressed in a bacul ovirus
system and BRV I ND concentrates were re-suspended in a Laenm i sanple
buffer, boiled for 10 mnutes. They were then run through a 12% SDS- PAGE
colum and transferred to an | mmobilon P nenbrane (MI1ipore, Berdford,

MA), The nenbrane was bl ocked for 45 mn with 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 menbrane was then washed w th 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% . Finally, they were incubated
wi t h HRPconj ugat ed goat anti-nmouse 1gG (1/5,000 dilution) (Amersham
Pharmacia, 5 Biotech) for 40 mn at anbient tenperature, The assays were
devel oped with ECL (Amersham Bi osci ences). Sequencing 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 Sequencing Ready Reaction Kit (Applied
Bi osyst em) WOy IABL- Pri sm 377 DNA aut omati ¢ sequenciCT(ERPe0KNATIEl mer ,
Applied Biosystens). Exanple 3: RV i munodetection assays using the VHH of
the invention: 15 Enzyne i munoassay (E4d SA) and Western blot: The ELESA
experinents were perforned in Maxisorp 96-well plates (Nunc), by direct
sensitisation with RV or by capture of RV or of recombinant VP6 with a

pol ycl onal anti body produced in a gnotobiotic pig. As antigens for the
negati ve conthésle s pseudo-infected MA-104 20 cells and a non-related protein
expressed in bacul oviruses (protein E2 of the bovine diarrhoea virus) were

used. PBS vasdefod oiduRl Wi A0 05d RIS S ALBER AL AERYES used

as a negatlve ca

serum was andl'§E “ﬁ?“%‘d&’é‘§@r€f@6‘§%ﬂqn@fﬁé@r\ﬂéﬁd’f"h\? fevengien al ., Vet | nmunol
| mmunopat hol 100: 7- 24 2004, and that of ant i -VP6 ant| bodi es was anal ysed
with a protog 5] 3= - _ jinaras t al .
Vacci ne 16:5 :
per oxi dase- | .abs Mont gorrery,
CA, USA), i n G : p rantifen | ndi vi dual
cl ones obt ai ned by bi opanni ng were anal ysed by &h@&evgédr%ﬁon Bragfly,

i ndi vi dual exponentially growing E. coil TGl ?ones, g aining the
different VHH genes in vector phen4, were inf 6?@%?‘%'%‘& 3 hel per phages
in order to produce phage particles that exprkssaVvirifagyedesponsche surface
protein, and the culture supernatant contai ni ythe phage 35 progeny was
assayed in ELISA plates sensitised with BRV Igtlgqgr VEQ%B Thee 9 bound
phages were detected using a 1/5,000 dilution &d r%c&{:sa At ed
anti-ML3p8 antibody (Amersham Pharmacia, Bi o\%rﬁ—ff’r@r 40 m nutes at

anbi ent tenperature. The assays wer e deveI opedhg@nggrdﬁﬁa/ ABTS (Zyned). 5
First, the mgpgve ; vt Xy term nal

6-H s tag were studi ed A% reagents to 0 E

descri bed above, devel oped by an anti - pent ahi @Et‘?ﬁﬁnﬁﬁgn%'rﬁﬁ?r%dgﬁ ant| body
(Q agen, 1/5,000) and an HAP-conj ugat ed goat Bintler nouseradrishiialy. Secondly,
t hese were anal ysed as an RV capture reagent, \btptét direct ELISA plate 10

sensitisation of 10 pg/m of VHH and captur ed b /m of anti-histidine
nonocl onal antibody, and, subsequently, 20 ugs"lPr%I Y 1¥r8°%%says were
devel oped using an RV poI ycl onaI antl serum f rﬁﬁi £Lt5‘e% (féﬁﬁ@'f)%pﬂ ved cal f
hyper i muni se@zwi T 86 2 0 i ddgses| abel | ed

anti-bovine 1gG (HtL) (KPL Galther bur g, ;é{_\;@d USA) ina 1/5, 000
dilution. 15 The dinmeric VHH were tested by A as an RV capture reagent
at 10 kg/m . The nmononeric VHH were al so assaf@deas s@epririiegtiant i bodi es
and the (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)




ELI SA was devel oped with anti-pentahistidi ne nonocl onal anti bodi es and HRP-
20 conjugated goat anti-nouse antibodies (1:1,000 dilution) (Amersham

Phar maci a, "B 884¢61%¢ Viral neutralisation assays: Thé&H&RHHPHF ng anti body
titres for viruses IND, C486, B223, Wa and H2 in |l am serum sanpl es and
purified VHH were 25 determ ned by fluoggescent focus neutralisation (FFN),
as described in To, T.L. et al. (J Gen Virol 79 (Pt 11)2661-72, 1998).
Briefly, 100 ul of dad o di loutd . I S t ified VHH
nononers or di neréma@éea%%’g!ég'g\fmjh?’%ge%étgln W@ﬂ%ﬁ@gm&%@“&% %‘?8@% 0 obtain
100 focus-formng units (FFU)/ 100 pl of m xture, and incubated for one hour
at 37C. 100 pC4asf (SHIB[13B6), ety proiducesd in B rcelisveriectdd watrategcbmbivBnil04

ToNOI AYEr s ( 4Bl UL She 944\ OB UEH AT BEcil AOMBSA! 0P dfue ThRM 3t oS
were fixed with 70% acetone and the assay was devel oped using an

FTC- | abel | 8d &HEFL RPN o H0f Hom o c\é?%sf‘?"éﬁﬂ dep | WA c &t r 2Rianti nmuni sed
wi th RV. The (Merta:troe!Bpan Expere stathya s, tthe 2885 pndcalls. Gkrunhendibiprest
dilution in the,sampke tdah hedal 02 280307 elidaiicOBadt idBELISNRD &theOf
fluorescent foci. 35 WO 2009/0161%%PCT£I§§5008 0§?745 B?O Exa}g@ie 4. Use of
the monorer i ¢ UHRTHITRERATES VRS 9VRIUgRA e i 'O PR REOPy on and/ or
treat nent of frdirardiopvRyimpesieett peoriuais e sfivaiomBoathradponds en BLISBOTj i g of
each anti 4YyPGs¥aH WwRNadRted WriBOdBmiBES iRt MuRbeE &F et bsediRUaHBYaR! d Bal b/ ¢

mce, usin i . 0 da egi,nni_n ay. 0,. and for
5 days. e | Betand AR SRl b ‘féﬁb”‘%@’”\i‘m}g%gfgd@@& O Beeybised (ol

P[ 1] 06) , contpd@ﬁ@trﬁgfﬂgsﬁ’ofo%%ﬁmerﬁf?m@ﬁ il les andl aebigsSPafrena MGestedlst omary 10
VHH dose, and/dthemunbl ma0ngpatief 1@03%bi2ces banbParread, U MoRt, Al govdty

I ntragastri ¢ \iQuk8niediiSis VA POHEALE :P@ﬁ?,'z%g?,fmwr e @&%Fgoea In
100% of thg untreat ed control ce. e control groups used int

experi ment > weétte? T Pﬁe“ﬁ?)cg”Pﬁhd\%ﬂQ‘?éﬁi% grteRMAR ROIND (ER BRrSER

anti bodi es; 80§ ifediot rdedtobst by trhrmbheflulsarsestpeaviars Yixed, grows irelB&twed VHH,

directed agaigsbs %i%#é%'aﬁ%‘éto@;@?hﬂdﬂécﬂ lah# Dstokad Bt CRebr Gl %Wér@_té%@ pg of

affinity purified.lgG derived froma quin | ol.yclonal .antiserumw th a
N titre of 2585 SURheens Ho aaiaiseaa e, feRRudin B i ne same
quantity of I(H8 Pt bmianaseiedrrelnms wercerdaddp thaimeda (hxd 0 Wg xidce hat
i nfected amd fof eatier2s khen*RéEMGUL edtetlicantiopa Mes0CLifBl sahihitesvmbuat ed by
direct pal patjon, gbid REMAEETS BIHAER L) 980l 1%:2 32Y $nOhiatdiougd Study.
The severity o e diarrhoea was_analysed on a dally ‘basis,” By assigning a
numeri cal val'{Fe"BaYdn 5y Witk 05 e diveaingl éb Asies i ipmovathe aehaipiydieds, as
descri bed by avidni@sgats dete gesleraéd by dddihg ble sBoADMAigatk, Ls2AQ6ELIBAdner ' s exact
test was_used/f 8o¢ BMRBKGolt P oBFEORAAE ORFodd B%%@ Mok A rRBriesaudiet ween the
gr oups. TE% Krbjgilg?ﬁl }\(ggél |€[égcw @%gqﬁ%&l c test was used to conpare the nean
25 onset , “urdtTEh° & 8§t ?’9 1 Ydi arrhoea between the treated
groups. Exanple 5: Reconbinant Bacul ovirus generation Recombi nant o
?ﬁculva\lql g lé; B%@N‘Fin‘dhﬂ'@,\dﬁﬁacg@ﬂ@ﬁ g&%ﬁ&g&m bhﬁarﬁﬁ‘%%g@ld@'@@bl <! Qfo?;?e@%?: ﬁ' ni Rg
e e : rotein was, PCR-amplifie ro e phen

6 pl asri d us?%%tdrée?%f)iﬁ?ﬁ%ﬁ%% i FefuBbE ) 4 BRreaad T peiigntS Wl
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



ID NO 24. This anplicon was then cloned into the pFast Mel B2 vector in
frame with an insect signal sequence derived fromthe honey bee nelitin,
usi ng the BEMWYRAH® Xbal restriction sites included RCHEROHHTMESpondi ng
prinmers. The 35 resulting pFBMel VHH pl asm d was characterized by automated
sequenci ng and 31 used to generate theg econbi nant bacul ovi rus BacMel VHH
usi ng the Bac-toBacO Bacul ovirus system (I nvitrogen, USA) foll ow ng t he

manuf acture' s, [ and
ol 111 ed - 2y ST T (RESREN) A, MRS R 1L BDRIPAINSH ")
109 pfutm andVd t%&@%fﬂse%f@elﬁ@ﬁ? Hf\ Gﬁ!@nfwﬁs YEIheyiseR Hsiag e %m@racaiaf | ong
t erm st or age.lil|IRevece Uamw[btaserummnwns {lavitlogemd cuittaOligni THoR-18X priessl on

experinents, iﬂvitxo%ehmtr%ddrﬁm@r 'zrﬁfﬁﬁoﬁbﬁ';sm b3 r{éﬁta&?&@&ﬁe Maplpat i on) of

about 250 nan oVi ruses near

r ecte rec
the prol eg f‘E’%réi\‘IE Fﬁ% %rﬁvf‘?é#n ‘b’é‘% V Va8 nf ect ed
| arvae were k@pt:lfsq:aﬁygam;v{tﬁhdd:naﬁﬁé%r gsing pms-@rsammm (EECetD alo. | )i et ed

times. Lgr VMR | (Bmmn N’Eﬁed?)atmﬁrlidh éﬁr@éﬁm@% Ié@@ér #d Sﬂ%@eﬂﬁ%ﬁﬁksdo .
processe n ur e e usi Ses.

I nfected cell shevé@eaﬁgrg?msw S8 @Vﬂ%’?‘% W‘%?‘Haqxlo C(lg'ﬁﬂe‘ﬁ’s a‘gﬁaﬁr}f%r?é‘s wer e
harvest ed and! @%eﬁgé@l»%ﬁlﬂehI&ﬂﬁfé?rElpéf%'nﬁ/@rf@ﬂai@&mrﬁbéfﬁm@eﬂlﬁ exppo¥YErCdhd kept at
- 20C unti hoproessses Vi—l?-Owaeetﬂéﬁ ampmdxf;y o Qﬁ@i:diha@ﬁéﬁé@WRT@ﬂiﬁbn@a@ﬂsUb| e

rotein TSP ze | arvae
Pn anI eitﬁact% ogélwa}mmem mﬁ{S%Cf ﬁ%qﬁ@ﬁ HB%E%H%@ nd §E§r otein
i nhi bitor codkt¥pq C@HBI‘*@fl'bP”*RSF?né‘Jm@%’f’ﬁﬁ“ﬁW‘cW% figs fox. th@2§uh§?§w9@tl s of
protein ext rmmg%t@mwh&ﬁsnze(ﬂﬂmlﬁj Bibai8)j with astlicten simaindidodtibd Pgtl,anal ysi s

were perfor ”Bﬂ]df\?lrrf-ntek)? §E$“FD f\IbC@é)' mhaé"%sg%# Tsi‘té"?brCN it *’rﬁe%ﬂsppfsh‘: VHH
protein cggtjlned oaded in

n gfj per lane
D06 Son. Py LRl s Jogtars LoiAg s EmBrRBISHET drs NGl @ Bl &8 ot ned
with a Coonas@M@SMa!@ reslrigdrosite riNett, ains plergeedd t\@cmtm-‘d}elbl e owelifi@nbr anes

(Schl ei g Bgr Seffidicl |pkﬂim0(%é$1?6ﬂé%ﬁcwsme'[3%?&@? .ﬂl\lwlyns EOEHSa\A?e?%gﬁ n bl ot
T e 8 SRR 1S B TR
fragments from camel heavy-chain antibodies. FEBS Lett, 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



32 0.05% Tween 20 (PBST) 4% skimm |k (blocking buffer, BF) and then

i ncubated at roomtenperature (RI) for 1 h using a rabbit anti-VHF! serum
(1:100 i n B 2009 NERHr ane was washed 3 tines w th PBSTPCYRP2B/MRIHSY
anti-rabbit | gG HRPl abel ed conjugated (1:2000 in BF, Signma, USA) was added
for 1 h as 5 secondary anti body. After gxtensive washing with PBST, protein
bands were det ect ed usi ng ECL Western blotting detection system on

yper 11 EOL L GO, o B85 B, B0 o ASIIRRYofBELY © 10

TSP extracts rom ne’ro
[Ag(+)] or fr ﬁﬁaﬁpe%‘% H\@ﬁﬁ%é’éPWQ%TﬁeRﬁﬁﬁ‘“W@@QﬁSﬂ@f@Whﬁﬁ wihdhe ovi rus

[Ag(-)] were BB¥INDY dibat dEédt@Aorrmﬁm apdtapresio($hp | capuigy, \Mﬁh@d Benams k) with

serial di | utigamastia &'prag,geg ol digeu fda,\@wgéh%ﬁw?ée 8/ hgpgpnat e

buffer, pH_9. inc 3 wei e washed
with PBST #ouﬁf"“e? E‘V“ %dmiP ﬂgé}gh?eﬁﬂ% $hytep Rhtiest waofopd © RBGH at 37C
under const anexpagettadly grewing TR1 belec Ritaghs ebernidan {ifiRBSdpR2HrBIoundl & pl / wel | )

for 30 mnute n a 0 r at 2,5
jig/lwell dil u??ivﬁh?ncosﬁmég%\gggbgﬁ@r %Pgrthé ﬁ@rﬁ@é‘ﬁofﬁeﬁgj mn(?%ie% \}\“%g%ed 4

times with PEEFYSREPHFP in 20 for 30 mnutes. Then 100 pl/well of a
pol ycl onal antibody (diluted 1:100) against the VHFI made in rabbit was

added and 1oncghabsgbrd £1d purlicationdf the BbASBSHIEIMBER OB LithdBSeMichh PBST.

500071 n bl o eopRla Fhe cleBee e W BRGGAR LT wBRLI AR bt < Sl e
washed four t"eﬁfé'?“%rﬁﬁzimés NPP'\/ﬂa”ldl Nejt inEprmession vestpiHENS, ( Conrath K. E M.
bi s( 3- et hyl bestz ai. hirairddroin evg@nsu Chemiothea @b e80ABES 200 KPincodSAtedmBeRiradded t o

the plates. Rgpgxi %%&e?@%@&}t '@Hcmoéihéé)%%e% gﬁ}mﬁ&@psqué-nqisigr Herut es at

roomte ature reacti’o m ¢r opl at e
reader ?pwﬁfit'rgaglgﬁt*@ﬁ a”Fﬂ@r%b%yé%ﬁn?“aﬁ‘{ PHhigtidiggs A39. (dise bizplgnt ¥HYA) were P

26/ 05/ 2009 11cone0@3e0 b PLES AhGDAALEDE MEN@EFPA@QU&MMESH’E,CM@SB)@SM)SQ 745 -
(Zaﬁa?gctzg??t 23( IIK% t ha %}%E%“ﬁ\?éssiz@ewggﬁwﬁgﬁ%%n&é?%@éc;g from t he
foup: SEO | 5 gy Feigacsor PR IS sy Tl P 2) The
gomalon a(?cor\(ﬁc?fl?g CtOB'iaéﬂifg FhelV%hmatég@éddm@ﬁQma\tﬁhlNccdeﬁmdv@stifafrﬁkn :

ant i bodi egoof ligasaeb ipeivae heabegdA OIS @helE thb DRI YPI. (-a/Br RACOS,
Lama_pani coa gpdicdl MIOMbLLaEandy dilidl: Vi, dgn%ﬂ XBFALE: st Rofel a1 M 1.

characterize gen

I near
present in griRIETORNEE Wb ihgfifgrent piasmid %Pﬁiﬁ%qt% c&@hﬁxmesm\@mnﬁgc% claim
1, char act er iwithdi M mmpy!@q&goga@tdmm@adetsw bodrbet 27 derSamploocRyr

different, seJ eftaatudsER . Wez{ﬂﬁol‘«%iec%@ddrﬁn fteq"cer% ﬁ't cel% maQ | D NO
3 and SEQ \g_‘ racterl zed

3N SE b D e P ﬁm%ﬁa*ﬁaéﬁs‘%%%@sh%cm%h ware e

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



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. WIBP¥/OASIHOL avi rus i nmmunodet ecti on net hod cHATHEEWIPEE in that it
conprises: a) bringing into contact an rotavirus containing sanple with an
am no aci d sequence selected fromthe &pup: SEQID NO 1, SEQ ID NO 2, SEQ
TDNO 3, SEQIDNO 4, SEQID NO 9, seQID NO 10, SEQ ID NG 11 SEQID

NG 12, or coghipBakientid hehBlie 800 dEURLORINSasARE BhRaEL e

accor d| ng to ar oup
i munocapt ur engsiay ‘P‘@é‘?’%htlﬂ_ﬁ%w'tﬁﬂhglﬁ@rp%@ﬁﬁ@@“?? ety BAS0H i URignet i ¢
beads. AVENDED EBEFETeRede0s%ll RBA (%) EFOan thoy w2 i20Batetlwid HEP- Page 13

of 15 34 9) c%nﬁ@ms?sat%mﬁéus@n% sl afuiBAP A shgmugi¢a¥maaaa mamml |

characterise si.ng, an a aci d sequenc se ect é m.t’he group:
SEQ TO Nog dB%‘é m"? Phiqperaiuragtise prover d %wb 9, SEQ
| D NO 10, S@ﬂ&mhm&os&@w@)m 12, or conbinations thereof

ex. ci pi ent and 5i mmunonodul ators. 10) Plasm d pFSMOVI 11-1 char act erized by

conprising a ucleotld se n t hat Odlfle any of the C or

di netic dorral%quSFC'?%g eaﬁﬁ'@ ?%efp% '@’eng Iy <3r Eosf%f’ﬁ'&(fﬁ thgogﬁge on vector
char act eri zedMiy ‘eowe| shth Vi Beeyrrag ndlivopiciediigiem e usey, Rilowingi hisnt

expr essi onoveaébbd: BigCOiedTdighidtorct@ilensbuesdiey @ehey IRsastidn Kitt(Agplicsiai d

vector is a t I a Y 1 zit@n ells
t ransf or ned \(;érlg#jg r@?’éc rgéﬂBngJn?éwf gﬁf‘f@hﬁ? %“{1&?%5 \gl% = fﬁ@ﬁgpérr@e 'l or 12,
char act eri zed*APHed RiggYsiees)- express the DNA included in the plasmd of claim
10. 2014) Method for the production of the domains of claims 1 to 6 that
conprises thezfohliow Y inhRRSdeenbh3RSh GLing 1RE VHIPGhE Hhiehdion! | nfecting
host cell§ in cu

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

20 cells and a non-related 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

25 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.

30 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

35 progeny was assayed in ELISA plates sensitised with BRV IND or VPB. The



| arvae with the reconbi nant vector of clains 11 or 12. 25b) Keeping the
cells growi ng under appropriate conditions. c¢) Isolation and purification
of the dondYh¥W/HESEY in insect 15) Antibodi es char act@rER2@80FSconpri si ng
any of the domains of clains Ito 6. 30 16) A kit for iromopdetection of
rotavirus conprising an am no acid sequance selected from SEQ ID NO 1,
SEQID NO 2, SEQID NGO 3, SEQID NGO 4, EQrip NO 9, SEQID NO 10, SEQ

ID NO 11, S . r i ' g A];\,fli%)l;% ecei ved at
t he EPO on NaEI%d?g %8%%’f{é)28fé§§g %gﬁgdeggﬁs‘gﬁgfg&io% 1 rﬁskr_l%ﬁa;qca%c?csequence
sel ected frontdthid 1% astibesmbtmeipharg Rsmesia, Biotee)| forng® minulssQal D NO 3,
SEQ I D NO 4, arSEieht tBmbi@atfe. THeQ@sbdysN@re HoyvelGi«a tdhNQOJIARTSEDmdR).NO, 12, or
conbi nations thereo for use in a nmethod for the prevention or treatnent of

o Sboa 3 G B SR o LR LI o aabeataBne g o "
GENE EXPRESSI @, wede Lstudiedd GENERQents] k0 deteNSRVTUTOPBIAGI ENSIA, Bs THEGKNGEGA A
AGROPECUARI A 4dME Aldeeider0 by Mad i et Widiifle MRloRo A VaRib &P ToRikh - VP6
camel 1 d_ant | bogLBSy afh TR e 20N EhAlea 'goat AhtAouSs aNhbath. Sebondy thes:
det ecti on rretﬁt?, y and an H jugatsd g y. 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



conposition, prevention and treatnment nethods for rotavirus infections
<130> 123 <160> 24 10 <170> Patentln version 3.2 <210> 1 <211> 129 <212>
PRT <213> M{hatyfileith 15 <400> 1 Met Ala Asp Val G n USI/EERWSMHESSer Ay dy
Gy Leu Val Gn Ala 151015 Ay Asp Ser Leu Arg Leu Ser Cys Val Gn Ser Gy
Pro Gy Arg Tyr 202530 20 Gy Val Gy Tagp Phe Arg Gn Ala Pro Gy Lys Gu
Arg G u Phe Val 354045 Ala Ala Val Ser Gy Ser Ay Gy Ser Lys Tyr Tyr Qy

S S 32 c2EEORR L e M e ISP o3, T
Tyr Cys the prevention a1ioy {2l mapynal Fg Thr Tyr Ser Ay Ser Asn Leu
Trp H's Arg Ser Asp 100105110

RV protection assays in neonatal mice:

100 ug of each antl-VP& VHHM monomer in 100 pl were administered to four-
day-old Balb/c mice, using an intragastric probe, once a day, beginning on day
0, and for 5 days. The lactating mice were challenged with 100 pl of BRY C486
(Shl: P{1]G8), containing 2 x 10° FFU/mI, on day 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



30 Gu Tyr Asp Ser Trp Ay Pro Ay Thr Gn Val Thr Val Ser Ser Gy
115120125 Arg 37 <210> 2 <211> 126 <212> PRT <213> Lana glama 5 <400> 2
Met Al a Asproa#poadift Leu G n Ala Ser Ay Ay Ay Phe VIVRBH8F9E5151015 Ay
Asp Ser Leu Ser Leu Ser Cys Ala Ala Ser Ay Ay Thr Phe Ser 202530 10 Ser
Tyr Ser Ile Gy Trp Phe Arg Gn Ay Progfdy Lys Gu Arg G u 354045 Phe Val
Ala Thr Ile Ser Ser Ser Asp Ser Pro Trp Tyr Ay Gu Pro 505560 Ala Lys Ay

Ao Phe Thr Vel iclnBho Miohhihohy g A5, B;\A}@m QRAYREGaDH. Leu Hs
Bac® Baculowrus system (Invitrogen, USA foliowmg the manufacture’s
instructions. Recombinant baculovirus was propagated and amplified in sf21
ihsect cells to reach infective titers between 107 and 108 pfu/mi and stocks

5 were kept at 4°C for dally use and -80°C for long term storage.

nsect growth conditions and inoculation

For expression expetiments, fifth-instar larvae (last instar larvae before
10 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.
15
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.

20  Preparation of protein exiracis

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.
25 _
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
30 gels. After electrophoresis, gels were stained with a Coomassie blue solution or
transfetred to nitrocelluiose membranes (Schleicher & Schuell) to perform a
westem blot.

For Western blot assays SD3-PAGE (12%) was transferred onto nitrocellulose
35 membrane (Bio-Rad, USA). Membrane was blocked overnight at 4°C with PBS-



Cys Ala Ala dy Ser Val Gn Hs Met Ala Asn Gu Asn Qu Tyr Val 100105110
20 Tyr Tip Ay Gn Ay Thr Gn Val Thr Val Ser Ser Gy Arg 115120125 <210>
3 <211> 12WQR4RG%>- PRT <213> Lanm gl ama <400> 3 MetPCAER2GHOWAl G n Leu
Gn Ala Ser Ay Ay Ay Phe Val Gn Pro 151015 30 Gy Gy Ser Leu Ser Leu
Ser Cys Ala Val Ser Gy Arg Ser Phe d yg®02530 Asp Asp Val Met Ay Tip Phe
Arg Gn Ala Pro Ay Lys Gu Arg Qu 354045 Phe Val Ser Ala Ile Arg Phe Arg

AT S AR LRI IR i R e T
Leu Arg Pro A@&@@ﬁemﬁw&mr%{wforrw USESFOGHDI RRH-RA! &ﬁ*’w“\féﬁo@’yaﬂsp Gy Aa
Leu VS Asn ArigeAbeanSewad\spsiatt 3 times with PBST and finally anti-rabbit 1gG-HRP-
labeled conjugated (1:2000 in BF, Sigma, USA) was added for 1 h as
5 secondary antibedy. 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
10
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
15 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
20 for 30 minutes, Then 100 wliwell 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-
25 Dbis(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).



100105110 Thr Tyr Trp Ay Gn @y Thr Gn Val Thr Val
<21Qﬁ4ﬁ5ﬁ%gﬂ4> 128 <212>0RRTex<BlBE

1 %éﬂaﬁs%ég 10:52

Ser Leu
Val Val
Ala lle
Arg lle
Met Phe
Cys Al a
5
10
15
20
25
30

Thr
Ay
Arg
Leu
Asn
Al a

Leu
Tip
Tip
Ile
Leu
Ay

D

2)

4)

5)

6)

7)

§)

Lama
Leu G n

Ser Cys
Phe Arg
Ser Au
Ser Arg

Ala Ala Ser Ay Arg Thr Phe Ser 202530
Gn Ala Pro @3 Ala Gu Arg G u 354045.
Asp Ser Thr Tip Tyr Ay Asp 505560 Ser

Asn AsfimkheplogsaiAsn Thr 25 65707580 Val
Lys Pro Gu Asp Thr Ala Val Tyr

Ala Ay Asp lie Val Thr Thr Au Thr Sec Tyr
Dimeric or monoaeric VI domain characterized in that # comprises at least

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

The domain, according to cleim 1, characterized in that it derives from
antibodies of camelids selected from the group: Lama glama, Lama pacos, Lama

guanicoe and Vicugna vicugna,

The dorosin, according to claim 1, characterized m that it binds to a linear
epitope of the VP antigen present in group A of rotavins,

Dimeric domain, sccording to claim 1, characterized by cotnprising two
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,

Dimeric domain, according to claim 4, charactsrized in that it further comprises
a linkage of SBQ 1D NO: 13,

Dimeri¢ doinain, according to claim 4, further comprising 2 sequence selected
from the group: SEQ TD NO: 9, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ 1D
WO 12, ) ’

A rotavirys 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.

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
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100105110 30 Asn Tyr Tip Ay Arg Ay Thr Gn Val Thr Val Ser Ser Arg Ay
Ar g5/ 85/53:R20 1251 9<2 1€b3ehsr16514<211> 411 I6Mza2E2ee@NA 39 <213> Lamss.gliatta <400>
5 atggctgatg tgcagctgca ggegt ct ggg ggaggat t i T/GE 2§ §5 O giict @bc£§6006°
agactctcct gtgtacaatc tggaccgggc aggtatggcg tgggctggtt ccgccaggcet 120
ccagggaaag agcgtgaatt tgtggcagct gtgagdggga gtggtggttc gaaatattat 180
ggagactccg tacagggccg attcaccatc tccaaagacg acgccaagaa cacggtgtat 240

ct gcaaat ga apaaGehEARicRSSiHaNs enBAASFRI kiRl baGi9hat AaEes98RIa300

Fcocaggton. coolEREPHPE OO ER TR LAt f 5 OR ot SP M S a1 03 6 <21

acccaggt ca ccg e Cat’t Y&t 210> 6 <211>

402 <212> DNA 3EQ f218»2, ISEmaD @33 00 NEG 4,35yt gaf g skgaaged.goa ggcgt ct ggg

ggaggatttg tgc agat 1 . agtct . gt gcagect c. t ggaggcacc

Ultagtagel att %?Pgﬁfg?gg%ﬁ%ﬁ@o% & bkl LI H00
IMIUNOmo ators. . .

10} Plagmid pFBMelVHE charvacterized by comprizing a nucleotide sequence that

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

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. - '

' AMENDED SHEET
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cagggt ccag ggaaggagcg tgagttcgtg gctactatca gttcgagtga tagtccgtggl80 20
tal.9gagRdC ;¢CgCIaRgagsLedat t cacc gt cggeagadskiracgccaa gaatacggsg 1846
tatctgcact tgaacaggtt gaaacctgag gacacggcca Peif/ap RavBgoE g aigee get-3RR 009
agt gt acaac acatggcgaa tgagaatgag tatgtctatt ggggccaggg gacccaggt c360
accgtctcca gcggccgcca ccaccatcac catcaxg aat ag402 25 <210> 7 <211> 405
<212> DNA <213> Lama gl ama <400> 7 30 at ggctgagg tccagctgca ggcgtctggg

P00t 0800 a1 Bl Lot G et (e Lo e e b P eRe T ot a
tcagctatta gg?‘i’é&%éagﬁfﬁQﬁgggiég"&?f@d“@%‘gg%%a =§&&S§§b§9al€gg§@cgat tc
accat cgcca gagacapdgcSHRADIYACECE B40ingial akeb Qo aeal ghagednr algagacct
gacgacacgg CC%M%&&&Q&%&%@%@% p%%ﬁ%ﬂ%%tg‘g%u . cccttgtgaa tcgecgegtcc

gactatacgt act'ggggcca ggggacccag ccagcggecg ccaccaccat
caccat€act aatag405 <210> 8 <211> 408 5 <212> DNA '

g AMENDED SHEET
Received at the EPO on May 26, 2009 11:40:18. Page 15 of 15




<213> Lama gl ama <400> 8 atggctgatg tgcagctgca ggcgtctggg ggaggtttgg
cgcaggct gg ggactctctg60 acactctcct gtgcagcctc tggacgcacc ttcagtggtt
atgtcgtggg ctggttccgcl20 10 caggctccag gggeggagcg tgagtttgta ggagctatta
gat ggt caga agat agcaca 180 tggtatggag actccatgaa gggccgaatt ctcatctcca
gaaacaat at caagaacacg 240 gtgaatctgc aaatgttcaa tctaaaacct gaagacacgg
ccgt gt acoBECHIERCEICI® T3R8 ggggccgggg at atagt gac tactgagact tottataatt
act ggggccg ggggacccag360 gtcaccgtct cctcacgcgg ccgccaccac catcaccatc
actaat ag408 15 <210> 9 <211> 266 <212> PRT <213> Lama gl ama 20 <400> 9 Met

Al a Asp Val 16 nALEERRATMEGERE EXPRESSICN, $he(MaBEREX)Pro 151015 Ay dvy

Val net oy % pNSHLTRED B iac? TE%%O@@G%%GE?@P%@M%@OQ@ o Val “ser
Ala Il & Ar@ﬁ&?eM@r@n&'rc Vsihl GenaPrderRed figm &ty VRSaEB6NtPodied,y Lys Gy
Arg Phe Thr Ile lad@05R inchudbiidy ﬁwé%%@d,-rlj&'iavirus detection method,

composition, prevention and treatment methods for rotavirus infections

<130> 123
<160> 24
160 <170> Patentin version 3.2
<210> 1
<211> 129
<212> PRT
<213> Lama glama
15  <400> 1
Met Ala Asp Val Gin Leu Gin Ala Ser Gly Giy Gly Leu Val Gin Ala
1 5 10 15
Gly Asp Ser Leu Arg Leu Ser Cys Val Gin Ser Gly Pro Gly Arg Tyr
| 20 25 30
20 GlyVal Gly Trp Phe Arg Gin Ala Pro Gly Lys Glu Arg Glu Phe Val
'35 40 45
Ala Ala Val Ser Gly Ser Gly Gly Ser Lys Tyr Tyr Gly Asp Ser Val
50 55 80
Gin Gly Arg Phe Thr lie Ser Lys Asp Asp Ala Lys Asn Thr Val Tyr
25 65 .70 75 80
Leu Gin Met Asn Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Val Arg Arg Thr Tyr Ser Gly Ser Asn Leu Trp His Arg Ser Asp
100 105 110
30 Glu Tyr Asp Ser Trp Gly Pro Gly Thr Gin Val Thr Val Ser Ser Gly
115 120 125
Arg

35



| ?;0 65707580 Vval Tyr Leu His Met Tyr Arg Leu Arg Pro Asp Asp Thr Ala Val Tyr
859095 Tyr Cys Ala Val Gy Asp Gy Ala Leu Val Asn Arg Ala Ser Asp Tyr
100105110 41 Thr Tyr Tip Ay Gn Ay Thr 3@ n Val Thr Val Ser Ser Ser Gy

Pro
Gn
Ser

Met

Phe
Pro
Val

Tyr
Asp
Ser

115120125 Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val

130135140 5 Leu Gn Ala Ser Gy Ay Ay Phe Val Gn Pro Ay Ay Ser Leu
145 1504359 160 Leu Ser Cys Ala Val Ser Ay Arg Ser Phe Ay Asp Asp Val
Gy 165170175 Trp Phe Arg Gn Ala Pro Ay Lys Gu Arg Gu
val s8I 428 e 10180185190 Arg Phe Arg Ser Asn Ser Pro Phe Tyr Gy Asp

Gy Ly31Z3 yPRTg 195200205 Phe Thr Ile Ala Arg Asp Ser Ala Lys Asp Thr
Pr ng“&j{ 3—&\'\9% g 10%15220 15 Tyr Arg Leu Arg Pro Asp Asp Thr Al a Val
yr Cy '9 225 230 235 240 Asp Gy Ala Leu Val Asn Arg Ala Ser
Tyb Th4Oyr2 Tip Ay Gn 245250255 @y Thr G n Val Thr Val
Ser - Gkt AibAsp Val Gin Leu Gin Ala Ser Gly Gly Gly Phe Val Gln Pro
1 5 10 15
Gly Asp Ser Leu Ser Leu Ser Cys Ala Ala Ser Gly Gly Thr Phe Ser
20 25 30 :
10 Ser Tyr Ser lie Gly Trp Phe Arg Gin Gly Pro Gly Lys Glu Arg Glu
35 40 45
Phe Val Ala Thr lle Ser Ser Ser Asp Ser Pro Trp Tyr Gly Glu Pro
50 55 60
Ala Lys Gly Arg Phe Thr Val Ala Arg Val Asn Ala Lys Asn Thr Ala
15 65 70 75 80
 Tyr Leu His Leu Asn Arg Leu Lys Pro Glu Asp Thr Ala Thr Tyr Tyr
85 90 95
Cys Ala Ala Gly Ser Val Gin His Met Ala Asn Glu Asn Glu Tyr Val
100 105 110
20  Tyr Trp Gly Gin Giy Thr Gin Val Thr Val Ser Ser Gly Arg
115 120 125
<210> 3
<211> 127

25 <212> PRT
<213> Lama glama
<400> 3
Met Ala Glu Vai Gin Leu Gin Ala Ser Gly Gly Gly Phe Val Gin Pro
1 | 5 10 15
30 Gly Gly Ser Leu Ser Leu Ser Cys Ala Val Ser Gly Arg Ser Phe Gly
20 25 30
Asp Asp Val Met Gly Trp Phe Arg Gin Ala Pro Gily Lys Giu Arg Glu
35 40 45
Phe Val Ser Ala lie Arg Phe Arg Ser Asn Ser Pro Phe Tyr Gly Asp
35 50 55 80



| 20260265 <210> 10 <211> 264 <212> PRT 25 <213> Lama gl ama <400> 10 Met Al a

Asp
Leu
I'le
I'le
Phe
Asn
Ser
Ay

Val

Ser
Ay
Ser
Thr
Arg
Val

Thr

10

15

20

25

30

35

GnLeu Gn Ala Ser dy Ay Ay Phe val Gn Pro 51015 Gy Asp Ser
Leu Ser Cys Ala Ala Ser Ay Gy Th8Phe Ser 30202530 Ser Tyr Ser
Trp Phe Arg Gn Gy Pro Ay Lys Gu Arg du 354045 Phe Val Ala Thr
Ser Ser Asp Ser Pro Trp Tyr Ay du Pro 505560 42 Ala Lys Gy Arg
Val Ala Arg VaI Asn Ala Lys Asn Thr Ala 65 70 75 80 Tyr Leu His Leu

s, Pr Ala Thr Ty, Tyr Cys Ala Ala Ay
Gsﬁo hlyy"% %z‘ﬁ -%'rdleﬁéﬁ' A?%//rseva“?‘ ﬁﬁ% B11Y Tyr Trp Ay Gn
Gs6 Val Thr Val Sér Ser Ser Gy 7o Ser 115120185

Val Tyr Leu His Met Tyr Arg Leu Arg Pro Asp Asp Thr Ala Val Tyr
85 90 ' 95
Tyr Cys Ala Val Gly Asp Gly Ala Leu Val Asn Arg Ala Ser Asp Tyr
100 _ 105 110
Thr Tyr Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser Gly Arg
115 120 125

<210> 4

<211> 128

<212> PRT

<213> Lama glama

<400> 4

Met Ala Asp Val Gin Leu GIn Ala Ser Gly Gly Gly Leu Ala Gin Ala

1 5 10 15

Gly Asp Ser Leu Thr Leu Ser Cys Ala Ala Ser Gly Arg Thr Phe Ser

20 25 30

Gly Tyr Val Val Gly Trp Phe Arg Gin Ala Pro Gly Ala Glu Arg Glu
35 40 45

Phe Val Gly Ala lie Arg Trp Ser Glu Asp Ser Thr Trp Tyr Gly Asp

50 55 60

Ser Met Lys Gly Arg lle Leu lle Ser Arg Asn Asn lle Lys Asn Thr

65 70 75 80

Val Asn Leu Gin Met Phe Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr

85 90 - 95

Val Cys Ala Ala Gly Ala Gly Asp lle Val Thr Thr Glu Thr Ser Tyr
100 105 110

Asn Tyr Trp Gly Arg Gly Thr Gin Val Thr Val Ser Ser Arg Gly Arg
115 120 125

<210> 5
<211> 411
<212> DNA



Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val G n Leu 10130135140
Gn Ala Ser Ay Gy Ay Phe Val Gn Pro Ay Asp Ser Leu Ser Leu 145 150 155
160 Ser Cys Ala Ala Ser Ay Ay Thr Phe Ser Tyr Ser Ile Ay Trp
165170175 15 Phe Arg Gn Ay Pro Gy Lys u Arg Au Phe Val Ala Thr Ile
Ser 180185190 Ser Ser Asp Ser Pro Trp Tyr Gy Gu Pro Ala Lys Ay Arg Phe
Thr 19520Q%9§>V9ém£\|g?an%9 Val Asn Ala Lys Asn Thr Ala Tyr Leu His Leu Asn
Arg 20210215220 1Leu"Lys Pro G u Asp Thr Ala Thr Tyr Tyr Cys Ala Ala Ay Ser
Val 225 23600355240 Gn His Met Ala Asn Gu Asn Gu Tyr Val Tyr Trp Ay Gn
Gy Thr 245250255 25 G n Val Thr Val Ser Ser Gy Arg 260 <210> 11 <211> 267

Gy ay cRIkP oo SEopTeqs suatoaiog fachdotlog duacteliig ™ 85" A7 S
5 agactctect gigtacaatc tggaccgage aggtatogeg tgggcetggtt ccgecagget 120
ccagggaaag agegtgaatt tgtggeaget gigageagga gtggtggtic gaaatattat 180
ggagactceg tacagageceg aticaccalc iccaaagacyg acgccaagaa cacggigtat 240
ctgcaaatga acaacctgaa acctgaggac acggcecegttt-attactgige agtccggaga 300
acctatégtg gtagtaacct ttggcacaga tcggatgagt atgactectg gggeecaggyg 360
10 acccaggtca ccgtctecag cggecgecac caceatcace atcactaata g 411

<210> 6
<211> 402
<212> DNA
15 <213> Lama glama
<400> 6 .
atggcigatg tgcagetgea ggegictogg ggaggaatttg fgcagectgg agatictety 60
agtctetect gigeagecic tggaggceace titagtaget aticcatigg ciggticege 120
cagggtecag ggaaggageg tgagticgtg getactatca gticgagiga tagteegtag 180
20 tatggagage ccgegaaggy cegaticace giegecagag ftaacgecaa gaatacggeg 240

tatctgcact tgaacaggtt gaaaccigag gacacggeca ctiattattg fgecageeggt 300
agtgtacaac acatggcgaa tgagaatgag tatgictatt ggggcecaggg gaccecaggic 360
éécgtctc‘:ca gcggccgccé ccaccatcac catcactaat ag 402
25 <210> 7
<211> 405
<212> DNA
<213> Lama glama
<400> 7 |
30 atggctgagg tccagcetgea ggcgictggg ggaggatitg ticaacctgg gggetctctg 80
aglctctect gtgeegictc tggacgceagce ticggtgacg atgtcaiggg ctggticege 120

caggciccag ggaaggagcg tgaattigta {cagctatia ggttcaggag taacagecca 180
ttitatggceg accecgggaa gggecgatic accategeca gagacagege caaggacacg 240
gtgtatctge acatgtaceg cctgagacct gacgacacgg ccgtatatia ctgtgecgta 300
35 ggagatggty ccctigigaa tegegegice gactatacgt actggggceca gaggacecag 360



43 Gy Asp Ser Leu Thr Leu Ser Cys Ala Ala Ser Gy Arg Thr Phe Ser 202530
@y Tyr Val val Ay Trp Phe Arg Gn Ala Pro Ay Ala Qu Arg Gu 354045 5
Phe Val Gy Ala lle Arg Trp Ser Gu Asp Sen Thr Trp Tyr Gy Asp 505560 Ser
Met Lys Gy Arg lle Leu lle Ser Arg Asn Asn Ile Lys Asn Thr 65 70 75 80 Val
Asn Leu A n Met Phe Asn Leu Lys Pro Gu Asp Thr Ala Val Tyr 10859095 Val

Cys Ala Thr Ser Tyr 10 5110 Asn
Tyr lip ébgca%%mé%g?ﬁpcggcéééi%‘:@rc"‘\_%at%elﬁ agéérb Ser Ay Pro 115420125 15
Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val G n 130135140
Leu Gn Aagergdy Ay Gy Leu Ala Gn Ala Gy Asp Ser Leu Thr 145 150 155
160 Leu Ser Cys Ala Ala Ser Ay Arg Thr Phe Ser Ay Tyr Val Val Qy
2016517017817 flthe Arg Gn Ala Pro Gy Ala Gu Arg Gu Phe Val Gy Ala lle
180185890 <Afg> TnRASer A u Asp Ser Thr Tip Tyr Ay Asp Ser Met Lys Ay Arg

195200205 5? Ile Leu, 1le Ser Arg Asn Asn Ile Lys Asn Thr Val Asn Leu G n
Vet <2713> Lama glama

<400> 8
atggctgatg igcagetgea ggegictogg ggagottigg cgcaggetgg ggaciciciy 60
acacfictcct gtgecagectc tggacgeace ttcagtggtt atgtegtogg ctggtteege 120
10 caggctccag gggcggagceg fgagttigia ggagctatta gatggtcaga agatagcada 180
‘tggtatggag actccatgaa gggcecgaatt ctcatctcca gaaacaatat caagaacacg 240
gtgaatctge aaatgticaa tctaaaacct gaagacacgg cegtgtacgt cigtgeagea 300
0gggccgagg atatagigac tacigagact icttataatt actggggeeg ggggacccag 360
gicacegtct cotcacgegg cegecaccac cafcaccaic actaatag 408

15
<210> 8
<211> 266
<212> PRT
<213> Lama glama
20 <400> 9
Met Ala Asp Val GIn Leu Gin Ala Ser Gly Gly Gly Phe Val Gin Pro
1 5 10 _ 15
Gly Gly Ser Leu Ser Leu Ser Cys Ala Val Ser Gly Arg Ser Phe Gly
20 - 25 30
25 Asp Asp Val Met Gly Trp Phe Arg Gin Ala Pro Gly Lys Giu Arg Glu
35 40 45 ‘
Phe Val Ser Ala lle Arg Phe Arg Ser Asn Ser Pro Phe Tyr Gly Asp
50 55 60
Pro Gly' Lys Gly Arg Phe Thr lie Ala Arg Asp Ser Ala Lys Asp Thr
30 85 70 75 : 80
Val Tyr Leu His Met Tyr Arg Leu Arg Pro Asp Asp Thr Ala Val Tyr
85 20 85
Tyr Cys Ala Val Gly Asp Gly Ala Leu Val Asn Arg Ala Ser Asp Tyr
100 105 110
35



210215220 Phe Asn Leu Lys Pro Qu Asp Thr Ala Val Tyr Val Cys Ala Ala Ay
225 230 235 240 Ala Ay Asp Ile val Thr Thr AQu Thr Ser Tyr Asn Tyr Trp Gy
Arg 30245250255 @y Thr G n Val Thr Val Segr; Ser Arg Gy Arg 260265 <210> 12
35 <211> 270 44 <212> PRT <213> Lama gl ana <400> 12 Met Ala Asp Val Gn
Leu Gn Ala Ser Ay Sly Ay Leu Val Gn Ala 5 151015 Sly Asp Ser Leu Arg

Leu S Sly Trp Phe Ar

& A oy oL TR O ST @'@*"Sﬁé‘f‘t)‘ V%E%sﬁ%éﬁég YRS val " ser "aly ser
Sly Ay Ser Lys 1T§//I‘ Tyr Gly As Oser val 50556@95G n Sly Arg Phe Thr 1le Ser
Lys Asp AsprAhe Py Préfig Fié S&IPrd Ber8ih/Bro/Pri38etAth FaNGMet Asn Asn Leu Lys

Pro Gu Asp wé Al a Val Tyr gr Cys 1585909"?40
5 Leu Gin Ala Ser Gly Gly Gly Phe Val Gin Pro Gly Gly Ser Leu Ser
145 ' 150 155 160
Leu Ser Cys Ala Val Ser Gly Arg Ser Phe Gly Asp Asp Val Met Gly
165 170 175
Trp Phe Arg Gin Ala Pro Gly Lys Glu Arg Glu Phe Val Ser Ala lle
10 180 : 185 190
Arg Phe Arg Ser Asn Ser Pro Phe Tyr Gly Asp Pro Gly Lys Gly Arg
195 200 205
Phe Thr lle Ala Arg Asp Ser Ala Lys Asp Thr Val Tyr Leu His Met
210 215 220
15 Tyr Arg Leu Arg Pro Asp Asp Thr Ala Val Tyr Tyr Cys Ala Val Gly
225 230 235 - 240
Asp Gly Ala Leu Val Asn Arg Ala Ser Asp Tyr Thr Tyr Trp Gly Gin
245" 250 255
Gly Thr GIn Val Thr Val Ser Ser Gly Arg
20 260 265

<210> 10
<211> 264
- <212> PRT

25 <213> Lama glama

<400> 10

Met Ala Asp Val Gin Leu Gin Ala Ser Gly Gly Gly Phe Val Gin Pro

1 : 5 10 - 15

Gly Asp' Ser Leu Ser Leu Ser Cys Ala Ala Ser Gly Gly Thr Phe Ser
30 20 25 30

Ser Tyr Ser {le Gly Trp Phe Arg Gin Gly Pro Gly Lys Glu Arg Glu

35 40 45
Phe Val Ala Thr lle Ser Ser Ser Asp Ser Pro Trp Tyr Gly Glu Pro
50 55 60

35



)

" Ala Val Arg Arg Thr Tyr Ser Qy Ser Asn Leu Trp Hs Arg Ser Asp 100105110

Gu Tyr Asp Ser Trp SIly Pro Ay Thr G n Val Thr Val Ser Ser Ser 115120125
20 Sly Pro Ser Thr Pro Pro Arg Pro Ser Pra.2Ser Thr Pro Pro Ser Asp 130
'135140 Val G n Leu Gn Ala Ser Sly SIy Sly Leu Val Gn Ala Sty Asp Ser 145
150 155 160 Leu Arg Leu Ser Cys Val G n Ser SIy Pro Sty Arg Tyr Sly Val Sty

251651701 he Val Ala Al a Val
18018519(%% %GQ’h @g% % %PVél !aPA%,\%}%} g?ﬁggﬁ@‘g Val Gn dy Arg
195200205530 Phe Thr Ile §er Lys Asp Asg oAl a Lys Asn Th&O Val Tyr Leu G n

Met 2102 ﬁgé@enﬁﬂfb !féﬁABﬁ‘;‘\r?l@u'ﬁ% RoGAPRsE "rﬁnrﬂlﬁ}(ﬁwﬁm Tyr Cys Ala Val
Arg 225 230 235 240 A Tyr “Ser Slé Ser Asn is Arg Ser Asp Qu

Tyr Asp 35245250255 Ser Trp Ay Gy Thr Gn ‘%’I Thr Val Ser Ser Gy
Arg 26926899 Wéﬂﬂaoeiylgeﬁ\lé%w-lé@\ﬂé‘?AQ?AQR'Giu Asn Glu Tyr Val

100 ‘ 105 110
Tyr Trp Gly Gin Gly Thr GIn Val Thr Val-Ser Ser Ser Gly Pro Ser
115 120 125
Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val Gin Leu
10 130 135 140
Gin Ala Ser Gly Gly Gly Phe Val GIn Pro Gly Asp Ser Leu Ser Leu
145 _ 150 1565 160
Ser Cys Ala Ala Ser Gly Gly Thr Phe Ser Ser Tyr Ser fie Gly Trp
165 170 175
15 Phe Arg Gin Gly Pro Gly Lys Glu Arg Giu Phe Val Ala Thr lie Ser
| 180 185 190
Ser Ser Asp Ser Pro Trp Tyr Gly Glu Pro Ala Lys Gly Arg Phe Thr
185 200 205
Val Ala Arg Val Asn Ala Lys Asn Thr Ala Tyr Leu His Leu Asn Arg
20 210 215 220
Leulys Pro Gtu Asp Thr Ala Thr Tyr Tyr Cys Ala Ala Gly Ser Val
225 230 235 240
Gin His Met Ala Asn Giu Asn Glu Tyr Val Tyr Trp Gly Gin Gly Thr
_ 245 250 255
25 Gin Val Thr Val Ser Ser Gly Arg
260

<210> 11
<211> 267
30 <212> PRT
<213> Lama glama
<400> 11
Met Ala Asp Val GIn Leu Gin Ala Ser Gly Gly Gly Leu Ala Gin Ala
1 5 . 10 15



<213> Honp sapi ens <400> 13 Ser Ay Pro Ser Thr Pro Pro Arg Pro Ser Pro Ser
Thr Pro Pro Ser 10 151015 <210> 14 <211> 23 <212> DNA 15 <213> Artificial
<220> <223> VHH anplification prinmer <400314 gtcctggctg ctcttctaca agg23
20 <210> 15 <211> 23 <212> DNA <213> Artificial 25 <220> <223>.prinmer to
anplify VHH <400> 15 ggtacgtgct gttgaactgt tcc23 30 <210> 16 <211> 65 <212>

DNA <213>Gfy Ak et 8bu ¢ Q2u0er@rSRIPAISEr &) ARPITh Ph¥dér
20 25 30
Gly Tyr Val Val Gly Trp Phe Arg Gin Ala Pro Gly Ala Glu Arg Glu
35 40 45
5 Phe Val Gly Ala lle Arg Trp Ser Glu Asp Ser Thr Trp Tyr Gly Asp
50 55 60
Ser Met Lys Gly Arg lle Leu lle Ser Arg Asn Asn lie Lys Asn Thr
65 70 75 - 80
Val Asn Leu Gin Met Phe Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr
10 85 20 25
Val Cys Ala Ala Gly Ala Gly Asp lie Val Thr Thr Giu Thr Ser Tyr
100 105 110
C Asn Tyr Trp Gly Arg Gly Thr Gin Val Thr Val Ser Ser Ser Gly Pro
- 115 120 125
15  Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp Val Gin
130 135 140
Leu Gin Ala Ser Gly Gly Gly Leu Ala Gin Ala Gly Asp Ser Leu Thr
145 _ 150 155 160
Leu Ser Cys Ala Ala Ser Gly Arg Thr Phe Ser Gly Tyr Val Val Gly
20 165 170 175
Trp Phe Arg Gin Ala Pro Gly Ala Glu Arg Glu Phe Val Gly Ala lle
180 185 180
Arg Trp Ser Glu Asp Ser Thr Trp Tyr Gly Asp Ser Met Lys Gly Arg
185 200 205
25 lle Leu lle Ser Arg Asn Asn lie Lys Asn Thr Val Asn Leu Gin Met
210 215 220
Phe Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr Val Cys Ala Ala Gly
225 230 235 240
Ala Gly 'Asp lie Val Thr Thr Glu Thr Ser Tyr Asn Tyr Trp Gly Arg
30 245 250 255
Gly Thr Gin Val Thr Val Ser Ser Arg Gly Arg
260 265

<210> 12
35 <211> 270



46 <400> 16 aacat gccat gactcgcggc tcaaccggcc atggctgakg tbcagctgca
ggcgtctggr 60 ggaggb5 5 <210> 17 <211> 53 <212> DNA <213> Artificial <220>
10 <223> prinmer to anplify VHH <400> 17 aytattattc agattattag tgcggccgceg
t gaggagacg gt gaccwggg tcch53 <210> 18 15 <211> 33 <212> DNA <213> Artifici al
<220> <223> prinmer to incorporate restriction sites 20 <400> 18 ggctgakgth
cagct gcaqgy @4t siEgar 99 agg33 <210> 19 <211> 51 25 <212> DNA <213> Artificial
<220> <223> prinmer to incorporate restriction sites <400> 19 30 gttattatta
t t cagat t af23&gt-gegg@amgct ggagagt gaccwgggtc c51

<400> 12

Met Ala Asp Val Gin Leu Gin Ala Ser Gly Gly Gly Leu Val Gin Ala
5 1 - 5 : 10 .15
Gly Asp Ser Leu Arg Leu Ser Cys Val Gin Ser Gly Pro Gly Arg Tyr
20 _ 25 - 30
Gly Vai Gly Trp Phe Arg Gin Ala Pro Gly Lys Giu Arg Glu Phe Val
35 40 45
10 Ala Ala Val Ser Gly Ser Gly Gly Ser Lys Tyr Tyr Gly Asp Ser Val
50 55 . 80
Gin Gly Arg Phe Thr lie Ser Lys Asp Asp Ala Lys Asn Thr Val Tyr
85 70 75 80
Leu Gin Met Asn Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys
15 85 90 95
Ala Val Arg Arg Thr Tyr Ser Gly Ser Asn Leu Trp His Arg Ser Asp
100 105 110
Glu Tyr Asp Ser Trp Gly Pro Gly Thr Gin Val Thr Val Ser Ser Ser
115 120 125
20 Gly Pro Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser Asp
130 135 140
Val Gin Leu Gin Ala Ser Gly Gly Gly Leu Val Gin Ala Gly Asp Ser
145 150 155 160
L eu Arg Leu Ser Cys Val Gin Ser Gly Pro Gly Arg Tyr Gly Val Gly
25 185 170 175
Trp Phe Arg Gin Ala Pro Gly Lys Giu Arg Glu Phe Val Ala Ala Vai
180 185 190
Ser Gly Ser Gly Gly Ser Lys Tyr Tyr Gly Asp Ser Val Gin Gly Arg
195 200 205
30 Phe Thr lle Ser Lys Asp Asp Ala Lys Asn Thr Val Tyr Leu Gin Met
210 215 220 .
Asn Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala Val Arg
225 230 235 240
Arg Thr Tyr Ser Gly Ser Asn Leu Trp His Arg Ser Asp Glu Tyr Asp
35 245 250 255



' <210> 20 <211> 48 <212> DNA 35 <213> Artificial 47 <220> <223> primer to

anplify di mer sequences <400> 20 ctcgcggccc agccggccat ggcggatgtg

cagcttcagg cgtctggg48 5 <210> 21 <211> 46 12> DNA <213> Artificial 10

<220> <223> primer to anplify diner sequer§F es <400> 21 gcattggttc

tgcagttgca catctgacgg cggggt ggac ggagac46 15 <210> 22 <211> 43 <212> DNA

ctg4a <2108 5P CHRD'SY 315D W DEPoHe S5 BRPREPY cocom 000 Auacostoac

260 265 270

<210> 13
5 <211> 16
<212> PRT
<213> Homo sapiens
<400> 13
Ser Gly Pro Ser Thr Pro Pro Arg Pro Ser Pro Ser Thr Pro Pro Ser
10 1 5 10 15

<210> 14
<211> 23
<212> DNA
15 <213> Artificial
<220>
<223> VHH amplification primer
<400> 14
gtectggetg cictictaca agg 23
.20
<210> 15
<211> 23
<212> DNA
<213> Ariificial
25 <220>
<223> primer to amplify VHH
<400> 15
gotacgtget gttgaactgt tcc 23

30 <210> 16
<211> 65
<212> DNA
<213> Artificial
<220>
35 <223> primer to amplify VHH



' <220> <223> prinmer to anplify VHF-!

3B2 protein <400> 23 gattggatcc ta

ggctgat gtgcagctge30 30 <210> 24 <211> 29 <212> DNA 35 <213> Artificial

<220> <223> prinmer to anplify VHH3B2 protdisn <400> 24 cgtatctaga gcggccgegt
gaggagacg29

10

15

20

25

30

35

<400> 16
aacatgccat gactegegge tcaaccggec atggcetgakg tbeagetgea ggcgtc’tggr
ggagg 65

<210> 17

<211> 53

<212> DNA

<213> Arificial

<220>

<223> primer to amplify VHH

<400> 17

atiattatic agatiatiag tgcggccgcg tgaggagacyg gigaccwgag fec 53

<210> 18

<211> 33

<212> DNA

<213> Artificial

<220>

<223> primer to incorporate restriction sites
<400> 18

gactgakgtb cagcetgeagg cgiciggrag agg 33

<210> 19

<211> 51

<212> DNA

<213> Artificial

<220> .

<223> primer to incorporate restriction sites

<400> 19

gttattatta ttcagattat tagtgcggece getggagagt gacewgggic ¢ 51

<210> 20
<211> 48
<212> DNA
<213> Artificial

80



10

15

20

25

30

35

47

<220>
<223> primer to amplify dimer sequences
<400> 20

ctegeggecce agecggecat ggeggatgtg cagcticagg coteiggg

<210> 21

<211> 46

<212> DNA

<213> Artificial

<220> )

<223> primer to amplify dimer sequences

<400> 21 |

gcattggtic igcagtigea catctgacog cggggtggac ggagac

<210> 22

<211> 43

<212> DNA

<213> Homo sapiens
<400> 22

gecgeggegg ggtagacggg cecgatgagg agacggtgac cig

<210> 23

<211> 30

<212> DNA

<213> Artificial

<220> |

<223> primer to amplify VHH 3B2 protein
<400> 23

gcttggatcc tatggctgat gtgcagoeige

<210> 24

<211> 29

<212> DNA

<213> Artificial

<220>

<223> primer to amplify VHH3B2 protein
<400> 24

cgtatctaga geggeegegt gaggagacg

48

46

43

30

29



