WO 03/ 064475 PCT/ NZ03/ 00010 1 NOVEL MONOCLONAL ANTI BODY AND NEMATODE
LARVAL ANTI GENS Technical Field The present invention relates to a

nonocl onawoOanbsdaesly and nenat ode | arval antigens. | n par PCTINZas/oache
present invention relates to a nonocl onal antibody specific for 5 surface
antigens on third stage |larvae (L3) of parasitic nematodes. Background Art
The infestations by nemat ode parasiteslof animals such as sheep and cattle
are of economc inportance to those in the agriculture industry.

Tr adi t i onaNOWEINRIGN OGEON Al ANTIBOING ANT2 BiEMATNEHLAR Ade AATHG ration
of anthelmntics. 10 However, a major drawback with conventi onal
anthelmntics is that nematode resistance to a broad spectrum of

ant hel mi nt TechniealMéeldbecomi ng i ncreasingly nore w despread and is
therefore of serious concern (Waller, 1997; Sangster et al, 1999; Van Wk

et al, 1999) A nunmber of chani sns have.been proposed, to.expl.ai.n ul sion
of nemat od&8e PrEseIt ﬁ’b‘fﬁ“flﬂ%g%?ﬁte%?[?ﬂ’é’nﬂ O?qlrﬁﬂﬁléod&‘?@ &e{rﬁ&dﬁ\}\%rlvgl %@lﬁ(pThere

nyper Seni 1) PREOREdib et GRP Rl sRYERTE <« afofap BRGRY pectie for

hyper sensi ni'c strmu ion o sensitised

mucosal . mast ga]%glfl%tz%elnggg%i&pﬁtg%mgwfg,g'gglg Af nesyRgtances in nucus which

may af f5ectSUH surviva mery et al 1997).
Anti - nemat ode properties of nucus include the presence of chem cal 20

medi at or s gggg%uﬁgpﬁlt 1983; Jones et al 1990) and antibody (Lee & Qgilvie
1981; M ; rlisle et al 1991). Recently, the present inventors

showed that intestinal nucus obtained from sheep i munised by nmultiple
truncated iraé estétansns Boubdatatié @arasite ofoarimbalspaich exsrshoép lad vaitle are of
establishnment after infusion of a mxture of I|arvae and mucus into the
duodenum oéconainie impaitgicerid thdvecip thélagricwmme étduatry.1 ggegitionally, nematode

infection has been treated by the administration of anthelmintics.

10 However, a major drawback with conventional anthelmintics is that nematode
resistance to a broad spectrum of anthelmintics is now becoming increasingly more
widespread and is therefore of serious concern (Waller, 1997; Sangster et al, 1999;

Van Wyk et al, 1999)

A number of mechanisms have been proposed to explain expulsion of nematodes
15 from the intestine of immune sheep (Rothwell 1989). There is evidence for the
involvement of elements of an immediate hypersensitivity response, where antigenic
stimulation of IgE-sensitised mucosal mast cells leads to an accumulation of
substances in mucus which may affect nematode survival (Miller 1996; Emery et al
1997).  Anti-nematode properties of mucus include the presence of chemical
920 mediators (Douch et al 1983; Jones et al 1990) and antibody (Lee & Ogilvie 1981,
Miller 1987; Carlisle et al 1991). Recently, the present inventors showed that
intestinal mucus obtained from sheep immunised by multiple truncated infections
could alter the normal pattern of larval establishment after infusion of a mixture of

larvae and mucus into the duodenum of naive recipient sheep (Harrison et al 1999).



WO 03/ 064475 PCT/ NZ03/ 00010 2 Mucus collected fromthe small intestine of
sheep imune to the parasitic nematode Trichostrongylus colubriform s was
found to wews/oenrs -| arval activity, causing larvae to cl eep/Nz2e3vexeo and
resulting in significant reduction of nunbers of |arvae establishing in
nai ve sheep after infusion of |arvae and nucus via a duodenal cannula. 5

| mmunobl otting showed t'hat i mune nucu€ contained | gG and | gA anti bodi es
that recogmicseebllected dranm siet dnyalhimtestiné g sheap tilnmame ¢ thenperasiticmémaader

wei ght of 35 kDa. Antibodies eluted fromthe surface of |arvae incubated
in i mune Tricwstrahsdus eddrédrmisivas fowel Bshaypantirdaivalesctivity btagsiagdtrvpar val
honobgenat e. | mmunof | uorescence_and_ i mmunogol d el ectron m croscopy showed
that the 3% RiDapamt ijen sws rppubiingnin signilicany ge@tiont ol pambers 8t dwya%as shed
during the moult to L4. The apti.gen, was. not present in .eggs,, L1, L2, L4 or
adul t wor nestabhighig & %Y@S@éﬁﬁft?rn‘ggﬂqnfill*gvﬁﬁaP“I‘_ism‘b%‘Is&‘aea ﬁ%&%&%lic(%ﬂul%nd up to
5 days after infection. The results. suggest that the binding of antibody
to the | arval rf.ace prevented |arv I , i,shi . '

pref er %ed Re ?OSOE%F 4§ ﬁ]égw?ciﬁ‘r# {8 mpes gﬁ%ﬁg ﬁ(gl e@% ?génaﬁ ﬁelggnat%tgg{x{ﬂgge.{hat

| muni sati gn_of. i i . i £ i nesul ted in
a signifi cl(;ag:r(i?gnrlsee 3%?(?05[}{1“1 %1?132%{;L‘ggﬁﬁ&‘ﬁgﬁ%ﬁ“ﬁ]&f‘prgﬁgﬁc@%‘% Egvlm]lt tg E @'Sl'.m'

col ubri f Orﬁhﬁbodiﬁfkcgl&t@& igReh HREuREEHM hihe Habatbd 858nAind Mususdid @efted N A
vacci ne. A nonocl onal anti body designated PAB-1 was prepared against the

| arval sur{af&he 38tIHGE Bati PBBtsl o Ny e genaels Iamiinddidyrebenbe et ogni sed
the 35 kDa T. 20 colubritorms larval antigen and also cross reacted with

an anti genimdusdgald eectron mtuwbsopywhapdd that tht 85 &Dafantiderewis aesentoh thhe
parasiti c nemat odes Haenonchus contortus and Ostertagia circuntincta; and
wth d®2 etz ofgehawhwhs sited dofing She mouli tpelhd Ehe pritgea vVBMOHPCSBYER | a
curticei and Nematodirus spathiger. This indicated that a connmpn surface
anti gen wi eggsi ki, $idry ngﬁe’mnnmanms PRbsERR i pxtEACkedt L3 before infection

and up to 5 days after infection. The results suggest that the binding of antibody to
the larval surface prevented larvae from establishing at their preferred site, causing
them to be eliminated from the intestine. Immunisation of sheep with partially
15  purified 35 kDa antigen resulted in a significant reduction of egg count following
challenge with T. colubriformis, indicating the potential usefulness of this antigen in a

vaccine.

A monoclonal antibody designated PAB-1 was prepared against the larval surface
antigen. MAb PAB-1 and sheep mucus antibody both recognised the 35 kDa T.
20  colubriformis larval antigen and also cross reacted with an antigen of similar
molecular weight on blots of L3 extracts of the parasitic nematodes Haemonchus
contortus and Ostertagia circumcincta;, and with a 22 kDa antigen on blots of L3
antigens extracted from Cooperia curticei and Nematodirus spathiger. This indicated
that a common surface antigen with immunising potential was present on other
25  nematode species and could be identified by mAb PAB-1. The 35 kDa larval antigen
and related molecules are likely to be novel targets for host immunity and can thus be

utilised in a vaccine or other immunotherapy against nematode infections.



25 nemat ode species and could be identified by mAb PAB-1. The 35 kDa | arval
antigen and related nolecules are likely to be novel targets for host

i mmuni ty wod3oes7i hus be wutilised in a vaccine or other PeRINTOShEapy

agai nst nemat ode infections. WO 03/064475 PCT/ NZ03/ 00010 3 Monocl ona

anti body PAB-1 can be used to imunopurify the surface antigen by standard
affinity chromatography techni ques. Mrclonal antibody PAB-1 coupled to a
sol i d phas¥ swplooat agiteldy #ABdacanses osedsephamosepubiinds suréacs umfigere baint i gen

froma crude extract of U The surface antigen can be eluted fromthe

ant i body nefendard afimiy dhramdtegvaplly elrigiesaMipnonions angbedy BaBsh eawpleditPy pur e

by SDS PAGE. The surface antigen purified in this manner is, detected by

i munobl ot #isAEd RYaserePPAk SuH 2nAgERE\T SEPREOSerRiSethesRiaceAIigeR AToBR 25t ai ned

Y1 At e morbie rese oL Thn Tk SRS e ik d R iR Alhag iy S8 9°" an
tructue. This i the .antigen is.resist Lgest 10
or ot oi rhee PR RET WF ShiT Bk S8R hERNE R DR A T RuPe 1P .

does stainypg .eémuﬁ:ﬁfeﬁ(?€¥fq§a gfagn&tiélid gtg{g]g%ﬁfggluggblbﬁﬁg:Jﬁgﬁi{sﬁ"é%ﬁﬁfﬂb‘agy%it ge

| abel ling re S suc Iotin- Accor PAB-

useful in kdantih¥hdGuaRtnl 204 B LiBBel B ntddReSed RPHER M @Fbol§HateapENt
into a vaccine or other immunotherapy agai nst nemat ode 5 infections.

Serum and intestinal mucus fromsheep infected with T. colubriforms

contains antisbadya lahal afitgeagnt selatedhtoldduldae kaowalto antd gpredaminanelyat ed
nol ecul es. Accordingly, as the presence of antibody to the |arval antigen
i ndi cat es expolsyirate t @ructuee. paflasiis ehecBe nibn owitigenalis aedisthmdio RidBstionmby be
useful as a diagnostic tool for the identification of infected animals.

Al 'l refkr epmgsinaseni§] detisrpt stajn pagelsticcated widk eensitisdrpiein ploins; dedstdinin this
speci Tl cat Ivv(i)trI]) carbohydrate stains and can be labelled with carbohydrate labelling reagents such

as biotin-hydrazide.

Accordingly, mAb PAB-1 may be useful in identifying and isolating the surface
antigen for development into a vaccine or other immunotherapy against nematode

15  infections.

Serum and intestinal mucus from sheep infected with T. colubriformis contains
anfibody that recognises the 35 kDa larval antigen and related molecules. Accordingly,
as the presence of antibody to the larval antigen indicates exposure to the parasite,
20  monoclonal antibody PAB-1 may be useful as a diagnostic tool for the identification

of infected animals.

All references, including any patents or patent applications, cited in this specification
are hereby incorporated by reference. No admission is made that any reference
25  constitutes prior art. The discussion of the references states what their authors assert,
and the applicants reserve the right to challenge the accuracy and pertinency of the

cited documents. It will be clearly understood that, although a number of prior art



are hereby incorporated by reference. No adm ssion is made that any
reference 25 constitutes prior art. The discussion of the references

st at es WD oBloeidrs aut hors assert, and the applicants reserrca/NAgoodight to
chal | enge the accuracy and pertinency of the cited docunents. It will be
clearly understood that, although a nunber of prior art WO 03/ 064475

PCT/ Nz03/ 00010 4 publications are refdrred to herein, this reference does

not const i ublieaidhsagléteFedréatotiRadin, thisYefbfentd @S ndocstEtitsat afnissipatiat of t he
common general know edge in the art, in New Zealand or in any other
country. Saiynaf theof dbouwemts fonm$ pAt odrtbé ngminonagehenak knawlpdgs inothe tante ipr esent
invention there is provided an isolated nonoclonal antibody mAb PAB-1,
deposi t ed NewAEa@ndor fanyaiberropu®@02 and accorded accessi on PTA- 4005,

whi ch binds to a surface antigen on nematode U According to a second
aspect of the present invention there is provided an isolated nonoclonal
ant i body aSummryiobdavetione wherein the antibody binds to an antigen 10
sourced from T.colubriforinis L3, wherein in said antigen runs at

b i all 5kDa SDS PA | ducj . di.ti g di
Co a (I raSSSRE Br 2 AHE PPetert P e S PREY SR AR AT iR g
| L artih . b ; . .
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surface an%c{c%ﬁ%g%g%eggigﬂ Eg'éF@OOWh% Hil?]tgb;;to AlsuHRsiRBLA 8h honABd&kDa and  at

substanti a PAGE gel u r reducing conditions; b) a surface
antigen on N. spathiger which runs at substantially 22kDa on SDS PAGE gel

under redugifgdmendid seosd ag‘ﬁecﬁoﬁﬂfef eRnfiiveston tierdiscmovided us ivdlated runs
at substantially 35kDa on 0 SDS PACGE gel under reducing conditions; and
monoclonal antibody as described above wherein the antibody binds to an antigen
10  sourced from T.colubriformis 1.3, wherein in said antigen runs at substantially 35kDa

on SDS PAGE gel under reducing conditions.

According to a third aspect of the present invention there is provided an isolated
monoclonal antibody as described above wherein the antibody binds to surface

antigens on L3 selected from the group consisting of:

15 a) a surface antigen on C.curticei which runs at substantially 46 kDa and

at substantially 22kDa on SDS PAGE gel under reducing conditions;

b) a surface antigen on N.spathiger which runs at substantially 22kDa on

SDS PAGE gel under reducing conditions;

¢) a surface antigen on H.contortus which runs at substantially 35kDa on

20 SDS PAGE gel under reducing conditions; and

d) a surface antigen on O.circumcincta which runs at substantially 35-

39kDa on SDS PAGE gel under reducing conditions;

e) a surface antigen on T.axei or T.vitrinus which runs at substantially



d) a surface antigen on O circuntincta which runs at substantially 35-
39kDa on SDS PACE gel under reducing conditions; e) a surface antigen on

T. axei orwo.mi0b447hus whi ch runs at substantially WO 03/ 062&TBNZ03/00010

PCT/ NzZ03/ 00010 5 35kDa on SDS PAGE gel under reducing conditions; f) a
surface antigen on O ostertagi which runs at substantially 30-45 kDa on
SDS PAGE gel under reducing conditions® g) a surface antigen on C. oncophera
whi ch runs at subst aBikld ¢1ySDRO BAWE g&l wder raduanhednditidnal | y 45 kDa on SDS
PAGE gel under reducing conditions; h) a surface antigen on N. brasiliensis
whi ch runs at substantially 9 kDA and at substantially 12 kDa on SDS PAGE
gel under reducind) @8wdiceiaptgen QIDQQSfeéifa@UWfl&éé“%‘t‘tlS@bﬁa@%ﬁllm3@c45e1?1?? whi ch
runs at substantially 30 kDa on = SDS PAGE gel under reducing conditions.
According to a fourtft aRSdACE el yepredueifg coMlidNS on there is provided an
i sol ated nonoclonal antibody as described above wher e| n the anti body when

| ed i b d f
by Pununo-ar i 1 £ 18R R G biieobRior B Ratso¥ SpRRRHICAERE or °Fe
e ems rvent 1 on © oSl of SuBLANIART 43DbE U sH FaRGE géidﬁﬁ&e? RtdiAce

antigen froma nemato erern e antigen bin nonoc

anti body mAb PAB 1, dep@sidsed at ATCC on 24 January 2002 and accorded
accessi on PTA-4005. 20 Most preferably said antigen also resists boiling in
1 M NaOH. According to a sixth aspect of the present invention there is
provided an i sol atigda surface antigen on N.brasiliensis which runs at substantially 9 kDA

and at substantially 12 kDa on SDS PAGE gel under reducing

conditions;

10 i) a surface antigen on D.eckerti which runs at substantially 30 kDa on

SDS PAGE gel under reducing conditions.

According to a fourth aspect of the present invention there is provided an isolated
monoclonal antibody as described above wherein the antibody when coupled to a
solid support can be utilised to purify the surface antigen by immuno-affinity

15  chromatography.

According to a fifth aspect of the present invention there is provided an isolated
carbohydrate surface antigen from a nematode L3, wherein the antigen binds to
monoclonal antibody mAb PAB1, deposited at ATCC on 24 January 2002 and
accorded accession PTA-4005.

20  Most preferably said antigen also resists boiling in 1 M NaOH.

According to a sixth aspect of the present invention there is provided an isolated
antigen substantially as described above wherein the antigen runs at substantially
between 20-35 kDa or at substantially 9 kDa and 12 kDa on SDS PAGE gel under

reducing conditions.



antigen substantially as descri bed above wherein the antigen runs at
substantially between 20-35 kDa or at substantially 9 kDa and 12 kDa on
SDS PACE welosoades reduci ng conditions. WO 03/ 064475 PCTPRIONZOGO@10 6
According to a seventh aspect of the present invention there is provided an
isolated antigen substantially as described above wherein the antigen is
sourced from T. colubrifornis U AccoPdi ng to an eighth aspect of the
present i nAentrdiog to hesewerith agpeot/piithe Riesent bivantéan thereaif tprejddedsybiokated al |y as
descri bed above wherein the antigen is sourced from, 6 nematode L3 isol ated
from the digpn cowmsiestiallyy abfdescrilied: poqsie, Weredth 4he apiigen 1§y 3YFRedr 108

O circuincincta, T.axei, T.vitrinus, QO ostertagi, C oncophera, N

br asi | i ensi-goufifoynisdekerti. According to a ninth aspect of the present
invention there is provided a conposition 10 that conprises an antigen

bstanti al | I, b her . Wik h, j
ot or nar | i eabags an S ARG Sp TR, Yehdu g B AR W Rl o
Subst a1 PO RARANERE ARoRTLARE MISHHT S iy 38 KRR fom ¢

preventi ngneﬂ%e{t&?é 70, isAhted CHGGT B (AGupS WORGRIIZDIOET EX-uktei, NBTBALRger,
i nfection. According to an el eventh aspect of the present invention

there is prQYLERGs! N®.Ls&mlincda, CONRESI (T AR IBIPSIGRkRddiy TSomtepberiaped
above for preventing, treating, or reducing the susceptibility to,
nemat ode i Nfiegiilionis anddlscepi.i bl e sheep from nemat odes selected fromthe
group consisting of T. colubrifornzis, C curticei, N spathiger,
H contortus, OQwcircuntincta T.axei, T.vitrinus, O ostertagi, C oncophera,
N. br asi | i eAsésdiagdo axonth, aspdcsof the pesent éivaatienthare wereideds peapogion he
present invention there is provided a_conposition .

10  that comprises an antigen substantially as described above together with a

pharmaceutically or veterinarily acceptable carrier or diluent.

According to a tenth aspect of the present invention there is provided the use of an
antigen substantially as described above in the manufacture of a composition for

preventing, treating, or reducing the susceptibility to, nematode infection.

15  According to an eleventh aspect of the present invention there is provided the use of a
composition substantially as described above for preventing, treating, or reducing the
susceptibility to, nematode infection in susceptible sheep from nematodes selected
from the group consisting of T.colubriformis, C.curticei, N.spathiger, H.contortus,
O.circumcincta T.axei, T.vitrinus, O.ostertagi, C.oncophera, N.brasiliensis and

20  D.eckerti.

According to a twelfth aspect of the present invention there is provided a composition
substantially as described above for preventing, treating, or reducing the susceptibility
to, nematode infestation in susceptible animals other than sheep wherein these other
species of nematodes also possess a larval surface antigen identified by reaction with

25  monoclonal antibody PAB-1 as described above.



substantially as descri bed above for preventing, treating, or reducing the
susceptibility to, nematode infestation in susceptible aninmals other than
sheep wheweim/o643ese ot her species of nemat odes al SO poss@€I/NroBaoorel
surface antigen identified by reaction with 25 nonoclonal antibody PAB-1
as descri bed above. WD 03/064475 PCT/ NZ03/ 00010 7 Preferably, these other
animals, may be any aninals susceptibl € to nematode infection as a
foresai d, Brederatly, theesl atber amirods, majt lsg, anyanireals pusgsptible lbndansgtodgoafestios heep,
horses, pigs, dogs, cats, chickens, cattle, deer or the like. According to
a thi rteen@ﬂqaai@q@@@d o1d may inpledeamice; faise BUINGA Digse FAbDILS, gnatsy Sliren, Aorsss,
conposition substantially as descri bech? ahove wherein the conposition al so
i ncl udes aPigs)dogstcabmehighgngeatie. 6ser & tsise. According to a fourteenth
aspect of the present invention there is provided a nethod of diagnosing

d f i bl
Cbrai e ! Refditind"a T PHRCERE. nfer W Y BrkB i Rhah (e Pk BRRRRLE) o 1 or
the pr %eng%m&tsm %&M;@@ ag%%g&fb%d aﬂ&egv@}e&&ﬁ S coql&p%gfd pea?sm hAg 4 hird

aspect of |nven I"on via a suit e assay erably, the assay

may be an E'aét%e%u‘()@ﬁtt&r gtop Rtting assay although this should not be seen
as limting as oth er types of assay are envisioned. According to a

fifteenth aspect of the present invention there is provided an isolated 15
anti body subséranigitald foussertie asetbeftkha beasentvifesrgion thdre iapiovidedy hesodeen
sourced from the gastrointestinal nucus of aninmals which has been

i muni sed bfydibgnmitat rethatadefipfetiionia susdehtible aainedecomsmisieg thd sepoof:t he group
consisting of T colubriforinis, C curticei, N spathiger, H contortus,
O.circunctincta T.axei, Tvitrinus, O. ostertagl, C. oncophera, N
brasiliensis and btee@nguathloodz@mglﬁcfmrmangnm @ndi xt eenth aspect of the
present invention there is provided a nethod of

10 b) arialysing the sample for the presence of an antibody against the antigens

described in the third aspect of the invention above via a suitable assay.

Preferably, the assay may be an ELISA or western blotting assay although this should

not be seen as limiting as other types of assay are envisioned.

According to a fifteenth aspect of the present invention there is provided an isolated
15 antibody substantially as described above wherein the antibody has been sourced from
the gastrointestinal mucus of animals which has been immunised by truncated
infections with nematodes selected from the group consisting of T.colubriformis,
C.curticei, N.spathiger, H.cantortus; O.circumcincta T.axei, Tvitrinus, O.ostertagi,

C.oncophera, N.brasiliensis and D.eckerti.

20  According to a sixteenth aspect of the present invention there is provided a method of
preventing or treating animal nematode infections, by administering the composition

of the present invention.

According to a seventeenth aspect of the present invention there is provided the use

of an antigen of the present invention to elicit an antibody response in the gut mucus



preventing or treating ani mal nematode infections, by adm nistering the
conposition of the present invention. According to a seventeenth aspect of
the presewDoBnganti on there is provided the use of an antPCgaNzosbocime
present invention to elicit an antibody response in the gut nucus WO

03/ 064475 PCT/ Nz03/ 00010 8 of sheep or other susceptible animals to treat,
prevent or reduce susceptibility to, Bematode infections in sheep.

Accor di ng dfosteep eir ghheresusdeptiblpeatimels tohwegdr poeent drnigdntd euscepidilityite,

provi ded a use for nonoclonal antibody substantially as descri bed above to
det ect nemenwdede infeederisdn sheep. 5 sheep. The term "isol ated" neans that the
nonocl onal anti body or carbohydrate of the present invention is renoved
fromits original environment and js separated.from .sone o al |l .of the

co- exi st i nycaratiag fuseighfeea am?fszéﬁe BiFs¢d Fﬁ‘ff’%ﬁ:ﬁ Tecif PFOY e&rﬂ‘f%ﬂ‘y or
el st ageneonb e ogRen Ly Redarub Borst dej Bkl PeRilobf 2"

ant i gen ge erally refers, unless context dictates otherwise, to the T.
Col ubr i’f or iM% anti gen which runs at substantially this nol ecul ar
wei ght. The term "susceptible animal” refers to sheep prone to nenat ode

| nfection By e, f‘ﬁbfafé\ﬁi’ NPeadr HRE e froRbelBRITBIRBEAY -8 Adadbifhy k108 ,the

C.curticei, N spathiger, H contortus, Qcircuincincta, T.axei,

T. Vi U1 NUSprenoSh@htioNiis rémentoRbar s oightsiifoaffent addds sEardekéom or to
ot her animals prone to nematode infection where those nematodes possess an

anti gen deimsd @hlbyf thobeekstiad mattialdd yhePfBarh]l ystedefromi wisidh thei atibodur e of
I nvention 20 The nonocl onal anti body of the present invention is a
monocl onal orantbdhgdiptettas bken obtained.

10  The term “L3” refers to a particular larval stage of development in a nematode life

cycle.

The term 35 kDa antigen generally refers, unless context dictates otherwise, to the T.
Colubriformis antigen which runs at substantially this molecular weight.The term
“susceptible animal” refers to sheep prone to nematode infection by the following
15 species of nematode T.colubriformis, C.curticei, N.spathiger, H. contortus,
O.circumcincta, T.axei, T.vitrinus, O.ostermgz:, C.oncophera, N.brasiliensis and
D.eckerti or to other animals prone to nematode infection where those nematodes

possess an antigen detected by monoclonal antibody PAB-1 as described.

Disclosure of Invention

20 The monoclonal antibody of the present invention is a monoclonal antibody which
recognises carbohydrate surface antigens on L3 of parasitic nematodes. The
monoclonal antibody has been found by the inventors to have the same specificity as
the anti-larval antibody present in intestinal mucus from sheep immunised against
T.colubriformis. A hybridoma producing monoclonal antibody mAb PAB-1 was

25  deposited at ATCC on 24 January 2002 and accorded accession PTA-4005.



recogni ses carbohydrate surface antigens on L3 of parasitic nematodes. The
nonocl onal anti body has been found by the inventors to have the sane

speci fi ciwg ta®644rhie anti -l arval anti body present in intestcaaizosneas from
sheep i muni sed against T.colubriforinis. A hybridoma produci ng nonocl onal
anti body mAb PAB-1 was 25 deposited at ATCC on 24 January 2002 and
accorded accession PTA-4005. WO 03/ 064475 PCT/ NZ03/ 00010 9 The fol | owi ng
out | i nes iThegfollomang nothinks i géneepl trondimiting temmescéeureesdiess fpoidentifWiasg and
produci ng the anti body of the E)r esent invention. Sheep prone to nenatode

i nf ect i on andrgodugingahe patikady @& therpsesent BeMIoNt h till four nonths ol d when a
set nunber were inmmuni sed by a series of truncated infections 5 wth

T.colubriforinis U Th I, f the.i ' h ' to b
i Sed undUIeR AT TFPEGIC GRANITOHETe B oMM gHe R SRELA P ol ed wer o
bj ected t t ted infecti . [ . ' ks ti
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shoul d noty,peq r aRnlakdle! FBY-cofiitiBhs.t EPRFRMIY Ohe Oheddh€o | RS usddfvred | on the
sheep were sl aughtered and nucus was obtained fromthe small intestine,

subst ant i ajubjected 8FGOHHANMERI Wifbdtionbeoverta@eried of Hame,i sah Rifection BS99,

al t hough this nethod should not be seen as limting, as other nethods may
al so be enphoedd ke b setftimaframe v Prefbrably, thasetalime ftaalcanayse bhiddysnweith 15
above. Once obtai ned, imune and nai ve nucus sanples were then anal ysed for
di f f er ences-infestipn ot@irring mpprokiesatel§ r days afitpl terimynagps FikoBgly dl shamld B¢ ai ni ng
wi th Coomassie blue or silver. The nucus anti body can then be

char ad@er i appeicigedthet tibss,tim fremanshoyld BeifesoHAsHimiting.

After termination of the last infection the sheep were slaughtered and mucus was
obtained from the small intestine, substantially in accordance with the method of
Harrison et al, 1999, although this method should not be seen as limiting, as other
methods may also be employed. Mucus from naive sheep was also taken as outlined

15  above.

Once obtained, immune and naive mucus samples were then analysed for differences
in protein profiles, for example by SDS PAGE gel and staining with Coomassie blue

or silver.

The mucus antibody can then be characterised. Preferably this may be achieved by
20  immunoblotting 1.3 homogenate antigen and probing with immune and naive mucus
samples. Antibody binding may be detected by reaction with commercially available
antisera raised against sheep immunoglobulins and conjugated with an enzyme.

Preferably, the antibody binding may be detected by RAS/IgG-HRP.

The L3 homogenate may be prepared by disruption of exsheathed L3 of any of the

25  parasitic nematode species listed herein, using mechanical or chemical means, in the



20 i munobl otting L3 honbgenate antigen and probing with i mmune and nai ve
mucus sanples. Antibody binding nay be detected by reaction with

comer ci aWby3@aesi7s abl e anti sera rai sed agai nst sheep i MmcaNzZOBOIIONS and
conjugated with an enzyne. Preferably, the antibody binding my be
detected by RAS/1gG HRP. The L3 honobgenate may be prepared by disruption of
exsheathed L3 of any of the 25 parasillc nenatode species |isted herein,
usi ng nmechgeicpad opabsehandfcalitabie al®rgents drilenifrad) 08428 bYCTrNiKOB8400010 10
presence or absence of suitable detergents or denaturants, followed by

cl ari fi cattheexivdct by kenteiktgation afd/ociEltratiorf.ugati on and/or filtration. Mst
preferably the L3 honbgenate may be prepared by disruption of exsheathed L3
of T.colubriforms frozen in liquid N2, using a nprtar and pestle to grind

the frozenMogt prsfesaitly fhedh3 hoppaenate mey, e PEeARE hyriguntion ehexsheathaddd ed int o
S0l ubi | | si Pl aquhogiere e PR Nootingd TeBR LTt SR el The
Pt radd onoithsugpied D RE@ ot tRel by adal dunal Siec b B0t

b Pap- 1 ey Tl B cofalits PR R0 QlupiBl a0 ShIF RTINS IR orn
(1975). Foae&@%t% uergg' & §ﬁsDarﬁé“é;£tﬂa@ﬁsWilfﬁa tﬁ%&&g%a&mrat nobeexys am de

gel slices, m xed wth equal volunes an inconpl ete oi

adj uvant apg 1t R8P by FFAGISTHESRE 4 @richef akammdRa wigbddckaasing oessizs e.gf oot pads
or the like of an animal to be 15 i nmuni zed such as nouse, rat, guinea pig,

rabbit, gogbunshesfio bonee, pig, dog, cat, chicken, cattle, deer or the
| i ke. Anbng these aninmals preferably a nmouse is used. Antibody producing
cells such as spleen cells, |ynmphocytes or peripheral blood cells may be
col | ect@ed Thomethvd fonpradigieg tEnmnedclonahantihods PAB) erayrhe asg|spiable a” t unor

method such as that of Kohler and Milstein (1975).

For example, the 35kDa antigen may be excised from polyacrylamide gel slices,
macerated and mixed with equal volumes of an incomplete oil adjuvant and then
administered to the abdominal cavity, subcutis, footpads or the like of an animal to be
15 immunized such as mouse, rat, guinea pig, rabbit, goat, sheep, horse, pig, dog, cat,

chicken, cattle, deer or the like. Among these animals preferably a mouse is used.

Antibody producing cells such as spleen cells, lymphocytes or peripheral blood cells
may be collected from the immunized animal, and fused with myeloma cells, (a tumor
cell strain) to form a hybridoma. Spleen cells are preferable as antibody producing

20  cells.

The myeloma cells used for the cell fusion are preferably those cell lines allogenic to

the immunized animal. However, cell lines of various animals can also be used.

Preferably, NS-1 cells may be used as the myeloma cells. However, this should not be

seen as limiting the scope of the present invention.



cell strain) to forma hybridoma. Spleen cells are preferable as anti body
producing 20 cells. The nyeloma cells used for the cell fusion are

pr ef er ablwotodoes7sel | |ines allogenic to the immunized afCPNZO3baaever ,
cell lines of various aninmals can also be used. Preferably, NS-1 cells may
be used as the nyeloma cells. However, this should not be seen as limting
the scope of the present invention. WAD3/064475 PCT/ NZ03/ 00010 11 Though
t he nonocl pRalghamht ihedlodhkl bitebody asemt prévéaninveitionsist typically lay aawibadyt i body
produced by a hybridoma, antibody fragnents obtained by treating such an
anti body jwotiiced pr o helafdemmg tnidegiyatigngntshebtained e treltingi$uch agiangibodiab) such
as plasmn, pepsin and papain, i.e., Fab, F(ab')2, Facb and the |ike, or
ant i body fwihrmembeapr oddeerding tie aptigenchinding Isie (Fap) sedthas plasnin, persin
enconpassed by the nonocl onal antibody of the present invention, so |ong
as they hawal papaiprigpdiebi Bebos Hah and v likmar aaHbedyolgerasnts produprdeing

i nvention. The carbohydrate surface antigen. of_ the present jnyention is
found &n tMelesular glogings techrqyss, fTecICqBPRTSET by dhe @%F’t%?%e?r}u 0¥ SAHT ger, H.
contortus , Ocircuj.ncincta, T,axei 10 Tvitri 0. ostertadi

C. oncopherBresqgt "b‘fﬁﬁg?rf’istgﬁg?% a%ﬂ%iy%av%{s‘l?eﬁff’?‘?fh %uti%lr?oélv(\’ncf?&glo%nt%@ odestin
general nop-liniti.ng terns the procedures for identifying and isolating

t he car boh‘i}‘aﬁ’é‘issmalﬁ%i“té@ﬁ' of the present invention. The carbohydrate surface
antigen of the present invention can be isolated from extracts of L3 of

the nemat oflgs .15kl @ﬁ@édé};anﬁé@ﬁ 8f 88l preschNBvERIIAOB e RE 6n 8! JugBe oS mMay

be isolated fromextracts of T.colubriforinis L3 prepared as descri bed

above. NMonpglo@nadondMibasyC. BiEcdi, WMeypabiedrl Hstorsommyl ed.cireumcinedl @.apbiase
support nedium preferably Protein A-agarose or Protein G agarose and

coval gt | yTihitrkgdOtetepragly €dncophidri Mo dyastitmlkiaged D aketrhe gel .
The following outlines in general non-limiting terms the procedures for identifying

and isolating the carbohydrate antigen of the present invention.

The carbohydrate surface antigen of the present invention can be isolated from
extracts of L3 of the nematodes listed herein. Preferably, the carbohydrate antigen
15  may be isolated from extracts of T.colubriformis L3 prepared as described above.
Monoclonal antibody PAB-1 may be first coupled to a solid phase support medium,
preferably Protein A-agarose or Protein G-agarose and covalently linked to prevent

antibody leakage from the gel.

The gel may then be packed into a chromatography column and L3 extract applied.
20  After washing with a neutral buffer, preferably PBS containing 0.05% Tween 20 to
prevent non-specific binding, the bound carbohydrate antigen can be eluted from the
column by applying an elution buffer of high or low pH or high salt concentration.
Preferably, glycine-HCI buffer pH 2.5-2.8 may be used to elute the antigen. After
elution, the pH of the carbohydrate antigen can be raised to neutrality by addition of 1
25 M tris. The carbohydrate antigen is then identified by further analysis using

electrophoresis and blotting against antibody from immune sheep mucus. The nature



The gel may then be packed into a chromatography colum and L3 extract
applied. 20 After washing with a neutral buffer, preferably PBS containing
0. 05% Twewp 03064465 prevent non-specific binding, the bounecCrarZsehgude at e
antigen can be eluted fromthe colum by applying an elution buffer of
high or Iow pH or high salt concentration. Preferably, glycine-HCL buffer
pH 2.5-2.8 may be used to elute the ani2gen. After elution, the pH of the
car bohydr abe tentchipehydraee heigemim®d bt odeteniined| by stdiyingduith iaocarbdhytirg® M
tris. The carbohydrate antigen is then identified by further analysis using
el ect r ophodetsitingasilyebbtoint sndgpyalgbeliing ombldthwith the ewrbohyidietebiawpreagants. The
nature WO 03/ 064475 PCT/ NZ03/00010 12 of the carbohydrate antigen may be
determ nedbwnwérﬁii% with a carbohydrate detecting silver stain and by

| abel ling on blots with the carbohydr at e b| ndi ng reagent biotin-hydrazide.

det Z“EH g I E‘\Bﬁtﬁ‘éé%tgremﬁdafgi‘%%‘éaiﬁe%h ‘c‘:r’i‘f fblhet HapoRitiE NP X houl g
L

Car bonyir Al BBaRPORRbPERIE, WA ity st 33%§9§}35%3?§§%§% 3

carriers forp rb‘?r‘?cﬂ tHP :ré_}@; E(Pog)‘ﬁﬁfe' Es‘%‘kg ‘&OéHPQ&lXH}a%EIec% of&ld M@OV"” in

the art, as set ou m ngt o eutlcal

Sci ences, 19iRpgeiti on, Mack Publ i shi ng Corrpany, Easton, Pennsyl vani a, USA.
The conpounds, vacci nes and conpositions of the invention nmay be

adm nistered by any suitable route, and the person skilled in the art wll
readi | y beMuth®istaddddhahitetigcal tieiefsofet prophiatibh of phath@canidalasepdsitiont he
condition to be treated. Dosage will be at the discretion of the attendant
physi ci an are welt knowain tha artamckenbiit] in dexpleondks cuctt dscRemningtoa'sdihdrmidcesticdtl e of
the condition to be treated, the age and general state of health of the
subj ectO t oSciecesr t2th &djticnhMack Brklishing{omprinyt Fastoro Rennsytyaniay USAevi ous
treatment which may have

The compounds, vaccines and compositions of the invention may be administered by
any suitable route, and the person skilled in the art will readily be able to determine
the most suitable route and dose for the condition to be treated. Dosage will be at the
discretion of the attendant physician or veterinarian, and will depend on the nature and
15  state of the condition to be treated, the age and general state of health of the subject to
be treated, the route of administration, and any previous treatment which may have

been administered.

The carrier or diluent, and other excipients, will depend on the route of
administration, and again the person skilled in the art will readily be able to determine

20  the most suitable formulation for each particular case.

For the purposes of this specification it will be clearly understood that the word
“comprising” means “including but not limited to”, and that the word “comprises” has

a corresponding meaning.



been adm ni stered. The carrier or diluent, and other excipients, wll
depend on the route of admnistration, and again the person skilled in the
art will weadiob4t7be able to determne 20 the nost suitablPeTiNaosndEaoi on f or
each particul ar case. For the purposes of this specification it will be
clearly understood that the word "conprising" neans "including but not
limted to", and that the word "conprik®s" has a correspondi ng neani ng. WO
03/ 064475 Bfief DE&siptidnlst Dibwingy i ef Description of Drawi ngs Further aspects
of the present 1nvention wll becone apparent fromthe foll ow ng
description which is given by way of exanple only and with reference to the
acconpanyi Rgrtler saspevtss of thenpiestnt iBvdFitign rwilll beSomgsapparenh divdse theofolloatinge in

nai ve sheep after incubating |arvae with various amounts of nucus from

nai ve sheegeseriptinnc wdigh amgiveruhe washeépxamplgypaly2amh i refercacmie rthe of

| arvae in naive sheep after incybating |arvae wth nmucus from naive or

i mune she®jsomgRLYEg figydngsiipedic o Fi gure 3 Shows the nunber of larvae in
proxi mal and di stal sections of naive sheep intestine after infusing naive

A h ¢ ) ¢ 0 naL ; SR

Shove the ERER ar v ot 6 FiySer o anvehi e ke 2T RGRHE Frwieufith s

| muni sation; 15 Fi LGl Em%uﬁgoégsrg%&§ fﬁf}ﬁlﬂa{'\% s‘?)lfee[?ar ?R‘%u 'ﬁ%"r:n grﬁluﬁéi s of
OWS ult (0]

i mmune and naive nucus; Figure e res ectin blotting of
i mune and nai ve MuCHigen.

Figure 2 Shows the numbers of larvae in naive sheep after incubating larvae

with mucus from naive or immune sheep for various times;

10  Figure 3 Shows the number of larvae in proximal and distal sections of naive
sheep intestine after infusing naive recipient sheep with mixtures of L3

in naive or immune mucus;

Figure 4 Shows the anti-larval activity of immune mucus at various times after

immunisation;

15 Figure S Shows the results of an SDS PAGE analysis of immune and naive

mucus;
Figure 6 Shows the results of lectin blotting of immune and naive mucus.
A: UEA-1 (o-L-frucose). B: JAC (o-gal-Me-pyranoside)

C: WGA (N-acetylglucosamine) D: LL (mannose, glucose)
20 Figure 7 Shows the results of lectin blotting of immune and naive mucus.
A: PNA (B-galactose-N- acetylgalactosamine)

B: EcorA ((3-galactose-N- acetylglucosamine)



A UEA-1 (a-L-frucose). B: JAC ((x-gal - Me-pyranoside) C WA

(N-acetyl glucosam ne) D. LL (mannose, glucose) 20 Figure 7 Shows the
results oWwoloawmsd4ns bl otti ng of i mmune and nai ve nucus. A PRNAZ03/00010
(0-gal actose-N- acetyl gal actosam ne) B: EcorA ((3-gal act ose- N

acetyl gl ucosam ne) WO 03/064475 PCT/ Nz03/ 00010 14 C. SBA (N

acetyl gal act osam ne) D: ECA ((3-gal actbke-N- acetyl gal act osami ne) Figure 8
Shows the results ofCiSRAIN- dettlgalagomamingymune and nai ve mucus A: SNA
(sialic acid) 5 B: inmunobl ot probed with RAS/1gG HRP Figure 9 Shows the
results of an i munoblot of T.colubriforms L3 antigen probed with
intestinal nucus from Effudecdeciess-Nt apgidgaiactesaming) 11, 12 and 19) or
nai ve sheep (lanes 13-18), 100 000 x g supernatant of imune nucus (I ane
3), inmmune_nucus supernatant purified from 1Q, Protei n G agarose (lanes 4
and 7), anBigHES el uﬁé’d"sft %’Fﬁs‘g]i%?fféﬁ‘ftﬂ‘et&"m?.g@ ERPRs PRAVEBIYSanes 6 and
20), antibody from ammoni um sul phate precipitated gut lunmen fluids from

i mmune sheep (| anes 3. Q). Lane 2 shows T.colubriform s L3 proteins
stained with coll oi d§1 §I@§éﬁla?w ?Cg‘@nanti body was detected with RAS/ | gG HRP
(lanes 1-18) and 15 I gA was detected with MAS/IgA foll owed by RAMII gG HRP

(lanes 519 and 20). ﬁji%fﬁlﬁlo%g)t?mya willeR ASARGIRP! T.colubriforms L3

antigen probed with naive or nmune mucus.  Antigen strips were reacted
wi th naive nucus-or inmmune nucus followed by either RAS/IgG mAB to sheep

I gGl; MAB Figure 9 Shows the results of an immunoblot of T.colubriformis L3 antigen
probed with intestinal mucus from immune sheep (lanes 1, 5, 10, 11, 12
and 19) or naive sheep (lanes 13-18), 100 000 x g supernatant of
immune mucus (lane 3), immune mucus supernatant purified from

10 Protein G-agarose (lanes 4 and 7), antibody eluted from exsheathed
T.colubriformis 13 (lanes 6 and 20), antibody from ammonium
sulphate precipitated got lumen fluids from immune sheep (lanes 8 and
9). Lane 2 shows T.colubriformis L3 proteins stained with colloidal
gold. IgG antibody was detected with RAS/IgG-HRP (lanes 1-18) and

15 IgA was detected with MAS/IgA followed by RAM/IgG-HRP (lanes 19
and 20).

Figure 10 Shows the results of T.colubriformis L3 antigen probed with naive or
immune mucus. Antigen strips were reacted with naive mucus or
immune mucus followed by either RAS/IgG; mAB to sheep IgG;; mAB

20 to sheep IgG2; mAB to sheep IgA; mAB to sheep IgM

Figure 11 Shows the results of an immunoblot of T.colubriformis L3 antigen, C.

curticei L3 antigen and N. spathiger L3 antigen.

Figure 12 Shows the results of an immunoblot analysis of extracts from L3 of

H.contortus, O.circumcincta, N.spathiger, C.curticei and



20 to sheep 1g02; mAB to sheep IgA;, mB to sheep IgM Figure I'1 Shows the
results of an i nmunobl ot of T.colubriforms L3 antigen, C. curticei L3
anti gen awo oBlossipat hi ger L3 antigen. Figure 12 Shows the PETINZ0S/0@N0an

i mmunobl ot anal ysis of extracts fromL3 of H contortus, 0. circuntincta,
N. spathiger, C curticei and WD 03/064475 PCT/ Nz03/00010 15 T
colubriforms. Figure 13 Shows the cor¥®l ati on of protection against
infection wth intestédiabrifomiizus 1gG and | gA anti body titre against
T.colubriforms L3 antigen. Figure 14 Shows the decline of 1gG and IgA
antibody titres in intestinal nucus 5 over tine. Figure 15 Shows,
exsheat heFigureddl ubrShowrsnibs doBrelatian tafcprajection peaing igfectian vaith infesidal t op
panel s) and shows T.colubriform s |arvae collected 5 days, .after infection
and reacted with i s aad falomibody HEP egaingtiTeplubrigrngs pantigen.

el ectronm crographs of exsheathed T.colubriforinis L3 after 10 reaction

ar vao colFetedd o Fovg B g sl R B Dap e n SRL4RAL PEGELY, |

i rmune -nucus. Fi gur eovj%?th%gows the results of SDS PAGE and i nmunobl otti ng
anal ysi's of T col ubri FOri s eggs, larvae and adults. Panels A, C and D
reacted 15 with i nmune nucus. Panel B silver stained proteins. Figure 18

Shows the Iﬁigﬁﬂél 1?5 of sk, SARGRAAT LARUARM AL 1.5 NBackplti inrfne dr naive

col ubri for before infection and at various tinmes after infection.

Figure 19 Shows the rh@&islét? SdneRY ahd'BRVADT 0blubFfdryss Birak cblleaédibrdafor m s L3
extracts and protei nase igested L3 extracts reacted with i nmune

after infection and reacted with immune mucus (lower panels).
Figure 16 Shows electronmicrographs of exsheathed T.colubriformis L3 after
10 reaction with naive (A) or immune mucus (B). Panels C-F show
T.colubriformis larvae collected at 2, 3, 4 or 5 days after infection and

reacted with immune mucus.

Figure 17 Shows the results of SDS PAGE and immunoblotting analysis of
T.colubriformis eggs, larvae and adults. Panels A, C and D reacted

15 with immune mucus. Panel B silver stained proteins.

Figure 18 Shows the results of SDS PAGE and immunoblotting analysis of

T.colubriformis L3 before infection and at various times after infection.

Figure 19  Shows the results of an immunoblot analysis of T.colubriformis 13
extracts and proteinase K digested L3 extracts reacted with immune

20 mucus or monoclonal antibody PAB-1.

Figure 20 Shows an immunoblot analysis of L3 antigen extracts and proteinase K
digested L3 extracts from five nematode species reacted with

monoclonal antibody PAB-1.



20 mucus or nonocl onal antibody PAB-1. Figure 20 Shows an i nmunobl ot
anal ysis of L3 antigen extracts and proteinase K digested L3 extracts from
five nemawodd/oepeti es reacted with nonocl onal anti body PARBTINZoW»GB/ 064475
PCT/ Nz03/ 00010 16 Figure 21 Shows surface fluoresence of exsheat hed
T.colubriforms L3 reacted wth control nonoclonal antibody (left and
centre panels) or with nonoclonal antilBody PAB-1 (right panel). Figure 22
Shows anal yEpseafi TcShawy ahrfser flaaeseatd bf exshpathed iTadlddy-iformig s réac@ff i nity
chr omat ogr aphy usi ng nonocl onal anti body PAB-1. Figure 23 Shows the results
of an i nmunobl ot anaiithi eontfol Tnormslanbl kbtgradys(1¢fB andxcangret panels) er wiht i ng,
oxi dation, digestion or precipitation by organic solvents. Figure 24 Shows
the results of an i nmgnedpesl apiadydIAB-df(right pae¢lbri formis L3 10 extracts
after digestion by proteases or |ipases. Figure 25 Shows the results of an
T.colubriforms L3 extracts afte estion by

i mmunobl ot _anal ysi s of - di
pr ot eases. E-ﬁ‘-‘é%& 268@1‘6%@11?1%%‘5&%&%1%”6* syriage, ARLeSH| B?rlé%h’gs‘?@nwo'
T.colubtriforms L3 extracts after .digestion | ycosi e, 15 Figure 27
Shows tthe results of? Wltyﬁhﬁfﬁbaﬁ?%?phgﬁ'g}%ﬂ@%%#%%%ﬁ@P?‘%r']rﬁ s L3 extracts
after al kaline degradation. Figure 28 Shows the results of an inmmunobl ot
anal ysi s of: I.. ubr ¢ %ﬂl e q : -?fv’;,m'- or acid
degradat i o%‘f%r e %lg ol{‘/\%/slle'?‘ﬁtes éiteélﬁﬁuzmg 612{13%%%% g’? glggg ysilgggf
T.colubriforms L3 20,y iRGlRafthd, Wxid288h,] digesddf G frédipitdioArbydigtnic
degr adat i on.

solvents.

Figure 24  Shows the results of an immunoblot analysis of T.colubriformis L3

10 extracts after digestion by proteases or lipases.

Figure 25 Shows the results of an immunoblot analysis of T.colubriformis L3

extracts after digestion by proteases.

Figare 26  Shows the results of an immunoblot analysis of T.colubriformis 1.3

extracts after digestion by glycosidase.

15 Figure 27  Shows the results of an immunoblot analysis of T.colubriformis 1.3

extracts after alkaline degradation.

Figure 28 Shows the results of an immunoblot analysis of T.colubriformis 1.3

extracts after heating and alkaline or acid degradation.

Figure 29  Shows the results of an immunoblot analysis of T.colubriformis L3

20 extracts after heating and alkaline or acid degradation.

Figure 30  Shows the results of an immunoblot analysis of T.colubriformis 1.3

extracts after heating, alkaline degradation‘ or protease digestion.

Figure 31  Shows the results of an immunoblot analysis and protein stain of



Figure 30 Shows the results of an immunobl ot analysis of T.colubriforms L3
extracts after heating, al kaline degradation or protease digestion. Figure
31 Shows wbesnesizs t s of an i mmunobl ot anal ysi s and pr ot ei RCTINAB/O@10 WO

03/ 064475 PCT/ Nz03/00010 17 T.colubriform s L3 extracts after

el ectrophoresi s under native conditions or in the prsence of urea or

sodi um deoxychol ate. Figure 32 Shows thg results of an immunobl ot anal ysis
and protein stain of _T.czmwigw;m&fmme&uhés exitkaCtle@fdpRbredsdifiRBS | AL

el ectrophoresis. 5 Figure 33 Shows the presence of carbohydrate staining
nmol ecul es in L3 extr agiditiomforn dddricnonall urevataies. debighbrte34 Shows a Cel
el ectrophoresis (8 % PAGE) and i munobl ot analysis of T. colubriforms L3
extract (L3) and purified carbohydrate larval antigen (C) run under

non- denat udiguye ci?ndiShpwasth¢ nesultst ef ganimmpnobl® awdysis ragd agretein .staBestf Modes
-for carrying out the invention 1. Materials and nmethods 1.1 Sheep

i mruni sation by trunégpbérifeimitLp exisact aften) 2-digieagiondelrstropkaresis-wer e
conducted with the approval of Wallaceville Aninal Ethics Commttee.

Romey sheep were rajsed nematode-free frombirth, housed in__pens and fed
commer c?al %—&%@é—?pel %ﬁ‘i’%s, ﬂwa@re%ﬂ?ae papolygrate B?al%ﬂ%g}?&l% cg 1ndl.3) hRpts 4
nonths old at the St(a)féa&)c{itth i ising infections. Sheep were i muni sed

: iU
by truncated infectrons vml?%a?ﬂf)mﬁﬁaesl’. colubriforms L3 on at |east three
occasions. Each 20 infection was term nated after 14 days by oral drenching

wi th oxfen ¢ 64 (Syst i | ; nd csheep
were re-i n?ﬁ%ié%?_e%, 7 dg?/ggg?%rl %?2%%9??5? @ulg;wééoﬁ%aa%égg?lﬁﬁ%ﬂfn%s%&l eg)g wer e
given a fourth infecti QpuibgastierLregRior W %d“@ﬁrified carbohydrate larval

antigen (C) run under non-denaturing conditions (no detergent or

10 reducing agent).

Best Modes —for carrying out the invention

1. Materials and methods
1.1 Sheep immunisation by truncated infections

15  All sheep experiments were conducted with the approval of Wallaceville Animal
Ethics Committee. Romney sheep were raised nematode-free from birth, housed in
pens and fed commercial sheep pellets, hay and water ad lib. Sheep were at least 4
months old at the start of the immunising infections. Sheep were immunised by
truncated infections with 40 000 T. colubriformis L3 on at least three occasions. Each
20  infection was terminated after 14 days by oral drenching with oxfendazole (Systamex,
Schering Plough Ltd., 4.5 mg kg™) and sheep were re-infected 7 days after drenching.
In some experiments, sheep were given a fourth infection (booster dose), which was

not terminated by drenching, as these sheep were slaughtered 2-3 days after boosting.

1.2.  Sample collection



not term nated by drenching, as these sheep were slaughtered 2-3 days after
boosting. 1.2. Sanple collection WO 03/064475 PCT/ NZ03/ 00010 18 Sheep
wer e sl augbtosioed7dHy captive bolt gun and exsangui nati on. TPag/Nawal6010
intestine was tied off into 5 msections and each secti on was washed
through with 4 x 150 ml saline to collect |arvae. For biochem cal analysis
and in vivo challenges, mucus was coll&cted fromthe first 6 mof snall

i ntestine siudppiaeenagileRs byeaptivdedt fidaand saangtindioal THeAMallintdstivdre
followi ng nodifications. After gentle rinsing with 100 mMl saline to renove
gut cont entvss tiecheffiintoesn ssetiomsintiehach sdctidiCwaswaghdd thranghyetis4 wak>0tthkn
squeezed out by firm pressure between thunb and finger, followed by 2 x 5
n  washessaline ito selldchéarvasu dies bigshemicah pradysisideinpoy eplligpgesphyeesyay as
described " (Harrison et _al 1999) and stored, at -20C éféo ﬁ; sanpl es of
mucus wer ecalsried droma ther ik @ roefpynalk injpsting adpraeessesk S desd; egﬁééram Bel 3 days,

16 d 35 d f he | I ' ion. AL : ...+ he duod
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sheep all o ect of various treatnments On nucus

activity igaMek A \Bidel YMBEuSHRUF adtndd! Weke! fifoedCanteSroa&s &b aededeyibad | ar val
cl unping test where 2000 exsheathed L3 were incubated with 0.4 m nucus in

an EppendofHarfistheetal @ﬂ};aﬂdmt@redra@ckd)o@ platform After 4 h, sanples were
exam ned and the degree of larval 20 clunping was estimted, conpared to

controls of L3 incubated with naive nmucus or saline. |nmune nucus was
subj ediled Bppypsimipiss dff matusevers caltedtedlfenm grosipy sb4 triingatédaimfegtion sheep at
3 days, 16 days and 35 days after the last immunisation. At surgery, the duodenum
was located and a 5 cm section was isolated by gentle clamping with forceps. 3 ml
saline was injected using a blunt ended 18-gauge needle. The liquid was teased back

and forth 10 times to mix mucus with the saline and a 2-3 ml sample was then

15  withdrawn. The incision was closed and the sheep allowed to recover.
1.3 Effect of various treatments on mucus activity in vitro

Ability of mucus to bind larvae was assessed by aklarval clumping test where 2000
exsheathed 1.3 were incubated with 0.4 ml mucus in an Eppendorf tube at 37°Con a
rocking platform. After 4 h, samples were examined and the degree of larval
20  clumping was estimated, compared to controls of L3 incubated with naive mucus or

saline.

Immune mucus was subjected to various treatments and then analysed for larval
clumping activity. Aliquots of 1 ml immune mucus IP5 were dialysed for 24 h against
saline at 4°C; centrifuged at 10 000 x g, 50 000 x g or 100 000 x g; heated at 60°C or
25  100°C for 5 min; reduced and alkylated by treatment wi;ch 10 mM DTT for 1 h then

reaction with 20 mM iodoacetamide for 30 min on ice followed by dialysis against



clunping activity. Aliquots of 1 m inmmune nucus IP5 were dialysed for 24 h
against saline at 4C, centrifuged at 10 000 x g, 50 000 x g or 100 000 x
g; heat edweto3®e@7dr 25 100C for 5 min; reduced and al kyl atPed/NAp3N60@aL NENt
with 10 MM DTT for 1 h then reaction with 20 mM i odoacetam de for 30 mn
on ice followed by dialysis agai nst WO 03/ 064475 PCT/ Nz03/ 00010 19 TBS pH
7.4 overnight to renove excess salts. EOr pepsin treatnent, nucus was

adj ust ed t @BSHpA. D4V ehnightMoHkemove tbx3esiTsaREP TR Zﬂei)sig- tedMnanehaicas Risf er pH
4.5 was added to 3 ml rmnucus and incubated for 20 h at 37C on a rocking

platform ad@sted eapHioh withs! B Hopewt dyngasbppsindn Orl $I doetale BAffdrpel £8es
treatnent was conducted by 5 adding 1 ng pronase in 0.1 Mtris pH7.5 to
each m of addecu® 2l inncwsbatd ingulbased 80 20 h at 33%C oo sockogkplagorph.atfher m The
reaction was stopped by adding protease inhibitors. Micus was treated with
1 g | i paséeachHoPBas skopped byeadding imgdas’: M.i Keetbasediratmers pgast eondpgedh byt hen
stored frozen. Micus was oxidised by adjusting the pHto 4.5 with acetic
aci d, adldi AGIPSHiTegRIoBazegn Sl M\Arisw%bS rveashdnkeh s apd incobyinerfer 20 4. 5
and incubatiggo('#n t he dark a]it RT fo_g 2 hwith stirrinc?. nggj.um bor ohydri de
was then add 54 ngqPiaHeibat Che AepcUn Wiy S1PRES by AflingvpEdfeasenas
ultra filtered b idutin i nucus. | PS5 it nl. PBS pH 7.2 and
concent r at Tk Vot s drllec T 0 H G0k R e AR, PPhE R  at o
was t hen [ 0 : i S.fihtrate
was oduceepagl BFyPE 20 ITiniyed ot IMCRPLRL BRAATEY by 412
l'yophi | i sedy {oeflsSofh \4&id Rcid, éﬁding(jpéi‘%&a&nQ s ahMS@dsd v B8RnMcdistBi ng
agai nst d. H20. After treatnent as described above, nucus sanples were

st or ed1@ r oBefferUpHi 4.5255R iRMbatink th e VArkOatNRTUfor 85 hiayid Osteh. exsdagahhed L3

were incubated with 2.5-10 m vol umes of immune or naive 20 nucus for 4-24
h bef ore i bbwhydidd whotiicheadded ke 0imMf andainashatest- foailvie vathestipring.a Mucus
was ultra filtered by diluting 5 ml immune mucus IP5 into 250 ml PBS pH 7.2 and
concentrating back to 5 ml on a Filtron 100 000 mw membrane. The filtrate was then
concentrated to 5 ml on a 10 000 mw membrane and this filtrate was reduced to 5 ml

15 on a3 000 mw membrane. The low mw filtrate was lyophilised, redissolved in 5 ml

d.H0 and dialysed in 1 000 mw tubing against d.H,O.
After treatment as described above, mucus samples were stored frozen until assayed.
1.4 In vivo mucus assay

40 000 exsheathed L3 were incubated with 2.5-10 ml volumes of immune or naive
20  mucus for 4-24 h before infusion into the duodenum of parasite-naive sheep via a
surgically implanted catheter (Harrison et al 1999). One week later, sheep were
slaughtered and the numbers of larvae establishing in each 5 m section of intestine

were estimated.

40 000 exsheathed L3 were incubated at 37 %C for 4 h with 10 ml volumes of immune
25 or naive mucus, or with 2 x 10 ml volumes of mucus supernatant after centrifugation

at 100 000 x g. After incubation, one aliquot of naive and immune supernatant was



surgically inplanted catheter (Harrison et al 1999). One week | ater, sheep
were slaughtered and the nunbers of |arvae establishing in each 5 m
section oWoimbes’s ne were estimted. 40 000 exsheat hed L®CENZ®3/0Mwubat ed
at 37 Cfor 4 h with 10 m volunes of inmmune 25 or naive nucus, or with 2
x 10 m volumes of nucus supernatant after centrifugation at 100 000 x g.
After incubation, one aliquot of. naive2@nd i mune supernatant was WO

03/ 064475 P&TtiNGE3AODINLD ¢ 1303 adints pdllegdd latvad ODhsupefmatanBwas renfavepdlyl et t he
| arvae. The supernatant was renoved by aspiration and the L3 were washed
with 10 nl asgtatior,andethe rli.¥ wepeel weshetb o, 10 el sadimpecendtituged rasrabowel tiad t he
L3 resuspended in 10 m saline. Each 10 ml aliquot was then infused via a
duodenal c&vpruhaantirernevedtaadithe b3 resyepeafledainnd) mbsalinge Factohe mhakiguotsvasat er |
the sheep were sl aughtered and |arval counts qgbtajined, 1.5 Bi gchem cal

anal ysi s ofud{isehViiahdrodsnal cARgRE: Hre heainiestingehid nepihesp- wle HEky sed
for differenceg i rot ei rofiil by SDS PAGE gnd staining wth
Coomass? e @Fﬂeaﬁﬁg?ﬁvvaF?ﬂﬁﬁﬁ?ﬁﬁéﬁgigvéﬁomgF9€%§V§ation wer e exam ned by
l ectin blotting using biotin |abelled I ectins, detected 10 by

streptavi dinzpe I rese f 1gGin nmucus was denonstrated by

bl otting éb%in?g%h%%ﬁ%b%gaiﬁé6Eﬁﬁ§ﬁ&haracterisation of nucus anti body

| mmunobl ots of L3 honpbgenate antigen were probed with i mmune and nai ve

mucus  sanpl Sshel KNG all RAVO ubES s AFIQCH &antlyisbd RAitraknddRin ﬁﬂfteil’i’i th
mMAb's to sheep 15 1gd, 1g&, IgMand I1gA foll'owed by GAM | g- HRP.

Exsheat hed piotilvebe SDSCRAGEEshd Sthinthghwith Chomandit DhueUs Ivet P ®iffadeddds,in45 %
anmoni um sul phate precipitated antibody from nucus or Protein G purified
anti body ghyomybatousverdfek amnined dyldadtiroblottingrosarg hietie labaHédk tbcBng, idetestedi t h
TBS- Tw and any

10 Dy streptavidin-peroxidase. Presence of IgG in mucus was demonstrated by blotting

against RAS/IgG-HRP.
1.6 Characterisation of mucus antibody

Immunoblots of L3 homogenate antigen were probed with immune and naive mucus
samples. Antibody binding was detected with RAS/IgG-HRP, or with mAb’s to sheep
15  IgGy, IgGs, IgM and IgA, followed by GAM/Ig-HRP.

Exsheathed L3 were incubated for 4 h at 37°C with mucus supernatant, 45 %
ammonium sulphate precipitated antibody from mucus or Protein G purified antibody
from mucus. After incubation, larvae were washed 3 times with TBS-Tw and any
bound antibédy was eluted by incubation for 5 mins in 0.1 M glycine-HCI pH 2.4.
20  The eluates were neutralised with 1 m tris and used to probe blots of L3 antigen from

Tc, Ns and Cec.

500 ml volumes of gut contents from immune sheep were treated with 45 %
ammonium sulphate to recover antibody. After dialysis, these antibodies were used to
probe blots of L3 antigen. Larvae were incubated for 2h with mucus supernatant or

25  mucus antibody eluted from Protein G-Sepharose, washed 3 times with TBS-Tw and



bound anti body was el uted by incubation for 5 mns in 0.1 Mglycine-HC pH
2.4. 20 The eluates were neutralised with 1 mtris and used to probe blots
of L3 antw@an/ob4ain Tc, Ns and Cc. 500 m vol unmes of gut @ECAINAIB/SONOOM

i mmuune sheep were treated with 45 % anmoni um sul phate to recover anti body.
After dialysis, these antibodies were used to probe blots of L3 antigen.
Larvae were incubated for 2h wi th rmucu8lsupernatant or 25 mucus anti body
el ut ed frorsabredtwitin FFCRABIT0E e Aftensihasiiing, Tarvae svend thanliB&d bw focksvifice

03/ 064475 PCT/ NZ03/00010 21 reacted with FITCG RAS/ 1gG After washing,

| ar vae wer smmiewsaupged by fluorescence mcroscopy. Larvae were coll ected
fromsheep at various tines after infection and were anal ysed by

i mmunof | uor escence and i munobl otti ng as descri bed above and by i nmunogol d
5 el ect r onLaivee s pyliectedy e shrapeatiaxiens fimepeafer infection gad (vesg analysed

gl ut ar al dehyde, 15% saturated picric acid in 0.1M phosphate.buffer pH 7. 2,
at 90C). ERb&RSEOLReEISHE anfPEraobiotRe o dascibest dhoe éﬂ%by PrRgosrlt us

Sarpl o3 us 5% iotSuGy chilrFonte Beadp Rt Sl M BB RGPS ela
it ons. SheRGECRGFpE IR AR Dot el B R0 LBl G
oo obrerbeaB ofih PIORAP O pfificaT bR ahiiboly RiBUDSy BOM lobietdhntil 7

Preparati on of nonocl onal anti B-1 Mce "'were immni sed w
pol yacryl aggégﬁ Ig_el slices containing the Tc larval surface 15 antigen. The
| ocation of the antigen in the gel was determ ned by blotting adjacent
| anes and detecting the antigen with nmucus anti body as described. Antigen
cont ai ni ng Angibdss ltitiee sofwmneuseaeplas aded fox éd vivd lehadlenge wabermentsrewat an
i nconpl ete oil adjuvant

10  estimated by EIA. Microtitre plates were coated with Tc L3 antigen and reacted with

dilutions of mucus. After washing, bound antibody was detected with RAS/IgG-HRP

or mAD to sheep IgA (Serotek) followed by RAM/Ig-HRP.
1.7 Preparation of monoclonal antibody PAB-1

Mice were immunised with polyacrylamide gel slices containing the Tc larval surface
15 antigen. The location of the antigen in the gel was determined by blotting adjacent
lanes and detecting the antigen with mucus antibody as described. Antigen containing
gel slices were macerated, mixed with an equal volume of an incomplete oil adjuvant
and injected into mice on two occasions two weeks apart. Ten days later, test bleeds
were taken and screened against crude Tc L3 antigen and partially purified surface
20 antigen. Spleen cells from the strongest positive mouse were fused with NS-1 cells
using standard methods for preparing monoclonal antibodies. Primary and secondary
screening was performed using ELISA and blotting to confirm specificity. A bulk

culture of mAb PAB-1 was prepared and aliquots stored at -20° C.

Monoclonal antibody PAB-1 was used to probe blots of larval antigens. Bound

25  antibody was detected with RAM/IgG-HRP. Exsheathed larvae were fixed by heating



and injected into mce on two occasions two weeks apart. Ten days |later,
test bleeds were taken and screened agai nst crude Tc L3 antigen and

parti al | ywpuwsiobd4esl surface 20 antigen. Spleen cells from Pag/NAvs/0Mgest
positive nouse were fused with NS-1 cells wusing standard nethods for
preparing monocl onal antibodies. Primary and secondary screening was
performed using ELISA and blotting to g2@nfirmspecificity. A bulk culture

of mMAb PAByl opas 1bf Qg%ﬁﬂlt@n%@kédqwﬁh SpABA 8fhsBéd e2RnSivelyORRE |T°BEi*Tvﬁnt' body
PAB-1 was used to probe blofts of larval antfigens. Bound 25 antibody was

det ect ed WidabreRANIH BEMIRIG-HERS haadthagink@ni@e uveight.f edblayistPadaing a¥\O
03/ 064475 PCT/ NZ03/ 00010 22 at 90C for 20 m nutes, reacted wth PAB-1,

washed ext emelavel yrovdin shegSesftokine) arictfetle warhé) SERAMsh @SSPABFC veas disek aste ned
under uv light. A mAb raised against an wunrelated protein (sheep cytokine)
and of t hensgutiwe sofodlass as PAB-1 was used as a negative control. 5 1.8

| mmuno-affinity purification of |arval antigen Mnocl onal anti body PAB-1
was reacted with Protein A-agarose to allow the antibody to bind. After
washi ng® wi €18 PBempBopEim Y wisaienridsalasdgen t he bound anti body was
permanently imobilised to the Protein A by reaction with the cross-

ext1 a0t 3?%9%3# R st paas ORI, By B, ket Jhna 5‘%&72%853

o uted i n SRaR pufhe A Dinfsath %9@F%ﬁ?‘ie”@.l}’?“ﬁ%%ﬁ“*%?@é'b%?%

TS, i al s 90e R T B W .glwﬂép&sgvac
y

concentrat or was re- equl ext ensi ve washi ng

W th PBS. ﬂlﬁklﬁgragéﬂsngé (all@@ccﬁﬁﬁmg@ @u@érét&)edﬁ@@fﬁﬂn@ﬁﬁ@hﬁg@%@(@@%hysed by
SDS PACE and | otting (Fig.23). "Carbohydrate was detect ed in gel s by

stai ni1g Whinh tiotEieli thé EPAB-1-Protein A-agarose column, washed extensively in PBS
containing 0.05% Tween 20 and any bound antigen was eluted in 0.2 M glycine-HCl
pH 2.5. The eluate was neutralised with 1 M Tris, dialysed against SmM Tris pH 8.0
and concentrated in a Speedvac concentrator. The antibody column was re-

equilibrated by extensive washing with PBS.

15  Samples of the antigen eluted from the column were analysed by SDS PAGE and
blotting (Fig.23). Carbohydrate was detected in gels by staining with a modified
silver strain (Kittelberger, et al, 1993) or on blots by reaction with biotin-hydrazide

(Bouchez-Mahiout, et al, 1999).

1.9 Characterisation of larval antigen

20  Exsheathed Tc L3 were frozen in liquid N, ground with a mortar and pestle and
proteins extracted by solubilisation in either 2 % Chaps + 2 % Tween 20, 1 % sodium
deoxycholate (DOC), 2% SDS or 9 M urea. The extracts were centrifuged at 10 000 g
and the supernatant stored at —20° C.  Bggs, L1, L2 and adult nematodes were
solubilised directly in SDS PAGE sample buffer (2% SDS, 20mM DTT in 50 mM

25  tris-HCI pH 6.8). SDS antigen extract was used for electrophoresis and blotting



silver strain (Kittel berger, et al, 1993) or on blots by reaction with

bi oti n-hydrazi de (Bouchez-Mhiout, et al, 1999). 1.9 Characterisation of

| arval armvDgeneRos Exsheat hed Tc L3 were frozen in |iquid Rer/Nposoedow th a
nortar and pestle and proteins extracted by solubilisation in either 2 %
Chaps + 2 % Tween 20, 1 % sodi um deoxycholate (DOC), 2% SDS or 9 M urea.
The extracts were centrifuged at 10 0023g and the supernatant stored at

-200 C. Eggmdieb;1Chdpd aiddu@slWhiradienmd agasfonereelesdphbidsiss @ebadd et bisi n SDS
PAGE sanpl e buf f er (2% SDS, 20mM DTT in 50 mM 25 tris-HCl pH 6.8). SDS

anti gen ex ¢ =
T i R e e G A PR S Sk A

I h I :
For 2 daysot Bpugb ERaitEr skl Y as s buch lﬁ’%%{lff g
El ectrophore rried out % DOC or 6 M

| so c er.only,
urea, wWith ‘iﬁ@%‘ﬁfp@@rfe%t‘%‘ th%GPPfBPTl?tg %ﬁﬁisﬁiﬁml%I’Z?{) el ect rophor esi s was

performed by running Tc L3 urea extract on Immobiline EF on pl 3-10
strips usi nﬁ t he | PGphor (Pharrrama foIIowegi by SDS PAGE. Prﬁtewf wer e
ei t her %t aPRetlechiophotet s SPEOBRGkOHFunameks L3 greacasiasicon BAmBPiGpe 5§ « h

anti body fromnucus to detect antigens. Tc L3 urea-solubilised antigen was
di al ysed asna#bdvid Stﬁnﬁu%mbf@cﬂ’&vhpb?ﬁiﬁé‘@il%)t Ealionigdiby HadiBAGR Erotelps her an
equal volune of 10 % TCA; 10 10 vol unes of cold acetone; 9 vol unes of

chl or of or nwenetithen staing@ wii)ly Coom8ssiedblueres sibifer, hemnlediosdqiotepﬁﬂnant'(b@djz) :

Sanpl es were vortexed and rocked for 10 min, centrifuged at 10 000 g for

10 m n andfiohemp&ieab pieteat adigesd. | B B3 anal paseisey ahtigannwiy diblybetbas abage rol e
of carbohydrates was i nvestigated by chem cal and enzymati c degradati on.

Antigen wagnd g rp&cfb Bﬁ&tﬁi‘{'bg%ﬂﬁ‘éh%f ehed aﬂteﬂg’aﬁ v@ldn% ofh % TOA; Yoth 1 M
NaCH 158MNaH4fo C. Sanples were dialysed before’

el ect rﬂpho(fglﬁ{n%s of‘%fdga%@tone; 9 volumes of chloroform:methanol (2:1); or 9 volumes of

hexane:isopropanol (3:2). Samples were vortexed and rocked for 10 min, centrifuged
at 10 000 g for 10 min and the precipitated pellets analysed by immunoblotting. The
role of carbohydrates was investigated by chemical and enzymatic degradation.
Antigen was treated with 20 mM periodic acid at 37°C for 24 h; or with 1 M NaOH +
15 8 M NaBH,for 18 h at 60° C. Samples were dialysed before electrophoresis. Antigen
was treated with hydrazine for 7 and 14 days at 100° C, or with trifluoroacetic acid for
4 and 16 h at 4° C, after which the chemicals were evapourated using a Speedvac
centrifuge and residual antigen was resolubilised in SDS PAGE sample buffer.
Enzymatic digestions were carried out by dissolving each enzyme in the buffer
20  recommended by the manufacturer and incubating with antigen for 22 h at 37° C.
Enzymes used were N-glycosidase F, trypsin, pepsin, papain, pronase, proteinase K,
subtilisin, lipase, lysozyme, elastase, collagenase, phosphoinositol-phospholipase C,
phospholipase A2, phospholipase D. Coloured substrates casein-resorufin and elastin-

Congo Red were used as controls for protease and elastase activity. In one



was treated with hydrazine for 7 and 14 days at 100 C, or with
trifluoroacetic acid for 4 and 16 h at 4 C, after which the chem cals were
evapour atwo e643g5 a Speedvac centrifuge and resi dual ant iPGENZANS0010
resolubilised in SDS PAGE sanple buffer. Enzymatic digestions were carried
out by dissolving each enzynme in the buffer 20 recommended by the

manuf acturer and incubating with antig2h for 22 h at 37 C. Enzynes used
were N-gl yexsiidase datigen wasihnat deapisiad, atpe(Sal fior 24 mimpdor fr digestivaswitlk,
subtilisin, |ipase, |ysozyne, elastase, coll agenase,

phosphoi nogibsh oPRESBN ProRaRse K digdshios waohlse pagorfed apHOD e i8taseh Br
Col oured substrates casein-resorufin and el astin- Congo Red were used as

controls fQr n i i
o] 05/ 0RFRBECSS % SDARTS ST PROPEM HOTH of PnfVITAl), o IaERof o 20

mn prior di gestion w I i [ . t ej i s was
al so perf obo e 0’2&”568’”6\# ft %j:bsf% tqv??cgmc{}ﬁ'g)nécrl ‘\%1?%@3? la(fj.u g%%f g&ﬁ' e’%?OWETT, 50
nmM EDTA or 2 CaCl2. Larval .extracts Haenmonchus. contortus, Ostertagi a
cir cunﬁ nc £ f@ﬁroﬁ@iei%soctma{qﬁé’@ﬁl %Fﬂ@‘%ﬁg%’&ﬁ ?}gl?laﬁc‘g’agm?'ger were al so
treated with proteinase K under simlar conditions. 1.10 |Inmunisation with
the 35 kDa_ antigen. Five Rommey_sheep .aged 12 nonths were injected i.p. on
3 occasi ons;102 l%gg Saé‘;?&r"f‘fhthﬁgé KD850iigeh- ant i gen in a vegetabl e oil

adj uvant contai ni ng Span 85, Tween 85 and sesane oil (ratio 5.4: 4.6: 90).
The antigen was obtained fromgel slices of 10 el ectrophoretically

separ at ed Tive Bomaey sfeesp aggc £} menibs tveapidtctss) i op FePcensianss £ Wegks afart, each
gel were blotted to nitrocellul ose and reacted with i mune nmucus to detect
the 35 kDwithriy joa.andgdnein adesgetabiareihndinvant qAsiNigGSHRPSS1 Fwedsl 8% sndwer e
re-aligned with the main portion of the gel and a slice was excised

cor r espondidsgme Ooil NgatlooGatt i A6: 90f. tTiee Ibtigdna want otggned Tive gel sicecof was
placed in dialysis tubing in 100 MMtris HC 15 pH 7.8 and the anti gen was

el ect rael utRedgRRHARY 8§lardddd Pt 281 Anigbi) € AlieR bMSirépHokRisNhe ide strips of
each gel were blotted to nitrocellulose and reacted with immune mucus to detect the

35 kDa antigen. After development with RAS/IgG-HRP, the blots were re-aligned

with the main portion of the gel and a slice was excised corresponding to the location

of the 35 kDa antigen. The gel slice was placed in dialysis tubing in 100 mM tris HC1

15 pH 7.8 and the antigen was electroeluted from the gel by placing the dialysis tubing in
a blotting tank at 50 v for 3 h. Multiple eluates were pooled and protein yield
estimated to be 0.2 mg/ml by BCA protein assay. The antigen was blended with an

equal volume of vegetable oil adjuvant using an Ultraturrax homogeniser. Each sheep
received approximately 0.2 mg total protein at each injection although the amount of

20  carbohydrate antigen was not known. Control sheep were injected i.p. with saline
plus adjuvant. Two weeks after the third injection, all sheep were challenged infected

orally with 40000 Tc L3. Faecal egg count data were obtained 3 and 4 weeks after

challenge.



a blotting tank at 50 v for 3 h. Miultiple eluates were pool ed and protein
yield estinmated to be 0.2 ng/m by BCA protein assay. The antigen was
bl ended wwoh3am47®qual vol une of vegetable oil adjuvant uPCANZAB/00010
U traturrax honogeniser. Each sheep received approximately 0.2 ng total
protein at each injection although the anount of 20 carbohydrate antigen
was not known. Control sheep were inje@bed i.p. with saline plus adjuvant.
Two weeks @& teRedads third injection, all sheep were chall enged infected
orally with 40000 Tc U. Faecal egg count data were obtained 3 and 4 weeks
after challenge. WO 03/064475 PCT/Nz03/00010 25 2. Results 2.1. In vitro
assays The 2abi Injvifyo efsayshol e nucus or nucus subjected to various treatnents
to cause larval clunping in vitrois shown in Table 1 (refer page 33). The
| ow speed centrifugation did not

21fe ? gi:t St Lgdﬁi’(ﬁ;%ﬁ#ty %gkl}omga%aé%&%&uéjeﬁ% tp yptjaws reabments o gase darvak 100
CHAPS aer o iR AT VD yhEv iR TR bt Pt st IPE repiesbieagrhey O
ot eacd ci T 8516y plbd thpuait Q15 AET R Gy IR R ST W1
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effect of imcHhaidend 13100 bP dfP&P?%@r@ﬂre‘ééﬂtUni?a?rvélfclﬁﬁi'"if% acﬁ@it?%%ﬁﬂent _

di spl acement and Teduction of nunbers of larvae in nan recipient sheep is
shown in  Pheskimttfter heatmgas cOM@ForvE e bﬁt%_dﬁ@ft&%daﬂn? aP100P0. Mudhs tRatede mucus
were able to establish normally in the first 5 mof small intestine. Larvae

that were witubateest digestiomon@eriodate oxidation lost activity but lipase treatment had no

10  effect. The larval clumping activity was associated with the high molecular weight

fraction of mucus.
2.2. In vivo assays

The effect of incubating L3 with increasing volumes of mucus, on subsequent
displacement and reduction of numbers of larvae in naive recipient sheep is shown in
15  TFig 1. Larvae that were incubated in 5 or 10 ml of naive mucus were able to establish
normally in the first 5 m of small intestine. Larvae that were incubated in immune
mucus were progressively displaced or rejected as the volume of mucus was
increased. Incubation of larvae with 10 mi immune mucus resulted in 82 % reduction
of larvae establishing and 100 % displacement of larvac out of the first 5 m of

20 intestine, compared to naive mucus.

The effect of incubating 1.3 with 10 ml volumes of mucus for different times is shown
in Fig. 2. Incubation of immune mucus and L3 for as little as 1 h resulted in 46 %
reduction of larval establishment and 81 % displacement from the first 5 m.

Incubation for 4, 10 or 24 h resulted in >94 % reduction and >93 % displacement.



mucus were progressively displaced or rejected as the volune of nmucus was
i ncreased. Incubation of larvae with 10 ml i mune nucus resulted in 82 %
reduct i orwoaB/obarvae establishing and 100 % di spl acenment @CTinN#0S/a@10uUt oOf
the first 5 mof 20 intestine, conpared to naive nucus. The effect of
incubating L3 with 10 m vol unes of nucus for different tines is showmn in
Fig. 2. Incubation of imune nmucus and2€3 for as little as 1 h resulted in
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first 5 m Incubation for 4, 10 or 24 h resulted in >94 % reduction and
>93 % di spRadenemt musds 88N A6 E7HhoRGTiANED 3. 008dll tRfe Te 6&f foaeduction|odr val
est abl i shnent of incubating L3 with 16 naive nucus sangl es and 25 immune

mucus sanplaesae establighimg inrefipigntsaf I@ferramlun@ h@lﬁ@s me@;‘ %) @mﬁb@ﬁeowrgf
| arvae establishing in recipients of L3 + i mucus 8 e 0-95% and
there wer e80 8o foysrdpupe pepRibingsn dby fishdrig qf hnt@%@ef(l’ﬁep Heer givest i ne

(P<0.0 ) gg shee ven 5 L3 + immune nucus. The influence of tine of
mucus t""BHn Santi-larval properties of rmucus is shown in Fig.
4, NUcus collected 2 3 days after the | ast i muni si ng dose of | arvae was
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anal YSI S a Sl gni nega IV€ corre 1 on ween protection and
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L3 with the 1 super nat ant's naive or i nmune cus, wt
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result shows that L3 incubated in naive nmucus, supernatant or supérnatant
pl us washjtitgvedneregrifit @t trﬁgﬁsxeabcbrtesdihdnnbamme pedtection hid ¢ bAShucub3 t hat

had been 15 incubated in i mune nucus, supernatant or supernatant plus
washi nd) wesleectios bfter impromisatived from est abl i shing and there were 91 % f ewer
L3 than in sheep receiving L3

The effect of incubating L3 with the 100 000 x g supernatants of naive or immune

mucus, with or without subsequent washing, is shown in Table 2 (refer page 34). The

result shows that L3 incubated in naive mucus, supernatant or supernatant plus

washing, were able to establish in naive sheep. In contrast, 1.3 that had been

15  incubated in immune mucus, supernatant or supernatant plus washing, were mostly

prevented from establishing and there were 91 % fewer L3 than in sheep receiving L3

treated with naive mucus.
2.3 Mucus biochemistry

Electrophoretic separation of mucus is shown in Fig. 5. The protein profiles of
20  immune and naive rhucus were highly complex and no clear cut differences were
observed between the two sets of mucus. Lectin blotting also showed complex
glycoprotein profiles for both sets of mucus (Figs 6, 7, 8) indicating that ranges of
carbohydrate moieties were present. Again there was no clear difference in the
binding of lectins to immune or naive mucus, with the exception of peanut agglutinin
25  (Fig. 7A) where increased staining was seen with most of the immune samples at

mw’s of approximately 70 000 and 28 000 which may correspond to Ig heavy and
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of nmucus is shown in Fig. 5. The protein profiles of 20 i nmune and naive
mucus werwohiBghd4ys conpl ex and no clear cut differences wereT/N#3eINEd
between the two sets of nucus. Lectin blotting al so showed conpl ex

gl ycoprotein profiles for both sets of nucus (Figs 6, 7, 8) indicating that
ranges of carbohydrate noieties were @fesent. Again there was no clear

di f f er ence light tlens. bHodiener, ofheh emtdus svas aeaated mithdR ABAgG-E#IRR qusjor bands t he
exception of peanut a?glutinin 25 (Fig. 7A) where increased staining was
seen W th mese sedn mhall samplee ak AP0 sindt27 G0, svla¢h arsbelblyicoaegiond 20 I9G0 and
28 000 which may correspond to I g heavy and WO 03/064475 PCT/ NZ03/ 00010 27
| i ght chai H8avyHBadiedt chaipedig®Rlus was reacted with RAS/ |1 gG HRP, major bands
were seen in all sanples at 55 000 and 27 000, which probably correspond to

1gG heavy,.and light chains (Fig 8B). 2.4 Micus blotting 5 | munobl ots of
TcL3 antiggﬁpgyﬁﬂg Of"%h mucus or antibodi es recovered from nucus are
shown in Fig. 9. Six naive nucus sanples (lanes 13-18) did not react with
L3 antgge } i 3 band
as did ® antrEsHUURE SUEES ML ELLPREh Hhoat S ATBAR lnto bl Bty
contents fLamigwi THPHEE 05 hee Qlawe%ﬁé]s%aﬁ?%sg@aneéﬁg'- 139 dya BG%%W g 3MUCUS
-eluted from

supernatant purified on 10 Protein G agarose and anti body aci

L3 i ncubat @gi¥dnt NIk gl simpled RActe® pedaRehitdntly Wwiea33 ldabhans dilganes 4,
7 and 6, 20). Both 1gG and IgA anti bodies could be eluted off the L3 (Fig

9, lanes 6 aatitbd&0jecobaedby admodliee BulphuRNpRcipithticic af eght icoheatsi Aom @i th Tc
al so contained anti bodi es that recognised the 35 kDa band plus many others
(not shown)mméimnt isheegy(lans©8 wpd 9k plmtitfody ifitoyn mfimtiremacsi sopetnatanti purified on
10  Protein G-agarose and antibody acid-eluted from L3 incubated with immune mucus
also reacted with the 35 kDa band (lanes 4, 7 and 6, 20). Both IgG and IgA antibodies
could be eluted off the L3 (Fig 9, lanes 6 and 20). Serum from sheep given 3
truncated infections with Tc also contained antibodies that recognised the 35 kDa
band plus many others (not shown). Antibody isotype specificity of the antibodies in

15  mucus reacting with the 35 kDa band are shown in Fig. 10. IgG; and IgA isotype

antibodies were present but IgG; or IgM antibodies were not detected.

Immunoblots of L3 antigen extracts from the intestinal parasitic nematodes
Nematodirus spathiger (Ns) and Cooperia curticei (Cc) probed with mucus from Tc
immune sheep showed predominant reactivity with bands at 22 kDa (Fig. 11, lanes 9
20 and 13). Serum from sheep given truncated infections of Ns reacted with these
antigens in both Ns and Cc (lanes 12 and 16) and also with the 35 kDa band in Tc
(lane8). Incubating 2 ml immune mucus with 260000 exsheathed Tc L3 resulted in
complete depletion of antibody from the mucus (lane 1). Colloidal gold protein stain
was used to detect proteins on the blot (lane 4). No staining was seen in the region
25  corresponding to that detected by antibody from immune mucus (lanes 3 and 4).

Extracts from L3 of the intestinal nematodes N. spathiger and C. curticei and the



15 mucus reacting with the 35 kDa band are shown in Fig. 10. 1gG and IgA
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to detect pg2di¥ifesConanda fsirdls Eizhd. 4FiguRd3shawnibhys olab M NeOH extiahis r egi on
25 corresponding to that detected by anti bode/ frominmmune mucus (|l anes 3
and 4). B°f F@dﬂ@stmaéﬁmetoeﬁs Lrecii(hedvittinns (e ededaqi(Osh &t ericgBherand C.
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contortus 5co: q@@n@gkmf&w@bﬁ@g@k@%rﬁye bl ots were probed with Tc
i mmune sheep micus and showed’ reactions at 35 kDa for Ta, Tv and Hc; 45,

35, 33 and 30 kDa for Oo; 45 and 20 kDa for Co; 12 and 9 kDa for Nb; and

30 kDa for The.colReitioar b&tvaéi afudaet Wee BndTUEA Sartibodntlres Jdhd el PRctibht I es
and the protection 10 afforded by nucus used for in vivo chall enges was

anal yskdl bwfffardebby megusssi dor iiRig clibBynged new ansigsedadydingnt fegmasion (Fig
rel ati onship between the titres of 1gG and | gA anti bodi es against L3
ant i gen and3)r bhese wiapa sigRificanOre@tiopship b@ween the titres of IgG and IgA antibodies

against L3 antigen and protection (R* = 0.6; P <0.01).

Antibody titres of mucus biopsy samples were high at day 3 after immunisation (Fig
14) but both IgG and IgA titres fell away by 16 days but were still above background

15  at 37 days after immunisation.

Immunofluorescent staining of larvae is shown in Fig 15. Exsheathed L3 showed
strong surface fluorescence after incubation with antibody from immune mucus but
not with naive mucus (top panel). Larvae collected from sheep infected for 2, 3 or 4
days also showed surface staining (not shown) but at day 5 after infection, many
20  larvae did not stain with antibody and some were observed in the process of moulting
(lower panel). The shed L3 cuticle reacted with antibody from immune mucus but the
emerging L4 did not stain. 14 collected at day 6 and 7 after infection also did not

show surface staining.

Immunogold electron microscopy revealed a similar pattern of results where sections

25  of L3 showed surface labelling with gold particles on the epicuticle (panel B, Fig 16).
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(Figs 17 &'rﬁgélﬁlttr;%%to ¢35 kDa antigen was seen in L3 before infection and

up to 5 da;l/s after inrection but was not present in the egg stage, L1 or

L2, or in L4 at days 7 or 14 after infection, or in adult nematodes. 2.5
Monocl onal 2aioRed¥n P ARibbd! rative blotting reactions of mAb PAB-1 and
Tc i mmune sheep mucus anti body 10 against Tc L3 antigen are shown in Fig
19. The mAb reacted with the main Tc L3 antigen at 35 kDa, a diffuse
antigen at C3mpafhtivbdlatitt @actionber nofb PABel andTehniharie sheep mucus antibody

10 against Tc L3 antigen are shown in Fig 19. The mAb reacted with the main Tc L3
antigen at 35 kDa, a diffuse antigen at 35-40 kDa and a number of lower molecular

weight antigens.

Identification of antigens in other nematode species is shown in Fig 20. Extracts from
L3 of the intestinal nematodes N. spathiger and C. curticei and the abomasal
15 nematodes H. contortus and O. circumcincta were probed with mAb PAB-1 and
showed reactions at approximately 35 kDa for Tc and Hc; 39 kDa for Oc; 46 and 22
kDa for Cc; and 22 for Ns (Fig 20). After digestion of 1.3 extracts with proteinase K,
immunoblotting against antibody from immune mucus or mAb PAB-1 showed that

the larval antigens were not destroyed by this enzyme (Figs 19 and 20).

20  Reaction of mAb PAB-1 with exsheathed Tc 1.3 showed strong surface fluorescence
after staining with anti-mouse FITC conjugate (Fig.21). An IgGs; control mAb did not

react with the larval surface.

2.6 Immuno-affinity purification of larval antigen
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approximately 35 kDa for Tc and Hc; 39 kDa for Cc; 46 and 22 kDa for Cc;
and 22 for Ns (Fig 20). After digestioB0of L3 extracts with proteinase K,
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fluorescence after staining with anti-nmouse FITC conjugate (Fig.21). An

| gG3 cont r of theyebuaté shaveed thatgmcprotsin-Haining Hagd ves visible de the 1pgign where the

| muno-affinity purification of |larval antigen WO 03/064475 PCT/ Nz03/ 00010
30 The reslivd agfigegmivanexpseile i tup. phsingleceabobydsie staiping bagd wagdpteeisfing t he

nonocl onal , anti body PAB-1 coupled to Protein A-agarose are shown in Figure
o 7S | B ar ins i PG Whichy BB 1 B ame oW Ehie 2D 35 0% ariect: JHAHG PBand was

visible in.the reqgjon re th | arval antigen was e cted,to run. A
single car HBWVH?@? gt ‘\gﬂﬁi%%&i‘héro%%mwgcﬁhg%? SRSt h Iglbﬁgge‘g%ﬁw?@ﬂ ran.
at the sa ul: i ) i . g,’]rlgég : i ng
with anti Bgaggﬂ %f%n%lﬁ{meﬁgﬁnee dr%r%%u%%%ﬁ@@ﬁ%%%&? eggossga a gﬁl&e{ffgi n situ
wi th biotigrhvdraahdexigagent which binds to exposed sugar residues after
periodate oxidation. 2.7 Characterisation of larval antigen 10 The effect
of various chem cal and enzymatic treatnents of L3 antigen on the

i mrunobl ot 2 7eRigrhdddrisafiomuElvaditidendy agai nst the 35 kDa antigen is shown
in Figs 23-30. Heating the antigen at 37 C for 18 h had no effect on the

i munop ot TheadFtdcODf various chemical and enzymatic treatments of L3 antigen on the
immunoblot reaction of mucus antibody against the 35 kDa antigen is shown in Figs

23-30. Heating the antigen at 37°C for 18 h had no effect on the immunoblot reaction

to the 35 kDa antigen (Fig 23, lane 2). Treatment with periodic acid or lipase slightly

reduced the signal strength (Fig 23, lanes 3, 5) but pronase had no effect (lane 4). The

15 35 kDa antigen was found in the precipitate after either acid or solvent precipitation

(lanes 6-9).

Treatment of L3 antigen with trypsin, pepsin, proteinase K or phospholipase A2
caused the blot reaction to become more diffuse but did not reduce the molecular
weight (Fig 24, lanes 2, 3, 5, 11). Treatment with papain, subtilisin or lysing enzymes
20  reduced the signal but did not alter the molecular weight (lanes 6-8). Pronase, lipase,
lysozyme, phosphoinositol-phospholipase C and phospholipase D had no effect (lanes
4,9, 10, 12, 13). Treatment with elastase resulted in the appearance of a slightly
lower molecular weight band (Fig 25, lane 1). Collagenase and proteinase K at 37° C
had no effect (lanes 2, 3, 4). Proteinase K treatment at 50°C for 18 h under various

25  conditions also did not destroy the 35 kDa antigen whichh could still be detected on



to the 35 kDa antigen (Fig 23, lane 2). Treatnment with periodic acid or

| i pase slightly reduced the signal strength (Fig 23, |anes 3, 5) but
pronase hao moeafs ect (lane 4). The 15 35 kDa anti gen was PCOINZ#3/00010 he
precipitate after either acid or solvent precipitation (lanes 6-9).
Treatnment of L3 antigen with trypsin, pepsin, proteinase K or phospholi pase
A2 caused the blot reaction to becone 3tore di ffuse but did not reduce the
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subtilisin or lysing enzynes 20 reduced the signal but did not alter the

nol ecul ar Wgh b
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slightly [|ower ar melg ane age ase’and

pr ot ei nase . no effect nes 2 t el ng r eat ment
D °50C 1 or THCHir it Bhpfte Nos Sibisc Tra ety h 13%@%@% DRt 1he 35 kba
antigen_whi chh could still be detected on WO 03/064475 PCT/ NZ03/00010 31
bl ots (Pandgsudiedyn aripgresseip the npmbemef loaier wmalerulyr gisiskishands seqn @ thent | y
reduced the blot signal but did not decrease the nol ecul ar weight of the
35 kDa ant ibjesrbu¢ Fiegreaetion taFfekdy wandeH doorikint i(Bigs2Tutiaree)t haftenin¢atmbnt

gl ycoprotein fetuin was degraded (lane 2) indicating that the enzyne was
active. Tr edthdaOHwpluh NaBH.NalHbratei0@s €isitde b BilherSstairing| dldugntharbletncr ease
in the nunber of |ower nol ecul ar wei ght bands seen on the blot but the

reacti on atreadfiok BRIHABS 1804 ArtigdR Wiah andindifikiedZbmpafdiieo Zhe ccﬁlftﬂoﬁﬁntlgreﬁf(lﬁ'ge nt
wi th NaOH plus NaBH4, no protein was visible by silver staining although

the blot mneaghign of the 35 kDa antigen was undi m ni shed conpared to the
control antigen (Fig 27, lane 3). 10 Treatnment of L3 antigen with
hydr of | uorous acid for 48 h at 40 C or with hydrazine for 1 h at 20 C or

for 1616' atpdQefe ofqi’.%danrﬁ%&n Qﬁﬁthgﬁ%ﬂhgﬁ)ug gcih'?@r A lcl&fbrb &F évgh ﬁ%r‘azine for
1 h at 20° C or for 16 h at 100° C, did not destroy the 35 kDa antigen (Fig 28).
Treatment with hydrazine for 7 or 14 days at 100° C reduced the blot signal compared
to untreated control antigen (Fig 29, lanes 1, 2). Treatment with trifluoroacetic acid

for 4 h or 16 h destroyed the antigen (Fig 29, lanes 4, 5).

16  Treatment of L3 antigen by the following procedures did not destroy the 35 kDa
antigen as shown by immunoblotting (Fig 30): proteinase K + SDS for 4 h or 20 h at
50° C (lanes 1 & 2): 0.1-1.0 M NaOH treatment at 37° C for 18 h (Fig 30, lanes
3,6,7,8): heat denaturation at 90° C for 20 min prior to digestion with 1 M NaOH
(lanes 4): trypsin digestion at 37° C for 22 h with or without heat denaturation at 90°

20  C for 20 min (lanes 10 & 14): proteinase K + SDS + DTT at 50°C for 22 h (lane 12).
Proteinase K digestion of L3 extracts from five nematode species did not destroy the
Tc 35 kDa antigen or the cross-reacting antigens of the other species present at 46, 35

or 22 kDa (Fig 20).



Treatment with hydrazine for 7 or 14 days at 100 C reduced the bl ot signal
conpared to untreated control antigen (Fig 29, lanes 1, 2). Treatnent with
trifluorowoaBioet4axzid for 4 h or 16 h destroyed the anti geeT(NZogo®A9 | anes
4, 5). 15 Treatnent of L3 antigen by the follow ng procedures did not
destroy the 35 kDa antigen as shown by immunoblotting (Fig 30): proteinase
K+ SDS for 4 h or 20 h at 50 C (laneB2l & 2): 0.1-1.0 M NaCH treat nent at
37 C for 1%ch 3y EtehcBaslapnigsed By Bledtr@hordsdainddbloaingrwiden natite &hdGidner 20
mn prior to digestion with 1 MNaCH (lanes 4): trypsin digestion at 370 C

for 22 h wWytiOihe WrdsBRY of(ESRY, BOTALLE M RA, thegﬂlti%Sh fanf:2a K8h Mdledulanes 10
& 14): proteinase K+ SDS + DIT at 50 C for 22 h (lane 12). Proteinase K
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35 kDa ant or e cross-reacting tigens o e oth pecl es present
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condi tions e}g_g in the presence of 0.5 % DOC or 6 Murea. The antigen ran
as a hi%h ARAYEUl ar  wei ght snmear under these conditions (Fig 32). Addition
of reducing agent (20 mM DITT) to the sanples and the el ectrophoresis
buffer did not alter these profiles Enot 5 shown). 2D el ectrophoretic

anal ysi s ofDrelegtgorhogtice salysis of weatxgag phansdon| siiong rigypynobietar 35
kDa, which extended across the range pH 3-10 (Fig 33). Despite the strong
bl ot si gnafgaction pr 3% &Da, whishwexginded agnoss the reunger pid Bol{tl(fg 38bgDsepitedthg. Sheep
i muni sation trial 10 FEC data are shown in Table 3 (refer page 34). At
week 3 af t siforsibl @gge, no gretetn wasvisibte iaitignedriesporiding efienence i n FEC bet ween
groups but at week 4, the counts were significantly [ower in the immnised
group (P<0.05). Wen counts from both weeks

3.6. Sheep immunisation trial

10  FEC data are shown in Table 3 (refer page 34). At week 3 after challenge, there was
no significant difference in FEC between groups but at week 4, the counts were
significantly lower in the immunised group (P<0.05). When counts from both weeks
were combined, there was also a significant reduction of FEC overall in the

immunised group(P<0.05).

15  Figure 34 shows a Gel electrophoresis (8 % PAGE) and immunoblot analysis of T.
colubriformis L3 extract (I.3) and purified carbohydrate larval antigen (C) run under
non-denaturing conditions (no detergent or reducing agent). Gels were stained for
protein or carbohydrate. Blots were reacted with mAb PAB-1 followed by rabbit anti-
mouse Ig-HRP conjugate, or with immune sheep mucus followed by rabbit anti-sheep

20  Ig-HRP conjugate.



were conbi ned, there was also a significant reduction of FEC overall in the
i muni sed group(P<0.05). 15 Figure 34 shows a Gel electrophoresis (8 %
PAGE) anowormtoaabs ot anal ysis of T. colubriforsnis L3 extcamzogndioand
purified carbohydrate |arval antigen (C) run under non-denaturing
conditions (no detergent or reducing agent). Gels were stained for protein
or carbohydrate. Blots were reacted wi 88 mAb PAB-1 followed by rabbit anti-
nmouse | g- HRBbEOD HOwES ac@¥itMbitihmuieuwneus BeeRst TBGEsr vaiduewesnytsr abbi t
anti-sheep 20 |Ig-HRP conjugate. WD 03/064475 PCT/ NZ03/00010 33 Table 1.
In vitro a@téamneyt of i nmune nmucus agai nsbark® ddhpingtari ous treat nents

Tr eat ment g k f

super nat antUniteatedg 000 x g supernatant +¥*+100 000 x g supernatant + 100
000 x g SUW%&%I%ant DTT - 100 000 x g supernatant TX 100 ++ 10 100 000 x g
super nat ant S ++ Reduced and al kyl ated ++ Heated 60C ++ Heated 100C

- Pepsi & +1090Pxanagpernata@er i odat e - +++

50 000 x g supernatant ++
100 000 x g supernatant +
100 000 x g supernatant DTT -
100 000 x g supernatant TX100 ++

10 100 000 x g supernatant CHAPS ++
Reduced and alkylated ++
Heated 60°C ++
Heated 100°C -
Pepsin +

15  Pronase -

Periodate -
Lipase ++
Retentate >100 000 mw -+

10-100 000 mw -
20  3-10 000 mw -

* clumping score +++ = most larvae clumped together in large aggregates; ++ =
some clumping; + = slight clumping; - = no clumping.
25



Li pase ++ Retentate > 00 000 nw +++ 10-100 000 mw 20 3-10 000 mw *
clunping score +++ = nost | arvae clunped together in |arge aggregates; ++ _

some cl unworgioe447s5 slight clunping; - = no clunping. 25 WRBCOANZ08/46Dib
PCT/ NZ03/ 00010 34 Table 2. Nunbers of T. colubrifonnis |arvae establishing
in 5 msections of small intestine of naive sheep one week after infusion

of L3 incubated with naive or inmune 8ficus, 100 000 x g nucus super nat ant
or super naable 2.0INwNREs by TWaslbbiirmiy 1564 lestablishin® - 3 oh sddioddoT bl %
reduction* Naive nucus 10664 140 O 10804 Supernatant 24978 590 0 25568
Super nat anintgiing of 4paive shepp ong weelpdier IRSIeR ofubdsingubted7 iyith wpive o1

Super nat an HRET 15 * %
reducti on }l?légﬂ%glggﬁrgelréggg?%garvae Sg%&n%%%néﬁgtguop%ﬁgé%é%?o\%%r%&%ﬁtﬁl tal.
Table 3. FEC data from sheep i muni sed with 35 kDa antigen G oup | ndividual

FEC mea .20 Veek 3 Copigl 21699 /P, 1300 (90 1700 18902500 2500 1575

Naive mucus 10664 140 O 10804
Supernatant 24978 590 O 25568
Supernatant 8140 148 O 8288

10+ wash
Immune mucus 148 770 O 918 91
Supernatant 130 0 396 526 98
Supernatant 224 420 O 644 92
+ wash

15  * % reduction in the numbers of larvae compared to respective naive total.

Table 3. FEC data from sheep immunised with 35 kDa antigen

Group Individual FEC mean sd
20 Week3

Controls 600 700 1300 1500 1700 1800 2500 2500 1575 715

Immunised 300 400 800 1900 2400 1160 940

Week 4

Controls 900 1100 1300 1700 1800 2200 2500 4000 1938 993
25  Immunised 600 600 900 1100 1300 900 308%

*significantly different to controls (P<0.023, Kruskall-Wallis test).

3. Discussion

The ability of mucus from immune sheep to influence the survival of nematode larvae
30 was indicated by earlier work where incubation of larvae with mucus caused

inhibition of migration of larvae out of sieves (Douch et al 1983). Recently, we



| muni sed 300 400 800 1900 2400 1160 940 Wek 4 Controls 900 1100 1300
1700 1800 2200 2500 4000 1938 993 25 Imuni sed 600 600 900 1100 1300 900
308* *siwypiBiocamt |y different to controls (P<0.023, KruslrariNadébooie test).
3. Discussion The ability of nmucus frominmmne sheep to influence the
survival of nematode |arvae 30 was indicated by earlier work where

i ncubation of |larvae with nmucus caused35i nhibition of mgration of |arvae

out of si eM@s%u(eQOﬂiﬁthla?\taeaﬂjvmé%entﬁﬁﬁﬁlﬂiﬂeﬂ topiRhofrR3/ifkdbdilen RCHhiNGAS/ 00010

35 observed that |arvae were frequently clunped together after incubation

in imune pidesndEinek thballafvaeserd plevatedBOR d3tablisiiihg dofni iy wisdnaipkissdi ng
normal |y when infused into naive sheep via a duodenal cannula (Harrison et

al 1999). itheseivelshespveinintsodendr @naxih gHdaibon rt bhé9I9sh)esBrte sbsetyatimns showed
conclusively that immune nucus can 5 effectively prevent establishnment of

| arvae. Theedegpiesledfin freqpresni endpgad sisrwadrioaclnbively thispemedng nowcusisent i me of
mucus collection after imunisation as well as dose vol unme.  This

corr el at eseifgativelysevat estahlishmprhaf|laype. aRhq drgirg af profectinn agpidst infesions seen

after | mmdroatd %”"'me SSar AT B e PREURGY D S G R e of
i 10 b h d h hi
nctivity r aBiseeyes wih e ReEn @l PommPof i iR g b B0eR FBRdtit 1 rom
phys' cal DLASK DRoBY STHEHS Gt rBh {Mhéa?éhs il AHIL NG t&es'@ée\k@e%fégt er

i ncubati on rmune SU ernat an

prevent establhSMENThd OEY Uoﬂgh R 1@6190@ ﬁlata%%@limﬁﬁﬁe nRRued to

t he Iarvae.rﬁ]ﬂ%1 %nfq;;lftro an§ Sll S Zf‘t Féarva M"liptr?g after treatnment of

| Mune;grUCEsuIBYaléd BlevehtSlarval establishment 1ndlcates that this activity resides in the
soluble fraction of mucus and does not result from physical blocking by mucus e.g. by
viscosity. Washing the larvae after incubation did not affect the ability of immune

mucus supernatant to prevent establishment, indicating that the activite factor was

bound to the larvae.

15  In vitro analysis of larval clumping after treatment of immune mucus by dialysis,
centrifugation or molecular weight filtration, indicated that the clumping activity was
associated with the high molecular weight fraction of mucus. Heat treatment and
protease digestion suggested that clumping required the protein component of mucus.
However, SDS PAGE analysis and protein detection with Coomassie blue or silver

20  staining did not reveal differences in the crude protein profiles of a panel of immune
and naive mucus samples. Similarly, lectin blotting did not show differences in
glycoprotein composition between the two panels of mucus, with the exception of
peanut agglutinin, which may have detected carbohydrates present on heavy and light
chains and seen in immune mucus samples. The heavy chains were at 70 kDa which

25  could indicate the presence of IgA. Blotting also showed the presence of IgG in all

mucus samples.

The above observations and presence of IgG and IgA in immune mucus suggested that



centrifugation or nolecular weight filtration, indicated that the clunping
activity was associated with the high nol ecular weight fraction of nucus.
Heat treawomabeantdl protease di gestion suggested that cl umpirmyoseeuadred t he
protein component of nucus. However, SDS PAGE anal ysis and protein
detection with Coomassie blue or silver 20 staining did not reveal
differences in the crude protein profiB8s of a panel of imune and naive

nucus sanphgshodfisnietediising hembiode Bhidtenk W@aré“réipﬁ@sﬁbl& ot 26V A1 feRIrBpia e Santi N
gl ycoprotein conposition %etween the two panels of nmucus, with the

excepti on 6dr inpeanprotaginut Inminmmoblidts ofi laeyl imigen gestedt eith darmnab yoicikes
present on heavy and light chains and seen in imune nucus sanples. The
heavy chai slsowsat e giresgcek@alg@iniand IS antdhddiesi witicle staetet] ipecdonasantkyewith al gA.
Blotting al so showed the Br esence of 1gGin all nucus sanples. The above
obser vat i oFgirtigee skt kDaplusgdTasedaegigns pind.i IZndAe3 iz kDas ugigadicant!t.hat WO
03/ 064475 PCT/ NZ03/ 00010 36 anti bodi es recogni si.ng nemat ode_anti gens were
r espons? bl Blatoef 13 pgtagens prabsi fgthaaniibodisy elutpdyvirerp iacsegthenthgd larm%m ots of

I I ti bed wWith i h d the. .of | d
| GA ant | DolTaB i BBt R ABQ P RELPIOTER! EACH) G AP geh Z0e3 kpa
pl us di ffu§eeS

Bnt 7 gens. prBbaCUSAe anrivis,Arerssdes it SRF mplAPbott U e B8 O cr

i ncubat i ongj 3 km{éeeﬂ?ﬂégﬁaf@ﬁégeﬁhﬁ%gs %@%ﬂmﬁva&e%}ﬂmga@m%nogol q

antigen. Thi resul t, S surface uorescent stalning an

el ectron myGE Q&GEERYn mt?ﬂ%@%rh%l@é udQFoLRi SiAPERIBAL BpeSRBhALs ARd itge St hace of
the larvae. Anti-35 kDa antibody was present in mucus sanples used for in

vivo ct@l | eiggEicaxpesridi@binshetRebnt the rdegied of drétectidngatifdriedvy igaiune ldiduon
bet ween the degree of protection afforded by i mune nmucus and the titre of
| gG and | gAnd Mectitse ahigdbaoky IgA.oviuEus aotibdalyi fien M. olubmifreris ineapne sliesp
recogni sed antigens on blots of larval extracts from other intestinal
nemat odes @so recognised antigens on blots of larval extracts from other intestinal nematodes C.
curticei,. N. spathiger, T.axei, Tvitrinus, O.ostertagi, C.oncophera, N.brasiliensis and
D.eckerti and from abomasal nematodes H. contortus and O. circumcincta. This
15  cross-reactivity indicates that a surface molecule with similar function to the T.
colubriformis 35 kDa antigen exists in other nematode species and could be a target
for immunisation. Monoclonal antibody PAB-1 also reacted with these antigens and
could thus be used to identify and purify these surface antigens from parasitic
nematode species. The finding that all the cross-reacting antigens tested so far are

20  resistant to digestion by proteinase K is evidence that they are also not proteins and

thus share similar properties to the 7. colubriformis 35 kDa antigen.

Monoclonal antibody PAB-1 coupled to Protein A-agarose was able to purify
T.colubriformis larval surface antigen. This T.colubriformis larval surface antigen
was found to be predominantly carbohydrate as shown by its resistance to digestion
25  with a range of proteases including proteinase K; by staining with a silver stain
modified to detect carbohydrate groups and by labelling with a biotin-hydrazide

reagent which binds to exposed sugar residues. The antigen did not stain with protein



curticei,. N spathiger, T.axei, Tvitrinus, O ostertagi, C. oncophera,

N. brasiliensis and D.eckerti and from abomasal nematodes H. contortus and
O circumwpDnsioedd7Thi s 15 cross-reactivity indicates that &CIwZoao@100l ecul e
with simlar function to the T. <colubriform s 35 kDa antigen exists in

ot her nemat ode species and could be a target for imunisation. Mnocl onal
anti body PAB-1 also reacted with these3ntigens and could thus be used to
identify anidteeting yethidiRssich ukfsiloer a@in] TRBabi®BlueasBgoIti CThe)exBieadRas
species. The finding that all the cross-reacting antigens tested so far are
20 resi st antsittantdiogdegradmionybytied activas ef Kiphses eanddens ewot Isatubleh @y oagagical so
not proteins and thus share simlar properties to the T. colubriforinis 35
kDa ant i gersolventsoehiolh arggssisithasdipidasnporeotspirediot prePerdtazinot Accasriblos eN-was
able to purify T.colubriforrnis |arval surface antigen. This T.

col ubri f or l¥opidasedl treafptert didnat jaffeet thevartiges dndicatingirather Bubiesugars pre

car bohydrat e .shown hy its resistance to digestion 25 wth a range of

pr ot easBs m&?ﬁepw P Blab ey se ot geressible o sg2iine @itacks Al SR Gl 11 ed

d boh . by | |1 ' bi atin-hydrazid
S cgeme e ThRBL 262 oS54 0 g 3B HAS YhER Rl BRI BYRRRRACS
ith [ 3/.0 P, RGN i.ng. met.
1D P ot R ARORATE, PETLAPI S90S R BE B s
degr adat i or;mg%en; he action of |ipases and was not soluble in organic

sol vents whi ch suggests that |ipid conponents are not present or not
accessi ble. N glycosidase F treatnent did not affect the antigen

i ndi cati ng it steervahial dfhe rﬁn%ﬂre%@aﬁug%min b lth k&eh @F 4 Madfdedt BEYowére not
accessible to enzyne attack. kali treatment or extensive hydrazinolysis

di d noilOdeshaslegnldrhecight igienwohdilotsayf 7. nadidalferan lmvd uitracicpbbahwdihat e
structure. Strong acid hydrolysis with trifluoroacetic acid destroyed the
anti gen. TheAbF¥ditacowd ioficaterthitt fhplseugaredphthep3d kBParartigen hendisss of @f a
| adder of | ower
polymer of a smaller unit. In its native state on the larval surface, however, the
antigen is a high molecular weight complex as shown by the electrophoresis results
using non-denaturing conditions. Solubilisation in SDS + DTT reduced the complex
15  to an antigen detectable on blots at 35 kDa suggesting that the complex is a polymer
of the 35 kDa antigen or a heteropolymer of 35 kDa antigen plus other components as
yet unidentified. The antigen shows charge heterogeneity when separated by
isoelectric focussing, again indicating a complex structure. The results suggest that
this molecular complex, present on the outer surface of larvae, is likely to resist
20  degradation by all physiological conditions found in the stomach and intestine of the
nematode’s host. The functional implications of these properties of the larval surface
antigen have yet to be determined but it seems likely that this complex has evolved to
protect the larva during transit through the hostile environment of the host system
until it reaches it’s site of predilection in the small intestine. The 35 kDa antigen was
25  only found in the L3 before infection and up to 5 days after infection, suggesting that

the coating was required for protection during transit through the stomach. During the

moult to L4 stage in the small intestine, the protective coating is shed as it is no longer



10 nol ecul ar wei ght antigens on blots of T. colubriforn is larval extract
probed with nmAb PAB-1, could indicate that the structure of the 35 kDa
antigen cwodBmtat7df a polyner of a smaller unit. In its mamiNzZ3/st|@de on
the larval surface, however, the antigen is a high nolecular weight
conpl ex as shown by the el ectrophoresis results wusing non-denaturing
conditions. Solubilisation in SDS + DIB8 educed the conplex 15 to an
antigen deteptiedl e Iowibl wt apgecidkdkibat anggesiengspdiat ditetcdongplisst this a
polymer of the 35 kDa antigen or a heteropol yner of,35 kDa antigen plus
ot her conpeneiptisveasoaty eouldinedteretyi fdoagpromidse that negyeatoddroebilihatogestablish

het erogeneity when separated by isoelectric focussing, again indicating a
conpl ex st sueaestiBlly Thdtsy kostland coulgyEwtefeigabavet Wide implisatignsr for aremasode
present on the outer surface of larvae, is likely to. resist 20 degradation
by all phySPBIrdlgi dBI @ dBFHEMINRAGN Y294 #1al ning HReeBt HREWAISAHRN iWithe &t VHEMSE ¢ he
nemat odge' s host. The functional ,i i cat.ions of these properties of the

| ar val urF&@@“ﬁﬁﬁﬂpﬁgﬂyhgygﬂihggt Hen, 5?b@ﬁ&d¥ﬂ°§u?hﬁYmEé@WEt i Keldy that
this conpl ex s _eval ve otect t.he larva during transit through the
nosti 1 e oyt BkaeRieabytRR o) TuosR e Shmti o et e Bl ekl ARt bR EVISy
predilection in the small intestine. The 35 kDa antigen was 25 only found

inthe L3 %&9&@ of MEeGEiAn ARGHUPhAR RReflAkstrBdbd B .v&n fgGkh le Wa&& i ng

that the coating was required tor protection duri trans ough the
stomach. Dghbdl@ tehpredRiddt thhOmbAifiRhR@R and adBRiofE Bl veth&R thBRio WitBout
protective coating is shed as it is no | onger WO 03/ 064475 PCT/ NZ03/ 00010
38 requi r edepdrtingoin the sapp o€ ttieadppendetiatai@p. i mrune response directed
against this protective coat could severely conprom se the nenmat ode's
ability to establish successfully in its host and could therefore have
wide inplications for nematode control. In a prelimnary vaccine trial in
sheep, immunisation with a vaccine 5 containing partially purified 35 kDa
antigen and an oil adjuvant resulted in a significant reduction of faecal
egg count in the vaccinated group conpared to controls.



Aspects of the present invention have been described by way of exanple only
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5 2. An isolated nonocl onal antibody as clainmed in claim1 wherein the
anti body binds to an antigen sourced fromT.colubriforms L3, wherein in
sai d ant iwers3/644ms at substantially 35kDa on SDS PAGE gel pamdem3medaci ng
conditions. 3. An isolated nonoclonal antibody as clainmed in claim!]
wherein the antibody binds to surface antigens on L3 selected fromthe
group consisting of: 10 a) a surface amdjgen on Ccurticei which runs at
substantially 46 kDa and at substantially 22kDa on SDS PAGE gel under

reduci ng cobHE ChAIMSDERININGITHEANVENTION AREPat hi ger which runs at
substantially 22kDa on SDS PAGE gel under reducing conditions; c) a
surface antigen on H contortus which runs at substantially 35kDa on 15 SDS
PAGE gel unber raéuuedlaigd qoerdictanehsentitanly mAbaPABFf, adspositddi gEATAT ©n 24
circwncincta which runs at substantially 35- 39kDa on SDS PAGE gel under
reduci ng condi t i [gA8ary 003 andr dogeuled racoegsion oMl A-480%i whbich Thinds td ausirfabs ch
runs at substantiall 35kDa on SDS PACE gel under reducing conditions; 20
f) a surface antd"y8f! ohoengedetkd-agi which runs at substantially 30-45 kDa
on SDS PAGE gel under reducing conditions; g) a surface antigen on

C. whi t ant j.al 20 .kDa .WO 03/.064475 PCT/ NZ03/ 00010
42°and 3t bt vt IR he ) A eBedlon it it I EHE S e | ons:
h f ty: - i ' ich. bstanti.ally 9 kDA
and"at - subst ant iy 18 PR S BIAA U HER 12 aTEre T sl ot ons:
i) a surface antg,gen s%tﬁtﬁﬁiﬁ%lﬁba YRSER BAGE g@itunﬁgpéhﬁlaﬁé @J)Ad¥ti(§n()s. kDa on

3. An isolated monoclonal antibody as claimed in claim 1 wherein the antibody

binds to surface antigens on L3 selected from the group consisting of:

10 a) a surface antigen on C.curticei which runs at substantially 46 kDa and

at substantially 22kDa on SDS PAGE gel under reducing conditions;

b) a surface antigen on N.spathiger which runs at substantially 22kDa on

SDS PAGE gel under reducing conditions;

¢) asurface antigen on H.contortus which runs at substantially 35kDa on

15 SDS PAGE gel under reducing conditions; and

d) a surface antigen on O.circumcincta which runs at substantially 35-

39kDa on SDS PAGE gel under reducing conditions;

e} a surface antigen on T.axei or T.vitrinus which runs at substantially

35kDa on SDS PAGE gel under reducing conditions;

20 f) a surface antigen on O.ostertagi which runs at substantially 30-45 kDa

on SDS PAGE gel under reducing conditions;

g) a surface antigen on C.oncophera which runs at substantially 20 kDa



SDS PACE gel under reducing conditions. 4. An isolated nonocl onal anti body
as clainmed in claiml1l wherein the antibody when coupled to a solid support
can be utwbioseesrd purify the surface antigen by 10 i nmumcTa¥zosmnooy
chromat ography. 5. An isol ated carbohydrate surface antigen from a nenmat ode
L3, wherein the antigen binds to nonocl onal antibody mAb PAB 1, deposited
at ATCC on 24 January 2002 and accordd@ accessi on PTA-4005. 6. An isol ated
anti gen substanti al | yandsatcsebstendiaily 43 &Da SnwhBP e PAGHh @chniidge seducsg uns  at
substantially between 20-35 kDa or at substantially 9 kDa and 12 kDa on
SDS PAGE gel under rewoditings;conditions. 7. An isolated antigen as clai ned
in claim5 wherein the antigen is sourced from T. colubriforms U 8. An

i sol ated anti | ai med i laimb in t ti i.S. d f

20 nomat ode. L3 | soPAEETREGATIERS G BUBCHOMETSEIRG e & Taneraly S RPACT [1Om
t hi , H tortus, O ci ' T. | AW T . i,

S oncophera, N br acht] Bnsreudiiiy, Chota i SbS Rl fresf e 2

conprises an antigen asgftil aé_mad inclaimb5 together with a
[

pharmacé€utically or Vel oREr i | y acceptable carrier or diluent. WO

03/ 064475 PCT/ Nz03/00010 43 10. The use of an antigen as clained in claim

5 1n the manufactupe olurfhce GRIBASHE INAAEAT WhIKUER! bNSibstahaly BY LDCelCI ng
the susceptibility to, nenatod Infection. 11. The use of a conposition as

clainmed in claim?9 fppractdngdede@ingénditons.educi ng the susceptibility
to, nematode infection in susceptible sheep from nenmatodes selected from
the group consisting of T.colubriforms, Ccurticei, .
4. An isolated monoclonal antibody as claimed in claim 1 wherein the antibody
when coupled to a solid support can be utilised to purify the surface antigen by

10 immuno-affinity chromatography.

5. An isolated carbohydrate surface antigen from a nematode L3, wherein the
antigen binds to monoclonal antibody mAb PABI, deposited at ATCC on 24
January 2002 and accorded accession PTA-4005.

6. An isolated antigen substantially as claimed in claim 5 wherein the antigen
15 runs at substantially between 20-35 kDa or at substantially 9 kDa and 12 kDa

on SDS PAGE gel under reducing conditions.

7. An isolated antigen as claimed in claim 5 wherein the antigen is sourced from
T.colubriformis 1.3.

8. An isolated antigen as claimed in claim 5 wherein the antigen is sourced from

20 nematode L3 isolated from the group consisting of C.curticei, N. spathiger,

H.contortus, O.circumcincta, T.axei, T.vitrinus, O.ostertagi, C.oncophera,

N.brasiliensis and D.eckerti.

9. A composition that comprises an antigen as claimed in claim 5 together with a

pharmaceutically or veterinarily acceptable carrier or diluent.



N. spat higer, H contortus, Ocircuncincta T.axei, T.vitrinus, O ostertagi,
C.oncophera, N. brasiliensis and D. eckerti. 12. A conposition as clained

i n cl ai m®ofoafeqareventi ng, treating, reducing the 10 sus®eptNZoshiony t o,
nemat ode i nfestation in susceptible aninmals other than sheep wherein these
ot her species of nematodes al so possess a |l arval surface antigen

identified by reaction with nonocl onal 4ti body PAB-1 as descri bed above.
13. A conpd®iti drheasse lodii diedntigenc baichaiSehiar eliafin t 1én cthapmandfhctoreabs a

i ncludes at |east one adjuvant or cytokine. 15 14. A nethod of diagnosing
nenat ode i nf ect icompositisueepeivditmgatreatilzs reclooipg il sigcentibdity ttepeenpdtoden)
obtaining a blood sanple froman animal; and b) analysing the sanple for

t he presence of iaf§ctgiti body against the antigens as clained in claim3 via
a suitable assay. 20 15: An isolated antibody as clainmed in claim3 wherein
t he anti bo rced fromthe, gastrointestinal nucus of an ani mal

h b
whi ch has S\éena'ﬁmﬁ?g% gf;gu%}}nﬁqslﬁw@agsealla}rﬂqia i 'ff”f] PR EcdBBect ed
H cont ot us. " QrER R e nLgeuielo: henmoRt fifeiop b harpiaF St fefipher o,
N brasi | ensi s 0 01054475, PETLNAOSL 00010 <48 AR EEKRL] ¢ dfincf et hoc
of preventing, treating or feduclny susceptiblrity f0 dn nal —Henetode
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12. A composition as claimed in claim 9 for preventing, treating, reducing the

10 susceptibility to, nematode infestation in susceptible animals other than sheep
wherein these other species of nematodes also possess a larval surface antigen

identified by reaction with monoclonal antibody PAB-1 as described above.

13. A composition as claimed in claim 9 wherein the composition also includes at

least one adjuvant or cytokine.

15 14. A method of diagnosing nematode infection in susceptible animals comprising

the steps of:
a) obtaining a blood sample from an animal; and

b) analysing the sample for the presence of an antibody against the

antigens as claimed in claim 3 via a suitable assay.

20 15.  An isolated antibody as claimed in claim 3 wherein the antibody has been
sourced from the gastrointestinal mucus of an animal which has been
immunised by truncated infections with nematodes selected from the group
consisting of T.colubriformis, C.curticei, N.spathiger, H.contortus,

O.circumcincta T.axei, T.vitrinus, O.ostertagi, C.oncophera, N.brasiliensis



susceptible animals. 18. The use for nonocl onal antibody as clained in any
one of clains 1-3 to detect nenmatode infection in sheep. 10
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and D.eckerti.
16. A method of preventing, treating or reducing susceptibility to, animal

nematode infections, by administering the composition as claimed in claim 9.

17.  The use of an antigen as claimed in any one of claims 3-8 to elicit an antibody
5 response in the gut mucus of sheep or other susceptible animals to treat,
prevent or reduce susceptibility to, nematode infections in sheep or other

susceptible animals.

18.  The use for monoclonal antibody as claimed in any one of claims 1-3 to detect

nematode infection in sheep.
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