Speci ficatiion as at 31 March 2006 1 NOVEL AL ANTI BORY AND, NEMATCODE
LARVAL ANTI GENS Technical Field The present inverfiSiiiatipepsited Yarch 2006
nonocl onal anti body and nenat ode | arval antigens, |In particular the
present invention relates to a nonocl onal antibody specific for 5 surface
antigens on third stage |larvae (L3) of parasitic nematodes. Background Art
The i nfestations by nematode parasites of animls such as sheep and cattle
are of economc inportance to those in the agriculture industry.
Traditionally, nematode infection hasybeen treated by the adm nistration
of ;anthel mntics. 10 However, a mmjor drawback with conventional

anthél m nt i c SNOVER MeNCTIUN AU ANTIERSH S ARDOEM ATEDR | ARY AT ARG Of

anthel mntics 1is now becom ng increasingly nore widespread and is :
t heref ore of ieec’i,oHi,fgncern (Wal l er, 1997; Sangster et al, 1999; Van Wk
et al, 1999) YRSt nechani snms have been proposed to explain expul sion
of nematodes 15 fromthe intestine of i nmmune sheep (Rothwell 1989). There

i's evidence frHe phdddht idviidh YEAR : uP.aﬁHc?ﬂ.!v?It .
hypersensitivity response%1 mhe?gag{lo?%@%?gﬁb%gﬁnﬁﬁéatl on o aﬁté%ilss’ensi tised
mucosal mast lpepaitivulie thd spresentainvantion midtat to 0N mofocldhalb &itiBoBespedific fodcus whi ch
may affect.ne ode, survi v,aJ (Mller 1996, Enery of at 1997).

Ant i - rienat DdePHPBARIEETRD Bfd SAsE fevap A3 eletasitienepiatodesnce of chenical 20

medi ators (Douch et at 1983; Jones at at 1990) and antibody (Lee & Ogilvie
1981, M| erBacBféimdard i sle et at 1991). Recently, the present-inventors
showed that intestinal nucus obtained from sheep i munised by nmultiple

truncat ed i nf,gct.i ons, cgul d alter the normal pattern of |arval
establ i shrent TEERERaHoRY RX nEfeiede Beosics of Aimale sudhods\cerpeand catle a5 dfnt o ¢ he

duodenum of . bitid Biijofthi28to HRECH thd YdolRRLinllsnd! ThEMDhanyBEGd,CA T ON @S

infection has been treated by the administration of anthelmintics.

- 10 However, a major drawback with conventional anthelmimtics is that sematode
resistance o a broad spectrum of anthelmintics is now bécoming 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 IgB-sensitised mucosal mast cells leads to an accumulation of
substances in mucus which may affect nematode survival (Miller 1996; Emery ef al
1997). Amnti-nematode properties of mucus include the presence of chemical
20  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 |
infestinal mucus obtained from sheep immunised by multiple truncated infections
conld alter the normal patiern of larval establishment after infusion of a mixture of

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



2 Micus collected fromthe small intestine of sheep immune to the
parasitic nematode Trichostrongylus col ubrifor %le\%églmﬁ su 11\darch 2806
anti-larval activity, causing larvae to clunmp in vitro and resulting in
significant reduction of nunbers of |arvae establishing in naive sheep
after infusion of larvae and nucus via a duodenal cannula. 5

| mmunobl otti ng showed that inmmune nucus contained | gG and | gA anti bodi es
that recogni sed predom nantly an antigen with an estimted nol ecul ar

wei ght of 35 kDa. Antibodies eluted féomthe surface of |arvae incubated

i n-i-pmune nu (S ERGh M -he tigen.on.bl ots . of |arval
hohodenat e. ICMn’%uuﬁof uorescg%églwé%rges&%n%‘éﬁegg?%ﬂ%{él%cerpﬁﬁsl%%epﬁéog%py showed
that the 35 Kibih@ambrgyles colllsif@rioRRtiond tb Hve biki-BRaCAs{iG), @by ladagnd was shed
during the noult to IA The antigen was not present in eggs, LI, L2, 1-4
or adult worrif 4P Waditgnid sediing in sievificast gedottion Sofbmingess ofnfaset i on ~ and up

to 5 days aft i Lon., . The results,suggest that the. binding of anti bod
to theyl arvaeg Q%lﬁé}ﬁgﬁlé&g?seh\?eepnﬁgﬁmﬁléﬁogﬁwg%ﬁE’é‘?‘}iﬂfai pdegel stunifei r g

preferred site, causing themto be elimnated fromthe intestine.

| nruni sat ifon Jednusdbiting\shbwedna: tingtuhe/ midus RutikddIEG 3Rd tAPardRddied s  €sul ted in
a significant reduction of egg count followng challenge with T.
col ubri f or m SeCopH PEfrmiganthan gntigsn withjan essiafatel moloulef weight of 3ikDagen in a

vacci ne. A mogesls I esignat ed PAR-.1. was prepared agai nst the

| arval surface an%?ig‘;‘é‘%%bﬁfgg%}&%- °§W§%%E%ﬁ%ﬁﬁw§““§ch%m%‘gﬁ recogni sed
the 35 kDa T.wi0the 85 ubb iafitipefiion bicl ¥larvalhon@ethaRN dmluiGubhRemeR@Ct €d Wi th
an antigen of simlar nolecular weight on blots of 1-3 extracts of the

parasi tic nerfB8EREsldslestinaisioscony: shemet thakthe dtkivsantgdnanys gresint endbei nct a; and

with a 22KDa,aptk o antigens.extracted from Cooperia
curticei and Rlemt%g??glghg%%%% geréé’?ﬁi}ogﬁ*% ?g‘?éﬂlgﬂfﬁﬁstm 5B surface
antigen w th eggnlihild] Dforadilewbindl andiEs ¢HleRe 1 «AacBRlA €S veare MEERbLRIE Speci es
and could be identified by mAb PAB-1. The 35 kDa | arval antigen and

|1

rel at ed rol el BB 0z} @2y pfics igfeqtign., Ehewseudts suegesy Biakthé bindinp of anthediyrte t y and can
thus- be 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 kD2 antigen resulted in a significant reduction of egg count following

challenge with T. colubriformis, indicating the potential asefulness of this antigen in a

vaccine.

A monoclonal antibody designated PAB-1 was prepared against the larval surface
antigen. MADb PAB-1 and sheep mucus antibody both recognised the 35 kDa T
20 colubriformis lacval antigen and also cross reacted with an antigen of similar
molecular weight on blots of 13 extracts of the parasitic nematodes Haemonchus
contortus and Ostértagia circumcincta;, and with 2 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  mematode 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.



utilised in a vaccine or other immunotherapy ag ing%ﬁnenatode i nfections.
Specification as at 31 March 2006 5 3 Monocl onaPecHielionasatpAddarch 40¢,e
used to inmunopurify the surface antigen by standard affinity

chr omat ogr aphy techni ques. Mnocl onal anti body PAB-1 coupled to a solid
phase support such as agarose or sepharose binds the surface antigen froma
crude extract of 13. The surface antigen can be eluted fromthe anti body
matrix using a low pH buffer and shown to be substantially pure by SDS
PAGE. The surface antigen purified ingthis manner is detected by

| muobl o t | NBloAgRAYNBAG SRR biPol L] 06,539 be stained
by'.mét hods useg for det?ca?i ng carbo gsé‘?féé %@%%@Z“Pﬁﬁ%m gen and
rel at ed nol ecstidadaffimitk choumidgaphpteehnigupy, asHaLIBRTNRtNody PABDORSER, e

structure. This js because the antigen is resistant to digestion by 10
prot ei nase 'K Y8WE Phtse swpast suchps ggarase of saphasekeindhths ewrfice intigepfrora @i n’ st ai ns;

does stain i d ajns and, c | abelled with carbohydrate
| abel |'i ng re\é\%rg%eg&%ggqﬁ' 2@5 g"}r%%‘li érlllgﬁi?d:?‘é'i? %‘Q‘.’db%&tg? m“h@‘g'ﬁa%‘ﬁﬂlgPAB-l may
be useful &n atenpHibyiAGnARBER) B dubliadkilfy s h2S8s PARIE, OB fifhcedevel opnent
into a vaccine or other imunotherapy agai'nst nematode 15 infections.

Serum and i nt @§igenprified fadhis mauner is ldetegied byfimotuadbloninghgainst shobpuutibédyr mi s
contains antjbody that recognises,the 35 kDa | arval .antigen and rel ated
nol ecul es. Ac%gﬁéi"ﬁlé' eﬁuc'lsé“sl‘??ar'i‘é’e ﬁ?@E&WWW?%SW“P%“@?@Y%WaI antigen

i ndi cates exposure to the parasite, 20 nonocl onal antibody PAB-1 may be

useful as a dTimsadlalavalantgeh aid fetard inth@Rbled i Bldw@io neE aiphiasmingsiyani mal s.
Al'l references, including any patents or patent applications, cited in this
speci fi cati onC2ropylgy s -nddsplr iseane g #ndigear is rredstaoldo afiestissiton i s made
that any 1{@f 5606840 &Qﬂﬂi t rt'! Rod b cendilE discussion of fhe
ref erences’ s"ta%t es what thel rs‘ﬂ%ui?%girgs assglrt%,se“yaveprmm S%ams’ focS st

' with carbohydrate stains and can be labelled with carbohydrate Iabelling 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

16  infections.

Serum and intestinal mucus from sheep infected with T. colubriformis contains
antibody that recogmses the 35 kDa larval antigen and related molecules. Accordingly,
as the presence of antibody to the larval antigen indicates exposure to the parasite,

20  monocional 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 anthors 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



and the applicants reserve the right to chall enge t he accuracy an(frl1
pertinency of the cited documents. It will be SPEaRfaiopaaat sk Maerh209p

al t hough a nunber of prior art Specification as at 31 March 2006 4
publications are referred to herein, this reference does not constitute an
adm ssion that any of these docunents forns part of the comon general
know edge in the art, in New Zealand or in any other country. Summary of
I nvention 5 According to a first aspect of the present invention there is
provi ded an isolated monoclonal antibpdy mAb PAB-1, deposited at ATCC on

24 -January 2002.apd accorded. accessi PTA- 4005, which binds to a surface
ant.i.gen on neﬂ?élt‘c&g‘éusﬁ.mf%%&w&tﬁ‘ﬁ rence Hasenot Spnstitpte ap aqmidssion thal o
invention t hepe of fhefd Mk g,fgﬁ.ﬁi l2ted, ;m%j- descri bed
above wherein ﬁe gnti botgsgl bin sp%tag g% aﬁﬂﬁ%ggﬁlc%g%goour e%qg%/%r%n%n

T. col ubri f or théveZdaBipd wdieaeiother tvustey. d anti gen runs at substantially 35kDa
on. SDS PAGE gel under reducing conditions. According to a third aspect of

t he present igventio thetre is provided an isolated nonoclonal antibody as
descri bed abmgme anti body binds to surface antigens on L3
selected fromthe group consisting of: 15 a) a surface antigen on C. cunicei

whi ch runss atAcuiatiganta ikl %pdf ok BR ednt BlenSHPHERNS bAVIY 2 kbRie@n SDS PAGE

gel under reducing conditions; b) a surface antigen on N.spathiger which
runs ‘at subst#EeRorianal yantitpanddn PABIS depsiedge| ATRRen 24didurimedeomdi ti ons; c)

a surface ant}] on _H.c Of 1-US . Whi. C uns at substantially 35kDa on 20
SDS PAGE gel Ellfgccefgerd i %{0@55\’ "ih(?h"g,s {%ﬁfaff%f? anHEeR Q ga "gen on
O circun cincta which runs at substantially 35- 39kDa on SDS PAGE gel under
reduci ng condhd¢cpaitg; to @)se@nd aspba@ of theiésge invertion . thekeis poovided wn solads  whi ch
runs at substantially . .
monoclonal “antibody as described above wherein the antibody binds to an antigen
10  sourced from T.colubriformis L3, wherein in said antigen runs at substantially 35kDa

on SDS PAGR gel under reducing conditions.

‘According to 2 third aspect of the present invention thers is provided an isolated
-monoclonal antibedy 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) asurface 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;

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




Specification as at 31 March 2006 5 35kDa on SDS PAGE gel under reducing
conditions; f) a surface antigen on O ostertagi Sp#vifedatipnasatzkl Matsh280¢i al | y
30-45 kDa on SDS PAGE gel under reducing conditions; g) a surface antigen
on C.oncophera which runs at substantially 20 kDa and at substantially 45
kDa on SDS PAGE gel under reducing conditions; h) a 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

reduci ng conditions. [ f,otirt h ,aspect .of the present invention
théré is provided an %gﬁgé&le%%ir’r%%% ?lélﬁéﬁ”egﬁcﬂ ESBUINONE described above
wherein the anti body when coupled to a solid support can be utilised to
purify the surface dnhtd gefmetaptigenon Boosefbidinibich rund ot SbkAMREO0M3RDY. Accor di ng
to a fifth aspect of the_present invention there is provided an isol ated
car bohydrate surface ﬁ%ﬁ%@%@ﬁ%ﬂﬁ?@eﬁwf@&@d@pS:Merei n the antigen binds
to nonocl onal anti body mAb PABI, deposited at ATCC on 24 January 2002 and
accorded accessi on RJA; 4992 [ af ' i O resists
boili-ng in 1 M NaO Ifa-zzcor diar?g&tn%q?gﬁgﬁ%ﬁ%%é%?ﬁg?@?%%%%g23n ‘sti nvention
there is provided an imdélatsbistandalty 48 rkDRubs 1SSt PAGHE YeeRSindle Seducaed above
wherein the antigen runs_at substantially between 20-35 kDa or at
substantially 9 kDa arf@®™¥%™®pa on SDS PAGE gel under reducing conditions.
Speci fication as at 31 March 2006

h) a 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 Asubstantially 30 kDa on
SDS PAGE gel under reducing conditions.

According to a fourth aspect of the present invention ﬂaere 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 swrface antigen from a nematode 1.3, wherein the antigen binds to

~monoclonal antibody mAb PABI, 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
betweer 20-35 kDa or at substantially 9 kDa and 12 kD2 on SDS PAGE gel under

reducing conditions.



6 According to a seventh aspect of the present _invention there iﬁgﬁ@?"i ded

an isolated antigen substantially as describedS lignas &3 Yk gen
is sourced from T.colubriforms U 5 According to an eighth aspect of the
present invention there is provided an isolated antigen substantially as
descri bed above wherein the antigen is sourced from nematode L3 isolated
fromthe group consisting of C curticei, N spathiger, H contortus,

O circuntincta, T.axei, T.vitrinus, O ostertagi, C oncophera,

N. brasilieruis and D eckerti. According to a ninth aspect of the present
inyention th | | a%e& ] ; { P ' antigen
su};st"anti al | %ngﬂd%gg((y:?lg%vgﬁga ovgggggié%hng?m\?m&?’ﬁk%&% g’%@ﬁ??@ ly or
veterinarily aatigapiublihreialbn s idescribsd abbovel antereinA\@RO#ntEeI] ist Goufced effinh aspect of
the present inventjon there is provided the use of an antigen

subst anti al | Y epubgfsmisilBed above in the nanufacture of a conposition for
preventing, treating, or reducing the susceptibility to, nematode
infection. 15 j : ?&,eal ] Layention
there is pr ov‘?%g@&?ﬁ%&gg%&g a Oggﬁn%%?%%%a%ﬁa%?fogf yﬁgfs?o1 tE%is/cri bed
above for Preamtgni ndstaitiaBntas nigscribed tlede Cklivgeid e atigac épkodsdeli kom t 0,

nemat ode infection in susceptible sheep from nemat odes selected fromthe
group consi sticAgOs: P, dglatedrfrave the grovg, equpistingepf Chaugiseit N g@FM8e> cont or t us,
O ci rcunti nct I oLidladd-ny, 7 9stertagl. &. he asiliensis
and 20 D. ecklgfﬁriﬁé%ccg'rcg?ng tc%' a twel f?‘% aspfec?’a%%%%ﬁe %?necg%ﬁ?‘{i nvention
there is prouvVéediliansbarpDeiletbn substantially as descri bed above for .
preventing, treating, or reducing the susceptibility to, nenatode

infestation ip susceptible an s_ot her than_shee rein these other
Speci o of neAEPREES A et LS pbtel uba e SR GEREPHREE 1 eq by
reaction 0t hhat2 8oiMREC laR NAkisdN bith@AMIPAR- desBifhed C2RYd RELMBOMA. 2

' _pharmaceutically or veterinarily acceptable carsier 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.

16 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 suscepfible sheep from nematodes selected
from the group consisting of T.colubriformis, C.curticei, N.spathiger, H.contortus,
O.circunmin;:ta Taxei, T.vitrinus, O.ostertagi, C.oncophera, N.brasiliensis and

20 D.eckerii.

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
26  monoclonal antibody PAB-1 as described above,



Specification as at 31 March 2006 7 Preferably, these other _ani nal may
be any animals susceptible to nematode i nf ect i oRPSCication as a3 ?%gﬂﬁoﬂay

i nclude mce, rats, guinea pigs, rabbits, goats, sheep, horses, pigs,

dogs, cats, chickens, cattle, deer or the like. According to a thirteenth
aspect of the present invention there is provided a 5 conposition
substantially as described above wherein the conposition al so includes at

| east one adjuvant or cytokine. According to a fourteenth aspect of the
present invention there is provided a fethod of diagnosing nenatode
infection in EemeEPthek Qmmémﬁfm%? ghifels iGepBlieRSebtode HBaioRPt @i Ning a .
bl bod sanple froman animal; and b)analysing the sanple for the presence of
an anti body aje fletepaid, lred may ingkide niteswis] fwba ipigs triis, poats) shepaotseqf t he

i nvention above via a syjtable assay. Preferably, the assay nay be an ELWSA
or western bl%gsfi\{%cﬁ'és%?}‘%uﬁﬁq@ﬁ@ﬁﬁtoﬁfh%%oul d not be seen as limiting as

ot her types of assay are envisioned. According to a fifteenth aspect of the

present | nvenAicoridgh® & thistestitd \iigd@dofthe %r&le@tt ftentidm theAid meecﬁubst antially
as descri bed above wherein the anti body has been sourced Tromthe

gast r oi nt eSt i geaipositiansybsirntiallyiasddseribaih alwive vhereitthe nompusttion sednddet stuncat ed
i nfections wt htner%t odes se}d%ct ed fromthe group consisting of

T. col ubr i f or n§Et e affuiags preyigrine.y s hat hi ger, H. contortus, O circuncincta
T.axei, Tvitrinus, O ostertagi, C. oncophera, N. brasiliensis and

D.eckerti. 2Accénigrtdiadguricentiashbct bEMB blRseAbRGGtioPthert REprBNiR8 QHetiicavent i on
there is provided a nmethod of preventing or treating ani mal nenatode

i nfections, bYf difgnesinedematpdegnipsiion ingwgsersibls apimalspmprisingthestepnet: i nvent i on.
According to a seventeenth aspect of the present invention there is

provi-ded the usg OfchamidiulaRaile k& aPinfiREMhq | NVENtion to elicit an
anti body response in the gut nucus

10 b aﬂaiysing 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 althongh this should

ot 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 mucns of animals which has been immumised by truncated
infections with nematodes selected froxﬁ the group consisting of T.colubriformis,
C.curticei, Nispathiger, H.contortus, O.circumcincta T.axei, Tvitrinas, 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



Specification as at 31 March 2006 8 of sheep or other susceptible aninmals
to treat, prevent or reduce susceptibility to, SPREHRRHIRaS #3dpsh0Pe,
sheep. According to an ei ghteenth aspect of the present invention there is
provi ded a use for nonoclonal antibody substantially as descri bed above to
detect nematode infection in 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 is separated from sonme or all of the
co-existing materials in the natural systemfrom which the antibody or

car bohydrat e i 0 The term"L3" refers tao. rticul ar

o Vol ot age ArigB ol Ret LBt el 6 k! Perent or 78S skl B 35k

anti gen genermmkisddiebaions inddepss context dictates otherwise, to the T.

Col ubrl form s antigen which runs at substantially this nolecul ar weight. The
term "suscepiible animal"™ refers to sheep prone to nenmat ode infection by

the fol | owi ng*°Perdas mansighisenty aspent eithe prossufiinpsrtion sherr is provided ause foe 4

N. spat hi ger, . Gl rcuncincta, T.axei VI Lri.nus,
O ostertagi, %ngﬂgﬁ%%é%%ﬁﬁ?%gggiﬁvéﬁ%%b&é gve tﬁflgggg?'?‘i[o‘i(?r‘r‘f?cho%’?her ani mal s
prone to remaheagle i nfection where those nematodes possess an antigen

det ect'ed by nonocl onal anti body PAB-1 as described. D sclosure of Invention
20 The nonoclgnal antibody of the present invention is a nonocl onal

anti body whi ctt® P8t otk smeans dith e mereclons! raatlody it gbakydeste efathef parasitic
nemat odes. ThfesofRRALANR rofiVell MO id 85 BRAbAUDE oY 1! BGckVER, OF S 10 have
the sane specificity as the anti- arval anti ody present 1n 1ntestinal
mucus from steemp of dafibesedxatg madrials Tn e hatasl @ Eom whidhyiprandiesda pr oduci ng
nmonocl onal antib PAB-1 was 25 deposited at ATCC on 24 January 2002
and accorded ¥ g‘g%fkg%gﬁbﬁe Phipined.

10  The term “L3" refers to a particular larval stage of development in 2 nematode life

cycle.

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

‘possess an antigen detected by monoélonal antibody PAB-1 as described. 7

Disclosure of Invention

20 The monoclonal antibody of the present invention is 2 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

26 deposited at ATCC on 24 January 2002 and accorded accession PTA~4005.



Specification as at 31 March 2006 9 The follow,ng. outlines in geper
non-limiting terms the procedures for identifyi BB OBP%HﬁHﬂﬂ%nBﬁ@86

anti body of the present invention. Sheep prone to nematode infection were
rai sed nematode free frombirth till four nonths old when a set. nunber
were inmmuni sed by a series of truncated infections 5 with T.colubriforms
B. The renmai nder of the immni sed sheep continued to be raised under

nenmat ode free conditions. Preferably the sheep to be used were subjected
to 3 truncated infections over a periogl of time, each infection being

term nated affherfolRwa oufline®irf FeASHRl nonNRlif ARk, thd &bs fokf@ntff%’iﬁém_ may be 14
days with re-infection occurring approxinmately days after termnation,

al t hough it <répioducing thelatibndyp piths presesk ibveationt hese time frames shoul d not be
seen as limting. After termnation of the last infection the sheep were

sl aught er ed S btai ned fromthe small iptestin substantially
in accor danc%ﬁgﬁg%awg%hgﬁc&wﬂgir% réepla@% hﬁ@@n%&m ﬁbﬁoé]ﬁ this

met hod shoul dudits ke wEEEHN s udibe iweld BhmARePby 8 bericd'Bf MRMFed RIec@ns0 be

enpl oyed. Micus from naive sheep was al so taken as outlined 15 above. Once
obt ai ned, 9 mvifeT-aelebrifermicLIv Bl regaingéresf theeineninised stxpm bomimebdftobe di f f er ences

in protein profiles, for exapple hy SDS_PA el and staining with
Coomassi e bl ngsedlo}mdg%\%??m&%hﬂ&nﬁﬁlﬁé%?nt i%é%’hgétf‘? &ﬁ@nmoge S‘Ff%r Xe&Feri sed.
Preferably thisesmyhs dmbiayaftoliths A LBRHAPEE Gk o8 giaggpat e antigen

Ly
and probing w th immune and naive nucus sanples. Antibody binding may be
det ect ed by rterninatedrafteor 4 dot idomfiremec iPadférgbly vimi setcttmbecfranmmdy e i dayaiwited agai nst

sheep i mmunogl ohul.i ns and conj ygate ith an enzyne. Preferahly, the
ant i body bi ng?'ﬁ‘g“ﬁﬁ'ﬁ/ WM&EF@@%’%’g‘Wd’FﬁI@ t"HﬁP‘f’“@h@*“E@“Hﬁ%ﬁ@@r‘?ﬁt e may be
prepared 1y dipfiesiitbd @A tike xS HSR: BRI OB kAR ming! Ne 25 parasitic

nemat ode speci.es |isted herein, using nmechanical or chem cal neans, in the

After termination of the last infection the sheep were slaughtered and mucus was
obtained from the small intestine, substantiaily 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 oatlined
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  immunoblotiing £.3 homogenate antigen and probing with immune and naive mucus
samples. Antibody binding may be detected by reaction with commercially a\.railable
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 distuption of exsheathed 1.3 of any of the

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



Specification as at 31 March 2006 10 presence or absence of suitable
detergents or denaturants, followed by clarifi capscsficagen ag #a IdMpickP0y
centrifugation and/or filtration. 5 Most preferably the L3 honpbgenate may
be prepared by disruption of exsheathed L3 of T.colubriforms frozen in
liquid Ni, using a nortar and pestle to grind the frozen L3 until

di srupted. Larval conponents are then extracted into a neutral buffer e.g.
50mM Tris-HC1 pH 7.5 containing 1-2% of a solubilising agent such as
CHAPS, sodium deoxychol ate,.urea or ﬁ S. The extract is clarified by
centrifugation at 100 000 f 1 of by filtratjon_ through a series of
menbl anes wi =S §einﬁeg°f>p(§3il%gles$eg°§eﬁt.s g éeng%/r&ntsp?fﬁllag % & P@“ﬁﬁf 10 The
met hod for prigcisehdp ﬂ;“é]gﬂm F?p, i body mAb PAB-1 nmaybe any suitable
met hod such as thgtg%%ﬁﬁ%h éngﬁgém. s%bin (1975). For exanple, the 35kDa

antigen may be excised from pol yacryl am de gel slices, nacerated and m xed
wi th equal vdYiepresferblydhe Lhhamagbrateomeyt te peappoed bindisraptivn ofiensheathethihi st ered to

th bdom nal j t] f.qot pad the |ik f ipal to be 15
e abor nalce it SHRGH Ly LAPLERES St ner e, Qgm0 be 3
dog, cat, 5 ChinGk@Gupt&iatihival colhPbienareltf ckitds@a m‘@?(lﬁlgmll BRBE o 2 S0MRY S

preferably a nouse is used. Antibody producing cells such as spleen cells,
| ynphocyt es cFrisg#Cli pph'éb abntishing d-2% lof 8 solntiljsitzengens |shakcadseCHARS) sodite | nmuni zed

- animal, and fuyuse ith myel ells, (at rr cell strain). to forma
hybri doma. Sp‘feg’é‘/gh%‘f"luﬁ"aﬂ §Bg$é[¥%l”é{’_8?‘és %%“é’gﬂg? FOEPBRRtPREO 28 cells. The

nyel oma cel | st gde bPkilnhilh iRk ;w&ﬁé&r&&%ﬁ@&}e&iﬁg@?&iﬁg | I nes

all ogenic to the inmmunized animal. However, ce 1 nes of various animals

can al so be uskumdPreod2abhy, NS-1 cells mai/ be used as the nycloma cells.
However, this should not be seen as limting the scope of the present

! NVENT 10N The method for producing the monoclonal antibody mAb PAB-1 may be any suitable
method such as that of Kohler and Milstein (1975).

For example, the 35kDa antigen may be excised from pblyacrylamide gel slices,
macerated and mixed with equal volumes of an iucompléte oil adjuvant and then
administered to the abdominal cavity, subcutis, footpads or the like of an animal to be
15 immunized such as mouse, raf, 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 fosed 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, NIS-1 cells may be used as the myeloma cells. However, this should not be

seen as limiting the scope of the present invention.



Specification as at 31 March 2006 5 11 Though the nonoclonal antibody of
the present invention is typically an antibody Speocstion apot B Marehi298

anti body fragnments obtained by treating such an antibody wth a protease
not degradi ng the antigen-binding site (Fab) such as plasmn, pepsin and
papain, Le., Fab, F(ab')2, Facb and the |ike, or antibody fragnents
produced by nol ecul ar cloning techni ques, are enconpassed by the

nonocl onal anti body of the present invention, so |ong as they have the
properties of the nonoclonal antibody of the present invention. The
carbohydrate surface anti'gen of the ﬂésent_inyen;ion is found on the
surface of fEhopsh the poposlonslragkbady of dhecpresepiciayentiy is Sypiqelly ek anfhodtont or t us |

Q. circurncin ) I ot L triJgues L ostertagl a,
N. brasili ensi(bg&g%% %&2@%@%‘2‘ a-l;ﬁié&#o oﬁtsné%tagﬁ?ﬁ? tﬁ%agmg ﬁ&agﬁ% non-limting
ternms the proggdiifiesash ot deglehifd hy laiehen-Bidink SR (Bib) BEh b Blasdh Jepndr at e

antigen of the present invention. The carbohydrate surface antigen of the
present i nverinf gapaisake. &b, Kat at Eagb fandthe Ik tor atibedydfaggnte prodused hemat odes

| i sted herein. .Preferabl t he car bohydra ntigen 1 be, | sol ated from
extracts o ﬁ%%ﬁ“ﬁﬁﬁf’%%ﬁ#@i@ﬁ%ﬁl&?%?fﬁ%@%@%?&ﬂ@&éﬁ@é@ of ocl onal

anti body PAB-plestft¥nvaftioh goasng%wégqﬂvéﬁe Brop@ids dr AP AR RocthBPAlibodyRE UM
preferably Protein A-agarose or Proteln agarose and covalenfly linked to

prevent ant itboplssehtdmtestipe. from t he gel. The gel may then be packed into a
chromat ography colum and L3 extract applied. 20 After washing with a

neutral buffe | v PBS. containing, 0.05% .Tween 20 to _prevent
1t RSB thotock iR OF B Bchs Pucatcd AR of the el

non-specific ound car I'gen ca uted fromthe

col um by applaydfricohdrihuit,i Cxikrkval, NespaMiged HO FonfoFmd QoNcipdtnineA) Thkeg al t
concentration. Preferably, glycine-HCL buffer pH 2.5-2.8 may be used to
el ut e t hetlntdvifems Qpeatesh Eloneapbers N.bresifimsispnd Peckerir bohydr at e anti gen can
be raised to neutrality by addition of 1 '

The following ocutlines 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 1.3 extract applied.

20  After washing with a neutral buffer, preferably PBS containing 0.05% Tween 20 to
" prevent non-specific biuding,‘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-HC] buffer pXI 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

256 M uis. The carbohydrate antigen is then identified by further analysis using

electrophoresis and blotiing against antibody from immune sheep mucus. The nafre



25 Mtris. The carbohydrate antigen is then identifjed by further analysis
using el ectrophoresis and blotting agai nst antSBﬁH “WPBH?F%%H%#?@?@@@B
mucus. The nature Specification as at 31 March 2006 5 12 of the

car bohydrate antigen nay be determ ned by staining with a carbohydrate
detecting silver stain and by | abelling on blots with the

car bohydr at e- bi ndi ng reagent biotin-hydrazide. It wll__be_appreciated by
those skilled in the art that other carbohydrate detecting methods may

al so be used. Such nethods nmay include, but should not be limted to |lectin

bi ndi ng, HPLC . ILC, .f] uor ophore assis Eﬁ_carbohydrate el ect rophoresis, M
and NVR  Met h8%§°a‘ﬁﬁ’°%ﬁ§?ﬁ B P e e oy Spinigg é*ﬁfar%leerm@w

phar maceut i Gahet&‘ﬂ.ﬂ%ﬂﬁi&ﬁéﬁﬂf‘a‘hdb iBel¥Rd bn KB Win' b ut in

t ext books such as enington'S?PharH%J%ut?3@?ﬂ%éﬁggpgﬁ%égﬁﬁ¥§§%mgdition,
Mack Publ i shi bigtiGhwipaiidly, East on, Pennsyl vani a, USA. The conpounds, vacci nes

and conpositions of the invention nay be adm nistered by any suitable

route, and th rrson skilled in art will readily be able to determne
the nost suit gb‘?’g tf"oa@?rg"‘%f#dgy these {1 dhecast it tish cerbolydrate delsft.  Dosage

wi |1 be atsthgeihdd | . o Lerinarian, and
w Il depend on tﬁgqﬁgﬁﬁ?gegﬁg'?Eﬁgﬁgﬁgﬂg?@%ﬁﬁﬁ%%ﬁﬁ#@?%%ﬁP%ﬁég&%@eated, t he
age and gener Ertiss biading, GIPLER ALChilebophtve stidgdeatbohydmtdbdediiogitesid, MShe rout e of
adm ni stration any previous treatnment which may have been

adm ni st er ed. arrier or diluent, and other excipients, will depend on
the route of admnistration, and again the person skilled in the art wll
readi | y ‘be abMgitods ﬁﬁ@ﬁﬁﬁh&@caﬂ&r&?ﬁoﬁﬂ@ﬁmﬁi\dﬁ& b@habfiel bdhgoSiBodsor €ach
particul ar case. For the purposes of this specification it will be clearly
tinder st ood' t h&P “eldnoyay if theag g setiont indexthoplsrsuch'ds RetningtowigPhagrnaceisical] i ni t ed.

to?, and §hal ghillf I AT MLSRR kA3 Company, Baston, Pennsylvania, USA.

The wmpounds, 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 wil 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 generél state of bealth of the sabject to

be treated, the route of administtation, and any previous treatment which may have
beer administered.

The carrier or diluent, and other excipients, will depend on the route of
administration, and again the pesson skilled in the art will readily be sble 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.




a correspondi ng neani ng. Specification as at 31 March 2006 Bri ef

DescKi ption of Drawings 13 Further aspects of tRBegficatienes ptrdleMerch20ap| |
beconme apparent fromthe following description which is given by way of
exanple only and with reference to the acconpanying drawings in which: 6
Figure 1 Shows the nunber of |arvae in naive sheep after incubating |arvae
with various anounts of nmucus from naive sheep or nucus from i nmune
sheep; Feure 2 Shows the nunbers of |arvae in naive sheep after incubating
| arvae w th nucus from naive or imune sheep for various tinmes; 10 Fieare

3 shows t he nB. of t.I aryvae in proxi A& and di stal sections of naive
sheep i nt est%ﬁ%ﬂ%ﬁ@ﬂ%ai ve recipient sheep with mixtures of L3
in naive or imune nucus; Figure 4 Shows the anti-larval activity of imune

mucus at var i Buithert 4spR& & the bresent WSS ilP Be | {pe results
of an SDS PAGE anal ;ﬂgi s of ?rr?STrune and tr';délip\g%wq]?m %a%ﬂ{ ﬁojrﬁe@éﬂgﬁ%& t he

resul ts of | edosqriftios whichrig given i bynwme ofyaxhophei vty ke wath ferchcbBA- thé ( C
L-frucose). B; JAC (cc:gal - Ne-pyranoside) C WA (N acetyl gl ucosam ne) D
LL (nannose, Wﬁ@é‘jgdfg“ﬁs‘wg‘%om the results of lectin blotting of

i mmune and naive nmucus. A: PNA ((3-gal actose-N- ac etyigal actosam ne) B:

Beor A ((3-Bal Batwse- Nshaeh hithiie 6@ hashEE b Bllind fundl wid VBr ch 2006

various amounts of mucus from naive sheep or mucus from immune

sheep;

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

with mucus from naive or immune sheep for various times;

10 Figue3  Shows the mumber of larvac in proximal and distal sections of nive
sheep intestine after infusing naive recipient sheep with mixtures of 1.3

in naive or immune pcus;

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

immunisation;

16 Figure 5 Shows the results of an SDS PAGR analysis of immune and naive

mucus;
igure 6 Shows the results of lectin blotting of inmune and natve mucus.
A: UBA-1 (o-L-frucose). B: JAC (0t-gal-Me-pyranoside)

- C: WGA (N-acetylglucosamine)  D:LL (mannose, glucose)}
20 Piguwe7 Shows the results of lectin blotting of immune and natve mucus.
A: PNA. (B-galactoge-N- acetylgalactosamine)

B: BcorA. (§-galactose-N- acetylglucosamine)



C. SBA (N acetyl gal actosamne) D. ECA (f3-gal actose-N-

acetyl gal act osanmi ne) Pi pure 8 Shows the resul t Sresifigatien phat 1dvlarchg 086

i mmune and naive nmucus A. SNA (sialic acid) 5 B: inmunobl ot probed with
RAS/IgGHRP 1ii ure 9 Shows the results of an inmunobl ot of
T.colubriforms 13 antigen probed wth intestinal nucus fromimune sheep
(lanes 1, 5, 10, 11, 12 and 19) or naive sheep (lanes 13-18), 100 000 x g

supernatant of i mrune nucus (lane 3), inmune mucus supernatant purified
from 10 Protein G agarose (lanes 4 and 7), antibody eluted from exsheat hed
T.colubriforms L3 (| ?gﬁ 6 .and 20), aarﬁi body from amoni um sul phate
precipitated gut |unmen Oilfsecryisalactorming) sheep (lanes 8 and 9). Lane 2
shows T.colubriforms 13 proteins stained with colloidal gold. 1gG

anti body was detected wmaﬁgﬂ_ pasieqyl L3RG sSnie18) and 15 | gA was
detected with MAS/ I gA fol |l owed by RAI\/!‘BIE%% HRP pa;‘u)es 19 and 20). Figure 10

Shows the resuylts of T.colubriforms L3 antigen probed with naive or

i mmune mucus. Ei8He Egen Shevs tharesidis of legndlatiihewit bimumaindenaivacwsusor | nmune  nucus
followed by either RAS/I1gU; mAB to sheep IgG; mAB 20 to sheep | g&; mAB
to sheep 1gA;, mMAB to : joure 11 Shows the results of an immunobl ot
of T.colubrifonnis 12§g§§@g(gﬁwagd)curti cei L3 antigen and N. spathiger L3
antigen. Fi re 12 Shows the results of an inununobl ot anal ysis of extracts
from L3 of® H. cont ort U im@oblotproiedndth® AS/ANGERE hi ger, C.curticei and
Specification as at 31 March 2006 zcolubriforms. 15

Figure 9 Shows the results of an immunoblot of T.colubriformis L3 antigen

probed with intestinal mucus from immune sheep (laues 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

' 1(? . Protein G-agarose (lanes 4 and 7), antibody eluted from exsheathed
 Tcolubriformis 13 (lanes 6 and 20), antibody from ammonium

sulphate precipitated gut Inumen fluids from immune sheep (lanes 8 and

9). Lane 2 shows T.colubriformis L3 proteins stained with colloidal

gold. IgG antibody was detected with RASAgG-HRP (lanes 1-18) and

B 'IgA was detectod with MAS/IgA followed by RAM/IzG-ERP (lages 19
and 20).

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

- 20 | to sheep IgGo; MAB to sheep IgA; mAB to sheep IgM

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

curticei L3 anfigen and N. spathiger 13 antigen.

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

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




Figure 13 Shows the correlation of protection against infection with
intestinal nucus 1gG and rgA antibody titre agapesficationas aitbyli ¥laichi2804 3
antigen. Figure 14 Shows the decline of 1gG and IgA antibody titres in
intestinal mucus over tine. Figure 15 Shows exsheathed T.colubriforms 13
reacted with i mmune or naive nucus (top panels) and shows T.colubriforms
| arvae collected 5 days after infection and reacted with imune nucus

(I ower panels). Figure 16 Shows el ectranm crographs of exsheat hed
T.colubriforms L3 after 10 reaction _w th naive (A) or inmune nucus (B).
Panel s C—F_shom1T.colﬁbrh%gftnjs | arvd® collected at 2, 3, 4 or 5 days
after infection and r&8&™th i nmune nucus. Figure 17 Shows the results
of SDS PAGE and i mrunobl otting analysis of T.colubrifonnis eggs, |arvae
and adults. Raggd s A SGoRtheRor8AGHES probeeiivh biais IHAG Wi SutesBNE! B Si | ver
stained proteirns. Figure 18 Shows the results of SDS PAGE and

i mmunobl ot ti ng anal ysimncesIgGandlgh attitiofyptitrd agaitsd Theldriferriisii3entijeon and at
various tines after infection. 20 Figure 19 Shows the results of an

i munobl ot a {5 of . T.colubriforms | extracts and projeinase K

di gested 13 g@#%gs rsggvé%g‘a%%h%o{%&%@%‘F%B‘?F@ﬁ;ﬁm%ti body
PAB-1. Figure 20 Showswatimefmunobl ot anal ysis of 13 antigen extracts and
protei nase K digested L3 extracts fromfive nematode species reacted with

monocl.onal ant.i body PAB-1. SBecifi cation as_at 31 March 2006 16 Figure 21
Shovs. Sur f acATFREE o HEE: BRoGeh deckedomiis b Ryt SFBmIE wreubeed vi t h

control nonocl onal an tﬂHRRQMOL( P BEho%e %Jo&bﬁﬁ%& Bbval 'éoli%twﬁ days

after infection and reacted with immune mucus (lowcrlpanels).

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

reacted with immmne 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.

Eigure 18 Shows the results of SDS PAGE and immuncblotting analysis of

T.colubriformis 1.3 before infection and at various times after infection.

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

20 "mucus or monoclonal antibody PAB-1.

" Figure 20  Shows an immunoblot analysis of L3 antigen extracis and proteinase K

digested 13 extracts from five nematode species reacted with
- monoclonal antibody PAB-1. -



nonocl onal anti body PAB-1 (right panel). Figure_ 22 Shows analysis of Tc

|l arval surface antigen purified by innnuno- 5 aPP§Hiqafior as #rdtMaicBphRY0 usi ng
nonocl onal anti body PAS-1. Figure 23 Shows the results of an i mmnobl ot
anal ysis of T.colubriforms L3 extracts after heating, oxidation,

di gestion or precipitation by organic solvents. Figure 24 Shows the
results of an i nmunobl ot analysis of T.colubrlforms L3 10 extracts after
di gestion by proteases or |ipases. Figure 25 Shows the results of an

i mrunobl ot anal ysis of T.colubrifonnis L3 extracts after digestion by
proteases. Fi Y& é(j St%\gs th r%sults an i munobl ot anal ysi s of

T. Gol ubri f onnits L8 ext T At ¥ Hareypygst exdratpd hrapboiomigde reedri gure 27
Shows' the results of agi BIRHB al v&i | ubr i nus .L3 extracts
after al kal i ne degradat itﬂon. ipﬁgﬁ%é&%h%xm@éd?h@% %;gdﬁ%tn{éggkﬂegi o r‘fﬁtllﬂinobl ot

anal ysis of T.col ubri fmenurienal antibedst FART Gighfjagdl). heat i ng and al kaline or acid
degradation. Figure 29 Shows the results of an imunobl ot anal ysis of

T. col ubri forn@g@é% 20, ext raéts after. heating and al kal ine or acid

degr adat i on. SHEWES (RaYSe OF TF darygl Surface ranergnPsitied: by igpayugo-of
T.colubriferms L3  ex:fidqBombl ' ' plggy adation or

pr ot ease di gestion. Fi gurg 31 Sh%\%’éﬁ?ﬁ%é%gnsoﬁﬂ%{l%g%#@n I n’!rir'unobl ot anal ysis

and protein stain of Specification as at 31 March 2006 17 T.colubriforms
L3 extracts afele.2d| e Shpwp thsrresyits of proismumablovanalygio ntli Eéadubsifoomis i3 t he
prsence of urea or sodj deoxychol ate. . Fiqure 32 Shows . the results of an
i mmunobl ot anal ysi s agéégggrtso?%f ST %ﬁtfou’ %.g?‘?g?%ﬂrﬂ“?céﬁ“ﬁ‘i“? YPEEr act after
2-di mensi onal el ectrophpessi S.

Fipure 24 . Shows the results of an immunoblot analysis of T.colubriformis 1.3
10 extracts after digestion by proteases or lipases.

Figure 25 Shows the results of an immunoblot analysis of T.colubriformis 1.3
extracts after digestion by proteases.

Figore 26  Shows the results of an immunoblot analysis of T.colubriformis 1.3
extracts after digestion by glycosidase.

16 Figure 27  Shows the results of an immunoblot analysis of T.colubriformis 1.3
extracts after alkaline degradation,

igure 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 13
20 exiracts after heating and alkaline or acid degradation.

Figure 30  Shows ihe 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 iramunoblot analysis and protei:i stain of



5 Figure 33 Shows the presence of carbohydrate staining nol | es. i 3
extracts of 6 additional nematodes. Figure 34 aﬂglt%sl atgﬁéé?rf:]aaﬁ%‘%‘_esi s

(8 3b PACGE) and i munobl ot analysis of T. colubriforms 13 extract (L3)
and purified carbohydrate larval antigen (C ran under non-denaturing
conditions (no detergent or 10 reducing agent). Best Mdes -for carrying
out the invention 1. Materials and nethods 1.1 Sheep immuni_sation by
truncated infections 16 Al sheep experinents were conducted with the
approval of Wallaceville Animal Ethics Conmittee. Ronmey sheep were raised
nemat ode-free frombirth, housed in p¥hs and fed conmercial sheep pellets,
bay and water ad fib. Brkdpifameise It dreantst affer rvienidypboredicl wklert hatvet art of t he
i Muni si ng infections.a§@§8§ ner e i muni.sed by truncated infections with
40 000 T. colubriforms " Bhe Respaee of ppreder sodinmdepsyeholatzach 20 i nfecti on
was term nated after 14 days by oral drenching wth oxfendazol e (Systanex,
Schering Pl oud¥eutet 3 , Skbws iy rkq@iky ofad FRRBSHI NSy GE ahd) hRES glm% gays after
drenching. In sonme experinents, sheep were given a fourth infection
(boost er dose), which ubrifpgwistL@renfrasbafier2-Biynenbioprlcecinaphomsis. t hese sheep were
sl aughtered 2-3 days after boosting. 1.2. Sanple collection Specification

as at 31 MurCiFig@R08 18showb BRAWEL Layabiered by captive holt gun and
exsangui nati on. The snal | inﬁ%stf§§§ masg%gggmgpgnpﬁggwgnggeg@g i ons and
each section was washed 6iafididegineniatodesd X 150 ml  saline to collect |arvae.
For biochem cal analysis and in vivo chall enges, mucus was collected from

2l 1999) i ¢ nERE ol 1R CRbAPEp R B % TR S et e h 100 nf
saline to renove gut EO@M@ﬂﬁﬁmﬁtﬂ?ehﬂk@%gbq&dWﬁﬁﬁQpLghﬁ&aég1&9& 2 h and

mucus was then )
. agtigen (C) run under non-denaturing conditions (no detergent or

10 reducing agent),

Best Modes —for carrying cut the invention

1. Materials and methods
11 Sheep immunisation by truncated infections

16 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 Iib. Sﬁeep 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. Bach

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




squeezed out by firm pressure between thunb and f ol d X 5
mM  washes with saline. Micus and washi ngs wereS B%%&%@o%ﬁﬂmﬁp§§@§gé85gs
described (Harrison et at 1999) and stored at-20C. 10 Bi opsy sanpl es of
mucus were collected fromgroups of 4 truncated infection sheep at 3 days,
16 days and 35 days after the last immnisation. At surgery, the duodenum
was |located and a 5 cm section was isolated by gentle clanping with
forceps. 3 M saline was injected using a blunt ended 18-gauge needl e. The
liquid was teased back and forth 10 tlnes to m x mucus mnth t he saline and

2-3 m .hd |,osed dth
o ed o STy 98: WSy ARV R L0 RS S350 and Lhe
activity in VwisrtﬁdebhﬂtbBm@f:udﬁyﬁﬂ&sea&?sebﬁdﬁ%ds%éﬁé@%mgia@ﬁ@ E%‘E&’mﬁ)y a larval
W t

clunping test where 2000 exsheathed 13 were incubat 0.4 in] nucus
in an Eppendoﬁﬁhnetmwdleatla@%CHynb!achemmkanalysmhlﬂui dverchaliériges, mdeds wasanpl es wer e
exam ned and t e(g gwéarq\f ﬁo clunpi ng was esti mat ed, corrpar ed to
controls of 1°§’ AR Jbingsfing endprocessgd 4sfiescribed (ﬁﬁﬁﬁ‘ﬁm‘eﬂ micus was
subj ected B0 4359c9yh teSRloWRIE Rodiitiidd € L, unpi ng
activity. Ali quotgg of Ie %‘F\e rr%‘%:%s g%lﬁére {yggi h agai nst

saline at 4C remev giutfeogends, alie hes@B0was Igld HM°OG6: X hganarm.jcﬁ.au@.@alex g, heated
at 60C or 100C fmc{ 5 mn; reduced and al kylated by treatnment with 10 mM

DTT for | h t¥aFzed ent i B pipsswe dotwemn thombnad dingerdiolitwnd 302 i hmdn i ce
fol lowed by diah¥%Skih S8al. %cé%&%é 'w%R: p@%lec?tanf‘?mcl\é?se&h 2908,.4°9 TBS pH

7.4 overnight to renbve excess salts. AUCUs was
adj ust ed to pHagisbn etial 1999) aM stzkd srdo"e:. rrg pepsin in 0.1 M acet ate buffer pH

4.5 was added to 3 nl nucus and incubated for 20 h at 37C on a rocking

Iatform h C. was St o adding tris tQ.2 M Protease
P r eat ment Q‘A-agBlC%ﬁau ipl Nc?f B‘xycus Were%gﬁecteg%'om groupsof 4 truncated infection 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 mi
saline was injected using 4 blunt ended 18-gauge needle. The liquid was teased back
~ and forth 10 times to thix mucus with the saline and a 2-3 m! sample was then

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

Ability of mucus to bind larvae was assessed by a larval clumping test where 2000
exsheathed 1.3 were incubated with 0.4 mi mucns in an Eppendorf tube at 37°C on a
rocking platform. After 4 h, samples were examined and the degree of larval

20  clumping was estimated, compared to controls of I3 incubated with naive mucus or

saline.

Immune mucus was subjected to vatious 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




5 adding | ng pronase in 0.1 Mtris pH 7.5 to each, .0f mucus an

i ncubating for 20 h at 37C on a rocking platfo Pﬁ‘“éﬁﬁ‘é‘o‘?é%@tz’ll&‘qaﬁﬁggoﬁ opped
by addi ng protease inhibitors. Micus was treated with 1 ng |ipase in PBS
pH 7.2 per m nucus, incubated at 37C for 20 h, then stored frozen. Micus
was oxi di sed by adjusting the pHto 4.5 with acetic acid, adding periodate
to 20 MM in 50 mM sodi um acetate 10 buffer pH 43 and incubating in the dark
at RT for 2 h with stirring. Sodium borohydride was. then added to 50 mM
and incubated for 1 h with stirring. Muicus was ultra filtered by diluting
5 pi- i nmune gs IJgE into 250 M PBS PH 72 and concentrating back to 5 m
on“a’Filtron Bob? RUFTRiEHP drreoverressy palisr Foepensin trew@sat, mosmsermsr ated to 5

000" M oy ahd ERaP St A ok b Pk B ety i 5w

d. H20 and di akddedth 3 ml hOOG: 4nd ibdubitaDioA ORIk BTG dﬂmmﬂﬁ% PhifdrinCAfHRENL as
descri bed above,, nucus sanples were stored frozen until assayed. 1.4 In

Vi vo nucus as®Aa5HOR (V2p sforied Hhi adding tis 16 20 Frotresabertrenit wat ondickd B9 nl vol unmes
of inmune gr | cus .f.ar.4-24 h befqre infusjon into the duodenum
of par asi tg- n%‘%ﬁsﬁ%{%}ilﬁ%é 1@3}5 A 'iofa‘i?'r?ﬁléﬂfl‘é’da’&ddﬂﬂ’@ft@gf‘{rﬂgpri son et al
1999). One wesk3F@tddr a rSRRBPIIVERIE. BReARIGLE" f larvae
establishing in each 5 m segl%i on of i1ntesti r?gag Ssﬁgeedt E@tawg%.éa‘%o 000

exsheat hed | i inhjbHers.i Adusavasl teated3Fith € g ipsse Hn WBShpH 0.2nper vl iuweas, of i nmune
25 or naive rodhth.2.x 10 m vol unes of nucus supernatant after
centrifugati gﬁgdgj?&igb’”%g’r)%g&mﬂﬁt@?d f\‘{?fﬁ'ﬁlb%i{f‘?"éﬁ{as sy gdisting thenai ve and

| Mune super gl a5t $BRChdd, GadiPPerRSuto ML A0P8RG: ahGAl Tl fuged at
200 x g fir 3 mn toﬁgellet the | arvae. The supernatant was renoved by

aspi r at i on? anbrtien @H| 45 wad dncukating dn thet darkl 8t RT Iforsalhi with steing.r isbdigad as.

above: e ot BHAR 4 BN 30k 35 el 10T ool Wty Moo | S FACN
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 filirate was then
| © concentrated to 5 ml ona 10 000 mw membrane and this filtrate was reduced fo 5 rml
- 16 ona3 000 mw membrane. The low mw filtrate was Iyophilised, redissolved in 5 ml

d.Hz0 and dialysed in 1 000 mw tubing against d.H,0.

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 m! 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

slanghtered 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  ornaive mucns, 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



then i nfused via a duodenal cannula, into the i i ne of azy eep.
One week 5 later, the sheep were-slaughtered an p%ﬁ%&?ﬂ&%@}ﬁ*{lg&%@})ﬁg

1.5 Biochem cal analysis of mucus A panel of inmune and naive nucus sanpl es
was anal ysed for differences in protein profiles by SDS PAGE and stai ning
wi th Coomassie blue or silver. Differences in glycosylation were exam ned
by lectin blotting using biotin |labelled |lectins, detected 10 by

st npt avi di n- per oxi dase. Presence of rgGin nucus was denonstrated by
blotting against RAS/JgG HRP. 1.6 Charact erl sation of nucus antibody

| mrunobl ots o nti ed with inmune and nai ve
nueus sanpl efs: dﬂ%u%w%?%sgﬁl n taaéhgé? 'SYH‘?%/%@W Yor with
mb's to sheeps uitﬁmla@@the m%e {-,sut{e@ | 91 QU

Exsheat hed L3 vl\J/ere i ncubated for 4 hw%t 37C§ay\n£ét %é super na ant 45 %
anmoni um sul pﬁ%@ﬂpﬁtmqaﬁd@dwlénbsumdgedfmmmllﬁmfaﬂquatﬁaspur| fied
anti body fro i | arvae were washed 3 tinmes with

Af ter incubation,
TBS- Tw and an@e“f)%"fﬁ%“ﬁﬁtqewﬂgl c\?ﬁ‘?%!‘lﬁ?@ﬁ“ﬂ‘;ﬁmﬂ%@b’aﬁ%@?oﬂ%wmkns in0.1M
gl yci ne- HGs  pldted, i sh Eﬂ%laﬁki’#&ér? t ed with 1 mlris and used
to probe blots of LS&gr‘ﬁl gen trom &d\‘?ﬂﬁﬁ@ﬁgn@ . 500 mM vol unes of gut
contents fromimmune sheep were treated with 45 % anmoni um sul phate to
recover anti bddfy. Bigohemica mndlygisio§mutdsese ant i bodi es were used to probe
blots of L3 antigen. Larvae were incubated for 2h w th nucus supernatant or

25 nucus anti Rod¥e oF rafe ot e har hed 3 tines with TBS
Tw and Speci fi 3%%{? on as a%&ﬂ%k‘g VRF Ch Wﬁs d&?ﬁ#"éﬁﬁrﬁnﬁesﬁ RS/ | gG
After washi ngproﬁb;s b EDSPASEad el With ThetRias B8N 6Esilvel ObiseRRYim Lar vae

were col | ecte olm sheep at_various tinmes after infection and were
anal ysed ation were exammed by lectin blotting using biotin labelled lectins, detected

10 by streptavidin-peroxidase. Presence of IgG in mucus was demonstrated by blotting
against RAS/IgG-HRP,

1.6 Characterisation of mucus antibody

Immunoblots of .3 horogenate antigen were probed with immune and naive mucus
‘samples. Antibody binding was detected with RAS/IgG-HRP, or with mAb’s to sheep
15 1gGy, IgGy, 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 mmcus. After incubation, larvae were washed 3 times with TBS-Tw and any
bound antibbdy was eluted by incubation for 5 mins in 0.1 M glycine-HCIl pH 2.4,

20  The eluates were neuiralised with 1 m tris and used fo probe blots of L3 anﬁgén from
Te, Ns and Ce.

500 ml volumes of gut contents from immone sheep were treated with 45 %
ammonium sulphate to recover antibody. After dialysis, these antibodies were used fo
probe blots of L3 antigen. Larvae were incubated for 2h with mucns supernatant or
256 mucus antibody eluted from Protein G-Sepharose, washed 3 times with TBS-Tw and




by i mmunof | uorescence and i munobl otting as des bed .above

i mmunogol d 5 el ectron microscopy. Larvae were fg ?Woﬁ@ﬂﬁr}%ﬂ‘%@gwl%
gl ut ar al dehyde, 15% saturated picric acid in 0. |IM phosphate buffer pH
7.2, at 90C). Enbedded sections were stained with Protein G purified nucus
anti body followed by gold labelled anti- sheep Ig. Antibody titres of mucus
sanpl es used for in vivo challenge experinments were 10 _estimated by ElA
Mcrotitre plates were coated with Tc 13 antigen and reacted with dilutions
of mucus. After washing, bound antibody was detected with RAS/ | gG-BRP or
mAb .t o sheep e?A (Serotek foIIowed by2IRAM 1 g- 1 MP. 1.7 Preparation of
mono¢l onal  anfPBEEYHPAEC v@eéwﬁﬁﬁznla%ﬂﬁwetemmd;ba&uyﬂwmde gel
slices contai ﬂic?&fﬁp. To larval surface 15 antigen. The |ocation of the
antigen in the ge s determ ned by blotting adjacent | anes and detecting
the antigen w th nucus antibody as described. Antigen containing gel
slices were nbueeatadeollaiisdeibmsticlp dtrvafiehisdimey afted iiecBin @A weRLQERiAt € O |

adj uvant and |n ected into m ce on two occasions two weeks apart. Ten days
| ater, test offparescancaa immEnol @F‘@G%dﬂsﬁ@&ﬂme@d@dmn%@dantl gen and

parti aI ly guri r.0 ongest
positive musg&ﬁ??#ﬁ%@%ew%@%m%& efnl%)éﬁgg']‘ é?ﬁ Hﬁ?&ﬂ%@%ﬁ% s for
prepari ng nonmujrimﬁﬂncrarﬁctdh@dlmﬁpho&ihht%ﬁﬂer?m B AERAC2 [Einbediiell 82060 WS
performed using ELI SA and blotting to confirmspecificity. A bulk culture

of mAb PAB- 1 Wer§ si3ine ¥ith BrotpiiG anidpdonueus ensibedy followe@By G1d belsd katival  ant i body
PAB-1 was use probe blots of larval antigens. Bound 25 antibody was
detected with 19gG BRP. Exsheathed | arvae were fixed by heating
Specification as at 31 March 2006 22 at 90C for 20 minutes, reacted with
PAB- 1, washedAsttodn difree of) mppushsaiiples Twed for daofvedchalienle ngﬁ e®C and

exam ned der...uy rai sed against an unrel ated rot e| n (sheep
cyt ol dne)i'('gndé Mégggﬁﬁﬁ%@@ ‘ﬁ?eﬁ‘%@f"l%é@léé‘é‘ége& dd"’“P

. 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

Ianes and detecting the antigen with mucns antibody as described. Antigen containing

gel slices were macerarted, mixed with an equal volume of an incom-plete oil ﬁdjuvant

and injected into mice on two occasions two weeks apart. Ten days later, test bleeds

were taken and screcned against ernde Tc L3 antigen and partially purified surface

20 antigen. Spleen cells from the strongest positive monse 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/TgG-HRP. Exsheathed larvae were fixed by heating




negative control. 5 1.8 Imuno-affinity purification of |arval angigen
Monocl onal anti body PAB-1 was reacted with Prot g?‘??ﬂ?ﬁ-aga%%%téltl\éaré Izgﬁﬁthe

anti body to bind. After washing with PBS to renove unbound anti body, the
bound antibody was permanently immobilised to the Protein A by reaction
with the cross- linking agent DSS (disuccinimdyl suberate). After further
washing, 13 extract. was 10 run through the PAB-I|-Protein A-agarose colum,
washed extensively in PBS containing 0.05% Tween 20 and any bound anti gen
was eluted in 0.2 Mglycine-HCL pH 2.5. The eluate was neutralised with 1
M Tris, dialysed against 5nM Tris pH &2 and concentrated in a Speedvac
concent r at or . atTHEC ot 2O adyutespleactsl whls PRS-1, Sehsieli diteddiRly With TBEGRSI ve washi ng
with PBS, 15 Sanp|es of the antigen eluted-fromthe colum were anal ysed by

SDS PAGE and “AHtWitRAYHEGFENC and sxaeipriomderav Hald. dendlorisel 4zpingens by
t ai ni ith Lfj i t r.ai Kittelb t | ,. 1993
bl ot by 1 encRBEbbleilnett LUEc bl bcthe it hEHRS S0 BhB e B a0 2000 1 o

Characteri sathagaiv@fcod@[,val antigen 20 Exsheathed Tc L3 were frozen in
liquid Ny ground with a nortar and pestle and proteins extracted by
solubilisation_in either 2 % Chaps + 2 % Tween 20, 1 % sodi um deoxychol ate
(DOC), 2% 3DS!Br lomppertanity ppeEcagon ofdava agligee centrifuged at 10 000 g and

t he supernatant stored at 20 C. Eggs, LI, 12 and adult nematodes were

sol ubili sed diofsddut bitibSRSPRAGE widMAbiEd Rl Bbtole? KagRSie ROMMWDRL 1 1 50 MM

25 tris-HCL pH 6.8). SDS antigen extract was used for electrophoresis and
bl'otti ng Spec#fibedstip bindasAlgr WBghidgwithPED®Gede ushandd esibodghpbomdd ur ea

S0 Tt 11 o HODUBRo v B pBO e shio B & T RO BRHESER  or o
gzlzzmag I © U enium gt U3 SC@lsERBNRHASHR DS ANeSRrthR WaltRth, PA xS @ buf fer
. 10 run through the PAB-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-ECl
PH 2.5. The eluate was neutralised with 1 M Tris, dialysed against 5SmM Tris pH 8.0
and concentrated in a Speedvac concentrator. The antibody column was re-

€quilibrated 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 (Xiitelberger, ef al, 1993) or on blots by reaction with bioﬁn-hydrazide
(Bouchez-Mahiout, et al, 1999),

1.9 Characterisation of larval a-ntigen

20  Exsheathed Te L3 were frozen in liquid N, ground with & mortar and pestle and
proteins extracted by solubilisation in either 2 % Chaps + 2 % Tween 20, 1 % sodium
deoxycholate (DOC), 2% SDS or 9 M vrea. The extracts were centrifuged at 10000 ¢
and the supernatant stored at -20° C. Egps, L1, L2 and adult nematodes were
solubilised diectly in SDS PAGE sample buffer (29 SDS, 20mM DTT in 50 mM

25  tisHC] pH 6.8). SDS antigen extract was used for electrophoresis and blotting



% DOC or 6 Murea, with the appropriately solubilised antigen. 5 2D

el ectrophoresis was perforned by running Tc |3 Gpeaision azat drMpich8BP$ i ne
|EF on pl 3-10 strips using the | PGhor (Pharnacia), followed by SDS PAGE.
Proteins were either stained with Coomassie blue or silver, or reacted on
blots wth anti body frommucus to detect antigens. Tc L3 urea-solubilised
antigen was dialysed as above and subjected to precipitation by addition
of either an equal volune of 10 % TCA; 10 10 vol umes of col d acetone; 9
vol umes of chl orof orm nethanol (2:1); or 9 volunes of hexane:i sopropanol
(3:2). Sanples were vortexed and rockeZ8 for 10 min, centrifuged at 10 000
g fof 10 m n @vrest Rhapp red g exttacdwachsed fe 2ndicropnbrebiy; inmuxtaghdaot ti ng. The
rol e of carbohydrates was investigated by chem cal and enzymatic

degr adat i on. GialHed geaipshEbmM s HEH PR Tt forD dayMqembedire peior o) cdmid¥ C for 24
h; or wwth 1 M NaOH 15 8 M NaBH4 for 18 h at 60 C. Sanples were dial ysed
before el ect r st Featmenty. Jdertropitpeesis s aleelcaniiediputmysihgdnfforenlyp.5 7 and 14
days at 100 C_ or with trifluoroacetic acid for 4 and 16 h at 4 C, after
whi ch the che%%?%%%ﬁ%@a@EWWMvac centrifuge and

resi dual antigen was resolubilised in SDS PAGE sanple buffer. Enzymatic

di [ I ed. by di | vi, h [ he buf f 20
recomendent by tRaphd M gl B THRBELT FhetPHE R IRBOHRE 25 1 at 37
C E . j tr. [ | in, ,
o7 ot o nace K, o b T o P NGRRE L R By AR oA Bl

phosphoi nosi t pbre BiRRs RAMA WESEodmass e P aRRRsRRoLiRase D.
Col oured substrates casei n-resoorusfﬁgiﬁgﬁt#'agrfﬁgaﬁéaegﬁg}% ecfm\&/l\gor%é used as
control s for fEmRcEeo Mk Mi@SisATE L Gloh Yotihised iPiwaRERkdd S3bdgn as at 31
March 2006 24 experinent, antigen was heat Sdena?ur e% at S%‘Oag%&#vgr 20 mn
prior to di gesﬁisubjecﬁdtt&preﬁpitaﬁsﬂlﬁmmﬁb@@ﬁm&ra@&cgﬂmﬁwmf%@eﬁi'-qa was al so
performed at 50 C for 18 h with or wthout 0.5 % SDS, 15 nM DIT, 50 niM
EDTA or 219V Gh@Ee of beld wekonep@ valmhes of thloldRerabnt (BON6OY valsmesQEt €1 t agi a
ci rcunci ncta, Cooperia curticei and Nematodirus

' hcxaneusopropanol (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 &egradaﬁon.

- Antigen was treated with 20 mM periodic acid at 37°C for 24 h; or with 1 M NadH o

16 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 b 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, Iysozyme, elastase, collagenase, phospheinositol-phospholipase C,
phospholipase A2, phospholipase D. Coloursd substrates casein-resorufin and elastin-

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



5 spathiger were also treated with proteinase K under simlar conditions.
1.10 Inmunisation with the 35 kDa antigen. Fi veSPesialionpedls 1dgegh 290¢ont hs
were injected i.p. on 3 occasions, 2 weeks apart, wth 35 kDa antigen in a
veget abl e oil adjuvant containing Span 85, Tween 85 and sesane oil (ratio
5.4: 4.6: 90). The antigen was obtained fromgel slices of 10

el ectrophoretically separated Tc L3 antigen. After el ectrophoresis, the
side strips of each gel were blotted to nitrocellul ose and reacted with

i mmune nucus to detect the 35 kDa antigen. After devel opnment with

RAS/ 1 gG HRP, the. blots were re-ali nedd with the main portion of the gel
and 4 slice wBETERY}: 2RiEpeR s heah denaiireg 2f 80 tGhéor 20 aun peas to digestipowHE Kk Da

antigen. The gel. slji.c s pla in dialysis tubing,in 100 mMMtris lid 15
ort 78 and ¢ hETERRTETEEEeBrE X Hursfon s B bisonied G o 1BRAIM0G ¢ he

pool od and- pr Bt Fted 15 ol pRC Ay e dors B it o RER e 1 acsay.
The anti gen | gnded wi t n_ .equal volu of vegetable oil| adjuvant
using an U t\r/\'g 6"9%‘“2’?%%’#‘6%%%8@”%5% e%’%-”‘?’é’c‘@r’(‘ié‘cfn fpredimsiely 0.2 ny
total protein . L0l Gt i | t hou t he. amount,..of 20 carbohydrate

ant i geg vva% not jé'%g‘g\,\%‘_’h%)‘h F%I%’ﬂgﬁrggﬂla%g?'én‘#g?ﬁ“@’ﬁgﬁ’diwﬁ' with sal iyne pl us

adj uvant. Two weeks after the.third injection, all sheep were chall enged
infected oraflky mmm&gmtgegg.@aa@g@&al egg count data were obtained 3
and 4 weeks after challenge. Specification as at 31 March 2006 2. Results
2.1. Invitro assays 25 The ability of whole nmucus or nucus subjected to
various treat FivaiRomney sbeepsiged 12nncaths wetelinipitsdd.pi ¢h Vockssions, 2 vebiawpart,n Tabl e 1
(refer page 33). The results indicate that 5 dialysis or |ow speed

centri fugat i oWitPYK® potigey iy veptteblabil pdjevantofonthinimg Seamfic Bwedncss anunp | ar vae.

Centrifugation at 100 Q00 x 4g reduced the |arval clunping effect unless
: sesame ofl (ratio 54: 46: 90). The antigen was obtained from gel shices of

10 electrophoretically separatéd Tc L3 antigen. After electropboresis, the side strips of
aaqh gel were blotied to nitrocellulose and rreacted with immoune mucos 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 M tris HC1

15 pH 7.8 and the antigen was electroeluted from the gel by placing the dialysis tubing in
2 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 vegétab]e oil adjuvant using an Ultraturrax homogeniser. Bach sheep

| received approximately 0.2 mg total protein at each injection although the amownt of

20  carbohydrate antigen was not known. Control sheep were injected i.p. with saline
blus 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.




t he detergents Tx-100 or CHAPS were present. Lagval_cl.unpin ctivi was
still present after heating at 60C for 5 min b ‘”ngngggﬁﬁ%ﬂgépph&béﬁ

100C. Mucus treated w th protease digestion or periodate oxidation |ost
activity but |ipase treatnent had no 10 effect. The larval clunping
activity was associated with the high nol ecul ar weight fraction of nucus.
2.2. In vivo assays The effect of incubating L3 with increasing vol unes of
mucus, on subsequent displacenment and reduction of nunmbers of larvae in
nai ve reci pient sheep is shown in 15 Fig 1. Larvae that were incubated in 5
or 10 m of n@iv&lnqcus were able to e3%ablish normally in the first 5 m
of ‘shall intedti ngearvae that were incubated in inmmune nucus were
progressively displaced or rejected as the volune of nucus was increased.

| ncubati on of 2liainsdie wkdyp. 10 nil inmune nmucus resulted in 82 %reduction
of larvae establishing and 100 % di spl acenent of |arvae out of the first 5
m of - 20 inteﬁ%%agﬁ conpared to naive nmucus. The effect of incubating L3
with 10 m vol Byt £ §WeRsor glupsshierteditp meus Seatmrto cause Eivel 2.

| ncubati on of .j u nd L3.for . as.little as | h resulted in 46 %
reduction of Icar@agq%rs;@b%isg%‘%bfﬁT%%dl gtffeﬁ/é’ﬁﬁeéﬁp-agéﬁéeﬁﬁlﬁfiﬁ‘g?ﬁqﬁé‘ first 5 m
| ncubat i on&f odialysis D100 sp2dd EentrdsidlidLald nbe 204 Elgg@%%_hﬂﬁm?% ~98 %

e e

di spl acement. Specification as at 31 March 2006 fect on | arval
est abl i shment °’BPPﬂ%b§FQUH@g@@nN 100 006« ;miinced tie binel damfith@gfeangless?5 | mrune

mucus sanpl-esy LN Overal | there was 67 % reduction of
| ar vae establ | serSﬁe% %?Qﬁﬁ?gﬁﬁé’sa‘feﬁ@e&m ek clping aqtivighies Billo509 and

there were SQm%nfm&ehea&i@ga%ﬂ%eﬁEQEﬁﬂﬁﬁh&gﬂéﬁe&# af 100%¢. Mudll Rlapdgnt €SI Ne

(Pc0.001) of.sheep given 5 L3 + immune nucus, e 1nfl'uence 0 i me of
mucus col | ect FSRPSIFaEliseationior pariodai¢ oxidatiprelottiaativitp butilipase Sredifient B4fien i N Fi g.

4. Muicus [ 1 - after. .the | ast. i mmuni si ng dose of | arvae
ag! | gl I%Qaﬁusmpmg acﬁv&y Was associated with the high molecular weight

fraction of mucus.

2.2 In vivo assays

The effect of incubating 13 with increasing volumes of mucus, on subsequent
displacement and reduction of numbers of larvae in naive recipient sheep is shown in
16 Eig 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 immupe
mucus‘ were progressively displaced or rejected as the volume of mucus was
increased. Incubation of larvae with 10 ml immune mucus resulted in 82 % reduction

of larvae establishing and 100 % displacement of larvas out of the first 5 m of
20  intestine, compared to naive mucus.

The effect of incubating 1.3 with 10 ml volumes of mucns 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 % displaceﬁ:ent.




was generally nore active than nmucus col |l ected %L week .or |ater. I%gr sion
anal ysis showed a significant negative correl atPGHBEPMREH 33#\4’[“@ P& and
time of nmucus 10 collection after imunisation. The effect of incubating
L3 with the 100 000 x g supernatants of naive or imune nucus, with or

wi t hout subsequent washing, is shown in Table 2 (refer page 34). The

result shows that L3 incubated in naive nmucus, supernatant or supernatant
plus washing, were able to establish in naive sheep. In contrast, L3 that
had been 15 incubated in i mune nucus, supernatant or supernatant plus
washj ng, were rm%;(égipr evented from e ablishing and there were 91 % f ewer

13 than in shB%f AYahtptaplishmenteof incubating a3 with 16cnaive sveus sampleshd us

bi ochemi stry [ i G.S t.i on of nmu IS S jn.Fig. 5. The
protein profi e%ﬁ%@@ﬁ%gfsi% %Selgg%ggﬂtélg@égngﬁép%g%%%’?ﬁug%q’ﬁﬂgex and no
clear cut di fRoaesehishite ifredpSaEs VS DRINBE bl ¢rald® 930 andiferdWeS. Lectin
blotting also showed conplex glycoprotein profiles for both sets of nucus
(Figs 6, 7, 850 Pofewesdarvasgstetishing inribpefirsiof m of intdsiiney(@x31008) nishedpi gi@n wer e
present. . Agai re was no clear difference in the binding of lectins to
i mune or%%ai%elgnﬁn&%ﬂsefmwsth t he exception of peanut agglutinin 25 (Fig. 7A)
where increased staining was seen with nost of the imune sanples at mv s
of -appr oxi nat Heyinfn@0M tmitcof 2acROLIMHOE dn MRY208 Vb2 $ e d? thud@avVy and
Speci fication _as at_31 March 2006 27 |ight chains. wever, when mucus was
reacted with FRA%P ihFsrRAMumscolieclsd Adstayswdics the dashiminmmising deserpfileeweat 55 000

and 27 000, wyi Dify conrespaond .t o G .he nd |ight chains (Fig
8B). 2.4 l\/Ucusésgéggttl ng %Xﬁuﬁ%ﬂ]ﬁ%ﬁﬁ%ﬁsgmwgfﬁeka%ﬁ%e%em%’gam\]ﬁs’lsh nucus or
anti bodi es r eshowed edighitiost Mdgative corieiativh WeRvebd ) ploteBtionand Sinke HBIMMELIsTUCUS

| n 13-18) i n r ith L
sanp es_(i& ecsollec?t’ion8 rgllngunis%ion. cact wit 3

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 1.3 incubated in naive mucus, supernatant or supernatant plus
washing, were able to establish in naive sheep. In contrast, L3 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  jwunune and naive ;:ﬁucus 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
carbobydrate 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



antigen. |Immune nucus sanples reacted predom naptly with a 35 kDa hand as
did antibody recovered by amoni um sul phat e prgﬁ‘? LPR 8HatT] 1\j,lﬁn’%d‘g@ﬁgents
from2 immune sheep panes 8 and 9). Antibody from inmune mucus supernat ant
purified on 10 Protein G agarose and anti body acid-eluted from U incubated
Wi th imune nmucus also reacted with the 35 kDa band (|l anes 4,7 and 6, 20).
Both 1gG and I gA anti bodies could be eluted off the 13 (Fig 9, |anes 6 and
20). Serum from sheep given 3 truncated infections with To al so contai ned
anti bodi es that recognised the 35 kDa ba nd plus many others (not shown).
Anti-hody i sot ype ecih%i cit g‘%‘ the anf{ bodies in 15 nucus reacting with
thé 35 kDa ban 1% WO YPin WEFIgmucpg) wag fpeatedy with RQAT3GHRDreajordardshodi es wer e
present but | g/ Qn 1 j et ec .| munobl ot s of L3
antigen' extracts fr%%ﬂ%ﬁﬁhﬁﬁggm\a%ﬁ g%rwéiéi@f‘% pﬁ%’ 3{895"3%9"“%%@ odi r us

spat hi ger ( Ns heaapenddigbiohaina(@ixen).i cei (Cc) probed with nmucus from Tc i mmune
sheep showed predom nant reactivity with bands at 22 kDa (Fig. 11, |lanes 9
20 and 13). Sgrmfr@n%gheep given truncated infections of Ns reacted with
these antigens ' bOPH™Ns and Cc (lanes 12 and 16) and also with the 35
kDa band in Tc (lanes). Incubating 2 m inmune nucus with 260000

exsheat hed 5Tc IhuBuriobltslof PEL3 ditigeh QOB 1H6Rb Sldn d&.f;,g@&gwﬂgx E@m the nucus
pane 1). Colloidal gold protein stain was used to detect proteirns on the
bl ot (lane 4) 2eNBovet i Fig-1fy Simoaisemncus sailes Qangi 13a132 Bidant eas pandisng t o t hat
detected by agf,jhody from imune nmucus panes 3 and 4). Extracts from L3 of
the intesti na?ﬁdﬁgﬁ%ﬁ st m‘ﬁ’é‘l’e]ﬁ? . Wﬁﬂbé%’Sk%‘hWWédid

odes N.°s
Speci fi cati onamibodyt reddvefdd! hamREifun? Gulphetd BRS; ﬁggrggn%&dg&wﬁa gntortus and
O circunci wa were probed with To i rmune Sheep cus and showed
reactions ‘at SYW4hER Flampy 8 apdP) HANREY frda irfiroune Gocusdbpepmdint pRRfddRa f or Cc;

and 22 forgNs kO EiLgur 3. shows, plots of 1 M NaOH extracts of the
i nt esti nal Onepnéof%?)%gia ga|K.’S§xa}e“|gm( Eyid a“'l‘;]""(?‘f”f'dr g%ﬁﬁ%ﬁ“d&%&@“%ﬁmi ,

C.o tnco.|toher ? Hgmemzct%mmemsh@rabbnd(@és BPendy, 20D BRI RIIA AREEEQIes H
contortus an .
Zould be eluted off the 13 (Fig 9, lanes 6 and 20). Serum from shesp 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. 1gGy and IgA isotype
.- antibodies were present but JeG, 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 Te
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 Tec
(lane8). Incubating 2 ml immune mucus with 260000 exsheathed Tc¢ L3 resulted in
complete depletion of antibody from the mucus (fane 1), Colicidal 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).
Exfracts from LS of the intestinal nematodes N. spathiger and 'C. curticei and the



circunctincw (Cc) the blots were probed with To i mmune sheep nucus, and
showed reactions at 35 kDa for Ta, Tv and He, #psecifggtionas aidd MerchBg0§ or
Oo; 45 and 20 kbDa for Co; 12 and 9 kDa for Nb; and 30 kDa for De. The
correlation between mucus 1gG and I gA antibody titres and the protection
10 affforded by nmucus used for in vivo chall enges was anal ysed by |i near
regression (Fig 13). There was a significant relationship _between the
titres of 1gG and |1 gA antibodies against 13 antigen and protection (R2 =
0.6; P <0.01). Antibody titres of nucus biopsy sanples were high at day 3
af tex imunisation (Fi 14) but both #¥G and IgA titres fell away by 16
days‘but wer e “2PPA %%@@ﬁa%r%wo-mcwmwmwmﬁmmsati on.

| mmunof | uor es LN v LSSho i n_Fi 5. Exsheathed L3
Shoved  Str onares mes oft (vl b BONAE 35 BF RP R flinc af 1R 2os Gindd By 1 1 o

Lmune nucus BUEDafooCe;whd 20 foRNY EREVEU Fignt sRARTL of 1M YABHGRERCL ed from
sheep infected for 2, 3 or 4 days al so showed surface staining (not shown)

but at day 5 Sf#Rbtestielnemaiedes Trveh(TOOT Viimua@y)XODstandsi €008 Contbphbraant i body
and sone re in e process of moultin (1 ower panel). The shed
L3 cuti cl \ggr egg‘?%g‘{ym%ﬂéﬂé‘i@%‘gygﬁ? %‘atﬁ‘lPégé cpeeriysi{ge) .ging 1A did
ot stain. LA ckaina §0)ake Wa wlithod vith 18 imhile il Gl 59 lighanOt ~ show

surface staini.ng, | nmmunogol d el ectron m croscopy reveéale vFﬁdl ar pattern
of results whERgosEE 5 ks for T8, Tf antl Bes4So 9% d3 satr F0a@R fhratng kb krapowilah gol d

particles on epi i Gl anel Fig 16). Specification as at 31 March
2006 29 ol dh{ilgg’?lalal&ijn%kﬁvﬁgrgg’sa&ﬁé?)geﬁ‘?{?a&on.day 2 after infection, was
weaker at day3 and 4 and absent at day 5 (panels C, D, E and F,

respectivel y)Thd ponshtbd dtiweal masisi [SNar@Xigh gkiSody ' RE 989 She biowecden, L3 and
froml arvilg collected at various tinmes after infection were probed with
mucus antibod rjupugnsed for imyigo challmede s snatysagddy Linees regessioni(Figl3 bef or e

infection andi3pThde éa%g%iﬁgﬁt%la&omh?p%ih&e% Ellél Eitres 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 shdwn 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, moany

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 14 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 labglling with gold particles on the epicuticle (panel B, Fig 16).




was not present in the egg stage, Li or L2, or in |A at days 7 or 14 after
infection, or in adult nematodes, 2.5 Monocl ondecHiatipnesatpApdarch 2006
Conparative blotting reactions of mAb PAB-1 and To i mmune sheep nucus

anti body 10 against Tc L3 antigen are shown in Hg 19. The mAb reacted with
the main Tc is antigen at 35 kDa, a diffuse antigen at 35-40 kDa and a
nunber of |ower nol ecular weight antigens. ldentification of antigens in
ot her nemat ode species is shown in pig 20. Extracts from L3 of the

i ntestinal nematodes N. spathiger and C. curticei and the abomasal 15

nema{ odes H. §0@H§%ﬁ_us and O circuntidftta were probed with mAb PAB-1 and
showed reacti G 102, FrsAsorPhtestes o daycefter nfectiun, wasdverker at @9 3leBh4f or Oc; 46

and 22 kDa fﬂ{da%hta?ﬁﬁgusﬁ(é%%ﬂb Blsﬂgnlﬁiégfeﬁé)%ﬁvgﬁ{‘ter di gestion of 13 extracts

Wi t h .protei nase oftrng a i body from i mmune nucus or
mAb PAB-1 showed that the larval antigens were not destroyed by this
enzyne (Figs onumblo@0f antpéh Reaat from egfs, DAY 2PABl fivint Brvex&ieadded Tc 13

showed strong_surface fluorescence after staining with anti-nouse FITC
conj ugat e (Fi §r9Ys tmes afteripfaction weregmobedvitinaicpsontibody figs Wi & 18X el ar val -
surface. 256 49 gmadd LA : Lfication of |larv ant i gen Specification
as at 31 Mar c%} 200%1’%‘; *#r%éﬁrlgg'élb#sc’&o F%fﬂ%‘-’%?"ffla ‘!r'ﬁy’i &Eﬁg\?‘?"f‘?@@{ti on of

| arval anti gewausi pgsehtie tRREOSLRIBI or IBNbI Y ROBr Jr 1RQHE! i8R Jr Ot ei n
A-agarose are,_shown in Figure 22. Silver staining of the eluate showed
that no prot el ¥t 0emaA%- band was visible in the region where the |[arval

antigen was expected to run. A single carbohydrate staining band was
detected 5 inztbhRnehenaiLnmll phgan at the same nol ecul ar wei ght as the
antigen detected by imunoblotting with anti body from i nmune sheep nucus.
This band was_also  labelled in situ with biotin-hydrazide reagent which
bi nds to ex poggﬂPagqﬁl@%Ploﬁlg%ﬁm of mAb PAB-1 and Tc immune 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 He: 39 kDa for Oc; 46 and 22
kDa for Cc; and 22 for Ns (Fig 20). After digestion of L3 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 Te L3 showed strong surface fluorescence

after staining with anti-mouse FITC conjugate (Fig.21). An IgG; control mAb did not
_Teact with the larval surface,

2.6 Immuno-affinity purification of larval antigen



after periodate oxidation. 2.7 Characterisation, of Jarval antige The
ef fect of various chenmical and enzymatic treat n%’r?f’éc Woﬂﬁ%ﬁﬁ%&%&oq he

i mrunobl ot reaction of mucus anti body agai nst the 35 kDa antigen is shown
in Pigs 23-30. Heating the antigen at 37 C for 18 h had no effect on the

i mmunobl ot reaction to the 35 kDa antigen (Fig 23, lane 2). Treatnment with
periodic acid or lipase slightly reduced the signal strength (Fig 23,

| anes 3, 5) but pronase had no effect (lane 4). The 15 35 kDa anti gen was
found in the precipitate after either acid or solvent precipitation (I|anes
6-9); Treat rre%of 1. g antigen with tr?@psi n, pepsin, proteinase K or
phosphol i pase- KF*UES QL Lpmiqoeattit purificstion eflarvel astigsmrisingieametioglonsbe but di d
not reduce thg I j o B 4, lanes. 2. 3 _.5..11).. Treat ment

wi th papain, %&gﬁy??’gl %éo(‘)]?l\éﬁ?g?%%&gﬁ ?/l%nseesar Omﬁﬁsé%lﬁe%zhgﬂ‘?f &€ but did not

al ter the nol efahd awatenbibgdit thit ha pR&iGsting h08 RASAsiblb inESRgion WhGORY e,
phosphoi nosi t ol - phosphol i pase C and phosphol i pase D had no effect (| anes

4, 9, 10, 12,lawahanticeacsies prnaetediotrin ot siatlaeacbohphas staiving band ves deoedr ance of a
slightly ower ul.ar weight band (Fig 25, lane 1). Coll agenase and
pr ot ei nasegKV\%tthggfu%g IR 9D P?éﬁ’f‘g P’f"g?ﬁ‘gg" weight as fhe B detepted &Y K t r eat ment
at 50C for 18inhnudBil6tting’ Hith GdBbodd FrofO Bitinide ARS: diqgly y the 35
| cDa antigen whichh could still gbe0 det ect ed 8%‘%%%0#%52%%?%%8& 31 March
2006 31 Dbl ot ¥gbellpdinesitu guith)biotinrhydmrideneagefit Wichehitids ge expoet] lsughk ghisheesi dase F

slightly reduged t.h bl.not. signal but did not decrease the nol ecul ar wei ght
of the 35 km&%ﬁﬁnﬁ%ﬁﬂ?‘ﬁ%mﬁa lane 4) under conditions where the control

gl ycoprotein fetuin was degraded (lane 2) indicating that the enzyne was
active. TreatZE0harsokerisatibn bf BlsilHntden 60 C for 18 h 5 resulted in an increase
in the nupber_of |ower nol ecul ar weight bands seen on the blot but the
reaction 4% 3BhexesEcial varous (chemieal madh engyRiatic 2FtmbEn of 23 . anifenem teeat ment
with NaOH plus NaBH4, nqQ protein was visible by silver staining although
t he bl ot tmmurnoblot reaction of muces 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 (Pig 23, lane 2). Treatment with periodic acid or lipase slightly

reduced the signal strength (Fig 23, lanes 3, 5) but pronase had no effect (fane 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

cansed 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 resilted in the appearance of a slightly

lower molecular weight band (Fig 25, lane 1). Collagenase and proteinase X 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



reaction of the 35 kDa anti gen was undi m ni shed_conpared to .the c nb I
antigen (Fig 27, lane 3). 10 - Treatnent of L3S%%%HWW?tﬁ1IMEF§? éﬁc))rous
acid for 48 h at 4 Cor with hydrazine for 1 h at 20 C or for 16 h at 1000
C, did not destroy the 35 kDa antigen (Fig 28). Treatnent w th hydrazi ne
for 7 or 14 days at 100 C reduced the blot signal conpared to untreated
control antigen (Fig 29, lanes 1, 2). Treatnment with trifluoroacetic acid

for 4 h or 16 h destroyed the antigen (Fig 29, lanes 4, 5). 15 Treatnment of
L3 antigen by the foll ow ng procedures did not destroy the 35 kDa antigen
as ;shown by ingmnobl otting (Fig 30): pBdteinase K+ SDS for 4 h or 20 h at

500 € (1anes [Plo§ Ganes g9 Tieanent o OHntiges it plyensidaé FGLENy rddedd theFi g 30,

| anes 3, 6,7,8D)l: heat denaturation at 90 C for 20 min prior to digestion
with | M NaOH "¢ Figiad Sutid nqt degredsmthe implecularoveight of3EO3ITkDoantigdd (Rigwsf h or

wi t hout heat qen uration at 90 20 Cfor 20 mn (lanes 10 & 14): proteinase
K + SDS + DTT ‘4f “5pnder qogditions whephecontryl slycmyratia fotuis sraKdatiadekdanon) of L3
extracts from.(fjve n t ode species did not destroy the Tc 35 kDa antigen
or the cross-r”édéct’?’f“? ﬂg‘?‘ﬁ‘inﬁﬂ‘f‘s“’@faﬂtl‘f?eThamtgiﬁebwbﬁa@desﬁcmtls%, 35 or
22 kDa (Fi g Zleute%pecif.i cati,on as at 31 March 2006 32 Tc L3 extract was
anal ysed by elSEHFBAY FsERase i fbp Wimbes ofjgves mplaculanweight beedsdbmionrtee and i n

t he presence % or ureg, .The antigen ran as a hi gh nol ecul ar
wei ght smear S’Loég?éﬁteeas[%éqg% S%ﬁlf#’\go‘ﬁ%s dgrmingnt (Fipdd,ilamedh. difter mgimenng agent
(20 MM DTT) t Ip@gpﬁ a e el ectrophoresis buffer did not alter
t hese profil egﬂt(hr%% s é&iwl{q‘)’ggf%ﬁ%? gﬁ?ﬂ@ﬁg? é‘h"‘&“ﬂﬂ‘%?@%ﬁbﬁe Hgt L3 urea

extract showegeagticalof HB8s | o] : ' at Da ich extended
across the range pH 3-10 (fri% B‘g%.unﬁ'ﬁspsli%te&’ gﬁéttﬁeo%“‘ﬁ?ﬂ&e%&%&ml, no
protein was vi2gjlied).in the correspondi ng region. 3.6. Sheep imunisation
trial '

10  Treatment of L3 antigen with ﬁydroﬂuorous acid for 48 h at 4°C or with hydrazine for
1hat20°Corfor 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 unireated 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).

15  Treatment of L3 antigen by the following procedures did not destroy the 35 kDa
antigen as shown by immunoblotting (Fig 30): proteinase K. + SDS for4 hor 20 h at
50°C (anes 1 & 2): 0.1-1.0 M NaOH treatment at 37° C for 18 b (Fig 30, lanes
3,6,7,8): heat denaturation at 90° C fof 20 min prior to digestion with 1 M NaOH

~ (anes 4): trypsin digestion at 37° C for 22 h with or without heat denaturation at 96°

20  Cfor 20 min (lanes 10 & 14); proteinase K + SDS + DTT at 50°C for22 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),



10 FEC data are shown in Table 3 (refer page 34). At week 3 er

chal | enge, there was no significant di fferencegﬂeﬁ{%ﬁﬁ@r’t?ét%gﬁaé?}b%% but

at week 4, the counts were significantly |Iower in the inmunised group
(P<0.05). When counts from both weeks were conbined, there was also a
significant reduction of FEC overall in the inmunised group(P<0.05). 15
Figure 34 shows a Gel electrophoresis (8 % PAGE) and i nmunobl ot anal ysi s of
T. colubriforms L3 extract (L3) and purified carbohydrate |arval antigen
(© run under non-denaturing conditions (no detergent or reducing agent).
Gel: s were sta‘g@gg f.or r ot eieg or carb@nydrate. Blots were reacted with mAb
PAB-1 fol | owe SFERh e anglyred byslrciopheresiand biotingupder nafiye sondifiosmmune sheep

mucus fol | owe abbi t - p | g- HRP conj ugate, Specification as
at 31 March 2%83}{@%58@%%{1%%8@? %g’g?‘%a*ﬂhelaﬂlgwfap&s 3 bigh polegnlst i mune
mucus agai nst L r ry ous t.reatpen Treat ment Larval cl unpi ng*

Unt r eat 1(_'ad +:-+ Bi%t%nlte%ﬁné& o thnsg&eﬁr?o'r r‘lb’gg"&?ﬂ Qﬂrsz&%gm: QO?‘)N[I)TT 100 000
super nat ant ++ rnatant + X uper nat an -

X g super nat ant %&%@%%@&66%%@%0%5%%:%58@%9@& PIEEEEYd and

al kyl at ed+y Haglgfl 60C++ ‘ :

2D electrophoretic analysis of Tc L3 urea extract showed a strong immunoblot
reaction at 35 kDa, which extended across the range pH 3-10 (Fig 33). Despite the

strong blot signal, no protein was visible in the corresponding region.

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 (L3) 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.




Heat ed 100C- Pepsi n+ 15Pronase- Periodate- Lipase++ Retentage >100. 000
mw+++ 10-100 000 mw_ 203-10 000 mw 25* cl unpi mpesifisationias.at 31 Mragh 2006, 0

cl unped together in, |arge aggregates; ++ _ some clunping;, + = slight
clunping; - = no clunmping. Specification as at 31 March 2006 34 Table 2.
Nunbers of T. colubriforms |arvae establishing in 5 msections of snmall

i ntestine of naive sheep one week after infusion of L3 incubated with naive
or inmune rmucus, 100 000 x g mucus supernatant or supernatant Tollowed by
washi ng. .5Sanpl e0-5m 5-10 m | O 15nifot al % r educti on* Nai ve nucus10664 140
010804 Super nat ant 24978 590 025568 Supsgnat ant 8140 148 08288 10+wash | mmune
nucug148 770 (ehigdd nSitsedctivityerfiiBtheOuucdOnRna 98 aft PRIASkARend24 420 064492 +
wash 15* @6re§uction in the nunbers of | arvae conpared to respective naive
total. Table 3™2EE® data from sheep i nmidrvgkdpmgingi 35 kDa anti gen

Untreated
Dialysis
b 10000 x g supernatant

50000 x g supernatant
100 000 x g supernatant
100 000 x g supernatant DTT
100 000 x g supernatant TX100
10 100000 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 1w
20  3-10000 mw

BRI SRR 3 I SR I I 3

* clumping score 44+ = most Iarvae clumped together in large aggregates; ++ =
some clumping; + = slight clumping; - = no clumping.
25



G oupl ndi vi dual FECmrean 20Week 3 Control s600 700 1300 1500 17001800 2500
25001575715 | nmuni sed 300 400 800 1900 24001160%¥6iiiadn 2 ats htBrE a8 1100
1300 1700 1800 2200 2500 40001938993 25l nmuni sed600 600 90011001300900308*
*significantly different to controls (P<0.023, Kruskall-Wallis test). 3.

Di scussion The ability of nucus frominmmune sheep to influence the survival
of nematode |arvae 30 was indicated by earlier work where_incubation of

| arvae with nucus caused inhibition of mgration of |arvae out of sieves
(Douch et al 1983). Recently, we Specification as at 31 March 2006

ra.i-ul <nJ, uuviu 36 observed that |arvde were frequently clunped together
aftef incubat F&e #-nNopphem of T.neobilsfosmid larveatesttlisling indy maectionsrof spekbvent ed from
est abl i shi ng nesEe! dfin j b [V i a. enal cannul a
(Harrison et at 1999) .a%}%gg%r%dg:‘g%{c/ﬁﬁg@ﬁ%?eﬁﬁ en egqt?r?q{é%g”pr esent
study and sho\REIEEHESUO0 08T 3 2 oyens stnemaiant onsipersatant followesftyenastiinge| y pr event
establ i shnent of |arvae. The degree of protection against infection
depended o t§|e ﬁi me of mucus collection after imunisation as well as dose
vol ume.  Thi s°T8% el at es WWPR OhE 0N ng Tolevel  of Zaedvrtisslly i n nucus over
time as seen in nucus biopSy sanpl€s Takenm fromtruncated Tnfecti on sheep
up to 5 weeks.after inmunisation. The observation that the 100 000 x ¢
supernatant of TR nuculPo®d 180uIQ al so priB&®nt | arval establishment

i ndi cat es t haSupedniisntacti vi 24p78sspdag i n t he 95§l ubl e fracti on of nucus and

does not resug‘}pe&&p physigﬁb l1I4§)ck6 ng by m.é%é,lgs e.g. by

10 +wash
Fnmune mucus i48 770 0 918 91
Supernatant 130 0 396 526 98
Supernatant 224 420 0 644 92

 +wash

18 * % 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
Jmmunised 300 400 800 1900 2400 1160 940
Week 4 |
Controls ~ 9001100 13060 1700 1800 2200 2500 4000 1938 993
25 Immunised 600 600 900 1100 1300 900 308*

*sig_niﬁcanﬂy different to controls (P<0.023, Kruskall-Wallis test),
T3 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




viscosity. Washing the |arvae after incubation did_.not affe h ility
of immune nucus supernatant to prevent establ i%ﬁﬂéﬁ?t}oni%&fgg{\’faﬁélf(ﬁ’gt t he

activite factor was bound to the larvae. 15 In vitro analysis of |arval
clunping after treatment of imune nucus by dialysis, centrifugation or
nol ecul ar weight filtration, indicated that the clunping activity was
associ ated wiith the high nol ecul ar weight fraction of nucus. Heat treatnment
and protease digestion suggested that clunping requiréd* t'he™protein
conponent of nucus. However, SDS PAGE anal ysis and protein detection with
Coonmssie blue or silver 20 staining digd not reveal differences in the
crude prot ei nolperedd thtdadde Werp &OQlen®f cHiviiPRANGgeieN&heP HcBasmlsimsaEP! es.
Simlarly, lectin blotting did not show di f%erences in glycoprotein
conposi ti on bEEe &l thayghesalatvprawert prevdntadifoussstablishihg tdmealiyodeptifowd of  peanut
aggl utinin, \Apn'och.rraghaye e %glted ar bohydr at e%ﬁ;gr esent. on heavy and
light chai ns™Sni SEETP VR & FAIEER R et 1 RBes Yberatione were at 70
kDa whi ch 25 ggblgteddsli ' o..showed the
presence of 1gGin ﬂﬁinﬁ%@%&?{gﬁ%?@f@%ﬁﬁg&g 11%@8@?%2%@?{%&8&83 cﬁ%d presence
of 1gG and | gAectivelyrpraverd esialtisianeatigfd@sice (thi Bgiee SReabdibe Shincvinfagioat 31 March
2006 36 antibodies recogni si ng nemat ode anti gens were responsi ble for

| arval - cl unpi %gengﬁ%ont}%pm? Pf pycPBCcqbipstion after spmunisetien as B esdase valere/al  ant i gen
probed with i P .0 I ant i bodi es
whi ch react ed@%y%%ﬁ?lt?/@gméﬂ.gﬂn%ﬂ%ﬁa{f%ﬁ%%ﬁng%%c@tg }%%ﬂ%ﬁ%%nu@ di ffuse
regions at 9, mi@s tksy SMhplksS tiken frofi Gichied afftdivn sthePlipts 50becks3 afidtt | gens
probed with antibodies eluted fromintact exsheathed | arvae after

i ncubat i on i n"TPHNFARL Y ThE SbssrvatipncthiaKiasi106,080 & i sHERatapefdEPHRe THCUShi S
antigen. fiis _ Q?talﬁﬁ i.ni.ng.apd i mmunogol d
electron m cr%ogzdg%ﬁk/q bmgd%é#‘tra?]at t %g?%%%{égghg?gﬁﬁécgg@{é@ﬁg%%gsurface of
the | arvae. AslubleIBcilitbat anotishodijoes matsesplt feh physicdl blvddbsbysawaat €g. pysed for in

vivo chal |l en exper.j ts and there was a
: : g\%scoé‘;% nggg the%arvae 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 T 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 freatment 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 panelr 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 agglufinin, which may have detected carbohydrates present on heavy a'nd 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 fgG and IgA in immune mucus suggested that




10 significant correl ati on between the degree of protection _afford y
i mmune nucus and the titre of I1guU and | gA. I\/Uc%l?cgf??f‘%%ﬁﬁtf?’fl%f?h%%b

col ubri fomds i nmune sheep al so recognised antigens on blots of |arval
extracts fromother intestinal nematodes C. curticei,. N. spathiger,
T.axei, Tvitrinas, O ostertagi, C.oncophera, N brasiliensis and D.eckerti
and from abomasal nematodes H. contortus and O circuntincta. This 15
cross-reactivity indicates that a. surface nolecule with simlar function
to the T. colubrifornris 35 kDa antigen exists in other nematode species
ang could be a target for immunisati @8 Mnoclonal antibody PAB-1 al so
react ed with ¥bedcSpropRjeingnesathde eighh Wwénel sosfimsibis dt 14real ichheipinigfayd and puri fy
t hese surface Oia%Li?gns ftrom ar a%h)té{c nemat ode species. The finding that
all the cross—r&alt] RgeaH g‘E’H&‘“‘t avgl qofigencgrebed ith dEMEACIRECE 0 di gest i on

by prot ei nasesuwbEthe pielAnC s Edhti LD thus share
simlar properties tg t he T.Ié(t;:lo %Eg?‘l %ﬁgt%n“lﬁeé%%ﬂlf%é%ﬁﬁogen@aﬁ%& onal

ant i body PAB- thajovantifencht 85 kP plitediffusdraas ac® 1330, SUFKI0 Hetifidaytly,

T.colubrif rr%s | arval surface antigen. This T.colubriforms larval surface
anti gen s 8B RHLT dtigens grobefowibrantibadies clused Slapdntant exsheathehiamvac Ber i t s

resi stance t o;dindGst;l ' e af pbroteases jncl udi ng. proteinase
K; by staining with 1%%159?1 véér‘%%ﬁ%ﬁﬁ‘%%m%%ﬁqdﬁ%@%@ﬂ?%h ate groups

and by | abel | fesvl, plus theasuthet fivdrebocly @hif€ and BAGRILoINVBGRn RhiBidRoh €xposed
sugar resi duei The antigen did not stain with protein Specification as at

31 March 20068Y thaljihe SRfaPRRc Tt @8 the sutface of e lape. AntadTkDaGotmdlgsi e bl ue or
gol d. "The anty i dear adat,i on by.the action of |ipases
Ind was ot ool mb Lale boch fordf S iRhend ptiiedf B b b

h
conponent ¥ ar sgnifrantroasiein tetwesOthe AEHQSE RbteotioMNaidild 49 Sinfafembcs I €at nent
did not affect ttguéa_anthg@n indicating either that the sugars are 5 not
N-1inked or tdithe e of I8 anleA s Musassibedytfeone B ophbrifarnisipknunalskesb | t r eat ment

or extensi veyfyaiafiddahyshoond) troy the anti whi ch may indicate
an unusual car bohydr at e %t rogﬁo%@%?%@?g}n& yl&%#‘ eg’aﬁg"ﬁstga
trifl uoroacetdutticali spielsgar, e, Thiinus, O.ostertagi, C.oncophera, N.brasiliensis and

D.eckerti and from abomasat nematodes H. contorfus and O, circumceincta, This

15  crossreactivity indicates that a. surface molecule with similar function to the T.
colubriformis 35 kDa anfigen exists in other nematode species and could be a tagget
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 aﬁtigens tested so far are

20 - resistant to digestion by profeinase 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

95  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




antigen. The observation of a nultiple banding pattern in the formof a

| adder of lower 10 nol ecul ar weight antigens onPesifiationas at 31 Mpieh 2096 ni s
| arval extract probed with mAb PAB-1, could indicate that the structure of
the 35 kDa antigen consists of a polymer of a smaller unit. In its native
state on the |arval surface, however, the antigen is a high nolecul ar

wei ght conpl ex as shown by the el ectrophoresis results using

non-denat uring conditions. Solubilisation in SDS + DIT reduced the conpl ex
15 to an antigen detectable on blots at 35 kDa suggesting that the conpl ex
i s,a polymer of the 35 kDa antigen or3a heteropol yner of 35 kDa antigen
pl Us ‘ot her cofFEHiEmethods suchs silves saini Cpaunssialblee angelde fThs hoigen whar ge

het er ogeneity ‘se t.ed b i soel ri ¢ focussing, again indicating a
conpl ex str uct“:“%& 'Itct')hg%%%.l % @ﬁd”@%"é‘t%&?&f“ &i"?s Mot ERlehleain ergawin ex,
present on t heolesitsewhichifzpes tof n#iarcu nett ar nbiGhrdkerdt Br 5&3«'&&5'&60 {egradati on
by all physiological conditions found I n the stonmach and I ntestine of the
nemat ode' s ho$lycosidase ¥ treatmeénblid nof affottitecntignndndidatibd Gmer it G Eidatsage Of t he

| arval surfiac tjagen have yet to be_determned but it seens |likely that
this conpl e5§ ﬁ‘%%ﬁg%%/%dgﬁtéheyﬁ%%é?%% fopapanecpiiatkn gAlkalhtwspent br ough t he
hosti l'e envi r @ueRit i ke A1 .t reaches it's site of
predil ection in the hganr;ﬂi&}fsﬁﬁgi?(ﬁne. heel%ééeﬁéémcé‘n%yg%%%? PB8nly found
in the L3 bef éeoliydtiectrintme.aSitbuy fpcit ydsolghaywitteditigdrodctcapidisafioysauggest i ng
that the coa%h%? was required for protection during transit through the
stomach. During he rmoult to 1A stage in the small intestine, the
protective coating is shed as it is no |longer Specification as at-31 March
2006 38 requiThedbseivation bf a DEAPROEAEIA PR B thedBm PG SPRASE di rected
agai nst tgbs Egtecttve coat could severely conprom se the nenatode's
ability to“es e weight antigens off blotsiol T cefulrifomisanaval exat proesdedidr € have

wi de inplicat pRspinh trol. In rgci%iam'nary vaccine trial in
sheep;. i mmuni sation W tE a @g‘g"cfhﬁg&‘%s‘%‘b"m%%% t3I3EeP \PORstRS 9fi%d 35 kDa

anti gen and apolpinér afdy stualet udi ST kLhhtivd) silte on the larval surface, however, the

—

antigen is a high molecular weight complex as shown by the electréphoresis results

using non-denaturing conditions. Solubilisation jn SDS + DTT reduced the complex

15 toan anfigen 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 heferogeneity 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
hematode’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 tansit through the stomach. During the

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




significant reduction of faecal egg count in the vaccinated roup conpar ed
to controls. Aspects of the present invention PegstficgEenags ﬂﬂﬁé@zﬁ&?

of exanple only and it should be appreciated that nodifications and
additions may be made thereto without departing fromthe scope of the
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binds to an antigen sourced fromT.colubriformg L3 erein.i.n sai
antigen runs at substantially 35kDa on SDS PAGPYHfce ﬂ‘ﬂ@sratgédﬂ%ﬁcﬁ&g%
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substantially 30 kDa on SDS PAGE gel under reducing conditions.

Miller HRP. Mucosal mast cells and the allergic response against nematode parasites.
Vet Immunol Ymmunopathol 1996; 54:331-336,

-Rothwell TLW. Immune expulsion of parasitic nematodes from the alimentaty tract.
10 ntJParasitol 1989;19:139-168.

Sangster -and Gill, Pharmacology of Anthelmintic Resistance Parasitology Today.
1999, Vol 15, No. 4
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4. An isolated nonoclonal antibody as clainmed in claim1 wherein the
antibody when coupled to a solid support can bePgftiqaiianas #1631 pich @00k e
surface antigen by 10 imuno-affinity chronmatography. 5. An isolated
car bohydrate surface antigen froma nenmatode L3, wherein the antigen binds
to nmonocl onal anti body mAb PAB 1, deposited at ATCC on 24 January 2002 and
accorded accession PTA-4005. 6. An isolated antigen substantially as
claimed in claim5 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 ant4ilgen as claimed in claim5 wherein
thé ‘antigen i W3 8. An isolated antigen as
claimed in claim erern . ‘ced from 20 nematode U
i solated fromthe group consisting of C curticei, N spathiger, Kcontortus,
Q. ci rcunti nct a T diolateq mpdrocionel, anDods e BAB-1, GepBie@RNRIRC op 24 .
N. brasi 2i etui s angf D. eCJé(ﬁa ti. 9. A conposition that conprises an antigen as
claimed in clai m5 %t Gyethérinfiseeprded asteasionolRa4006,ahhivh bindy e £Eiraad i | Y
accept abl e carri eranggendh htiefibge1SPECI fication as at 31 March 2006 43 10.
The use of an antigen as claimed in claim5 in the nmanufacture of a
conposi ti'o% fgr preventing, treating, reducing the susceptibility to,
nemat ode i°nf éct i oM iselated mrocionel apfibedy eoeransd fol R ASwieked HE dniBa,c! @i M 9 for
preventing, treat iﬂ%{og;{nﬁdum n he susceptibility to, nematode infection
rom

in suscepti.bl e sheep Bt Feeldlatfortnisdid, whereigrinegid amigai st i ng of
T.colubriforms, Gueutdubgitially xBRAL §H H.contortus, Q.circuncincta .
T.axei, T.vitrinus, O ost ertaygi . C. on%g{x) %F%Pn%?'gfhé{’éqglcf’mﬂi' and b. eckerd.

3...  Anisolated monocional antibody as claimed in claim 1 wherein the antibody
binds to surface antigens on L3 selected from the group consisting of:

8) asurface antigen on C.curticei which rums at substantially 46 icDa and
at substantially 22kDa on SDS PAGE gel under reducing conditions;

b) asurface 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
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;

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

35kDa on SDS PAGE gel under reducing conditions:

20 f} asurface antigen on O.ostertagi which runs at substantially 30-45 kDa

on SDS PAGE gel under reducing conditions;

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




12. A conposition as clainmed in claim9 for preventing, treating, reducing
the 10 susceptibility to, nematode infestationSpasificagenps atBilMeash 2806

ot her than sheep wherein these other species of nematodes al so possess a

| arval surface antigen identified by reaction with nonoclonal antibody
PAB-1 as descri bed above. 13. A conposition as clained in claim9 wherein
the conposition also includes at |east one adjuvant or cytokine. 15 14. A
met hod of di agnosi ng nemat ode i nfection in susceptible animls conprising
the steps of. a) obtaining a blood sanple froman animal; and b) anal ysing
the sanple for. the presepce qf an an‘{lsi5 %dy agal nst _the antigens as clained
inschaim3 via a suitaBFP aﬁ§§’§?’.m% kDapmy g'?ﬁ FAEE 8 M8 §P9drEe | aj med i n
clai m 3 wherein the anty, .has been sourced fromthe gastrointestinal
mucus of an ani mal which has been inmmunised by truncated infections with
nemat odes selected fromthe group consisting of T.colubriforms,
C.curticei, N spathi §em suifice antizon o, brasieasiy hichciunc st aubsiaaadly 9 KDA/i t ri nus,
O ostertagi, C.oncophera, N hrasilijensis Specification as at 31 March 2006
44 16. A method of pre?Ehet ﬁgtisfaf“é%]ﬁ’i Hokbr medhi? i B ploptdehtvi™sit® . ani nal
nemat ode i nif eci ons, by cgﬁmogg;steri ng the conposition As clainmed in claim9.
17. The use of an antigen as clained in any one of clains 5-8 to elicit an
antibody response in the gut nucus of sheep or other susceptible aninals
to treat, prevent ob)-rdudie aligsn optlldoidri twhichaumsre smbsteutislly B9 B2 pons in

sheep or other 10 susc iP:X ani mal s. AS. ?1}-391 use for nonocl onal anti body
as clainmed in any one (;%?)tsc g%r%“l“-%ﬁ“ﬁ@?& %"W‘enat ode Infection in sheep.
15 . 19.. The use of an antigen as. clained in any one of clains 5-8 to
determne - 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
0 immuno-affinity chromatography.

5. 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.

6. An isolated antigen substantiaily 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-.contortm, 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

pharmaceatically or veterinarily acceptable carrier or diluent.




net mat ode infection in animals. 20 20. The use of an antigen as clained in
any one of clains 5-8 in an assay t0 det er ni neSpRSifgabee a3 #3d dYlpwh 2066
animals. 21: The use of an antigen as clainmed in any one of clains 5-8 to
measure the degree of nematode infection 22. A netbod of determ ning

nemat ode resi stance in aninmals by assayi ogasanple 25 from an ani mal using
an agent selected fromthe group coasisting of a) an antigen as clained in
any one of clainms 5-8; and/or b) an antibod as clained is anyone of clains
1-3. AMENDED SHEET 48

10.  The use of an antigen as claimed in claim 5 in the manufactire of a
composition for preventing, treating, reducing the sﬁscaptibility to, nematode

infection.

1. The use of a composition as claimed in claim 9 for preventing, treating,

b 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.circumeincta T.axei, T.witrinus, O.ostertagi,
C.oncophera, N.brasiliensis and D.eckerti, '

i2. A composition as claimed in claim 9 for preventing, treating, reducing the -
- 10 susceptibiliy 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 inc¢ludes at

least one adjuvant or cytokine.

15 14, | A method of diagnosing nematode infection in susceptible animals comprising
the steps of:

) 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 whercin 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, M.spathiger, H.contortus,

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




Specification as at 31 March 2006

m_:d D.eckerti.

10

15 .

1R

17

- 18.

19,

- 20,

21,

Amefhod of preventing, treating or reducing susceptibility 10, animal
nematode infections, by administering the compasition as claimed in claim 9.

The'use of st antigen as claimed in any one of claims 5-8 to elicit an antibody

" response in the gut mucus of sheep or ofhier susceptible snimals to weat,

prevent or reduce susceptibility 10, nematods infections in sheep or othier
suseeptible animals, '

The use for monoclonsl satibody es cleimed in any one of claims 1-3 1o detect
nematods infection ju sheep. ]

. ‘The use of an antigen as claimed in any one of clains 58 {o determaine

z_mmatode infection fn animals,

The use 6 an antigen as cldimed in any one of claims 58 in an assay to
determine nematode infection in animals, '

The use of an antigen a3 claimed in any one of claims 5-8 to measure the
dcgtoc of nematode tnfection

A mgethod of determitiing nematode sesistance in animals by assaying » sawple
ftomanannnalminganagmtselected From the group consisting of:

) ananhgenasdmmedmanyoneofclaimSS -R; and/or .. :
) an antibodyas claimed in any ong of cla.uns 1-3. ‘

AMENDED SHEET
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