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

anti body and nenmatode |arval antigens. |In particular the present invention
relates to a nonocl onal antibody specific for 5 surface antigens on third
stage | arvawo(ob8y4415f parasiti c nemat odes. Background Art pOrenzombmst ati ons
by nemat ode parasites of animals such as sheep and cattle are of economc
i mportance to those in the agriculture industry. Traditionally, nenatode

i nfection has been treated by the adminkstration of anthelnintics. 10
However , or dr awback w th_conventional anthel mntics ﬁha& nemat ode
resi st ance t W%WQRYMWMéEOPEW %éﬁfﬁl

i ncreasi ngly m)re WI despread and is therefore of serious concern (Wailer,
1997; Sangst gLl 1qt999;  Van Wk et al, 1999) A nunber of nechanisns
have been prvpuve%gpg‘expl ai n expul sion of nematodes 15 fromthe intestine
of imune sheep (Rothwell 1989). There is evidence for the invol venent of
el enents of @he prssvatinaéeioh ygses@rShdiocionyl antisqiyRsé nemdieded amalt ang gems C

stimul ation of IgE-sensitised nucosal mast cells leads to an accunul ation
of subst anchsparfciHarcths mﬁe@mmm}uoaf elates tacharapadoral rapibeddy sersific dor 1996;

Emery et al 97 Ant i - ert| es. .of s include the presence
of cheni cal %% %ﬂn&? f)c[)m )l‘gé’grwﬁ‘%ﬁ%rg ‘ij 1990) and anti body
(Lee & QOgilvie 1981, M Il er 1987 Carl isle et al 1991). Recently, the

present i nvegg‘q{g?oﬁgpmd that intestinal nucus obtained from sheep
i mmuni sed by murtrpre truncated infections could alter the normal pattern
of larval establishnment after infusion of a mxture of |arvae and nucus

into the duo@kninfestkiomaby eemaodppenttes hbegmelsmuch spahesp and catdegye of

economic importance to those in the agriculture industry. Traditionally, nematode

infection has been treated by the administration of anthelmintics.

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

Van Wyk et al, 1999)

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

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



WO 03/ 064475 PCT/ NZ03/ 00010 2 Mucus collected fromthe small intestine of
sheep immune to the parasitic nematode Trichostrongylus colubriform s was
found to have anti-larval activity, causing larvae to clunmp in vitro and
resulting in significant reduction of nunbers of |arvae establishing in

nai ve sheepwafwmes4ranf usi on of | arvae and nmucus via a duodenmzesednul a. 5

I ni munobl otting showed that i nmmune nucus contained |gG and | gA anti bodi es
that recognised predom nantly an antigen with an estinmated nol ecul ar

wei ght of 35 kDa. Antibodies eluted frdomthe surface of |arvae incubated
in i mune nudususadodertedelomdlr soplk intesting & Shdepamamng trethe paragitionemasédel ar val
honogenat e. | nmunof | uorescence and i nogol d .el egtron m crosco showed
that the 35 KPEIOSHREHER U RIS 338 f%’l‘?nglltj%gg’f@r‘%“ Wétaf"(’:‘flﬁ" BFsg laé% was shed
during the ul o. L T j.gen. : i S L2, L4 or
adul t wor nsn%nalkwésmoﬁtrf glgde%&?'drﬁﬁgxltn\rl\g%?g&tg F}E@ﬁgé&# c?'rf('}l ulr%%gsc? { Igzlnrvaeand up to
S days afteredipligftd i@Maivd Beep BfdHiABsioN SABFhe dnlddhuchf Gia RidREdens @inudt | body to
the larval surface prevented |arvae fromestablishing at their preferred
site, causing themto be elimnated fromthe intestine. |nmunisation of
sheep wi tth phmmingbloftingshpwed fhaetngelamacuasontaoer s end igd nnbedies @ali i cant
reducti on of egg_cgunt follow ng B chal] enge with

. T. ol ubr.i f 1S,
ndi oat i ng t REREELRECIRIRUDY & Aeen Bith o Pt pelRola elet ghas kDb A

nmonocl onal ant i oF 1968 I I
surface ant%%%?%@%ﬁﬁhggﬁégeéb rruélgciﬁ%%{ @g{)n%%%%u%%%olja%ﬁéégd the 35
kDa T. 20 colyubiihd 98 RD& ah@senadn BBk FORvAKbnRg8ihts: I BESulicTRGRE%nWM iddl an
antigen of simlar nolecular weight on blots of L3 extracts of the

par asi ti ¢ nemahaciesld ldeemunmiusscomyahbwed thst the @5 €k entigegivers presguinn ithect a; and
with a 22 kDa antigen on blots of L3 antigens extracted from Cooperia
cur ti cei Lindemigiiale o812 gad ¥pnthst guting the pouit %H%aT’&P“nE‘H’a‘Fanm&B‘i%hms ur f ace

oL Gen, W RO AL P 5B p2R B S BpRRIRR G e

and up to 5 days after infection. The results suggest that the binding of antibody to

the larval surface prevented larvae from establishing at their preferred site, causing
them to be eliminated from the intestine. Immunisation of sheep with partially
15  purified 35 kDa antigen resulted in a significant reduction of egg count following
challenge with T. colubriformis, indicating the potential usefulness of this antigen in a

vaccine.

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




and related nolecules are likely to be novel targets for host immunity and
can thus be wutilised in a vaccine or other imunotherapy agai nst nemat ode
i nfections. WD 03/064475 PCT/ NzZ03/ 00010 3 Mbonocl onal antibody PAB-1 can be
used to inmunopurify the surface antigen by standard affinity

chr omat ogr apioysoedtsi ques. Monocl onal anti body PAB-1 couplcashZosoooge sol i d
phase support such as agarose or sepharose binds the surface antigen from a
crude extract of 13. The surface antigen can be eluted fromthe antibody
matrix using 5 a low pH buffer and showh to be substantially pure by SDS
PAGE. The suManedonarantibasly ARl fdapdej used ko smmurnperify the dutfacetantigdmy by

i mmunobl ottin i nst sheep antibody, fraom i mmune nucus . and can be stained
by net hods uétgﬁ‘?a?‘g?ﬁﬂﬁ é’cf?rf’ BRI S igPest C?no?lﬂﬁaq%“r%%%ﬁgr' \eaurlsd s gen and
rel ated nol e 0 } I [ )

Structuro. TRIQES pOEE sERGHiCu BHel oPLERRRAME e nEALPERME BB 1o
protei nase Kcrudoemradpbf It Ath8 shrface @hGzeh bAPBLMuNRA Lrbm SR mtibdManAWFiRh8hH St ai ns;
does stain wth carbohydrate stains and can be | abelled with carbohydrate

| abel | i ngdr eadewt s dufftr andshbwottd be hyohtaaaltfepurdby ST RYGE, TikbsuPRAB: 1 may be
useful in identifying and isolating the surface_ antigen for devel opnent
into a vacci ARIESP PEtHR injthipneenes & datsrted Py imastunplipting geainst shepp prtbedvns .
Serum and i nt.est.inal mucus f.rom sheep ,infected with T. .colubriforms

contai no aneoBHaR R AR A REEER A B e e Rl o ot e

nol ecul es. Accordingly, as the presence of antibody to the larval antigen

i ndi cat es expgs g5 @Dk Qartd) @nidth a8l t@ate 2RoRONEL A0 RAbwR Rt 1RO d Yrddbminkniipy be
useful as a diagnostic tool for the identification of infected animals.

Al | ref er encespoliydcta dinguranyTipatie becugr theasdmigen dppdsistat itodigestint ey in this
specification are hereby incorporated by reference. No adm ssion is nade
t hat anyl? ef Braisivase ¥ dogfyaqtistal asesdy freptedapith sqneliveipEiein stads: des ishan

references s %%%grb\é%até Qﬁh{ an%%%rrl] BL ?abgl?e%%i&l’ carbohydrate 1abelling reagents such

as biotin-hydrazide.

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

15  infections.

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

of infected animals.

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

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



and the applicants reserve the right to challenge the accuracy and
pertinency of the cited docunents. It will be clearly understood that,

al t hough a nunber of prior art WO 03/064475 PCT/ NZ03/ 00010 4 publications
are referred to herein, this reference does not constitute an adm ssion
that any oWwotobesi@7sdocunents forns part of the common gengrmzokswayd edge in
the art, in New Zealand or in any other country. Summary of Invention 5
According to a first aspect of the present invention there is provided an
i sol ated nonoclonal antibody mAb PAB-14 deposited at ATCC on 24 January
2002 and acpulidatbneeeasBirahtoméing Qfbrefendnice Bodsinndonitiiuta as edrhisden that | gen on
nemat ode D. According to a second aspect of the present invention there is
provi ded an #woddhes§ dopypady fomas pahef e gpmmeneneral; knowledepipethosatr i n t he
ant i body bings %gﬂaqianti en, 10 sourced from T.colubriforms L3, wherein in
sai d antigen FTuf§*at® Y& &P Y35kDa  on SDS PAGE gel under reducing
conditions. According to a third aspect of the present invention there is

provided an gsahatesr IvBgyn onal antibody as described above wherein the
anti body binds To surface antigens on L3 selected fromthe group

consisting of: 15 a) a surface antigen on C curticei which runs at
subst ant i &l | $cepadiRDdo anidrst agpeeiudisthe praserit | iyveRdDahesn isSPYSVIRAGE deslatednder

ubst ant a | Pooastisal aptoodpanph ATyl SRiE HeALSP Ry GoTEPoARY B
surf ace ant gegy 00 B asaArd HSYORERL A AlursOSh AR AphpdRkba on 20 SDS

PAGE gel under reducing conditions; a ate antigen on
O circuntincta which runs at substantially 35- 39kDa on SDS PAGE gel under
reduci ng congtdordifig to & keddnd WsfeaCe (B biegd idBntidxtRere Qs provided &h Mekatathi ch runs
at substantially
moncclonal 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 PAGE gel under reducing conditions.

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

antigens on L3 selected from the group consisting of:

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

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

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

SDS PAGE gel under reducing conditions;

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

20 SDS PAGE gel under reducing conditions; and

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

39kDa on SDS PAGE gel under reducing conditions;

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



WO 03/ 064475 PCT/ NZ03/ 00010 5 35kDa on SDS PAGE gel under reducing
conditions; f) a surface antigen on O ostertagi which runs at substantially
30-45 kDa on SDS PAGE gel under reducing conditions; 5 g) a surface
antigen on C oncophera which runs at substantially 20 kDa and at

subst anti al Wwp odbedef3a on SDS PAGE gel under reduci ng condicrinasooety) 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 runsdat substantially 30 kDa on  SDS
PAGE gel under reduci 3gklRoemibPf BASE gatewsteiiedesingronditiony t h aspect of the
present invention there is provided an isolated nonoclonal antibody as

descri bed above whepein the anptibod n.coupled to.a | i ort can
be utilised to puri yatsﬁga%ﬂp#}%e@eona%‘f’%ynﬂz : B’@‘Cﬁﬁfﬁfr‘%g’ %Wﬁ@?’fﬂ‘ﬁg&%

chromat ography. Accor ¢i,Restia@r biifhlersRent cHaiidag present invention there
is provided an isolate car bohydrate surface antigen froma nenmat ode L3,
wherein the antigen binds to nonoclonal antibody mAb PABLl, deposited at
ATCC on 24 January g0@Xuefagt andgaoond Ednaqpassiiich RfA-alQOStant2lly KIodtDa

preferably said antigen also resists boiling in 1 M NaOH According to a
si xth asp%ct of the prBdhtsubsianially o KRar@ SPSpPSEEIEH Hrder Sefiucingd

antigen substantially as .t(ilespri bed above wherein the antigen runs at
substantially bet weel %-%’ kDa or at substantially 9 kDa and 12 kDa on
SDS PACGE 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 reducing conditions.

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

15  chromatography.

According to a fifth aspect of the present invention there is provided an isolated
carbohydrate surface antigen from a nematode L3, wherein the antigen binds to
monoclonal antibody mAb 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
between 20-35 kDa or at substantially 9 kDa and 12 kDa on SDS PAGE gel under

reducing conditions.



WO 03/ 064475 PCT/ NzZ03/00010 6 According to a seventh aspect of the present
invention there is provided an isolated antigen substantially as descri bed
above wherein the antigen is sourced from T.colubriforms U According to
an eighth aspect of the present invention there is provided an isolated 5
anti gen subsbagbésatsl y as descri bed above wherein the antipgemzosocsfour ced
fromnematode L3 isolated fromthe group consisting of C curticei, N
spathiger, H contortus, O circurncincta, T.axei, T.vitrinus, O ostertagi,
C.oncophera, N brasiliensis and D. eckdrt i. According to a ninth aspect of
the present Aeppeding n seveith aspscinfiche gweenh inverrasthere énprovided shisoledpri ses an

antigen substantially as described.above together with a har,naceutical |y
or veteri nar?"lt‘ﬁelhé@é%"inﬁﬁlllye aﬁa‘{chirg’Pd oalr%oXﬁ |"ﬂ‘8%1m_ Q%’c@m%flnlﬁ ?c’gurca?dt Ph aspect
of the presept Anyentiea there is provided the use of an antigen
substantially as descri bed above in the manufacture of a conposition for
preventing, treating, or reducing the susceptibility to, nematode

i nfection. 15codedimy th mgeitith aspeel e\thd piesas peventionf thérbds providehan isnlagedt | on

there is provided the use of a conposition substantially as described
above ford pranjigen isHestantiplbatap rfigscrived rabaveiwhgraidhe entgenpisi surgedy freny,

nemat ode infection in susceptible sheep fram nenatodes selected, fromthe
group consi st ft’% IS@Bthbii&?rf‘o&ﬁi ,oulg‘, cc?ﬂ?lfranéelg%a (gfué—%%f‘f’h?\gévrp?%ﬁef:’ontprtu_s,
Q. ci rcunti ncga,, L, axel ’O.Iiré{dfﬁcjfﬂcmjsﬂ‘".cgce,Stﬁ.{}ﬂv@r%,’ @.&F&th@her@@n Ay-asiliensis
and 20 D.eckerti. According to a twel'fth aspect of the present invention
there i s proNipagei-asic anpDstietbn substantially as descri bed above for
preventing, treating, or reducing the susceptibility to, nenatode

infestation in susceptible aninmals other than sheep wherein these other
speci es of nAprdERl Hnal 3pRes ade praselit yayentqyy thereds BIRYICER A CPHRNSIHM ed by

react OnldM ttlplat comprises an antigen substantially as described above together with a

pharmaceutically or veterinarily acceptable carrier or diluent.

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

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

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

20 D.eckerti.

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

256  monoclonal antibody PAB-1 as described above.



25 nonocl onal anti body PAB-1 as described above. WO 03/064475

PCT/ NZ03/ 00010 7 Preferably, these other aninals, nay be any aninals
susceptible to nematode infection as a foresaid, and may include m ce,

rats, guinea pigs, rabbits, goats, sheep, horses, pigs, dogs, cats,

chi ckens, cwbtobesssdeer or the like. According to a thirt eesiNregspact of the
present invention there is provided a 5 conposition substantially as
descri bed above wherein the conposition also includes at |east one

adj uvant or cytokine. According to a folrteenth aspect of the present

i nventi on t hBietergbdy, thegy pilierchnimats miay e awif andginglg Aessephiglerie nemalells indettéat i on i n
suscepti bl e aninmals, conprising the steps of. 10a). abtaini a bl ood sanpl e
froman ani nfl? g‘g?ﬁﬁldbf’ér?&a%é‘}cﬁﬁleﬂﬂée’ & ef Brest Habifsy E%Bé%ggeeB’fh"é?‘Fs’ant i body
agai nst the anti ' i.n i,y d aspect of the invention above
via a suitabﬁgiggggéﬁggﬁgggggthz*%ﬂ@*%ggﬁy may be an ELI SA or western
blotting assay al though this should not be seen as |imting as other types
of assay areAetvrdifg anedl.thifeeroh dispegt oo the fordstielvéntdaphet Bf prolidedprasent
invention there is provided an isolated 15 antibody substantially as
descri bedd abesnerositien sibstantiadlyza desstenyd aheavs whesein Hisgempesitianatrotiniudes at

gastroi ntestjnal nugus of anjimals which has been i nmuni sed by truncated

i nfections weRH ORRHETGHEY C¥OKB&t ed from the group consisting of
T.colubriforms, C.curticei, N spathiger, H contortus, 0.circuntincta

T.axei, Tvitpbliding 8 Q%ﬁéérﬁ‘l%spectgf %Cﬁ&@ﬁtriﬁven%xb&é&j ik ip?d@?de@ a3dindd eckerti.
20 According to a Sixteenth aspect of ‘the present invention there is

provi ded a mefdigposihg ngnesdenicpnon suscspable aginails coalprisiegdtieedps off ecti ons, by
adm ni stering the conmposition of the present invention. According to a

seventeenth aspect of the present invention there is provided the use
a) obtaining a blood sample from an animal; and

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

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

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

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

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

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

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

of the present invention.

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

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



of an antigen of the present invention to elicit an anti body response in
the gut nmucus WO 03/064475 PCT/ NZ03/ 00010 8 of sheep or other susceptible
animals to treat, prevent or reduce susceptibility to, nematode infections
in sheep. According to an eighteenth aspect of the present invention there
IS provi dedwd otypR4fs0or nonocl onal anti body substanti al | y pagn@gssbidoed above
to detect nematode infection in 5 sheep. The term"isol ated" neans that

t he nonocl onal anti body or carbohydrate of the present invention is
removed fromits original environment &nd is separated from sone or all of
t he co-exi stdfrepespporesthal siscaptiblheanivadlsitatreaypieemt for oeduwh seseertibditate.i body or
carbohydrate has been obtained. 10 The term"L3" refers to a particular

| arval st ageiegfatade idecpreiRtheel. a nenatode life cycle. The term 35 kDa
antigen generally refers, unless context dictates otherwise, to the T.

Col ubr 1 of M g 80kA A5 WLt 11825 uBUDRLATNERI bl rsBhAGHiB vl ght, The

term "suscé eép prone to nenatode infection by

the fol | ow NgodeelchRSmiiBy QhibsRARLyOHdestribed bvd tode@bihematods nfdctiern in
N. spat higer, H contortus, QO circuincincta, Taxei, T.vitrinus,

O ostert d&qgi ,sheeroncophera, N. brasiliensis and D. eckerti or to other
ani mal s prone to nenmatode infection where those nemat odes possess an

antigen detected by _npnogl onal antibody PAB-I escriped. Disclosure of
| nvent i on 20%BenETHD A t‘iﬁlﬁalpe@ﬁttﬁﬁo%?/ Tgnoglqpal parngﬁ t %5 ﬁ%i@ﬁiyf‘f&g Péh]ﬁ

monocl onal ant i .G ' Q'ﬁ‘ﬂfr fs ' s on L3
of parasiti Cpr%%ﬁg%%ﬂgéh ﬁ%&%%ﬁﬁﬁﬁgﬁ{jl og%ﬁ%:&%iég%%%ddg% t he

i nVent ors t iV ot Bers AR xBRRCIkkGAIS ¥ tASnathiibsyaBiifrdntiRh tRnntibely pr esent
in intestinal nucus from sheep i muni sed agai nst

or carbohydrate has been obtained.
10  The term “L3” refers to a particular larval stage of development in a nematode life

cycle.

The term 35 kDa antigen generally refers, unless context dictates otherwise, to the T.
Colubriformis antigen which runs at substantially this molecular weight.The term
“susceptible animal” refers to sheep prone to nematode infection by the following
15  species of nematode T.colubriformis, C.curticei, N.spathiger, H. contortus,
O.circumcincta, T.axei, T.vitrinus, 0.0SJ‘ertagz:, C.oncophera, N.brasiliensis and
D.eckerti or to other animals prone to nematode infection where those nematodes

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

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

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



T.colubriforms. A hybridoma produci ng nonocl onal anti body mAb PAB-1 was

25 deposited at ATCC on 24 January 2002 and accorded accessi on PTA-4005. WO
03/ 064475 PCT/ Nz03/ 00010 9 The following outlines in general non-limting
terms the procedures for identifying and producing the antibody of the
present i nvwwplkmdle7sSheep prone to nenat ode infection wer echazefeholemat ode
free frombirth till four nonths old when a set nunber were inmuni sed by a
series of truncated infections 5 with T.colubriform s U The renmainder of
the i mmuni sed sheep continued to be r& sed under nenmatode free conditions.
Preferably tTre folleeingtontlines insguierak nen-limitivggetmsdhe pragedurasfonidentifyingect i ons
over a period of tinme, each infection being termnated after a set tine
frame. Pref emgdprofucingthegptibady phthe present YEIUDE- 14 days with re-infection
occurring approximtely 7 days after term nation, although it should be 10
appr eci at ed ér@@;g &Jﬁg%@ utehlg?dé ﬁﬁ&%%&hﬁscaq{mﬁﬁodé%e ot et il PGy Af ter
termnation o Re‘Fast Intection the s eep were slaughtered and nucus was
obt ai ned fr afbdtheodnien 4 st @Sibievers ibshiAisdd By b yerfid o amacaanatctdish t he

met hod of Harrison et al, 1999, although this nmethod shoul d not be seen as
linmiting5 aswith Heolubrfrneds3. nilie a¢rsadndse of sl yrovnisel|shepp fonbnteddP\s sheep
was al so taken as outlined 15 aboye. Onge olﬁ?i ed, i ne and nai ve nucus
sanpl es wer graispb pmdsransraefer Bpe gopditinngy c Brefery ﬁﬂ%?@qeﬂ Br it s Wereor
exanpl e by SDS. P, gel _a taining w.t j e. . Si r. The
mucus anti bo%@eﬁfg%f)%%rﬁm eagc g?%@%%r Pys'!éd%] P&?@@??b ;’/Q%l |§nfér%1§§bd§ chi eved

by 20 i mmunglighitd eer a3eNBAPHSRAT BreRbiy) 8B saEndfi2hd Agy vé 1hddyemime and

nai ve mucus sanpl es. Anti body binding my be detected by reaction with
comer ci al | yrednfacticabdceurriap tpeximatedyi 6 daysadar rshinstiar plthanghnodgionlddei ns and
conjugated with an enzyne. L

appreciated that these time frames should not be seen as limiting.

After termination of the last infection the sheep were slaughtered and mucus was

obtained from the small intestine, substantially in accordance with the method of

Harrison ef al, 1999, although this method should not be seen as limiting, as other

methods may also be employed. Mucus from naive sheep was also taken as outlined

15  above.

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

or silver,

The mucus antibody can then be characterised. Preferably this may be achieved by
20  immunoblotting L3 homogenate antigen and probing with immune and naive mucus
samples, Amntibody binding may be detected by reaction with commercially available
antisera raised against sheep immunoglobulins and conjugated with an enzyme.

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

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

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



Preferably, the antibody binding nay be detected by RAS/1gG HRP. The L3
honogenat e may be prepared by disruption of exsheathed L3 of any of the 25
parasitic nemat ode species |isted herein, using nmechanical or chem cal
means, in the WO 03/064475 PCT/ NzZ03/00010 10 presence or absence of

sui tabl e defengenlis or denaturants, followed by clarificair@zefioiohe
extract by centrifugation and/or filtration. Most preferably the L3
honbgenat e nay be prepared by disruption of exsheathed L3 of
T.colubriforms frozen in liquid N2, us®ng a nortar and pestle to grind the
frozen L3 5 ptadehde dliabsenpd efkuithtie datbrgannpalirestsnias felldwelbyslarifaetiondfi nto a
neutral buffer e.g. 50mM Tris-HC1L pH 7.5 containing 1-2% of a sol ubilising
agent such ate Py coldifigstioeeyd(as iEradioe, urea or SDS. The extract is
clarified by centrifugation at 100 000 x g for 1 h or by filtration

t hrough a serjes of r | r ' r L. pm down
to 0.2 m LoMPHeTEREaN b Bordhir AT bR e rg By dRa iR o heama X L ey
be any sui t afi © 1Bk S8 1P didRY, usthg Kaldhier andPestivied S the rdRAIB. For
exanpl e, the 35kDa antigen nay be excised from pol yacryl am de gel slices,
macer at eds angntividsegtedi Tarvetgoaipovattuave thew bxteacted Mo apbuwiabbeffdr egdfimMdnt and
then admnistered to the abdom nal cavity, subcutis, footpads c?,r the like
of an ani mal TtioHEE PHE7.5 eananigdl-3%cef msolwiiping agent such g rﬁ%lé‘&p‘i: JOUrRpbi t |

, sh , ho ig, d , hi | i ke.
Aoy those deperplechhh af aaey Teirmied s Sotedd? Sl sali g coi <
such as_spl egp 1Geb 5, ik UARNARIEES (fiesRE IR with QRotle] Sre RYe. B

coll ected fromthe 1I"mmuni ze an d wth nmyelona cells, (a tunor
cell strain)sbenf @wheomihi doma. Spleen cells are preferable as antibody
producing 20 cells. The nyeloma cells used for the cell fusion are
preferablg those cell lines allogenic to | .

1 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 polyacrylamide gel slices,
macerated and mixed with equal volumes of an incomplete oil adjuvant and then
administered to the abdominal cavity, subcuiis, footpads or the like of an animal to be
15 immunized such as mouse, rat, guinea pig, rabbit, goat, sheep, horse, pig, dog, cat,

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

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

20 cells.

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

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

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

seen as limiting the scope of the present invention.



t he i mmuni zed ani mal . However, cell lines of various animals can also be
used. Preferably, NS-1 cells may be used as the nyel oma cells. However,
this should not be seen as linmting the scope of the present invention. WO
03/ 064475 PCT/ Nz03/00010 11 Though the nonocl onal antibody of the present

i nvention iwoloypdsgrl | y an anti body produced by a hybri degnzefidpody
fragnments obtained by treating such an antibody wth a protease not

degradi ng the antigen-binding site (Fab) such as plasmn, pepsin and
papain, i.e., Fab, F(ab')2, Facb and the |ike, or antibody fragnents
produced by 'ﬁhd’ﬁgb el ndhodldnaN kritolle 6 HieOpiesent Avention do mpicatie dn kyitibduy

monocl onal anti body of the present invention, so long as they have the
properties ofroduved iprdybidraia, anitbody fipgrodnts etheingsk kyseaating puelraniagiibodyhe

car bohydrate surface antigen of the present inv ion is found on the
surface of Yih éfPqueaé?)PPHﬂch‘fagﬁ“ﬁt%e, ar’@.‘o"é‘ﬁﬁ”f‘&@%isfte &ir;é)p%ﬂf’%a‘b@lasmﬁ P2§Rt or t us,
O circunzcingta, T. axei AVid L QUS ) LA ,

N. brasi | i enszlmsd BRI D% ale’? @b Lﬁ%&% {])}|Lal %%9%%% Ogé{nﬁll?o%gs’ﬁ a&rﬁ‘&g‘gﬁ@?g{ﬁ by

non-|i m tg NgubREME: {bEnP tLRBEUs Ete feREorhdRE ikl )thd) thondldhal &ibdlly BY tHehe
carbohydrate antigen of the present invention. The carbohydrate surface
anti gen of tfresept Bsenionj sovieng athex haveliies propdragsed the momoctupl atibsdyodf L3 of
the nematodes |listed herein. Preferably, the carbohydrate antigen 15 nmay be
i sol at ed fr ot esesemEventyn. T. col ubriform s L3 prepared as descri bed above.
Monocl onal anti body P. AB-1 may be first coupled to a solid phase support

di | tej - ' | ent |
inked to pr Cbateohyip® ke aaRA A% fei B Elin S ARR B RIS Y

packed into B3 GhTQIRLRBHARNY cHBLHN sl gbr3 HE XS ls , WRIHuBincta 2D ak¥it er
washing with a neutral” buffer, prefer ab1gy PBS cont ai ni ng 0. 05% Tween 20 to

prevent Ion- Spebid,i@odarngi, Gprcofterd) OlimdsiEansl ohd Breakeeti.ant | gen can be el uted
fromthe

The following outlines in general non-limiting terms the procedures for identifying

and isolating the carbohydrate antigen of the present invention.

The carbohydrate surface antigen of the present invention can be isolated from
extracts of 1.3 of the nematodes listed herein. Preferably, the carbohydrate antigen
15  may be isolated from extracts of T.colubriformis L3 prepared as described above.
Monoclonal antibody PAB-1 may be first coupled to a solid phase support medium,
preferably Protein A-agarose or Protein G-agarose and covalently linked to prevent

antibody leakage from the gel.

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

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



colum by applying an elution buffer of high or low pH or high salt
concentration. Preferably, glycine-HCL buffer pH 2.5-2.8 nay be used to
elute the antigen. After elution, the pH of the carbohydrate antigen can
be raised to neutrality by addition of 1 25 Mtris. The carbohydrate
antigen i s wbesdsghgnti fied by further analysis using el egtemepisorsi s and
bl otting agai nst anti body fromi mmne sheep nmucus. The nature WD 03/064475
PCT/ Nz03/ 00010 12 of the carbohydrate antigen may be determ ned by
staining with a carbohydrate detectind2silver stain and by |abelling on
bl ots with tbietleacdiothydiamt extigem diap ger deigrerinedbbosiamingy itz caabohlyfratei | | be
appreci ated by those skilled in the art that other carbohydrate detecting
5 net hods nm§etedtiss sheer geiand gy depelling s plothiith thecterheby Befe-bOHHgI 1eREsRt  be
limted to l‘gi%éﬁ—ﬂwgazq é ng, HPLC, TLC, fluorophore assisted carbohydrate

el ectr ophor esri’s, id NVR. Met hods and pharnmaceutical carriers for
preparation of pharnmaceutical conpositions are well known in the art, as
set out in tExyNOSKsppstedicdby RREE AGNQNInSthERar tRRCaHr Gohydtite Jefeefges, 19th
Edition, Mack Publishing Conmpany, Easton, Pennsylvania, USA. The conpounds,
vacci nes andmedwposiay ilonde ofedt [Sach metwots way reindb dubdoildinet by Bulited/to any
suitable route, and the person skilled in the art will readily be able t
det erni ne t ietinbanding, FPhE} dLFolneroplivge awisteds @roopyliate SiegireRsiFsisoMse '
treat ed. DOS&IWN: be at the discretion of the attendant physician or
vet eri nari an? i1l depend on the nature and 15 state of the condition
to be treated, the age and general state of health of the subject to be

treated, theMeese st pigithdaiisdal @doiicd® forpicharatiyn Pf FhébatsutichabendBitionshi ch may

have been adm nistered. The carrier or diluent, and other excipients, wll
depend on t heervalitimowh in the mitndsserat inorxtberkd segheds RetrlirgtouésrBhamnaskitickled i n t he
art will readily be able to determine 20 the nost_suitable formulation for

each par 19 c uPeipnces d@th Edition, Mack Publishing Company, Easton, Pennsylvania, USA.

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

been administered.

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

20  the most suitable formulation for each particular case.

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

a corresponding meaning.



For the purposes of this specification it wll be clearly understood that
the word "conprising" neans "including but not limted to", and that the
word "conprises"” has a correspondi ng neani ng. WO 03/ 064475 Bri ef
Description of Drawi ngs 13 PCT/ NZ03/00010 Further aspects of the present
invention wyblozggerme apparent fromthe followi ng descriggghgfsmieh is
given by way of exanple only and with reference to the acconpanying
drawings in which: 5 Figure 1 Shows the nunber of |arvae in naive sheep
after incubating larvae with various agounts of nucus from nai ve sheep or

mucus from | BRefBescApB®Dof agitiic® 2 Shows t he nunbers of |arvae in naive
sheep after incubating larvae wth nucus fromnaive or imune sheep for
various tines; 10 Figure 3 Shows the nunber of larvae in proximl and

distal secti Bithenpspse vé th%ﬁ@é‘-‘ﬁ“ iinteRiden WHL bfcowe apRITeRYi fgm rfeg {Rdlowing pi ent
sheep with mxtures o i ve_ or. i imune u ws t he
2t 1 arval  SSSpRE, Thieh e, it " e o ST R ol 4R PRt RSt on:
15 Figure 5 gh anls,{}, &B3HLtis whlchan SDS PAGE anal ysis of inmmune and naive
mucus; Figur e%S 0\%5 afvﬁeésrles ts of lectin blotting of imune and naive
mucus. A: UEA-1 (a-L-frucose). B: JAC (a-gal - Me-pyranoside) C WA
(N-acet yl gl uBgear ne) Shvwdthe furabero$ by vag lingaiseshedOafer gunimting Binomsvitthe
results of lectin blotting of inmune and nai ve nucus.

various amounts of mucus from naive sheep or mucus from immune

sheep;

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

with mucus from naive or immune sheep for various times;

10 Fgure3 Shows the number of larvae in proximal and distal sections of naive
sheep intestine after infusing naive recipient sheep with mixtures of L3

in naive or immune mucus;

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

immunisation;

15 Figure 5 Shows the results of an SDS PAGE analysis of immune and naive

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

C: WGA (N-acetylglucosamine) D: L1, (mannose, glucose)
20 Figure 7 Shows the results of lectin blotting of immune and naive mucus.
A: PNA (B-galactose-N- acetylgalactosamine)

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



A: PNA (P-gal actose-N- acetyl gal act osam ne) B: Ecor A (P-gal act ose-N-
acetyl gl ucosam ne) WO 03/064475 PCT/ NZ03/00010 14 C. SBA (N
acetyl gal actosamine) 5 10 15 20 D. ECA (P-gal act ose-N acetyl gal act osam ne)
Figure 8 Shows the results of lectin blotting of imune and naive nucus A
SNA (si al i cwa@bmsad: 1 mMmunobl ot probed wth RAS/ 1 gG HRP Berhgofitvows t he
results of an i nmunobl ot of T.colubriforms L3 antigen probed with

i ntestinal mucus fromimmne sheep (lanes 1, 5, 10, 11, 12 and 19) or

nai ve sheep (lanes 13-18), 100 000 x gl4upernatant of immune nmucus (I ane
3), imune nucus supefn3BAGN- getyidalaedsdmmiosh Protein G agarose (|l anes 4 and
7), antibody eluted from exsheathed T. colubrifonnis L3 (lanes 6 and 20),

anti body from ammoni u | phat e | umen fluids fromimune
sheep (lanes 8 and 9;5'5 @1@“@3 a@ﬁ@@%%ﬁqs ’t“Fﬁ s L3 proteins stained
with colloidal gold. 1gG antibody was detected with RAS/ I gG HRP (| anes
1-18) andF| gﬁﬁure;eé@s debﬁ&ﬁsqgei%&lﬂ o%&ﬁ%dnglokﬁmﬁﬁe%dﬁﬁwing&w@ (l'anes 19

and 20). ows the results of T.colubrifonnis L3 antigen probed wth
nave or inmune nucus. Antigen strips were reacted with naive nmucus or
A: SNA (sialic acid)

5 B: immunoblot probed with RAS/IgG-HRP

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

10 Protein G-agarose (lanes 4 and 7), antibody eluted from exsheathed
T.colubriformis L3 (lanes 6 and 20), antibody from ammonium
sulphate precipitated gut lumen fluids from immune sheep (lanes 8 and
9). Lane 2 shows T.colubriformis 1.3 proteins stained with colloidal
gold. IgG antibody was detected with RAS/IgG-HRP (lanes 1-18) and

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

Figure 10 Shows the results of T.colubriformis 1.3 antigen probed with naive or
immune mucus. Antigen strips were reacted with naive mucus or
immune mucus followed by either RAS/IgG; mAB to sheep IgGy; mAB

20 to sheep IgGa; mAB to sheep IgA; mAB to sheep IgM

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

curticei L3 antigen and N. spathiger 1.3 antigen.

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

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



i mmune nucus followed by either RAS/ 1gG mAB to sheep 1gGl; mAB to sheep
lg&; mMAB to sheep IgA; mAB to sheep I gM Figure 11 Shows the results of an
i mmunobl ot of T.colubriforms L3 antigen, C. curticei L3 antigen and N.
spat higer L3 antigen. Figure 12 Shows the results of an i munobl ot anal ysis
of extract swbrogmesed of H.contortus, O circumcincta, N RaNIER010
C.curticei and WO 031064475 PCTI NZ03/00010 T. colubriforms. 15 Figure 13
Shows the correlation of protection against infection with intestinal

mucus 1gG and 1 gA antibody titre againd® T.colubriforms L3 antigen. Figure
14 Shows the decline BrtolulyGoamd | gA antibody titres in intestinal nmucus 5
over time. 10 15 20 Figure 15 Shows exsheathed T. col ubrifonni s L3 react ed

with i mmune gor naive _nucu (to ane and shows .T. col ubri f | ar vae
col | ected 5 Kayre13 a5 ¢ 8hovisy fr B‘lP SEHEY 26H1h ‘?fFfﬁﬂffH Vi, ower

panel s). Figure 16 Sh Sqé@%({%?@nﬁﬁ%negaéﬁ%a?%gﬁﬂmgggnﬁ%upbri forms

L3 after reaction w Panel s F show T.
colubrifonnis |arvae collected at 2, 3, 4 or 5 days after infection and
reacted wt iiauae nBisas. thEideqdind 6f Hiusd Idreantibedy tisesoh iBRSnE GECE®Nd

i mmunobl otting analysis of T.colubriforms eggs, |arvae and adults. Panels
A, C and® reacted wPthitimenune nucus. Panel B silver stained proteins.
Figure 18 Shows the results of SDS PAGE and i mrunobl otti ng anal ysis of

Figure 15 Shows exsheathed T.colubriformis L3 reacted with immune or naive
mucus (top panels) and shows T.colubriformis larvae collected 5 days

after infection and reacted with immune mucus (lower panels).

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

reacted with immune mucus.

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

15 with immune mucus. Panel B silver stained proteins.

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

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

Figure 19  Shows the results of an immunoblot analysis of T.colubriformis L3
extracts and proteinase K digested I3 extracts reacted with immune

20 ‘mucus or monoclonal antibody PAB-1.

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

monoclonal antibody PAB-1.



T.colubriforms L3 before infection and at various tines after infection.
Figure 19 Shows the results of an imunobl ot analysis of T.colubriforms L3
extracts and proteinase K digested L3 extracts reacted with i mmune rnucus
or nonocl onal antibody PAB-1. Figure 20 Shows an i mmunobl ot anal ysis of L3
antigen extwaobsssgiad protei nase K digested L3 extracts fhecemzbingonenat ode
species reacted with nonocl onal antibody PAB-1. WO 03/064475

PCT/ Nz03/ 00010 16 Figure 21 Shows surface fluoresence of exsheathed T
colubriforms L3 reacted with control ménocl onal antibody (left and centre
panel s) or wHigure ZDnoShonakuréact ifmockyenBABE Exdheathddt T palnilifprmiFiL3readél Shows
anal ysis of Tc larval surface antiglen purified by inmmuno- 5 affinity

chr omat ogr aphy usi ng 6floequgahmoaaelpnsd @ptitmay, (eft ppdygpréreopanelsh s Wike resul ts

of an i mmunobl ot analysis of T.colufpriforms L3 extracts after heating,
oxi dation, digestion GIPPBHeM! ffi‘tfbﬁfwg‘%bﬂ)ﬂng%td’ﬁﬂ%c sol vents. Figure 24 Shows
the results of an imunobl ot analysis of T.colubriforms L3 10 extracts

after di gestbggrebza Pr @LERS BfalPdis lof PRS BSval uhteCardizeropiMed Be i@RMbt s of an
i mmunobl ot analysis of T.colubriforms L3 extracts after digestion by

prot easesb Figure 26 Sifony chivmatogsphy sigf mamvcionahandipdpPABARI ysi s of
T.colubriforms L3 extracts after digestion by glycosidase. 15 Figure 27

Shows the results_of i ni. munobl ot. anal ysi.s of T.col ubri rms. L3
extracts aft@%—%l i %EO‘H%HW:{S _tﬁcﬂﬁ.a_l’lif"@ﬁ‘?‘%bsl%ﬁéh’é\ﬁs"ft éf'oL‘grs‘ffpf’f‘@L[& an
I mmunobl ot anal ysi s Ofext-lrac‘t:soiﬂ‘ép rhhgtﬂlr ,nl)ﬁdzlti%n, digestion or precipitation by organic

solvents.

Figure 24  Shows the results of an immunoblot analysis of I.colubriformis 1.3

10 extracts after digestion by proteases or lipases.

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

extracts after digestion by proteases.

Figure 26  Shows the results of an immunoblot analysis of T.colubriformis L3

extracts after digestion by glycosidase.

15 Figure 27  Shows the results of an immunoblot analysis of T.colubriformis L3

extracts after alkaline degradation.

Figure 28  Shows the results of an immunoblot analysis of T.colubriformis L3

extracts after heating and alkaline or acid degradation.

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

20 extracts after heating and alkaline or acid degradation.

Figure 30  Shows the results of an immunoblot analysis of T.colubriformis L3

extracts after heating, alkaline degradation' or protease digestion.

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



extracts after heating and al kaline or acid degradation. Figure 29 Shows
the results of an imunobl ot analysis of T.colubriforms L3 20 extracts
after heating and al kaline or acid degradation. Figure 30 Shows the results
of an i mmunobl ot analysis of T colubriforms L3 extracts after heating,

al kal i ne degpadlgdsygn or protease digestion. Figure 31 ShewgmnNgekmsul ts of
an i nmunobl ot anal ysi's and protein stain of WO 03/064475 PC / NzZ03/00010 17
T.calubrform s L3 extracts after el ectrophoresis under native conditions or
in the prsence of urea or sodi um deoxyciyol ate. Fi=re 32 Shows the results
of an i munobl ot anal Visdofubaifstniy OLBI Bxisb@i ARG clcbubFloddld FB Snakide extract
after 2-di nensional electrophoresis. 5 Figure 33 Shows the presence of

car bohydr at e st ai ni ng condigonsloe & theplsdhicerf nme bsswifunbdadgitblaenal nenmat odes.
10 Figure 34 Shows a Cel electrophoresis (8 % PAGE) and i nmunobl ot anal ysi s
of T. colubrjforms .3 extract (L3) and purified carbohydrate |aryal
antigen (O Eﬁ%‘l%gzeré}ﬁg'ﬁ- Erfﬁﬂ!#i?{gmbﬂ)"ﬁ’a'g?thmsm’(a}Y(ﬁmd%‘fie%@@r‘ﬂ $81 %% educi ng
agent). Best Mbdes -f i J Y: [: ;al s and net hods
1.1 Sheep i muni sati o(r?fck%?/ﬂ’ tp é%ujlr?c%g%ée)%&rlar{:?g%ﬂt?%&ﬁ{sghgiwwgﬁé%%%xperi ment s
were conducted with the approval of Wallaceville Animal Ethics Commttee.
Rommey shéep Figre3y ai Shdws arairedsee dfearbbhiyimtd stainthg holeadd ih L3 ¢aemss and f ed
comercial sheep pellets, hay and water ad |ib. Sheep were at |east 4
months ol d at the st arf 6@dditional pemateresi ng i nfections. Sheep were i nmuni sed

by
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

10 reducing agent).

Best Modes —for carrying ont the invention

1. Materials and methods
1.1  Sheep immunisation by truncated infections

15  All sheep experiments were conducted with the approval of Wallaceville Animal
Ethics Committee. Romney sheep were raised nematode-free from birth, housed in
pens and fed commercial sheep pellets, hay and water ad lib. Sheep were at least 4
months old at the start of the immunising infections. Sheep were immunised by
truncated infections with 40 000 T. colubriformis L3 on at least three occasions. Each
20  infection was terminated after 14 days by oral drenching with oxfendazole (Systamex,
Schering Plough Ltd., 4.5 mg kg'") and sheep were re-infected 7 days after drenching.
In some experiments, sheep were given a fourth infection (booster dose), which was

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

1.2.  Sample collection



truncated infections with 40 000 T. colubriforms L3 on at |east three
occasions. Each 20 infection was term nated after 14 days by oral drenching
wi t h oxfendazol e (Systamex, Schering Plough Ltd., 4.5 ng kg-1) and sheep
were re-infected 7 days after drenching. in sone experinments, sheep were
gi ven a fougbhsbdfgcti on (booster dose), which was not tpermzeRseed by
drenching, as these sheep were slaughtered 2-3 days after boosting. 1.2.
Sanmpl e coll ection WO 03/ 064475 PCT/ NZ03/ 00010 18 Sheep were sl aughtered by
captive bolt gun and exsanguination. Th® small intestine was tied off into
5 m sect i onsSteas wercdaugkietel dp cuyiive \bak frenl atdhe:caghinaiidgnn Phexsnil(ntedtinesal i ne to
col l ect |arvae. For biochem cal analysis and in vivo chal|enges, nmucus was
col | ect ed f rwen tisdeoff inost mesepHians aacheacg spoioR §tap Heshed drphebcwigs 2y 148 ndescri bed
(Harrison et al 1999) with the fol.low ng.nodi.ficatigns. After gentle

H o1 ng wi ¢ rFaEprafolestare (ot SPghegue ghavedn E® it iesn wbflenBhas “hel o
at 4C for 2 § ; t ween
Thumb and 1 B A o R T o

washi ngs sner g 199%)I\ﬁieh @8 ol asdHcAidng esfidrigeritt rifstigrwithsIDo mitsafte H999) and
stored at 20C. 10 Bi opsy sanples of nucus ver e coll ected from groups of 4
truncat ed i nfesové @nt soréents, dhe nBestivy was helddatys Calnr 235 aphychs v thage | ast

i mruni sation. At surgery, the duodenum was | gcated d 5 cm section was
i sol ated by HEZFe oaf B SrmgPTaistR tfe&‘?'??ép%‘?m%aﬁﬂ? ingel} foONRA DY, %jxei d using a

plunt ended 38592408 ERC Sucula 4tndh ¥R é%%%% BAkssedidlglpiibdy 10 times

to mix nucus (i e saline an hen “15 W t hdr awn.
The incision oflePRadoRnd] §ibedsheebcal | oned to recover. 1.3 Effect of
various treatnents on nmucus activity in vitro Ability of nmucus to bind

| arvae was assessed by a larval clunping test where 2000 exsheathed L3
wer e i nclbat Bibpsy samples 4f miicusrstescollectethfreip gevgoef4 rungatedinfgion giepmat

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 mt
saline was injected using a blunt ended 18-gauge needle. The liguid was teased back
and forth 10 times to mix mucus with the saline and a 2-3 ml sample was then

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

Ability of mucus to bind larvae was assessed by ailarval clumping test where 2000
exsheathed L3 were incubated with 0.4 ml mucus 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 L3 incubated with naive mucus or

saline.

Immune mucus was subjected to various treatments and then analysed for larval
clumping acﬁvity. 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 wiﬁ 10 mM DTT for 1 h then

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



rocking platform After 4 h, sanples were exam ned and the degree of | arval
20 clunmping was estimted, conpared to controls of L3 incubated wth naive
mucus or saline. Imune nmucus was subjected to various treatnments and then
anal ysed for larval clunping activity. Aliquots of 1 m inmune nucus 1P5

wer e di al yswo 08044424 h against saline at 4C, centrifugegcainzdfoddfd© x g, 50
000 x g or 100 000 x g; heated at 60C or 25 100C for 5 mn; reduced and

al kyl ated by treatment with 10 MM DIT for 1 h then reaction with 20 niv

i odoacetanmide for 30 min on ice foll owa® by dial ysis agai nst WO 03/ 064475

PCT/ NZ03/ 000T8BS1$H 7FBOveptigitt. % @¥evd1exiBés {alts. @@\fﬁ)sﬁxﬁeﬁﬁleﬁ,ahﬁlﬁus ®ad pepsin
treatnment, mucus was adjusted to pH 4,5 with 1 HCl and 3 ng pepsin in
0.1 M acet at edjbsi¢d orpEhH5 271 WesHCleedd 8dng pepSinrih O4hid asctanbuffenpHbid wds f or 20 h

at 37Con ar in atform_ Th reaction stopped by adding tris to 2

M Protease ?&%ﬁttﬁg’n& Mgusc@ﬁ]d‘ﬁﬁ‘iebéﬁd HoF %0 5&8%%33 PR Agogitblaerm, %l.w_L MIlris
H7.5to ea j tA at. 37C cki ng

BI atform Thgéa?@gc?%sowg bg'?a g%%‘gﬁz?? %@gi fr?g&%ar%gt%gén eent W%%?Og‘?\tmgerdégy Mucus

was treatgd widify 1 roraRAR D, 1 M tRBSH P 16 eehREl of Muci s Sncubitiigydaioad at 37C
for 20 h, then stored frozen. Micus was oxidised by adjusting the pHto

4.5 with aceti 87%tiod,2 actitinggpip@oriroddthe actid wal stoprel bylVhding prxaset ate 10
buffer pH 4.5 and incubating in the dark at RT for 2 h with stirring.
Sodi um bor oFdHioe WSUY Hah tigalgd dvithol e Apassnia FRT pbat-ddpef @il mugpswi t h

stirring. Micu stra filtered diluting 5 m . ne.mucus. I P5 into
250 m PBS pll?c"s}‘?aée\ﬁg%c?y é:é"ﬁ@éﬁ‘t i Ftﬁﬁg\ﬁlﬁ’é‘i’{‘- Uhrog s ridi By BBHAES 000
menbrane. Thepféhl4£ i@ 8% A& MdamePeRMatAPsh it 3 Bb thth QQ0 W
menbr ane andslt{hi s filtrate was r edg?gd to 5 frh 15 on arﬁg %8%‘ mv nmenbr ane.
The | ow ifv f bhfferaile 4fand yepbating Sie dhe et &SR VR 2i B withhtirrigk. HAQdmad
dialysed in 1 000 nw tubi ng agai nst d. H20.
borohydride was then added to 50 mM and incubated for 1 h with stiming. Mucus
was ultra filtered by diluting 5 ml immune mucus IP5 into 250 ml PBS pH 7.2 and
concentrating back to 5 ml on a Filtron 100 000 mw membrane. The filtrate was then
concentrated to 5 ml on a 10 000 mw membrane and this filtrate was reduced to 5 ml

15  ona 3 000 mw membrane. The low mw filtrate was lyophilised, redissolved in 5 ml

d.H20 and dialysed in 1 000 mw tubing against d.HzO.
After treatment as described above, mucus samples were stored frozen until assayed.
1.4 In vivo mucus assay

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

were estimated.

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

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



After treatnent as described above, nmucus sanples were stored frozen until
assayed. 1.4 In vivo nmucus assay 40 000 exsheathed L3 were incubated with
2.5-10 nil volumes of immune or naive 20 nucus for 4-24 h before infusion
into the duodenum of parasite-naive sheep via a surgically inplanted

cat het er (Haonssamset al 1999). One week | ater, sheep wemernNgbseaft er ed and
the nunbers of |arvae establishing in each 5 msection of intestine were
estimated. 40 000 exsheathed L3 were incubated at 37 Cfor 4 h with 10 nil
vol umes of inmmune 25 or naive nucus, &0 with 2 x 10 ml vol unes of nucus
super nat ant ednteiugaien 260 k gdat 3 mim tatpell@GheldFaex The sApdreatant mesitzatovedby one

al i quot of naive and i mune supernatant was WO 03/ 064475 PCT/ NZ03/ 00010 20
centrifuged &Pighen gndytheoh3 avers Washsd pith & ralngling rspaisifuged s AhpEs b ant was

removed by gfsﬁln{%%{ 1%1[1]1[0 erc]idanh Qﬁe t?&e‘é‘ﬁ%gnd\é@isnhﬁ)%nlvga%r?ef ?j!%acﬁgo %ﬁlah %

centrifuged above, € supernatant renbved and | resu uﬁé‘ﬁ'ased in 10
nil saline. BRGhnfd&dNia &ldusdsak dﬁlﬁﬁlla,tiﬁ't%flhé mel.(a,&?edof?/d Rarfe chdgdlenat weannul a,

into the intestine of a naive sheep. One wee 5 later, the sheep were

sl aught er&d &und, thashesp weehiighiabd andledal cbufits Bbtaigkem cal anal ysi s of nucus A
panel of immune and naive mucus sanples was anal ysed for differences in
protein profiles_by SDS PAGE and staining with Coonmassie blue or silver.
Differences il gPipEhsmitehenabsisg fRCeani ned by lectin blotting using biotin
| abel l ed | ectins, detected 10 by streptavidi n-peroxi dase. Presence of 1gG

|0 micus was xdenpngti ahag e ndlabLd a3 0 Iy Brots
Char acteri saﬁ on ort? rrucusaanrtla%agrhy ﬁggmnﬁﬂgﬁot S L orrgg‘grslat gmaehqti gen
were probed yidffesibyBIEPAGHE: £ d¢nifk GHth ConHNieblue AR ilNaRdDilFBEben & Was
detected with RAS/ IgG HRP, or with mAb's to sheep 15 Ig3, 1g&, 1gMand
| gA, fol | owedlybgsyl@itn wereldRimnined 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 L3 homogenate antigen were probed with immune and naive mucus
samples. Antibody binding was detected with RAS/IgG-HRP, or with mAb’s to sheep
15  IgGy, IgGy, IgM and IgA, followed by GAM/Ig-HRP.

Exsheathed 1.3 were incubated for 4 h at 37°C with mucus supernatant, 45 %
ammonium sulphate precipitated antibody from mucus or Protein G purified antibody
from mucus. After incubation, larvae were washed 3 times with TBS-Tw and any
bound antibody was eluted by incubation for 5 mins in 0.1 M glycine-HCI pH 2.4,
20  The eluates were neutralised with 1 m fris and used to probe blots of L3 antigen from

Te, Ns and Cec.

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

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



Exsheat hed L3 were incubated for 4 h at 37C with nucus supernatant, 45 %
ammoni um sul phate precipitated anti body from nucus or Protein G purified
anti body from nucus. After incubation, |arvae were washed 3 tines with
TBS- Tw and any bound anti body was el uted by incubation for 5 mins in 0.1 M
gl yci ne- HClwpls/@sa4zs 20 The el uates were neutralised w thptrmzbisesi0and used
to probe blots of L3 antigen from Tc, Ns and Cc. 500 m vol unes of gut
contents fromimune sheep were treated with 45 % ammoni um sul phate ‘to
recover antibody. After dialysis, thes@&lanti bodies were used to probe

bl ot s of L3 seattedjerth AIACRES/ g6 eAftercwdshingdafvee w2le axnhinedibg dlmossg@acanat ant or
25 mucus antibody eluted fromProtein G Sepharose, washed 3 tines wth

TBS- Tw and WBI@3FOBA475 PCT/ NZ03/ 00010 21 reacted with FITC RAS/ 1 gG After
washi ng, |arvae were exam ned by fluorescence mcroscopy. Larvae were

col 1 ect ed 11 DU ANGER Al hSLkb TPSRLL Sl BEASHLNRA0G BT Fafial voed by

i ntnunof | uorescence and | hmuno ting as ove and I nmunogol d

5 el ectron nmheiRSGRIMoreb@hMARAMBIRNbBIXEHs hNddBEAMAG labd@tand By (rhffunogold
gl ut aral dehyde, 15% saturated picric acid in 0.1M phosphate buftfer pH 7.2,

at 900) . &Enbeldden mieoistapys Laneacevest fikaveid BGRA fikste €1% gBtgeidetyiled Sfucus

anti body followed by gold |abelled antj- sheeﬁp \Iﬁg Anti bog‘i/ titres of mucus
sanpl es  usedsagated piogic\agiddm 811 Mo phpspisse iferaHt o2.\76 P C).1 Grbeddedagdignby El A,
Mcrotitre plates.were. cgated with Tc L3 antigen,and .rea i.th.dilutions
of “ucus. A VEIF ST et PRSTnG Taied o ALbRu0R G Btttk o
mAb to sheepsﬂegéIg(Serotek) foll owed by RAM I g-HRP. 1.7 Preparation of
nonocl onal antibody PAB-1 M ce were inmuni sed with pol yacryl am de gel

slices containing the Tc larval surface 15 antigen. The |ocation of the
antigen in tAetigely titas demecusi seapldsyudell dbt imgiwdflmtierse experiments were

10  estimated by EIA. Microtitre plates were coated with Tc L3 antigen and reacted with
dilutions of mucus. After washing, bound antibody was detected with RAS/IgG-HRP
or mAb to sheep IgA (Serotek) followed by RAM/Ig-HRP.

1.7 Preparation of monoclonal antibody PAB-1

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

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

Monoclonal antibody PAB-1 was used to probe blots of larval antigens. Bound
25  antibody was detected with RAM/IgG-HRP. Exsheathed larvae were fixed by heating



| anes and detecting the antigen with nucus anti body as described. Antigen
containing gel slices were nacerated, m xed with an equal volune of an

i nconplete oil adjuvant and injected into mce on two occasions two weeks
apart. Ten days later, test bleeds were taken and screened agai nst crude
Tc L3 antiggoosgdspartially purified surface 20 antigen. pophessnesl | s from
the strongest positive nouse were fused with NS-1 cells using standard

nmet hods for preparing nonoclonal antibodies. Prinmary and secondary

screeni ng was perforned using ELI SA anéd2blotting to confirmspecificity. A
bul k culturg edecmi 70 Rirkitesafeabe RAhePABNG valshdlUSitdnsSERT With aBs=R0, C.

Monocl onal anti body PAB-I was used to probe blots of |arval antigens. Bound
25 anti body wadgediwith®AN/IgE-FHRaM dxg@incRBnddeas tightt he chAbamisebagamsteanf | xed by
heati ng WO 03/ 064475 PCTI NZ03/ 00010 22 at 90C for 20 minutes, reacted with
PAB- 1, washebnrglRicd pEqicin|(Sheeq siolmsard\of the saee apclpss 3t Bl MeSIMCTS dand

exam ned under ?V Iigglt. A mAb raised against an unrelated protein (sheep
cyt oki ne) ant BT " Yane subcl ass as PAB-1 was used as a negative
control. 5 1.8 Inmmuno-affinity purification of |arval antigen Mnocl onal
anti body ®AB1 g VRsmireashiae pikitibatidh of Bival Axiggar ose to allow the antibody to
bi nd. After washing with PBS to renove unbound anti body, the bound

anti body was permanently inmobilised to the Protein A by reaction with the
cross- |inki N&n@é@wﬂ oEbpdyd PABck iweb ricepjad witbePmitcen) A-agarase tpualiowe thenashi ng,

extensi vol y MHUBRI Wik ALGR AGSBAERIE FRS LR St HOURY LS. BROPTEN et
eluted in O. i ne- He Bl - r.ald Lth 1 M
Tris st o yo @yt a4 Bk Milnbpue RS ELURLE ALBP AR P 38 T 0
concent r at or linkiheagdit DS d¥iseRiniiiayMeaberti@y. K6k futthéral ABinBYL xRSk M%e Washi ng

wi th PBS.
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-HC1
pH 2.5. The eluate was neutralised with 1 M Tris, dialysed against SmM Tris pH 8.0
and concentrated in a Speedvac concenfrator. The antibody column was re-

equilibrated by extensive washing with PBS.

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

(Bouchez-Mahiout, er al, 1999),

1.9 Characterisation of larval antigen

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

25  tris-HCl pH 6.8). SDS antigen exiract was used for electrophoresis and blotting



15 Sanpl es of the antigen eluted fromthe colum were anal ysed by SDS PACE
and blotting (Fig.23). Carbohydrate was detected in gels by staining with
a nodified silver strain (Kittelberger, et al, 1993) or on blots by
reaction with biotin-hydrazide (Bouchez-Mhiout, et al, 1999). 1.9

Char act eri swbio®ss@fs | arval antigen 20 Exsheat hed Tc L3 weicgnzoHaeth | N
liquid N2, 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% SDS or 9 Murea. The extract23were centrifuged at 10 000 g and

t he super nat gaflieSCHaps atf ure? @Rtréot W@ dSed ok 2D deAR@haelld; turdiehbades wer e
solubilised directly in SDS PACE sanple buffer (2% SDS, 200M DTT in 50 nM

25 tris-HCL piyBed®aeainSiDD At rigaTCIOH 7.2€6r M@ds USRehohe tired pa6t foibalcgisi s and
bl otti ng WD 031064475 PCT/ NZ03/ 00010 23 studies; Chaps and urea extract

was used for o2 QRS SEISetrdph&i8si€Whd AES catB&d 6litakdg edifagalysls 50 M
tris-HCl pH 7.4 tor 2 days to renpbve urea prior to chemcal or enzymatic

treatments. b potrBNOGREWAtHAS apdr§Riafelf JohBis@lidntiged. ng buffer only, 0.5 %
DOC or 6 Murea, with the appropriately solubilised antigen. 5 2D

el ectrophoresis was perfornmed by running Tc L3 urea extract on |Innnobiline

| EF  on pi 320Q@lesirbphofesid Svas Getfbithet BApmoting TBRY 0Re efact b0 lh@ukitnddEFSDS PAGE.
Proteins were either stained with Coon-lassie blue or silver, or reacted

on bl ots witbnansiibetys ufingMeMBGyLort(Bhadrhes)! folloWwedBNSDS TAGE Proteins
urea-sol ubilised antigen was di al ysed as above and subjected to

preci pi t ati oweR)eitBelditdinednvitf CedrhiAsE bRl e Gilal, Yolehd® &f bldf Wiehlafibod0 10
vol unes of cold acetone; 9 volunes of chloroformnmethanol (2:1); or 9

vol unes of  hexaieus sodPanRins( Fed)3 wHatbEkeIRitgel Mat B%BbdRGbéRCcked for
10 min, centrifuged at 10 000 g for 10 mn and the precipitated pellets

anal ysed by hiaguBRELOid pragpitafib@by hdi®onQif et RO BYEN ddieSe WRH) HMESLIggat ed by
chemi cal and enzymati c degradati on.

10  volumes of cold acetone; 9 volumes of chloroform:methanol (2:1); or 9 volumes of
hexane:isopropanol (3:2). Samples were vortexed and rocked for 10 min, centrifuged
at 10 000 g for 10 min and the precipitated pellets analysed by immunoblotting. The
role of carbohydrates was investigated by chemical and enzymatic degradation.
Antigen was treated with 20 mM periodic acid at 37° C for 24 h; or with 1 M NaOH +

15 8 M NaBHfor 18 h at 60°C. Samples were dialysed before electrophoresis. Antigen
was treated with hydrazine for 7 and 14 days at 100° C, or with trifluoroacetic acid for
4 and 16 h at 4° C, after which the chemicals were evapourated using a Speedvac
centrifuge and residual antigen was resolubilised in SDS PAGE sample buffer.
Enzymatic digestions were carried out by dissolving each enzyme in the buffer

20  recommended by the manufacturer and incubating with antigen for 22 h at 37° C.
Enzymes used were N-glycosidase F, trypsin, pepsin, papain, pronase, proteinase X,
subtilisin, lipase, lysozyme, elastase, collagenase, phosphoinosijtol-phospholipase C,
phospholipase A2, phospholipase D. Coloured substrates casein~resorufin and elastin-

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



Antigen was treated with 20 nM periodic acid at 37 Cfor 24 h; or with 1 M
NaCH 15 8 M NaBH4 for 18 hat 60 C. Sanples were dial ysed before

el ectrophoresis. Antigen was treated with hydrazine for 7 and 14 days at
100 C, or with trifluoroacetic acid for 4 and 16 h at 4 C, after which the
chem cal s wyobes@uapour at ed usi ng a Speedvac centrifuge agg/Nzessodisal
antigen was resolubilised in SDS PAGE sanple buffer. Enzymatic digestions
were carried out by dissolving each enzyne in the buffer 20 recomrended by
t he manufacturer and incubating with aB#igen for 22 h at 37 C. Enzynes
used were N- eippuimsitdagigesr was hyg siemgturpd ps?01,C fra28i min poioo adigestipn otithi nase K,
subtilisin, lipase, |ysozyne, elastase, coll agenase,

phosphoi nosi trgdsirpérdéatito| Ppaieseds digpdtios phe kispastorned atshde fivd8ipeisteorD.

Col oured substrates casein-resorufin and el astin- Congo Red were used as
control s forwphat @5s% SR 18 héd ISE 56 oiNEITA od Zimdh€aWl) Davae4dads of

PCT/ NZ03/ 00010 24 experinent, antigen was heat denatured at 90 C for 20

m n prior toHdeg@eghisotwntwiriuk Ostarypii dircomciblaH-Codpeid eirtias enkNangegrison was

al so perforned at 500 C for 18 h with or wthout 0.5 % SDS, 15 mM DTT, 50
mM EDTA dF 2spadhifaGleds albotreart vathipr@eihsse & undelodmitlachoditiasnt or t us, Ostertagi a
ci rcuntincta, Cooperia curticei and Neinatodirus 5 spathiger were al so
treated with proteinase K under simlar conditions. 1.10 |Inmunisation with
the 35 kDa ahilPgémmuRisstenRatriby3skeemtigered 12 nonths were injected i.p. on
3 occasions, 2 weeks apart, wth 35 kDa antigen in a vegetable oil

adj uvant containing Span 85, Tween 85 and sesane oil (ratio 5.4: 4.6: 90).
The antigen W RayaeysbetpagesidZaentay Were injestedi(p. o 8 ©6qa8iphio P Sterkscapesy,
separated Tc L3 antigen. After electrophoresis, the side strips of each
gel were bl owith@Stidanantigecial 4 vagoteble @ildadivyanit contaiginghSpamBinEweancisando det ect
the 35 kDa antigen. After devel opnent with RAS/1gG HRP, the blots were
re-aligned wistthe toile (retid 9.4 0k6:i 80. ofThe ratigansl wan dbrinetl i frem vgeb sbisesi sfed
corresponding to the location of the 35 kDa antigen. The gel slice was

pl aced i di elbstmiporetidailp geparateiOly Iidvhntiges. W@ler electrophoresis, the side strips of

each gel were blotted to nitrocellulose and reacted with immune mucus to detect the
35 kDa antigen. After development with RAS/IgG-HRP, the blots were re-aligned
with the main portion of the gel and a slice was excised corresponding to the location
of the 35 kDa antigen. The gel slice was placed in dialysis tubing in 100 mM tris HC1
15 pH 7.8 and the antigen was electroeluted from the gel by placing the dialysis tubing in
a blotting tank at 50 v for 3 h. Multiple eluates were pooled and protein yield
estimated to be 0.2 mg/m! by BCA protein assay. The antigen was blended with an
equal volume of vegetable oil adjuvant using an Ultraturrax homogeniser. Each sheep
received approximately 0.2 mg total protein at each injection although the amount of
20  carbohydrate antigen was not known. Control sheep were injected i.p. with saline
plus adjuvant. Two weeks after the third injection, all sheep were challenged infected
orally with 40000 Tc 1.3. Faecal egg count data were obtained 3 and 4 weeks after

challenge.



15 pH 7.8 and the antigen was el ectroeluted fromthe gel by placing the
dialysis tubing in a blotting tank at 50 v for 3 h. Miultiple eluates were
pool ed and protein yield estimated to be 0.2 ng/nm by BCA protein assay.
The antigen was bl ended with an equal volune of vegetable oil adjuvant

usi ng an Uwoasngamax honogeni ser. Each sheep received approxinmbel y 0.2
nag total protein at each injection although the anmount of 20 carbohydrate
antigen was not known. Control sheep were injected i.p. with saline plus
adjuvant. Two weeks after the third inj2ction, all sheep were chall enged
infected oral|Resialth 40000 Tc L3. Faecal egg count data were obtained 3
and 4 weeks after . chall enge. WO 03/ 064475 PCT/ NZ03/ 00010 25 2. Results
2.1. In vitr? aﬁ{lsa%{s The ability of whole nmucus or nucus subjected to
various treatnent &8 ise larval clunping in vitro is shown in Table 1
(refer page 33). The results indicate that 5 dialysis or |ow speed

cent i fugat | afc dhileyetwRd isbusldindll Linjobeeo VimBIS 1y | ar vae.
Centrifugati oneatI 00 V(")00 X gusr educed t%etel etl?val c%%ﬁéﬁ% tée?%‘ug%:t unl ess

t he det er genthinpinglBOviad iCidAREm ive TeblprieGefat pageadyal THel refoMs ngdiass nakty was
still present after heating at 60C for 5 mn but not after heating at
100C. MucBs tdiabigisedt low sppedpsetrifagation disenati affiactohe pbilifyoefaimamngi razous om | ost

activity but Jipase treatnent, had po 10 effect. The |arval unpi ng
activity was cg@gﬁvé?'e(gewrgﬁt?ﬁé‘t Pﬁz)gorqgjl’ﬁﬂ% ‘ffF‘iFhe\-X@'ﬂﬁ “mﬂl‘Fﬁa‘%‘{EF l&8F nucus.
2.2. In Vivogasgay _ fpgl Lng i ke ' urmes of
mucus, on subseque%%nrshgzl{ g%(? gggn@rﬁg g%g%?%%bt%%ﬁmgb%ﬁh%o%?@og% g@\‘/ae in
nai ve recipi grtbers ARG {hehtingSH GVIT foi 54%in blOnot aftbrHed@ey 4t oG’ CNVavigeus Beatb@t ed in 5
or 10 nl of naive mucus were able to establish nornmally in the first 5 m
of small i nt &dthipradcase digosiion ohpgriodete exidatcmdadt @ckiviity buhiipasetreatment had no

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

fraction of mucus.
2.2. In vivo assays

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

20  intestine, compared to naive mucus.

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

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



mucus were progressively displaced or rejected as the volune of nmucus was
i ncreased. Incubation of larvae with 10 ml i mune nucus resulted in 82 %
reduction of |arvae establishing and 100 % di spl acenent of |arvae out of
the first 5 mof 20 intestine, conpared to naive nucus. The effect of

i ncubati ng w8 owbdslrs10 m  vol unes of nucus for different teicidgod/@mophown in
Fig. 2. Incubation of imune nmucus and L3 for as little as | h resulted in
46 % reduction of |arval establishnent and 81 % di spl acenent fromthe
first 5 m Incubation for 4, 10 or 2426 resulted in >94 %reduction and
>93 % di spl ateaffrct onlarv@BZsCHUlinten PAThSERARILICOWRh 26 naiTheueafsfseampleoad ar val
establ i shment _of incubating L3 with 16 naive nucus sanples and_ 25 i mune
nucus sanpl e35 imMEReORpCUS sapples is shovyy iy Bigy 3.t Rusrell thes v 6% Paervetionel of

| arvae estab] i shi In recipients L3 _+ inmune muc a 0-95% and
there were BB e aisrof SoRReReBLEs iyt PR BT R 2 S AR B vieh e
(P<0.001) of 36 BeRReHaNE estabilsiing irl YRS S G hiestRE(PLI00YPECEe sibdd™ Of
mucus col lection on the anti-larval properties of nmucus 1s shown in Fig.
4. Mucus ¥ol Leetimchure Buelgys after the last inmmunising dose of |arvae was
generally nore active than nucus collected I week or later. Regression
anal ysis showed a significant negative correl ation between protection and
time of nucudhe mflugnge |Of simef rayqus ColleeHom pa e B laryplepraparigestof gpucup s bat i ng

L3 with the 100 Q0Q.x .0 .supernat ant f naiv r inmmune cus, With or
W thout subsERYEE Pl T ol frverdt Bodhs: bEERSpa ST,
result showsybhhghelafly hfofd RALE thah E:fu@ o8t € URek SURESE. MREANLIoR bnatbiRer nat ant
plus washing, Were able to establish in naive sheep. In contrast, L3 that
had been 15 ihaowbad significant MapERe Nosatiions bpeeanpniction asdipidenat anktupl us
washi ng, were nostly prevented from establishing and there were 91 % fewer
L3 than 14 sedisptioneatiet ipjmpgisadon.

The effect of incubating 1.3 with the 100 000 x g supernatants of naive or immune

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

result shows that L3 incubated in naive mucus, supematant 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 1.3

treated with naive macus.
2.3 Mucus biochemistry

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

mw’s of approximately 70 000 and 28 000 which may correspond to Ig heavy and



treated with naive nucus. 2.3 Micus biochem stry El ectrophoretic separation
of nmucus is shown in Fig. 5. The protein profiles of 20 i nmune and naive
mucus were highly conplex and no clear cut differences were observed

bet ween the two sets of mucus. Lectin blotting al so showed conpl ex

gl ycopr ot ei wops®dsutses for both sets of nucus (Figs 6, 7, p@mnzosheesti ng that
ranges of carbohydrate noieties were present. Again there was no clear

difference in the binding of lectins to imune or naive nmucus, with the
exception of peanut agglutinin 25 (Fi g.277A) where increased staining was
seen w t h nosightofhainke Hawenere whampines si4s reatieds wish RySHigO:HRBt redjyr F0dO00 and
28 000 which may correspond to 19 heavy and WO 031064475 PCT/ NZ03/ 00010 27
| i ght chai nsVefotehdr Al \iaaplenaicts V8aandy £5@90% @hight protmily ayesnamP o f8G or bands

were seen in es.. 5400 and 27 000, which probably correspond to
| gG heavy aR%Jylagﬁp‘g%ﬁg?lﬁ%m?ﬁ "8B). 2.4 Mucus blotting 5 I munobl ots of

TcL3 antigen probed with nmucus or anti bodies recovered fromnucus are
shown in Fi g2.4Mudishidimigre mucus sanples (lanes 13-18) did not react with
L3 antigen. Immune nucus sanples reacted predomnantly with a 35 kDa band
as did aptibody recovered by amoni um sul phate precipitation of gut
contents ProfmmunebielypbTdBaabizen pashed vathamsugyr an 'E@dietsawwprpfbfwmmmne micus

supernatant purified an 10 Protein G agarose. and_an |éjtg dy acid-eluted from
L3 i ncubat edQWi sthﬁwf‘r’rﬂ%jgnugﬁém"%ln%”ﬁusr SdlaRFs Hﬁllé? %ﬁgﬁ(‘i%"tb‘é{ {1 anes 4,
7 and 6, 20) h el é@ i I gw: I f L3 (Fig
9, lanes 6 aﬁ?:lt%g) :ﬂn%lefu%r%m %téé%%%?%?" gﬁ%%’?‘e#@% ‘é)%:ntdiatfg)gde th Tc
al so cont ai negtitady i BeIERE ByhahmbBeRAUNISRE bREPBRIKOF sliakdehlsUsoBnNy Ot hers
(not shown). Antibody isotype specificity of the antibodies in 15 nmucus
reacting wit immhee $6ek(bmebdand Yr éntibalpframingEigne ri@us supShatancbutifiéd dis ot ype
10  Protein G-agarose and antibody acid-eluted from L3 incubated with immune mucus

also reacted with the 35 kDa band (lanes 4, 7 and 6, 20). Both IgG and IgA antibodies

could be eluted off the L3 (Fig 9, lanes 6 and 20). Serum from sheep given 3

truncated infections with Tc also contained antibodies that recognised the 35 kDa

band plus many others (not shown). Antibody isotype specificity of the antibodies in

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

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

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

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



anti bodi es were present but 1g02 or I1gM antibodi es were not detected.

| mmunobl ots of L3 antigen' extracts fromthe intestinal parasitic nenatodes
Nenmat odi rus spat higer (Ns) and Cooperia curticei (Cc) probed with nucus
fromTc inmune sheep showed predom nant reactivity with bands at 22 kDa
(Fig. 11, |Iwoesn&40 and 13). Serum from sheep given trupgaingdssofoect i ons
of Ns reacted with these antigens in both Ns and Cc (lanes 12 and 16) and
also with the 35 kDa band in Tc (lane8). Incubating 2 m imune nmucus wth
260000 exsheathed Tc L3 resulted in c@®plete depletion of antibody from
the mucus (| abandsyl ne@aiodes Hatongotud apd Ot eiraungbaianversa®bets @ith T it
proteins on the blot (lane 4 staining was seen in the region 25

cor r espondi n§h¥eB MusEY W@W@%@aﬁwné{ﬁﬁmfor ﬂ"@ﬁﬂqi Heutkpyta Ocf faaes 3 and
4). Extract 0 St des and C.
curticei andagﬁ‘f@ %5%;3 %]%&\@8%;,{&83}71@ %ngﬁﬁﬁggﬁwﬁgﬁﬁ‘gﬁﬁé% H.
contortus an ahed., ;rlgyg@ us and
showed react :é(f)ﬁﬁg 1%%&1%%}62&? ?\%?g% Hc; %{f T@De&c%%r 02?&%9 ]% kDa for
Cc; and 28 fq)Co)l\ﬁd(IEbcgceﬂtQIDc)l-_angtﬂf&he?aa)o&hﬁul\&leﬂh@tlé‘s Bf cohdlNaBe) st pacts  of

the intestinal nematodes T.axei (Ta), T.vitrinus (Tv), O ostertagi (Ooi,
C. oncopher a Slf@@@&)"c%ﬂ?@ﬂ@cﬂeﬁﬂwerq mbedawdh &t immena Horpsakunedshodes H

contortus (Hc and Q. ).the b ots e probed with Tc

i mmune sheep”® 2 %‘@%WJF ?ﬁ S@J 418 ZHePac; 45,

35, 33 and 3 ; Co; 12 and 9 kDa for Nb; and
(Porl@?: 15 a %?% {&? %1(123% l&)@%f ]5

30 kDa for e corr tween mucus 1'gG and | gA antibody titres
and the protection 10 affforded by mucus used for in vivo chall enges was

anal ysed by [Fheieafrelatgr baskan nfucig Ig3)and THAT 1tiBedy dtéd @it kHeCpidiection

rel ati onship between the titres of 1gG and I gA anti bodi es against L3
antigen &Ad pﬁﬂi@r@dtbbfenmpme&f@ lﬁvachﬂle@&e} Waﬁ\nmzﬂibetdyy Yicar ggressiomificaus bi opsy
sanpl es were ﬂ at day, Sfaf ni sa Fi 14) but both_ |1gG and
lgA titres fé ﬂ'\%&;}”aﬁf Sigg! &F&S}‘s’elﬁiﬁ?ns rbét"@‘?‘f 'ihP lg%ﬁég%éeﬁ%mo es

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

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

15  at 37 days after immunisation,

Immunofluorescent staining of larvae is shown in Fig 15. Exsheathed .3 showed
strong sulrface fluorescence after incubation with antibody from immune mucus but
not with naive mucus (top panel). Larvae collected from sheep infected for 2, 3 or 4
days also showed surface staining (not shown) but at day 5 after infection, many
20  larvae did not stain with antibody and some were observed in the process of moulting
(lower panel). The shed L3 cuticle reacted with antibody from immune mucus but the
emerging 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 labelling with gold particles on the epicuticle (panel B, Fig 16).



15 at 37 days after inmmunisation. |nmmunofluorescent staining of |larvae is
shown in Fig 15. Exsheathed L3 showed strong surface fluorescence after
i ncubation with anti body frominmune mucus but not with naive nucus (top
panel ). Larvae collected fromsheep infected for 2, 3 or 4 days also

showed sur fweessdsatsni ng (not shown) but at day 5 after i pgmzbfshorgmany 20
| arvae did not stain with anti body and sone were observed in the process of

moulting (lower panel). The shed L3 cuticle reacted with anti body from
i mmune nucus but the energing IA did et stain. L4 collected at day 6 and

7 after infeGoldmbaligOwsh dsoibbervédeidayW HrRE Biféetiah, Wab Srealt M BLTIOA £] ect ron
m croscopy revealed a simlar pattern of results where sections 25 of L3

showed sur f aerd tratrslat dayd (panels G &), & apdFtiesdeatsvelyd t he epicuticle (panel B,
Fig 16). WD 03/064475 PCT/ NZ03/ 00010 29 Cold |abelling was al so observed

on day 2 after_infection,. was weaker at d 4 _and absent at day 5
(panels C, D méquo PPFE@%E’FTB\%I‘%WE ﬁﬁgﬁﬁ&% g?@%fcrmé‘ﬂf“i"@%ﬁﬂf@%f"ﬁ 3tts from
eggs, L1, L2 nd, 1 . | Jo t

o oct i on ey 2hs s s THEBINARerE QB i ptons KO g TR 8L e
antigen Was SeDaiaftigen WATSELIn Y BFbre ifedidd P up @ § ddpyFrepidiatiioh Bhect i on
but was not present in the egg stage, L1 or L2, or in L4 at days 7 or 14
af t er i nf ect Wennotqreseitrin fahiegt stagmdtlanlé8, ordn B4 Nbdays ['enalt aftertinfoctibn, BAB- 1
Conpar ative bl otfi ng reactions of mAb PAB-1 and Tc i mune sheep nucus

anti body 10! tREPaRES) 3 antigen are shown in Fig 19. The rnAb reacted
with the main Tc L3 antigen at 35 kDa, a diffuse antigen at 35-40 kDa and a

nunber of | oyenAR.ReM AibodtPlagdi antigens. ldentification of antigens in
ot her nemat ode spegﬁesa’iﬂg Os\g?lvm %n Fig 20. Extracts from L3 of the

intestinal nematodes N. spathiger and C. curticei and the abonasal
Comparative blotting reactions 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. comtortus and O. circumcincta were probed with mAb PAB-1 and
showed reactions at approximately 35 kDa for Tc and Hc; 39 kDa for Oc; 46 and 22
kDa for Ce; 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 Tc L3 showed strong surface fluorescence
after staining with anti-mouse FITC conjugate (Fig.21). An IgGs control mAb did not

react with the larval surface.

2.6 Immuno-affinity purification of larval antigen



15 nematodes H. contortus and O circuntincta were probed with mAb PAB-1
and showed reactions at approximately 35 kDa for Tc and He; 39 kDa for Cc;
46 and 22 kDa for Cc; and 22 for Ns (Fig 20). After digestion of L3
extracts with proteinase K, inmmunoblotting against antibody from i nmune
mucus or nmARoRAk4drsshowed that the |arval antigens were pgoinzegsbiooyed by
this enzynme (Figs 19 and 20), 20 Reaction of mAb PAB-1 with exsheathed Tc
L3 showed strong surface fluorescence after staining with anti-nouse FITC
conjugate (Fig.21). An Ig& control nmABOdid not react with the |arval
surface. 2.6Themasules aff firmurtoyaffinityi purifiastionnofdbrvbinantigbn asihg genmocaal064475
PCT/ NZ03/ 00010_30 The results of immno-affinity purification of |arval
anti gen usi ngitibrdy RdBoctoyplad to Bateinbbragargsapreishewn i g@m‘P@ZPﬁéYeéMﬂmmgagar ose

are shown in Figure 22. Silver stainjin of .the eluate shawed that no

D ot o ot & B G S bow bt onrudh Haite Pad Wb v iies asT Kb Reant | gen
was expected I oRy. AN Q'ﬂ%[\% YAS ed 5in
the eluate V\}r?l}\%%awaéﬁ?%}ggb'gb%’é@%goﬁlgp'nﬁsg{gﬁ%f&@rg ? as e ant?‘gée&;l&%et ected
by i mmun®bl pf fhenGuatd WthicAndah bodhe fanRMnbRELACWSERCR 1KY GUGgen Thisichand was
also labelled in situ with biotin-hydrazide reagent which binds to exposed
sugar resi duasmurpblattingowith cutibedyokord diviname shecp @heisacThisitpad ivow ado | ar val
antigen .10 The effect of various chem cal d enzymatic treatngnts of L3

anti gen on tW@ellqdr%ﬂﬁﬁ'bw“étbl?t@é@?f%ﬂeﬁag?ﬁid’ﬂgc PEYSOB FFPesGa Fheat FSHEe35 kDa

antigen is s I i .23-30. Heating the antigen at 37 C for 18 h had
no effect ongéteﬁ%eél&m%gno%&ag%éreacti on to the 35 kDa antigen (Fig 23, |ane

2). Treatnent with periodic acid or |ipase slightly reduced the signal
strengt h (Fi 972Z%arak@nesion of lavabaiticgr onase had no effect (lane 4). The 15 35

kDa antigen was found in the precipitate after either acid or sol vent
preci pi t # i ofihe Effedtesf GarBps chemical and enzymatic treatments of L3 antigen on the
immunoblot reaction of mucus antibody against the 35 kDa antigen is shown in Figs
23.30. Heating the antigen at 37%C for 18 h had no effect on the immunoblot reaction
to the 35 kDa antigen (Fig 23, lane 2). Treatment with periodic acid or lipase slightly
reduced the signal strength (Fig 23, lanes 3, 5) but pronase had no effect (lane 4). The

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

(lanes 6-9),

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

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



Treatnment of L3 antigen with trypsin, pepsin, proteinase K or phospholi pase
A2 caused the blot reaction to become nore diffuse but did not reduce the
nol ecul ar weight (Fig 24, lanes 2, 3, 5, 11). Treatnment wth papain,
subtilisin or lysing enzynes 20 reduced the signal but did not alter the
nol ecul ar wWeb@kiesfsanes 6-8). Pronase, |ipase, |ysozynepcr/Nzo3no010
phosphoi nosi t ol - phosphol i pase C and phosphol i pase D had no effect (Il anes

4, 9, 10, 12, 13). Treatnment with elastase resulted in the appearance of a
slightly |ower nolecular weight band (Fi g 25, lane 1). Coll agenase and
protei nase Kbidts GaheCo-MNeaTrestment Jfadt arfibaneih Rl-gigcosidise PEIdhaY ARIgedKhd r eat nent
at 50C for 18 h under various 25 conditions also did not destroy the. 35 kDa
antigen whi clbloteiguilchus tidldot bBecrehed @ treslecalar WeigB841084 47 TDRGAANAQB0R010 31
blots (lanes 6-9). Treatnment of L3 antigen with N-glycosidase F slightly
reduced the Ildiedt) usdegoadditintis whetk thOtortor g@a@ﬁ)t&ihﬁetﬁimvﬁe@lﬂeﬁtﬁdéﬂedﬁ@h% of the
35 kDa antigen (Fig 26, |ane 4) under conditions where the contro

gl ycopr ot ei n ifdidatihg) thabithe GRGMROGL Activd) eTrédtmentNgitic alM ROHNA0 heorerszy e was
active. Treatnment with 1 MNaOH at 60 C for 18 h 5 resulted in an increase

in the nugbekesalted MR infrRAse Gl kId nuseticd bE Iohéﬂﬁﬁale%ﬂ@ﬂw@i%hi hids Beflonbild t he
reaction at 35 kDa was still domnant (Fig 27, lane 2). After treatnent

Wi th NaOH pl ssot NaBié reabGorP4t G5k WSSt Sonbhat Big 37| MRS 25t AR tRGm@nt hough
the blot reaction of the 35 kDa anti gen was unélnlnlshed conpared to the

control anti gg N4 plud NaBERN Qo Ploteid Qual WRMIETBN bilvaf st'a'ﬁir%rﬁl@h&ﬁ% e bide
hydr of | uorous acid for 48 h at C or with hydrazine for 1 at 200 C or

for 16 h at 1QQ@orCoef tkH 35 1T arnfigsd W &MiRANIBR dkBRpARY LOBE cddifofard@in (Fig F €at ment
wi th hydrazine for 7 or 14 days at 100 C reduced the bl ot signal conpared

to untreatedagamg®) antigen (Fig 29, lanes 1, 2). Treatnment with
trifluoroacetic acid for 4 h or 16 h destroyed the antigen (Fig 29, |anes
4, 5). 15 Treatnent of L3 antigen by the follow ng procedures did not

destroy the IFeealchdt ol drfigen Rih BRBWIORLs abaYEalg! ok 4P O 8r (ith ByB&ie fBF Ot ei nase
K+ SDS for 4 h or 20 h at

1 hat 20° C or for 16 h at 100° C, did not destroy the 35 kDa antigen (Fig 28).

Treatment with hydrazine for 7 or 14 days at 100° C reduced the blot signal compared

to untreated control antigen (Fig 29, lanes 1, 2). Treatment with triflucroacetic 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 (lanes 1 & 2): 0.1-1.0 M NaOH treatment at 37° C for 18 h g 5:0, lanes
3,6,7,8): heat denaturation at 90° C for 20 min prior to digestion with 1 M NaOH
(lanes 4): trypsin digestion at 37° C for 22 h with or without heat denaturation at 90°

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

or 22 kDa (Fig 20).



50 C(lanes I & 2): 0.1-1.0 MNaOH treatnent at 37 C for 18 h (Fig 30,

| anes 3,6,7,8): heat denaturation at 90 C for 20 mn prior to digestion
with 1 MNaOH (lanes 4): trypsin digestion at 37 C for 22 h with or

wi t hout heat denaturation at 90 20 C for 20 mn (lanes 10 & 14): proteinase
K + SDS + B¥dosbesd@0 C for 22 h (lane 12). Protei nase Kpdirg@siiooom of L3
extracts fromfive nemat ode 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). WD 03/064475 PCT/ NZ03/B@0010 32 Tc L3 extract was anal ysed
by el ect r oph®e &8iextragidvas| anblysed pyusiebanphradsisvandcdoiting nmdes natived donditihes pr esence
of 0.5 %DOC or 6 Murea. The antigen ran as a high nol ecular weight snear
under these aahidithé prasnidoid.8%) DOBN iGN areao fThe adiigen ngh ageliph (dRcudd DTT) to
the sanples and the el ectrophoresis buffer did not alter these profiles
(not 5 showwpigh@dinmel acddr el caiditiona @il \32). s Additide of Rduwsieg agxt 28ahMshowed a
strong i munobl ot reaction at 35 kDa, which extended across the range pH
3-10 (Fi g 33pTThesthetsamblee ands the aiwgtrbpioiesii igififat didnmt phtetthésa pralesvinsi bl e in

t he corresponding region. 3.6. Sheep inmmnisation trial 10 FEC data are
shown in abiwwd).(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 i mmunised group (P<0.05). Wen counts from both
weeks wer e 2ZDhndieameghorttive rrealyaizsofall's d3awsk gaxirbétcshntved edumng dmmahobiblC over al |
in the inmmnised group(P<0.05). 15 Figure 34 shows a Gel el ectrophoresis
(8 % PAGE) aregctionmai36lkDat whishleytendedaicrofs theaaigelyH $-00 ifFig 333 Bxdpitache (L3) and
purified carbohydrate |arval antigen (C) run under non-denaturing

condi tions ( steong®lee sigesds nooyroteRdus ivisthlaimahd JarreSiingingesg®onst ai ned for protein
or carbohydrate. Blots were reacted with mAb PAB-1 followed by rabbit anti-

3.6. Sheep immunisation rial

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.



nouse | g-HRP conjugate, or with i nmune sheep nucus foll owed by rabbit
anti-sheep 20 Ig-HRP conjugate. WO 031064475 PCT/ NzZ03/00010 33 Table L In
vitro activity of inmune nmucus against L3 after various treatnents
Treat ment Larval cl unpi ng* Untreated+++ Di al ysis+++ 10 000 x g

super nat antwob3/m34300 X g supernatant++ 100 000 x g superpgaingddduedC0 000 X
g supernatant DTT- 100 000 x g supernatant TX 100++ 100 000 x g supernat ant
CHAPS++ Reduced and al kyl at ed++ Heat ed 60C++ Heat ed 100C- Pepsi n+ Pronase -
Peri odate Li pase++ Retentate >100 000 rag+++ 10- 100 000 mw 3-10 000 nmw *

cl unpi ng scomableftt I vitRSictiVigf SfAQ@mEhd PR 25 QL LB efterivaribRBEmRHG €gat es; ++

sone clunping; + = slight clunping; - = no clunping.
reatment Larval clumping*
Untreated -t
Dialysis -
§ 10000 x g supernatant +++
50 000 x g supernatant ++
100 000 x g supernatant +
100 000 x g supernatant DTT -
100 000 x g supernatant TX100 ++
10 100 000 x g supernatant CHAPS ++
Reduced and alkylated ++
Heated 60°C +
Heated 100°C -
Pepsin +

]

15 Pronase

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

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

* clumping score 4+ = most larvae clumped together in large aggregates; ++ =
some clumping; + = slight clumping; - = no clumping.
25



25 WO 03/064475 PCT/ Nz03/ 00010 34 Table 2. Nunmbers of T. colubriforms

| arvae establishing in 5 msections of small intestine of naive sheep one
week after infusion of L3 incubated with naive or inmune mucus, 100 000 x
g nucus supernatant or supernatant followed by washing. 5 Sanpl e Naive
mucus Supewpabadilizs Supernatant 10 + wash | nmmune nmucus peYR&hdabant
Supernatant + wash 0-5 m5-10 mMl O 15m Total % reducti on* 10664 140 0 10804
24978 590 0 25568 8140 148 0 8288 148 770 0 918 130 0 396 526 224 420 O
644 15 * % reduction in the nunbers of 3karvae conpared to respective naive
total . Tabl eTablePEQNG@bas bf OMeaefR-innivat saeblivhind i85 i Dectiond o0l G oup

| ndi vi dual Fgltcestzn(l)e \é\f%gj”vg sheep one week after infusion of L3 incubated with naive or

immune mucus, 100 000 x g mucus supernatant or supernatant followed by washing.

5 Sample 0-5m 5-10m10-15m Total % reduction®*

Naive mucus 10664 140 0O 10804
Supernatant 24978 590 O 25568
Supernatant 8140 148 O 8288

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

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

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

Group Individual FEC mean sd
20 Week3

Controls 600 700 1300 1500 1700 1800 2500 2500 1575 715

Immunised 300 400 800 1900 2400 1160 940

Week 4

Controls 900 1100 1300 1700 1800 2200 2500 4000 1938 993
26  Immunised 600 600 900 1100 1300 900 308*

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

i 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



Controls Imruni sed Wek 4 Controls 25 | nmuni sed 30 nean 600 700 1300

1500 1700 1800 2500 2500 1575 300 400 800 1900 2400 1160 900 1100 1300 1700
1800 2200 2500 4000 1938 600 600 9001100 1300 900 *significantly different
to controls (P<0.023, Kruskall-Wallis test). 3. Discussion 91 98 92 sd
715 940 99%%03I0BésaEhe ability of mucus from i mmune sheep deamnzidhdgegnce t he
survival of nematode |arvae was indicated by earlier work where incubation
of larvae with nmucus caused inhibition of mgration of |arvae out of sieves
(Douch et al 1983). Recently, we WO 0338864475 PCT/ NzZ03/ 00010 35 observed

that |arvae vesepel tRfluaiid Yee! toipatllyt Q@fjddengatick @fted MEaHAALM O ithuheMUNE

mucus and that these larvae were prevented from establishing normally when infused

into najve sheep via a duodenal cannula (Harrison et al 1999). These observations

were extended in the present study and showed conclusively that immune mucus can

5  effectively prevent establishment of larvae. The degree of protection against infection
depended on the time of mucus collection after immuniéation as well as dose volume,

This correlates with the declining level of antibody in mucus over time as seen in
mucus biopsy samples taken from truncated infection sheep up to 5 weeks after
immunisation. The observation that the 100 000 x g supernatant of immune mucus

10 could also prevent larval establishment indicates that this activity resides in the
soluble fraction of mucus and does not result from physical blocking by mucus e.g. by
viscosity. Washing the larvae after incubation did not affect the ability of immune
mucus supernatant to prevent establishment, indicating that the activite factor was

bound to the larvae.

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

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

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

mucus samples.

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



mucus and that these | arvae were prevented from establishing normally when
infused into naive sheep via a duodenal cannula (Harrison et al 1999).
These observations were extended in the present study and showed
conclusively that imune nucus can 5 effectively prevent establishnment of

| arvae. Thewoaghagrsof protection agai nst infection depenggshz@nedehe time of
mucus col lection after inmunisation as well as dose volune, This
correlates with the declining |evel of antibody in mucus over tinme as seen
in mucus biopsy sanples taken fromtr@écated i nfection sheep up to 5 weeks
after | mMmunestitfodizn recbpesiop aenaadd amigtdiabert hapdblO 1xvg Supannatant of

i mmune mucus 10 could also prevent larval establishnment indicates that this
activity resifdds Wiy pratectio| Inghenoblogicef| lervabfntigeic pobethwith demsnumetmucasul t from
physi cal bl ockin mucus . by viscosity. Washing the | arvae after

i ncubation dFlEP"Y?gItE%P’:P%e@‘E"’ ?ﬁ@%aﬁticﬁgﬁf“&?o eSrtfHen o B2 t o
prevent establ, 1ot R ' : I M e or o und to
the | arvae. %Laﬁ #W@raébg%g?%df Sra %Qﬁg}@g% %ﬁr&h%{lbtr?g 4<';15f &t ?Pég%tca‘n@ﬁt of

i mune MuSUS bRys SHIA aSibéns prébed With fabiGlidled BluRdd ok Bdet AdshdiRied Mrvdel defef at i on,
indicated that the clunping activity was associated with the high

nmol ecul ar weinghbation ax tmowneohuaws elss shaved pradomatanembctiantb thisr antigas eThds gest i on
suggested that clunping required the protein conponent of nucus. However,
SDS PAGE anafspeibsPighihepiisliess Huorescanttstaspingiand epgpessld elegropanisfoseqmyver 20

t ai ni did l. . diff LNt d tel fil f
panel of i i’ abiE ReibEs sEbESE SR st ety RulafiPbmubiong di o
not show di f {ygf BREGSid MucllsYRAR REEER i:?%WaﬁnEﬁéé%Wﬁa%?&%ré fanel s of

mucus, Wi th the exception of = peanut aggl utinin, have det ect ed
car bohydi@t esigpifieat Rbrrelatidnctryeeanhlt ddgidet of fbadtiea AAoces ®FNminfiné MHIAREL NMUCUS
sanpl es. The heavy chains were at 70 kDa which 25 could indicate the
presence of Refathegitstofilglg and fdh. sMoarscantibedypras dh edulatforrmjGimmuns sheeprucus
sanpl es. The above observati ons ang a[la_xgaﬁzsence of 1gG.and, IgA in inmmune nucus
suggest ed thg[ltso {REPEMReE @atageas on blots o 1 extracts from other intestinal’nematodes C.

curticei,. N, spathiger, T.axei, Tvitrinus, Q.ostertagi, C.oncophera, N.brasiliensis and
D.eckerti and from abomasal nematodes H. contortus and O. circumcincta. This
15  cross-reactivity indicates that a surface molecule with similar function to the T
colubriformis 35 kDa antigen exists in other nematode species and could be a target
for immunisation. Monoclonal antibody PAB-1 also reacted with these antigens and
could thus be used to identify and purify these surface antigens from parasitic
nematode species. The finding that all the cross-reacting antigens tested so far are
20  resistant to digestion by proteinase K is evidence that they are also not proteins and

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

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

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




PCTI NZ03100010 36 anti bodi es recogni sing nenat ode anti gens were

responsi ble for larval clunmping and for in vivo protection. |munoblots of
| arval antigen probed with i mune nucus showed the presence of |gG3 and

| gA anti bodi es which reacted predomnantly with a major antigen at 35 kDa
pl us diffusgorsadsenns at 9, 12, 20, 30-45 kDa. Significantdoynzasdhafs of L3
antigens probed with anti bodies eluted fromintact exsheathed | arvae after
i ncubation in i mune nucus al so showed predonm nant reaction to this
antigen. This result, plus the surfaces3® | uorescent staining and i munogol d
el ectron ni crdesctipymethsdomich hatsilvdrastani CRRRASIAbRe U @SRt TH atien sk f ace of
the larvae. Anti-35 kDa anti body was present in nmucus sanples used for in
vi vo chal | engesisanb e idegradaiionny theerctionas lipaged anid gwasf nataselubleoi efgatic on

bet ween the degree of protectjon afforded by i mune nmucus and the titre of
'gG and | gA RATEUS "Bieh BER L0 P CRBPHBNS 40 ReteRntRot SeBpe-aRso
recogni sed ank|j f v . . er ..lntestinal

nemat odes C. %ﬁﬁ%g&&&%&@ga Ok?%ee(:?%he%ﬁaé?gﬁédﬁcla&}?’g r_@fltl%frjtsfi}ai 8.6315 & ?lggi ,

C. oncophesa, ndk Mriafkied iof Mk Shepee néd R6ds&blel to 20 RO ARIRkeRGERIPdes H
contortus and O circuntincta. This 15 cross-reactivity indicates that a

surface nol e@ute3§ivﬁ bydrainvlts@grdid nncdedsooy the ahtigen Twhiclke mlay brdidaeer anmirmis3® kDa
antigen exists in other nematode species and could be a target for

i nmuni sat i on.c20BMEEtS sEICUER P ERIE AcHARdplsisSwtl Ellspweacelir reid dpworedthe | gens
and could t%& elae used to identify and purify these surface antigens from
parasitic némat ode species. The finding that all the cross-reacting
antigens tested so far are 20 resistant to digestion by proteinase Kis

evi dence t hatTht hdyerddtRn adfSO mMipl® baidid) SatRA in $RUSrSNG £ 18480 b loviE OPErti es
to the T. colubriform s 35 kDa antigen. Mnocl onal antibody PAB-1 coupl ed

to Proteilf Amxianiseveight antigers to by of § coluleifbraty | ok eitsict probell wishir f ace
antigen. This T.colubriform s larval surface antigen was found to be

pr edomi nant | Y FPHENY dPRidendisats jeahrihasirgeruze pl i s5aes antigenicorssts o2 25 with

2t ;iazge of prp%%? 8% a srr}?ahlgrdlilrﬂg R % %iat?\gessﬁath ;onbt¥1e ?5:‘3‘;!11 nsju%gce\,,\lihggev%r,sthé ver
antigen is a high molecular weight complex as shown by the electrophoresis results
using non-denaturing conditions. Solubilisation in SDS + DTT reduced the complex
15  to an antigen detectable on blots at 35 kDa suggesting that the complex is a polymer
of the 35 kDa antigen or a heteropolymer of 35 kDa antigen plus other components as
yet unidentified. The antigen shows charge heterogeneity when separated by
isoelectric focussing, again indicating a complex structure. The results suggest that
this molecular complex, present on the outer surface of larvae, is likely to resist
20  degradation by all physiological conditions found in the stomach and intestine of the
nematode’s host, The functional implications of these properties of the larval surface
antigen have yet to be determined but it seems likely that this complex has evolved to
protect the larva during transit through the hostile environment of the host system
until it reaches it’s site of predilection in the small intestine. The 35 kDa antigen was
25  only found in the L3 before infection and up to 5 days after infection, suggesting that
the coating was required for protection during transit through the stomach. During the

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



nodi fied to detect carbohydrate groups and by labelling with a

bi oti n-hydrazi de reagent which binds to exposed sugar residues. The
antigen did not stain with protein WO 03/064475 PCT/ NzZ03/ 00010 37

detecti ng nmet hods such as silver stain, Coomassie blue or gold. The antigen
was resi st@tozhgufbegr adation by the action of |ipases angwessheie sol uble
in organic solvents which suggests that |ipid conponents are not present
or not accessible. N glycosidase F treatnment did not affect the antigen
indicating either that the sugars are 5380t N Iinked or that they are not
accessi bl e t geqirzy.melt awiilabdk apprbdiated tiat emt fi@MineOfespoRdd @REdtabe aghyt @k nol ysi s
did not destroy the antigen which may indicate an unusual carbohydrate
'structure. SPFOPREVAcEdt I$pEHd osoyeiely wwmpromisef the oneseatasle’s cabdlity dtodegtablished t he

antigen. The observation of a | tiple banding pattern . in the formof a

| adder of | O\RE?CCSS%@' B léscg?séran%@&ﬂtd’%’tﬁgfeg A€ WiHe JnBlicatighs or nepRiveE i f or mi s
| arval extragh,pob b L ' i |.ndicat e that . structure of
the 35 kDa antllltgge'n ggr?&@tagm?? gﬁ%ﬁ%@%?{ g?éeg’_ sna _"éaﬁmﬁn‘?n%tbgl‘r’lacf?% native
state on §he chmaivaly SAHI4IBCHuriiAVEY &Da idtRen A8 | HEHi | Rjrdadti Bhu1AR! /CH! ar

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

non- denat ur i sighifisantiredughion of $wcailzigh cemt indhe Vavcis®S] grob doniachdae dortiogs. conpl ex
15 to an antigen detectable on blots at 35 kDa suggesting that the conpl ex
is a polyner , of 't 35 kDa,antjgen or a heteropol yrner of.35 kDa antigen
plus other cOWBEHEH;Le gEgse ‘B}Vﬁﬁfﬂgﬁﬁﬁ? E’?‘ﬁnégs‘:@ﬁcgg%?‘%ﬁ’ ﬁfgﬁ‘a&?@v@ﬂ)ﬁ%‘@e

het er ogenei t Y \When §§p9§5- Y rJaGies ' LR indicating a
conpl ex structure. © e result %M%ddggagg%seﬁa%dﬁmEﬁsfféﬁfr%‘{]glgﬁaglr@e%o% 0eug,
present on t keptiigSrors thefsedpe obthelappenadl cldims! | kel y to resist 20 degradation
by all physiological conditions found in the stomach and intestine of the
nemat ode' s host, The functional inplications of these properties of the

| arval surface antigen have yet to be determined but it seens |likely that

this conplex has evolved to protect the larva during transit through the
hostil e environment of the host system




until it reaches it's site of predilection in the small intestine. The 35
kDa antigen was 25 only found in the L3 before infection and up to 5 days
after infection, suggesting that the coating was required for protection
during transit through the stomach. During the noult to L4 stage in the

smal | i nt esiyipnguesdyfe protective coating is shed as it is fpgnNA5H68{ WO
03/ 064475 PCT/ NZ03/00010 38 required. It will be appreciated that an

i mmune response directed against this protective coat could severely
conprom se the nematode's ability to esggabli sh successfully in its host
and could therefore have wide inplications for nematode control. In a
prelimnary Refaemestrial in sheep, imunisation with a vaccine 5
containing partially purified 35 kDa antigen and an oil adjuvant resulted
ina significant reduction_of faecal egg count in the vaccinated group
conpared to ESHEEENMahigd Jac Doy Cr HeauppiesMnt 199y etvicriste riscdiopedrbatiescr i bed
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addi ti ons rraffrmé%prﬁtﬁa"é aflﬁggtgjt Bt (P8R Ots‘decﬁgg?li (?Cfggl‘%er???ﬁt‘f’ﬂ%o%cm Tt he
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| NVENTI ON ARB:03/8377sNZ03100010 1. An isol ated nonocl onal atringesiwemAb PAB- 1
deposited at ATCC on 24 January 2002 and accorded accessi on PTA-4005,

whi ch binds to a surface antigen on nenatode L3. 5 2. An isolated

nmonocl onal anti body as clained in claimil wherein the anti body binds to an
antigen sourced fromT.colubriforms L3, wherein in said antigen runs at
subst ant i al | YTHEKGLARGS BIGETNING JOl INVENTIONAARE:Ng conditions. 3. An

i sol at ed nonocl onal antlbody as claimed in claim1l wherein the anti body

binds to surface gnti el ected fromthe group consisting of. 10
a) a surface 1:ntlgs‘n gﬁp% Bmer OEé' %ﬁ?@h‘@t‘?n@‘é‘%ﬂ Sempsitethel ATCE a6 2#Da and
at substantially g ons; b) a
surface anti gen on N spat %glagrf IC g'Jrcﬁsl’r%{sz)q @&Ca‘{a’?ﬁ ?P%%’Z SDS
PACGE gel under r eduigengn aengoddIons; c) a surface antigen on H. contortus

which runs at substantially 35kDa on 15 SDS PAGE gel under reducing
condi ti Ong; nd d) a surface antigen on O circu,ncincta which runs at
|1

subst ant i - 35- A@QR%"Q)WOWDPNEI}DQ@{ asidlmed iredeiod hohesindhe bntimdye) a
surface antigen Oﬁlg r T.vitrinus Mhlé' runs _at substantially 35kDa
on SDS PAGE gel under*% fg‘ﬁ’gsoé‘E?ﬁﬁlﬁ'tof’bTré"l” gornis b3 swhereip én said pejigen on

O ostertagi whi chpygd Q&uﬁétarﬁﬂﬁ?ﬁ%d Sk PRsA %el - reducing conditions.

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

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

10 a) asurface antigen on C.curficei which runs at substantially 46 kDa and

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

b) a surface antigen on M.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-

- 3%kDa on SDS PAGE gel under reducing conditions;

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

35kDa on SDS PAGE gel under reducing conditionss,

20 f) asurface antigen on O.osterfagi which runs at substantially 30-45 kDa

on SDS PAGE gel under reducing conditions;

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



on SDS PAGE gel under reducing conditions; g) a surface antigen on
Goncophera which runs at substantially 20 kDa WD 03/ 064475 5 PCT/ NZ03100010
42 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 substwentp@hisy 12 kDa on SDS PAGE gel under reduci ngr/nNgaféhoio ons; i)
a surface antigen on D.eckerti which runs at substantially 30 kDa on SDS
PAGE gel under reducing conditions. 4. An isolated nonocl onal antibody as
claimed in claim1 wherein the anti body*2 when cou}PI ed to a solid support
can be utilised to purifdyat isebstantislbyc 45 A4 ganSBy PAGE| saniRdenfrequaing y
chromat ography. 5. An isq]ated carbohydrate surface antigen from a nemat ode
L3, wherein the antig8RWi°Rs to nonocl onal antibody mAb PAB 1, deposited
at ATCC on 24 January 2002 and accorded accessi on PTA-4005. 6. An isolated
antigen substantial | g§ur§alcgla£@égnloﬁ bR NDBEIR s e Subaihti49 ™ k3R runs at
substantially between 20-35 kDa or at substantially 9 kDa and 12 kDa on
SDS PAGE gel under redugi ag sengitiiliyons. kIfa oAnSDS oP AGE dge nirdge medwsing| ai med
in claim5 wherein the antigen is sourced from T.colubriforms M 8. An

i sol ated @ntigen as cl edndiign$:n claim5 wherein the antigen is. sourced from
20 nematode L3 isolated fromthe group consisting of C curticei, N
é"?ﬁ?h%ﬁé} aH- contortys, ek WS dChBekers WhRh runly by 50 RBLRRL 20T

SDS PAGE gel under reducing conditions.

4. An isolated monoclonal antibody as claimed in claim 1 wherein the antibody
when coupled to a solid support can be utilised to purify the surface antigen by

10 immuno-affinity chromatography.

5. An isolated carbohydrate surface antigen from a nematode L3, wherein the
antigen binds to monoclonal antibody mAb PAB1, deposited at ATCC on 24
January 2002 and accorded accession PTA-4005.

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

on SDS PAGE gel under reducing conditions.

7. An isolated antigen as claimed in claim 5 wherein the antigen is sourced from
T.colubriformis L3.

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

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

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

N.brasiliensis and D.eckerti.

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

pharmaceutically or veterinarily acceptable carrier or diluent.



N. brasiliensis and D. eckerti. 9. A conposition that conprises an antigen
as clainmed in claim5 together wwth a pharmaceutically or veterinarily
acceptable carrier or diluent. WO 03/064475 PCTI NZ03100010 43 10. The use
of an antigen as clainmed in claim5 in the manufacture of a conposition for
preventi ng,wbrngedssrzsg, reduci ng the susceptibility to, nemsetregdessoiecti on.
11. The use of a conposition as clained in claim9 for preventing,
treating, 5 reducing the susceptibility to, nematode infection in
suscepti bl e sheep from nemat odes sel ect&ll fromthe group consisting of T.
col ubri fornzil§, CToeruseadian aigepatshelgiered il claint Or trushe favifectuazali act a
T.axei, T.vitrinus, QO ostertagi, . C. oncophera, N brasiliensis and
D.eckerti. 12. A eefﬁ?fégmf%frpra‘@nev@%fm Fedaeing heguscsptiphi@ e rhemstpde
treating, reduci n%tlﬁe 10 susceptibility to, nematode infestation in
suscepti bl e ani ma 5 fher than sheep wherein these other species of

nemat odes al so possess a larval surface antigen identified by reaction

wi th nonocl onal amhé heevf RABmbogiiosl @8 Gldihed iR RUE .9 f03. prévet®id) Qfdatiddn as
claimed in claim9 wherein the conposition also incl udps at | east one

adj uvant ér cyt okredecing Hhelstscepibittyliod nefmatia gifitiom ¢ nscaptibldehedpf femti on in
suscepti bl e animal s conpri si gqg the steps of: a) obtaining a blood sanple
from an ani mal ; aRemHydesselesfed fgmtthe %ﬁﬁpéﬂﬁﬁ@g Ofﬂ"éobfﬁ%?éﬁ@e fo‘ﬂé{fﬁlaantl body

agai nst the anti gens. as. c .aim3 vi 20 15. An
i sol ated anti bodygggathfger’ n‘é?fmq%ﬁg‘f aloC RUERE Z.af“ﬁe a‘ﬁ&f"ﬁ‘&d? K&%en
sourced fromthe @%’E‘gﬂb R siiddns TUEUB. ofer@n ani mal which has been

i mmuni sed by truncate ections wth nematodes selected fromthe group

12. A composition as claimed in claim 9 for preventing, treating, reducing the
10 susceptibility to, nematode infestation in susceptible animals other than sheep
wherein these other species of nematodes also possess a larval surface antigen

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

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

least one adjuvant or cytokine.

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

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

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

antigens as claimed in claim 3 via a suitable assay.

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

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



consisting of T.colubriforms, C.curticei, N spathiger, H contortus,

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

N. brasiliensis WO 03/064475 PCT/ NZ03/ 00010 and D. eckerti. 44 16. A nethod
of preventing, treating or reducing susceptibility to, animal nematode

i nf ecti ons,whysasaisni stering the conposition as cl ai med ipaTezas#0p. 17. The
use of an antigen as clained in any one of clains 5-8 to elicit an anti body
5 response in the gut nmucus of sheep or other susceptible animals to treat,
prevent or reduce s fFe tibility to, nefatode infections in sheep or other
suscepti bl e. ani n&f .'qégﬂﬂhe use for nonoclonal antibody as clainmed in any
one of clains 1-3 to detect nenmatode infection in sheep. 10

16. A method of preventing, treating or reducing susceptibility to, animal

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

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

susceptible animals.

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

nematode infection in sheep.

10



