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1
EQUINE PARASITE DETECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national counterpart application
of PCT nternational Application Serial No. PCT/GB2010/
000616, filed Mar. 31, 2010, which claims priority to United
Kingdom Patent Application Serial Number 0905511.2, filed
Mar. 31, 2009, the disclosures of both which are hereby
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention provides a means of detecting infec-
tions caused by parasitic nematodes belonging to the Cya-
thostominae group in Equine subjects and in particular in
horses.

BACKGROUND OF THE INVENTION

Members of the Cyathostominae group of nematodes
infect almost all grazing horses. Most horses have burdens to
the order of tens of thousands of cyathostomins and usually
do not exhibit clinical disease, however, in some animals,
infection leads to a severe inflammatory enteropathy [15].
This disease occurs following accumulation of cyathostomin
larvae that encyst and undergo inhibited development as early
third larvae (EL3) in the large intestinal wall. Vast numbers of
encysted larvae can accumulate and these can reactivate
simultaneously to cause an inflammatory enteropathy known
as larval cyathostominosis. The principal effect of this syn-
drome is weight loss, but horses can exhibit other signs
including diarrhoea, colic, subcutaneous oedema and/or pyz-
exia [25]. Up to 50% of animals with larval cyathostominosis
die as a result of the condition [15]. This disease most com-
monly occurs in younger horses, however horses have a life-
long susceptibility to infection and disease may occur at any
age [15, 35]. Encysted larvae can persist for prolonged peri-
ods (up to two years in some cases) and it has been proposed
that encystment is favoured by a variety of factors including;
negative feedback from mature worms in the large intestinal
lumen, a large larval challenge or a ‘trickle’ infection [29].
cyathostomin EL3 have limited susceptibility to several cur-
rently available anthelmintics [12, 19] and drug resistance is
common, particularly with regard to benzimidazole and pyr-
antel compounds [17]. Moxidectin is now only drug available
that has high efficacy against EL3, but for which resistance is
not yet widespread. It is therefore important that the high
efficacy of this anthelmintic be maintained for as long as
possible.

To reduce the spread of anthelmintic resistance, it is impor-
tant that only animals with moderate to high cyathostomin
burdens are targeted strategically for treatment [32]. Targeted
treatments can be undertaken on the basis of faecal egg counts
however the latter have no value in estimating burdens of
mucosal larvae. Indeed, horses with high mucosal burdens
often have low or negative faecal egg counts [31] and there is
no specific, non-invasive method to diagnose pre-patent cya-
thostomin infection. A diagnostic test for mucosal larvae
would allow veterinarians to identify horses that require lar-
vicidal anthelmintic treatments. Recently, we identified two
larval antigen complexes (observed to migrate at 20 and 25
kDa by 1-dimensional SDS PAGE) that have diagnostic
potential [9-11]. Significant increases in serum IgG(T) spe-
cific to these antigen complexes were observed as early as 6
weeks post infection (PI) in experimentally-infected ponies
[11]. Antigens present in both complexes appeared to be
specific for mucosal larval cyathostomins, indicating their
utility as markers of pre-patent infection [11]. When serum
1gG(T) levels were compared amongst groups of naturally-
and experimentally-infected horses, there was a strong sig-
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nificant correlation of anti-25 kDa serum IgG(T) responses
with total mucosal burden, particularly EL3 burden [10]. In
naturally infected horses, IgG(T) responses to both larval
complexes were significantly greater than those in uninfected
individuals [10] and IgG(T) levels to both complexes were
significantly higher in larval cyathostominosis clinical cases
than in helminth-naive ponies and parasite-negative horses
from an abattoir [10]. These results indicate that an immu-
noassay based on antigens present in these complexes could
ultimately be used to differentially diagnose larval cyathos-
tominosis, or used to target horses with high mucosal burdens
for treatment. The native mucosal larval preparations are
extremely time-consuming to prepare and rely on a continu-
ous source of infected mucosa. Therefore, it would be advan-
tageous if genes encoding proteins present in these complexes
were isolated and cloned and the associated proteins
expressed in recombinant form.

SUMMARY OF THE INVENTION

The present invention is based upon the finding that para-
sitic nematodes belonging to the Cyathostominae group
express proteins which can be used to diagnose, detect or
identify incidences of cyathostomin infection in animals, par-
ticularly horses. Although cyatkostomin infections are treat-
able, the range of effective drugs is rapidly diminishing and at
present only moxidectin exhibits a high efficacy against the
encysted cyathostomin parasite.

In order to ensure that the development of resistance to
moxidectin can be delayed for as long as possible, it is essen-
tial that only animals with moderate to high cyathostomin
burdens are targeted for treatment. However, the encysted
larval stages of this parasite can remain undetected for
months or even years eventually emerging from the intestinal
wall to cause severe pathology (including symptoms of diar-
rhoea, weight loss, colic, oedema and pyrexia); as such, it is
often difficult to know whether or not a particular animal
should be treated.

The inventors have identified a number of proteins that are
expressed predominantly during the mucosal larval stages
(i.e. the early third larval (EL3) and late third (LL3)/develop-
ing fourth (DL4) stages). These proteins are highly immuno-
genic and exhibit low cross-reactivity to proteins present in
other helminth species.

Accordingly, a first aspect of this invention provides a
method of diagnosing a cyathostomin infection, said method
comprising the step of identifying a level of anti-cyathos-
tomin larval antigen antibodies in a sample, wherein a level of
anti-cyathostomin larval antigen antibodies is indicative of a
cyathostomin infection.

Animals positively diagnosed as having a “cyathostomin
infection” by the method provided by the first aspect of this
invention may harbour high numbers of encysted cyathos-
tomin in the gut mucosa, particularly the large intestinal wall,
as such they may generate a significant immune response to
cyathostomin antigens including any antigens produced by
the EL3,LL3 and DL4 stages. Animals with infections of this
type may otherwise be referred to as having high mucosal
burdens. In other instances, positive diagnoses may indicate
animals with larval cyathostominosis, an inflammatory entet-
opathy manifesting with symptoms of weight loss, diarrhoea,
colic, subcutaneous oedema and/or pyrexia. Conditions of
this type are often fatal if untreated.

In one embodiment, “a level” of anti-cyathostomin larval
antigen antibodies may be evaluated relative to the “a level”
of anti-cyathostomin larval antigen antibodies present in ref-
erence or control samples derived from healthy animals or
animals not having high mucosal burdens of cyathostomin
parasites or larval cyathostominosis. In this way levels and, in
particular high levels, of anti-cyathostomin larval antigen
antibodies, may easily be detected. Accordingly, the term “a
level” may be taken to include levels of anti-cyathostomin
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larval antigen antibodies which are less or greater than levels
of anti-cyathostomin larval antigen antibodies identified in
reference or control samples.

It should be understood that in addition to providing meth-
ods in which levels of anti-cyathostomin larval antigen anti-
bodies are detected in samples, the present invention might
also be adapted to provide methods in which levels of cya-
thostomin larval antigens are detected in samples. Methods of
this type, rather than “indirectly” diagnosing cyathostomin
infections via immune responses, may provide a more direct
means of diagnosing cyathostomin infections. As above, “a

4

level” of cyathostomin larval antigens may betaken to include
levels of anti-cyathostomin larval antigen which are less or
greater than levels of anti-cyathostomin larval antigen iden-
tified in reference or control samples.

The cyathostomin larval antigens described/mentioned
herein may be derived from larval antigen complexes having
a molecular weight of about 20 to about 25 kDa. An exem-
plary larval antigen is obtained from the parasite cyathos-
tomin pateratum and comprises or consists of the following
amino acid sequence (designated SEQ ID NO: 1):

SEQ ID NO: 1

MNKTLTFLTVVSAVALAQGVMDLFGEEGREEHRRHHRHSLLPPYLHNVSCEAKWEYF

KIVGNRSLTFAEKRKEISEWAKKYNVVDEVASYNAYREKLKQEHRKNVSELVSALPN

AVKKVNDLLDNENQTPRQLYVALRKLGRONPALYRIVEYINVAVRLRSEEVDEQEQR

RRLSALPFGDHNDNLEEQDFGEQDFRYVYGFECARFLLONGRMFGLNTDERY

20

The nucleic acid sequence encoding the protein provided
by SEQ ID NO: 1 has also been determined and is given as
SEQ ID NO: 2 below.

SEQ ID NO: 2

Atgaacaaaacgttaacatttctcacagtogttagtgecgtagetetggeccaaggt

gtcatggacctttttggtgaagagggtcgtgaagaacategtegtcaccategteat

tcacttttaccaccatatctccacaatgtgagetgtgaggetaaatgggagtactte

aaaattgtggggaacaggagtttgacctttgctgagaaaagaaaggaaattagegag

tgggcaaaaaaatacaatgttgtggatgaagttgcaagetacaatgettacagggaa

aaactcaagcaggagcacagaaaaaacgttagegaacttgtttetgetettecaaac

gcagtgaagaaagtcaatgatcttctagacaatgaaaatcagactcectaggcaactt

tacgttgcccttagaaaacttggtagacaaaatceggeactttacegtattgtegag

tacattaatgtggctgtaagactaagaagtgaagaagtggatgagcaagaacaacga

agaaggctgtcagetctaccttttggegaccataacgataatttggaagagcaggac

tteggtgaacaagactttegetatgtetatggetttgagtgtgcaagatttetectt

caaaatggaagaatgtttggacttaacacagatgaaagatat

45

50

55

One of skill in the art will appreciate that while SEQ 1D
NO: 1 represents the entire coding sequence of an exemplary
cyathostomin larval antigen, after removal of the signal pep-
tide the mature antigen may comprise 206 amino acids yield-
ing a protein having a molecular weight of approximately
25.6 kDa.

In addition, the inventors have isolated homologous anti-
gens from other cyathostomin spp., and the amino acid
sequences of these are provided below as SEQ ID NOS: 3, 5
and 7 respectively. In addition, the nucleic acid sequences
encoding each of the proteins encoded by SEQ ID NOS: 3, 5
and 7 have been designated SEQ ID NOS: 4, 6 and 8 respec-
tively and each is detailed below.

SEQ ID NO: 3

HEELRRHHRHSLLPPYLHNVSCEAKWEYFKIVGNRSLTFAEKKGKSSEWAKKYNVVD

EVASYNAYREKLKQEHRKNVSELVSGLPGAVKKVNELLDNENQTPRQLYVALRKLGK

QNPVLYRVVEFVNLVVRFRREDSDEQEQREMLSTLPFSENNEEQDLGEQDFQYIYGF

ECARFIFQNGRMFGLNTDRRY
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The antigen encoded by SEQ ID NO: 3 was isolated from
Cylicocyclus nassatus.

SEQ ID NO: 4
Catgaagaacttegtegtcaccategteattecacttttaccaccetatetecacaat
gtgagctgtgaagecaaatgggaatacttcaagattgtggggaacaggagettgact
tttgctgaaaagaagggaaaaagtagegagtgggcaaaaaaatacaatgttgtggat
gaagttgcaagttacaatgectatagagaaaaacttaageaggagcacaggaaaaac
gttagegaacttgtttetggtetteceggtygetgtgaagaaagtaaacgaactettyg
gataatgagaatcagactectaggeaactttacgttygetetaagaaagettggtaaa
caaaatccagtactctacegtgttgtegagtttgtecaatttggttgtgagatttaga
cgtgaagatteggatgagcaagaacaacgagaaatgetgteaactttaccttteage
gaaaataatgaagagcaggaccttggtgaacaagacttecagtacatctatggtttt
gaatgtgcaagattcatctttcaaaatgggagaatgtttggactcaacacggataga
agatat

SEQ ID NO: 5
SCVAKWEYFKIVINRSLTFAQRKEEISKWAKKYKVEDEVASYNAYREKLKQOHRKNYV

SELVSNLPGAVERVNKLLDNENQTPKQLYLALRELGKONPALYHVVEYVNVVVRLKR
EELDQQODQRRALSGSLFGENNDNLEEQDFGEEDFRYVYGFECARF ILONGRMFGLNM
DRNY

30
The antigen encoded by SEQ ID NO: 5 was isolated from
Coronocyclus coronatus.

SEQ ID NO: 6
Agctgtgtggctaagtgggagtacttcaagatcgtgatgaacaggagtetgacgttt
gctcaaagaaaggaagaaattagcaagtgggcgaaaaaatacaaagttgaggatgaa
gttgcaagctacaatgcttatagagaaaaactcaagcagcagcacaggaaaaacgtt
agcgaacttgtttetagtcttcecggtgcaatggaaagagtgaacaaacttttggac
aatgaaaaccagacccctaagcaactttaccttgecctacgagaacttggcaaacaa
aatccggcactttaccatgttgtcgagtatgtcaatgtggttgtgagacttaaacga
gaagaattggatgaacaagatcaatgaagagcgctgtegggttcactttttggegay
aataacgacaatctagaagagcaggactttggtgaagaagactttegctatgtetat
gggtttgaatgtgcaagattcatccttcaaaatggaagaatgtttggtctaaacaty
gataggaattat

SEQ ID NO: 7
GEEDREEHRRHHRHSLLPPYLHNVSCVAKWEYFRIVGNRSLTFAEKKKEISEWAKKY

NVLDEVASYNAYREKLKQEHRKNVSELVSDLPKAVKKVNDLLDNENQTPRQLYVALR
ELGRONPTLYRIVEYINVAVRRRSEELDEQEQGRRLSALPFGDNNDNLEEQDFGEQD

FRYVYGFECARFLLONGRMFGLNTDERD

The antigen encoded by SEQ ID NO: 7 was isolated from
Cyathostomum catinatum.

SEQ ID NO: 8
Gaggatcgtgaagaacatcgecgtcaccategteattcactettgecaccatatete

cacaacgtgagcetgtgtggecaaatgggaatactttagaattgtggggaacaggagt
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ttaacgtttgctgagaaaaagaaagaaattagcgagtgggcaaaaaaatacaatgtt

ctggatgaagtagecaagetacaatgettatagggaaaaactcaagcaggagcacaga
aaaaacgttagecgaacttgtttetgatetteccaaggeagtaaagaaagteaacgat
cttctagacaatgaaaatcagactectaggeaactttatgttgeccttagagagett
ggtagacaaaatcegacactttaccgtattgtegagtacatcaatgtggetgtaagg
cgaagaagtgaagaactggatgageaagaacaaggaagaaggetgteagetttacet
tteggcgacaacaacgataatttggaagageaggactteggtgaacaagactttege
tatgtctacggetttgagtgtgcaagatttetecttecaaaatggaagaatgttegga

ctcaacacagatgaaagagat

SEQIDNOS9,11,13,15,17,19,21,23,25,27,29,31,33,
and 35 have been translated into amino acid sequences by
removing the non-coding regions (introns) identified by com-
parison with the coding sequence of Gala-1. 20

The antigen encoded by SEQ ID NO: 9 was isolated from
Cylicocyclus ashworthi.

SEQ ID NO: 9
ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTAGTTCTGGCCCAAGGT

GTCATGGACCTTTTTGGTGAAGAGGGT CGTGAAGAACATCGCCGTCACCATCGTCAT

TCACTCTTACCACCATATCTCCACAACGTGAGCTGTGTGGCTAAATGGGAGTACTTC

AARAATTGTAGGGAACAGGAGTTTAACGTTTGCTGAGAAAANAGAAGARATTAGCCAG

TGGGCAAAAAAATACAATGTTGTGGTAAGCTTTTCTGAATTAATGTARATACACTCG

CATGCTGGCCTTTTTAGGATGAAGT TGCAAGCTACAATGCTTACAGGGAGARACTCA

AGCAGGAGCACAGAAAAAACGTTAGCGAACTTGTTTCTGCTCTTCCAAACGCAGTAA

AGAAAGTCAACAATCTTCTAGACAATGAAAATCAGACTCTTAGGCAACTTTACGTTG

CCCTTAGAGAACTTGGTAGACAAAATCCGGCAGTAAGTAGAAAGAGCTGCACTCCTG

GGCTTAATAAARACAAATTATTTAAGCTTTACCGTATTGTCGAGTACATCAATGTGGC

TGTAAGACGAAGAAGTGAAGGACTGGATGAGCAAGAACAACGAAGAAAGCTATCAGC

TTTACCTTTCGGCGACAACAACGATAATATGGAAGAGCAGGACTTCGGTGAACARAGA

CTTTCGCTATGTCTACGGCTTTGAGTGTGCAAGATTTCTCCTTCAAAATGGAAGAAT

GTTTGGGCTCAACACAGATGARAGAGATTAGCAAAGAATCAATTGTAGT TCAAAGCG

GTAGAGTTTGAGCTGCAAACTCAGCATGCCATCATCACCTCCT

SEQ ID NO: 10 (i.e., SEQ ID NO: 9 translated)
MNKTLTFLTVVSAVVLAQGVMDLFGEEGREEHRRHHRHSLLPPYLHNVSCVAKWEYF

KIVGNRSLTFAEKKEEI SQWAKKYNVVDEVASYNAYREKLKQEHRKNVSELVSALPN
AVKKVNNLLDNENQTLRQLYVALRELGRONPALYRIVEYINVAVRRRSEGLDEQEQR

RKLSALPFGDNNDNMEEQDFGEQDFRYVYGFECARFLLONGRMFGLNTDERD

The antigen encoded by SEQ ID NO: 11 was isolated from
Cyathostomum catinatum.

SEQ ID NO: 11
ATGAACAARAACGTTAACATTTCTCACAGTCGTTAGTGCCGTAGTCCTGGCT

CAAGGTGTCATGGACCTTTTTGGTGAAGAAGGCCGTGAAGAACATCGCCG

TCACCGTCGTCATTCACTCTTGCCACCATATCTCCACAACGTGAGCTGTGT



US 8,663,939 B2
9 10

-continued
GGCTAAATGGGAATACTTCAGAATTGTGGGGAACAGGAGTTTGACGTTTG

CTGAGAAAAAGGAAGAGATTAGCGAGTGGGCAAAAAAGTACRATGTTGT
GGTAAGCTTTTCTGAATTGATGTAAATACACTCGCATGCTGGCCTTTTTAG
GATGAAGTTGCAAGCTACAATGCTTACAGGGAAARACTCAAGCAGGAGC
ACAGAAAAAACGTTAGCGAACTTGTTTCTGCTCTTCCAAACGCAGTARAAG
AAAGTCAACGATCTTCTAGACAATGAAAATCAGACTCCTAGGCAACTTTA
CGTTGCCCTTAGAGAACTTGGTAGACAAAATCCGGCAGTAAGTCGAAAGA
GCTGCACTCTTGGGCATAAGTAARAAAAAAGTATTTTAGCTTTACCGTATTG
TGGAGTACATCAATGTGGCTGTAAGACTAAGAAGTGAAGAAGTGGATGA
GCAAGAACAACGAAGAAGGCTATCAGCTTTACCTTTTGGTGACCATAACG
ATAATATGGAAGAGCAGGACTTTGGTGATCAAGACTTTCGCTATGTCTAC
GGCTTTGAGTGTGCAAGATTTCTCCTTCAAAATGGARGAATGT TTGGACTT
AACACAGATGAAAGATATTAGTAAARATTAACTGTAGCTCAAAGCGGTAG
AGTTTGAGCTGCAAACTCAGCATGCCATCATCACCTCCT

SEQ ID NO: 12 (i.e.,SEQ ID NO: 11 translated)
MNKTLTFLTVVSAVVLAQGVMDLFGEEGREEHRRHRRHSLLPPYLHNVSCVAKWEYF

RIVGNRSLTFAEKKEEI SEWAKKYNVVDEVASYNAYREKLKQEHRKNVSELVSALPN
AVKKVNDLLDNENQTPRQLYVALRELGRONPALYRIVEYINVAVRLRSEEVDEQEQR

RRLSALPFGDHNDNMEEQDFGDQDFRYVYGFECARFLLONGRMFGLNTDERY

The antigen encoded by SEQ ID NO: 13 was isolated from
Cylicostephanus goldi.

SEQ ID NO: 13
ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTAGTCCTGGCTCAAGGT

GTCGTGGACCTTTT TGGTGAAGAGGGT CGTGAAGAACATCGCCGTCACCATCGTCAT

TCACTCTTACCACCATATCTCCACAACGTCAGCTGTGTGGCTAAATGGGAATACTTC

AAAATTGTGGGGAATAGGAGT TTGACATT TGCTGAGAAAAAGAAAGARATTAGCGAG

TGGGCTAAAAAATACAATGTAGTGGTAAGCTTTTTTGACTTGATGTARATGCACTCG

TATGCCGGCCCTTTTAGGATGAAGT TGCAAGGTACAATGCTTATAGAGAAARACTTA

AGCAGGAACACAGGAAAAACGTCAGCGAACTTGTTTCTGATCTTCCCAACGCAGTAA

AGAAAGTGAATGATCTCCTGGACAATGAGAATCAAACTCCTAGGCAACTTTACATTG

CCCTCAGAGAACTTGGTAGACAARATCCAGAAGTAAGT TGARAGTGCTGCAATTTTA

GGCTTAGATARAACAGTTGTTTAAGCTTTACCGTGTTGTCGAGTTTATCAATGTGGC

TGTAAGAATAAGACGTGAAGATTTGGATGAGCAAGAACAACGAACAAGGCTGTCAAC

TTTACCTTTTGGCGACAACAACGACAATTTCGAAGAGCAAGACTT CGGTGAACAAGA

CTTTCGCTATGTCTATGGCTT TGAGTGTGCAAGATTTCTCCTTCAAAATGGAAGAAT

GTTTGGACTTAACACGGATAGAAGATAC

SEQ ID NO: 14 (i.e., SEQ ID NO: 13 translated)
MNKTLTFLTVVSAVVLAQGVVDLFGEEGREEHRRHHRHSLLPPYLHNVSCVAKWEYF

KIVGNRSLTFAEKKKEI SEWAKKYNVVDEVARYNAYREKLKQEHRKNVSELVSDLPN

AVKKVNDLLDNENQTPRQLYIALRELGRONPELYRVVEFINVAVRIRREDLDEQEQR

TRLSTLPFGDNNDNFEEQDFGEQDFRYVYGFECARFLLONGRMFGLNTDRRY
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The antigen encoded by SEQ ID NO: 15 was isolated from

Cylicostephanus goldi

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTAGTCC
TGGCCCAAGGTGTCATGGACCTTCTTGATGAAGAGGCT CGTGGAGA
GCATCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCAC
AACGTGAGCTGTGTGGCTAAATGGGAATACTTCARAATTGTGGGGA
ACAGGAGTTTGACGTTTGCTGAGAAAAAGAAAGARATTAGCGAGTG
GGCAAAAAAATACAACGTTGTGGTAAGCTTTTGTGACTCGATGTAG
ATACCCCAGATATTCTAGATACCCATGCTGGCCTTTTTAGGATGAA
GTTGCAAGCTACAATGCTTATAGAGAAAAACTCAAGCAGGAACACA
GGAAAAACGTTAGCGAACTTGTATCTGATCTTCCCAATGCAGTGAA
GAAAGTGAATGATCTCCTGGACAATGAGAATCAAACTCCTAGGCAA
CTTTACGTTGCCCTCAGAGAACTTGGTAGACAAAATCCAGCAGTAA
GTTGAAAGTGCTGCAATTTCAGGCTTAGATAAAACAGTTGTTTAAG
CTTTACCGTGTTGTCGAGCTCATCAATGTGGCTGTAAGATTAAGAC
GTGAAGATTTGGATGAGCAAGAACAACGAACAAGGCTGTCAACCTT
ACCTTTTGGCGACAACAACAACAATTTCGATGAGCAGGACTTCGGT
GAACAAGACTTTCGCTATGTCTATGGCTTTGAGTGTGCAAGATTTC
TCCTTCAAAATGGAAGAATGTTTGGACTTAACACGGATAGAAGATA
CTAGTAAGAGTCAACTGTAGCTCAAAGTGGTTCGAGCTACGAACAG
CATGCCATCATCACCTCCT

SEQ ID NO: 16 (i.e., SEQ ID NO:
MNKTLTFLTVVSAVVLAQGVMDLLDEEARGEHRRHHRHSLLPPYLH
NVSCVAKWEYFKIVGNRSLTFAEKKKE IS EWAKKYNVVDEVASYNA
YREKLKQEHRKNVSELVSDLPNAVKKVNDLLDNENQTPRQLYVALR
ELGRQNPALYRVVELINVAVRLRREDLDEQEQRTRLSTLPFGDNNN
NFDEQDFGEQDFRYVYGFECARFLLQNGRMFGLNTDRRY

15

15 translated)

The antigen encoded by SEQ ID NO: 17 was isolated from

Cylicostephanus goldi

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTTGTCC
TGGCGCAAGGTGTCATGGCCCTATTTGGTGAAGAGAGT CGTGAAGA
ACACCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCAC
AACGTGAGCTGTGTGGCTAAATGGGAGTACTTCAAAAT TGTGGGGA
ACAGGAGTTTGACGTTTGCTGAGAAAAAGAAAGAAATCAGCGAGTG
GGCTAAAAAATACAATGT TGTGGTAAGCTTTTTTGACTTGATGTAA
ATGCACTCGCATGCCGGCCTTTATAGGATGAAGTTGCAAGCTACAA
TGCTTATAGAGAAARACT CAAGCAGGAACACAGGAAAAACGTTAGC
GAACTTGTTTCTGATCTTCCCAACGCAGTAAAGAAAGT CAGCGATC
TTTTGGACAACGAARATCAGACTTCTAGGCAACTTTATGT TGCACT
CAGAGAACTTGGTAGACAAAATCCGGCAGTAAGTTGAAGAGGCTCC
AATTTTGGGCTCAAGCAAAAATAATTATTTTAGCTATACCGTGTCG
TCGAGTATATCAATGTGGCTGTGAGAT TAAGACGAAAAGAACAGGA
TGAACAAGAACGACAAGGAACGCTGTCAGCTCTACCTT TTGGCGAG
AATAACGACAATTTGGAAGAGCAGGACTTTGGTGAACAAGACTTTC
GCTATGT CTATGGCTTTGAGTGTGCAAGATTTCTCCTTCAAAATGG
AAGAATGTTTGGACTCAACACGGATAGAAGATACCAGTAAGAGTCA
ACTGTAGCTCAAAGTGGGTTTGAGCTACGAACAGCATGCCATCATC
ACCTCCT

SEQ ID NO: 18 (i.e., SEQ ID NO:
MNKTLTFLTVVSAVVLAQGVMALFGEESREEHRRHHRHSLLPPYLH
NVSCVAKWEYFKIVGNRSLTFAEKKKEISEWAKKYNVVDEVASYNA
YREKLKQEHRKNVSELVSDLPNAVKKVSDLLDNENQTSRQLYVALR
ELGRONPAVYRVVEYINVAVRLRRKEQDEQERQGTLSALPFGENND
NLEEQDFGEQDFRYVYGFECARFLLONGRMFGLNTDRRY

17

17 translated)

The antigen encoded by SEQ ID NO: 19 was isolated from

Cylicostephanus longibursatus

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCACCGTCGTCTATGCCGTAGTCC
TGGCCCAAGGTGTCATGGACCTTTTTGGTGAAGAGGGT CGTGAAGA
ACATCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCAC
AATGTGAGCTGTGTGGCTAAATGGGAATACTTCAAAAT TGTGGGGA
ACAGGAGTTTGACGTTTGCTGAGAAAAAGGAAGARATTAGCAAGTG
GGCAAAAAAATACAATGTTGTGGTACGCTTTTGTAACCCCGTATAA
TATACTCTCGCATACTGGCCGTTTCAGGATGAAGTTGCAAGCTACA
GTGCTTGCAGGGAAAAGCTTAAGCAGGAACACAGGAAARACGTTAG
CGAAATTGTTTCTAATCTTCCCAATGCAGTGAAGAAAGTARACGAT
CTTTTGGACAATGAAAATCAGACCCCCAGGCAACTTTACGTTGCCT
TCAGARAACTTGGTAAACAAAATCCGGCAGTAAGTTGARAGAGCTG
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CAATTTTGGGTTTGAGGAGAARARACTATTTTAGCT TTATCGTGTT
GTCGAGTATATCAATGTGC TTGTGAGACTAAGACGTGAAGAATTTG
ATGAAGATCAGCGAAGATCGCTGTCAGCTTTACCTTTTGGCGACAA
TAACGACGATTTGGAAGAGCAGGACTTTGGTGAACAGGACTTTCGC
TATATCTATGGCTTTGAGTGTGCAAGATTTATCCTTCARAATGGAA
GRAATGTTCGGACTCAACACGGATAGAAGATATTAGTAAGAGTCAAC
TGTAGCTCGAGGETTTGAGCTACGAACTGCATGC CATCATCACCTC
cT

SEQ ID NO: 20 (i.e., SEQ ID NO: 19 translated)
MNKTLTFLTVVYAVVLAQGVMDLFGEEGREEHRRHHRHSLLPPYLH
NVSCVAKWEYFKIVGNRSLTFAEKKEEISKWAKKYNVVDEVASYSA
CREKLKQEHRKNVSEIVSNLPNAVKKVNDLLDNENQTPRQLYVAFR
KLGKONPALYRVVEYINVLVRLRREEFDEDQRRSLSALPFGDNNDD
LEEQDFGEQDFRYIYGFECARFILQNGRMFGLNTDRRY

The antigen encoded by SEQ ID NO: 21 was isolated from
Cylicocyclus insigne.

SEQ ID NO: 21
ATGAACAAAACGTTAACATTTCTCACCGTCGTCTGTGCCGTAGTCC
TGGCCCAAGGTGTCATGGACCTTTTTGGTGAAGARAGGT CGTGAAGA
ACATCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCAC
AATGTGAGCTGTGTGGCTARATGGGAATACTTCARAAT TCTGGGGA
ACAGAAGTTTGACGTTTGCTGAGAAAAAGGAAAARATCAGCGAGTG
GGCAAAAAAGTACAATGTTGTGGTACGCTTTTGTAACTCCGTATAA
TATACCCTCGCATGCTGGCCGTTTCAGGATGAAGTTGCAAGCTACA
ATGCTTGCAGGGAAAAGCTTAAGCAGGAACACAGGAAAAACGTTAG
CGAAATTGTTTCTAATCTTCCCAATGCAGTAAAGAAAGTARACGAT
CTTTTGGACAATGAAAATCAGACTCCCAGGCAACTTTACGTTGCCC
TCAGAAAACTCGGTAAACAAAATCCGCCAGTAAGTTGAAAGACTGC
ARCTTTGGGTTTAAGGGAAAAAAACTATTTTAGCTTTACCGCGTTG
TCGAGTATATCAATGTGGTTGTGAGACTAAGACGTGAAGAATCTGA
TGAAGAACAACGAAGAACGCTGTCAGCTTTACCTTTTGGCGACAAT
AACGACAACTTGGAAGAGCAAGACTTTGGTGAAGAAGACTTTCGCT
ATATTTATGGCTTTGAGTGTGCAAGATTTATCCTTCAAAATGGGAG
AATGTTCGGACTCAACACGGATAGAAGATATCAGTAAGAGTCAACT
GTAGCTTAAAAGTTTGAGCTACGAACAGCATGCCATCATCACCTCC
T

SEQ ID NO: 22 (i.e., SEQ ID NO: 21 translated)
MNKTLTFLTVVCAVVLAQGVMDLFGEEGREEHRRHHRHSLLPPYLH
NVSCVAKWEYFKILGNRSLTFAEKKEKISEWAKKYNVVDEVASYNA
CREKLKQEHRKNVSEIVSNLPNAVKKVNDLLDNENQTPRQLYVALR
KLGKONPPLYRVVEYINVVVRLRREESDEEQRRTLSALPFGDNNDN
LEEQDFGEEDFRYIYGFECARFILQNGRMFGLNTDRRY

The antigen encoded by SEQ ID NO: 23 was isolated from
Cylicostephanus longibursatus.

SEQ ID NO: 23
ATGAACAAAACGTTAACATTTCTCACCGTCGTCTATGCCGTAGTCC
TGGCCCAAGGTGTCATGGACCTTTTTGGTGAAGAGGGT CTTGAAGA
ACATCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCAC
AATGTGAGCTGTGTGGCTAAATGGGAATACTTCARAAT TCTGGGGA
ACAGGAGTTTGACGTTTGCTGAGAAAAAGGAAAARATCAGCGAGTG
GGCAAAAAAGTACAATGTTGTGGTACGCTTTTGTAACTCAGTATAA
TATATCCTCGCATACTGGCCGTTTCAGGATGAAGTTGCAAGCTACA
ATGCTTGCAGGGAAAAGCTTAAGCAGGAACACAGGAAAAACGTTAG
CGAAATTGTTTCTAATCTTCCCAATGCAGTGAAGAAAGTARACGAT
CTTTTGGACAATGAAAATCAGACCCCCAGGCAACTTTACGTTGCCC
TCAGAAAACTTGGTAAACAAAATCCGGCAGTAAGTTGARAGAGCTG
CRAATTTTGGGTTTGAGGAAAAAARAACTATTTTAGCTTTATCGTGTT
GTCGAGTATATCAATGTGCTTGTGAGACTAAGACGTGAAGAATTTG
ATGAAGATCAGCGAAGATCGCTGTCAGCTTTACCTTTTGGCGACAA
TAACGACGATTTGGAAGAGCAGGACTTTGGTGAACAGGACTTTCGC
TATATCTATGGCTTTGAGTGTGCAAGATTTATCCTTCAAAATGGAA
GAATGTTCGGACTCAACACGGATAGAAGATATTAGTAAGAGT CAAC
TGTAGCTCAAGGGTTTGAGCTACGAACTGCATGCCATCATCACCTC
CT

SEQ ID NO: 24 (i.e., SEQ ID NO: 23 translated)
MNKTLTFLTVVYAVVLAQGVMDLFGEEGLEEHRRHHRHSLLPPYLH
NVSCVAKWEYFKILGNRSLTFAEKKEKISEWAKKYNVVDEVASYNA
CREKLKQEHRKNVSEIVSNLPNAVKKVNDLLDNENQTPRQLYVALR
KLGKONPALYRVVEYINVLVRLRREEFDEDQRRSLSALPFGDNNDD
LEEQDFGEQDFRYIYGFECARFILQNGRMFGLNTDRRY
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The antigen encoded by SEQ ID NO: 25 was isolated from

Cylicocyclus nassatus.

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCATCGTCGTTAGTGCCGTAGTCC
TGACCCAAAGTGTTATGGACTTTTTCGATGAAGACGGT CGTGAAGA
ACATCGCCGTCATCATCGTCATTCCCTTTTACCACCGTATCTCCAC
AATATGAGCTGCGTGGCCAAATGGGAATACTTCGAGATTGTGGGGE
ACAGGAGTCTGACGTTTGCTGAAAAGAAGGAARARAATCGGCGAGTG
GGCTAAAAAATACAATGT TGTGGTAAGATTTTGTAACTCTATGTAA
AGATACCCCCGTACGTCGCCCTGTTTAGGATGAAGTTGCAAGCTAC
AATGCTTATAGAGAAAAACTAAAGCAGGAGCACAGGAAAAACGTTA
GCGAGCTTGTCTCTGGTCTTCCCAATGCTGTGAAGAAAATAAACGA
ACTTTTAGACAATGAAAATCAGACTGTTAGGCAACTTTATGTTGCT
TTAAGAGAACTTGGTAAACAAAATCCAGCAGTAAGTTAAAAGAAGT
GCAATTTTGGGCTTAACTAATGAGACAATTTTAGCTCTACCGTGTT
GTCGAGTATATCAATGTGGTTGTGAGACTTAGACGTGAAGATTTGG
ATGAGCAGGAACAACAGAGAACGCTGTCAACCCCACCTTTCGGCGA
GAATAACGAAGAGCAAGACTTTGGTGAACAAGACTTTCACTATATC
TATGGTTTTGAGTGTGCCAGATTCATCCTTCAAAATGGAAGAATGT
TTGGACTTAACACGGATAGAAGATATTAGTAAGAGTTAACTGCAGC
TCAATGTGATAGAGATTGAGCCACAACCCAACATGCCATCATCACC
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GCAGGAAAAACGAAGAACGCTGTCAACCTCACCTTTCGGCGAGAAT

AACGAAGAGCAGGACCTTGGTGAACAAGATTTTCACTATATCTATG
GCTTTGAGTGTGCAAGATTCATCCTTCAAAATGGAAGAATGT TTGG
ACTTAACACGGATAGAAGATATTAGTAAAATTTGACTGCAGCTCAA
AGTGGTAGAGATTGAGCTACCAACCCAACATGCCATCATCACCTCC
T

SEQ ID NO: 30 (i.e., SEQ ID NO: 29 translated)
MNKTLTFLIAVSAIVLAQSMDFFDEDGREEHRRHHRHSLLPPYLHN
MSCAAKWEYFEIVGDRSLTFAEKKEKIGEWAKKYNVVDEVASYNAC
REKLKQEHRKNVSELVSGLPNAVKKVNELLDNENQTVRQLYVALRE
LGKQNPALYRVVEYINVAVRLRREDSDEQEKRRTLS TSPFGENNEE

QDLGEQDFHYIYGFECARFILQNGRMFGLNTDRRY

The antigen encoded by SEQ ID NO: 31 was isolated from

Cyathostomum pateratum.

SEQ ID NO:

ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTAGTTCT

TCCT

SEQ ID NO: 26 (i.e., SEQ ID NO: 25 translated)
MNKTLTFLIVVSAVVLTQSVMDFFDEDGREEHRRHHRHSLLPPYLH
NMSCVAKWEYFEIVGDRSLTFAEKKEKI GEWAKKYNVVDEVASYNA
YREKLKQEHRKNVSELVSGLPNAVKKINELLDNENQTVRQLYVALR
ELGKQNPALYRVVEYINVVVRLRREDLDEQEQQRTLSTPPFGENNE
EQDFGEQDFHYIYGFECARF I LONGRMFGLNTDRRY

The antigen encoded by SEQ ID NO: 27 was isolated from

Cylicocyclus nassatus.

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCATCGTCGTTAGTGCCATAGTCC
TGGCCCAAAGTGTTATGGACTTTTTCGATGAAGAAGGT CGTGAGGG
ACATCGCCGTCATCATCGTCATTCACTTTTACCACCATATCTCCAC
AATATGAGCTGCGTGGCCAAATGGGAATACTTCGAGAT TGTGGGGG
ACAGGAGTCTGACGTTTGCTGAAAAGAAGGAARAAATCGGCGAGTG
GGCTAAAAAATACAATGT TGTGGTAAGATTTTGTAACTCCATGTTA
GGATACCTCCGCACGTCGCCCTGTTTAGGATGAAGT TGCAAGCTAC
AATGCTTATAGAGAAAAACTAAAGCAGGAGCACAGGAAAAACGTTA
GCGAGCTTGTCTCTGGTCTTCCCAATGCTGTGAAGAAAGTAAACGA
ACTTTTAGACAATGAARATCAGACTGT TAGGCAACTTTATGTTGCT
TTAAGAGAACTTGGTAAACAAAATCCAGCAGTAAGT TAAAAGAAGT
ACAATTTTGAGCTCAACTAATGAGACAATTTTAGCTCTACCGTGTT
GTCGAGTATATCAATGTGGT TGTGAGACT TAGACGTGAAGATTCGG
ATGAGCAGGAACAACGAAGAACTCTGTCAACCTCACCTTTCGGCGA
GAATAACGAAGAGCAAGATTTTGGTGAACAAGATTTTCACTATATC
TATGGTTTTGAGTGTGCAAGATTCATCCTTCAARAATGGAAGAATGT
TTGGACTCAATACGGATAGAAGATAT

SEQ ID NO: 28 (i.e., SEQ ID NO: 27 translated)
MNKTLTFLIVVSAIVLAQSVMDFFDEEGREGHRRHHRHSLLPPYLH
NMSCVAKWEYFEIVGDRSLTFAEKKEKIGEWAKKYNVVDEVASYNA
YREKLKQEHRKNVSELVSGLPNAVKKVNELLDNENQTVRQLYVALR
ELGKQNPALYRVVEYINVVVRLRREDSDEQEQRRTLSTSPFGENNE
EQDFGEQDFHYIYGFECARFILQNGRMFGLNTDRRY

27

The antigen encoded by SEQ ID NO: 29 was isolated from

Cylicocyclus nassatus.

SEQ ID NO:
ATGAACAAAACGTTAACATTTCTCATCGCCGTTAGTGCCATAGTCC
TGGCCCAAAGTATGGACTTTTTCGATGAAGACGGTCGTGAAGAACA
TCGCCGTCATCATCGTCATTCACTTTTACCACCATATCTCCACAAT
ATGAGCTGCGCGGCCAAATGGGAATACTTCGAGATTGTAGGGGACA
GGAGTCTGACGTTTGCTGAAAAGAAGGAAAARATCGGCGAGTGGGC
TAAAARATACAATGTTGTGGTAAGATTTTGTAACTCCATGTAAAGA
TACCCCTCCATGTCGTCCCGTTTAGGATGAAGT TGCAAGCTACAAT
GCTTGCAGAGAAAAACTGAAGCAAGAGCACAGGARAAACGTCAGCG
AGCTTGTCTCTGGTCTTCCCAATGCTGTGAAGAAAGTAAACGAACT
TTTAGACAATGAAAATCAGACTGTTAGGCAACTTTATGTTGCTTTA
AGAGAACTTGGTAAACAAAATCCAGCAGTAAGTTGAAAGAAGTGCA
TTTTGGGCTTAACTAACGAGACAATTTTAGCTCTACCGTGTTGTCG
AGTATATCAATGTGGCTGTGAGACTTAGACGTGAAGAT TCGGATGA
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GGCCCAAGGTGTCATGGACCTTTTTGGTGAAGAGGGTCGTGAAGAAL
ATCGTCGTCACCATCGTCATTCACTCTTACCACCATATCTCCACAAT
GTGAGCTGTGAGGCTAAATGGGAGTACTTCAAAATTGTGGGGAACAG
GAGTTTGACGTTTGCTGAGAAAALGGAGAAAATTAGCGAGTGGGCAA
AAAAATACAATGTTGTGGTAAGCTTTTTTGAATTGATGTAAATTCAC
TCGCATGCTGGCCTTTTTAGGATGAAGT TGCAAGCTACAATGCTTAC
AGGGAAAAACTCAAGCAGGAGCACAGAAAAAACGTTAGCGAACTTGT
TTCTGCTCTTCCAAACGCAGTAAAGAARGTCAACGATCTTCTAGACA
ATGAAAATCAGACTCTTAGGCAACTTTACGTTGCCCTTAGAAAACTT
GGTAGACAAAATCCGGCAGTAAGTCGAAAGAGCTGCGTCCTTGGACT
TAAGCGGAAAAATTATTTCAGCTTTACCGTATTGTCGAGTACATTAA
TGTGGCTGTAAGACTAAGAAGTGAAGAAGTGGATGAGCAAGAACAAC
GAAGAAGGCTGTCAGCTCTACCTTTTGGCGACCATAACGATAATTTG
GAAGAGCAGGACTTCGGTGAACAAGACTTTCGCTATGTCTATGGCTT
TGAGTGTGCAAGATTTCTCCTTCAARATGGAAGAATGTTCGGACTCA
ACACGGATGGAAGATATTAGTAAGAAACAAGTGTAGCTCAAAGTGGT
AGAGTTTGAGCTACGAACTCAACATGCCATCATCACCTCCT

SEQ ID NO: 32 (i.e., SEQ ID NO:
MNKTLTFLTVVSAVVLAQGVMDLFGEEGREEHRRHHRHS LLPPYLHN
VSCEAKWEYFKIVGNRSLTFAEKKEKISEWAKKYNVVDEVASYNAYR
EKLKQEHRKNVSELVSALPNAVKKVNDLLDNENQTLRQLYVALRKLG
RONPALYRIVEYINVAVRLRSEEVDEQEQRRRLSALPFGDHNDNLEE
QDFGEQDFRYVYGFECARFLLONGRMFGLNTDGRY

31

31 translated)

The following sequences (SEQ ID NOS: 33 and 35) represent
Cyathostomin  GALA sequences obtained from cDNA

clones.

The antigen encoded by SEQ ID NO: 33 was isolated from

Cylicostephanus goldi.

SEQ ID NO:

ATGAACAAAACGTTAACATTTCTCACAGTCGTTAGTGCCGTTGTCCT
GGCCCAAGGTGTCATGGCCCTATTTGGTGAAGAGAGTCGTGAAGAAC
ACCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCACAAC
GTGAGCTGTGTGGCTAAATGGGAGTACTTCAAAATTGTGGGGAACAG
GAGTTTGACGTTTGCTGAGAAAAAGAAAGAAATCAGCGAGTGGGCTA
AAAAATACAATGTTGTGGATGAAGTTGCAAGCTACAATGCTTATAGA
GAAAAACTCAAGCAGGAACACAGGARAAACGTTAGCGAACTTGTTTC
TGATCTTCCCAACGCAGTAAAGAAAGTCAACGATCTTTTGGACAACG
AAAATCAGACTTCTAGGCAACTTTATGTTGCACTCAGAGAACTTGGT
AGACAAAATCCGGCACTATACCGTGTCGTCGAGTATATCAATGTGGC
TGTGAGATTAAGACGAAAAGAACAGGATGAACAAGAACGACAAGGAA
CGCTGTCAGCTCTACCTTTTGGCGAGAATAACGACAATT TGGAAGAG
CAGGACTTTGGTGAACAAGACTTTCGCTATGTCTATGGCTTTGAGTG
TGCAAGATTTCTCCTTCAAAATGGAAGAATGTTTGGACT CAACACGG
ATAGAAGATACCAGTAAGAGTCAACTGTAGCTCAAAGTGGGTTTGAG
CTACGAACAGCATGCCATCATCACCTCCT

SEQ ID NO: 34 (i.e., SEQ ID NO:
MNKTLTFLTVVSAVVLAQGVMALFGEESREEHRRHHRHSLLPPYLHN
VSCVAKWEYFKIVGNRSLTFAEKKKEISEWAKKYNVVDEVASYNAYR
EKLKQEHRKNVSELVSDLPNAVKKVNDLLDNENQTSRQLYVALRELG
RONPALYRVVEYINVAVRLRRKEQDEQERQGTLSALPFGENNDNLEE
QDFGEQDFRYVYGFECARFLLONGRMFGLNTDRRY

33

33 translated)
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The antigen encoded by SEQ ID NO: 35 was isolated from
Cylicostephanus longibursatus.

SEQ ID NO: 35
C.1lon91-GALA
ATGAACAAAACGTTAACATTTCTCACCGTCGTCTATGCCGTAGTCCT
GGCCCAAGGTGTCATGGACCTTTTTGGTGAAGAGGGTCGTGAAGAAL
ATCGCCGTCACCATCGTCATTCACTCTTACCACCATATCTCCACAAT
GTGAGCTGTGTGGCTAAATGGGAATACTTCAAAATTCTGGGGAACAG
GAGTTTGACGTTTGCTGAGAARAAGGARAAAATCAGCGAGTGGGCRA
AGAAGTACAATGTTGTGGATGAAGTTGCAAGCTATAATGCTTGCAGG
GAAAAGCTTAAGCAGGAACACAGGAAARACGTTAGCGAAATTGTTTC
TAATCTTCCCAATGCAGTGAAGARAGTAAACGATCTTTTGGACAATG
AARAATCAGACCCCCAGGCAACTTTACGTTGCCCTCAGAAAACTTGGT
AAACAAAATCCGGCACTTTATCGTGTTGTCGAGTATATCAATGTGCT
TGTGAGACTAAGACGTGAAGAATTTGATGAAGATCAACGAAGATCGC
TGTCAGCTTTACCTTTTGGCGACAATAACGACGATTTGGAAGAGCAG
GACTTTGGTGAACAGGACTTTCGCTATATCTATGGCTTTGAGTGTGC
AAGATTTATCCTTCAAAATGGAAGAATGTTCGGAATCAACACGGATA
GAAGATATTAGTAAGAGTCAACTGTAGCTCAAGGGTTTGAGCTACGA
ACTGCATGCCATCATCACCTCCT

SEQ ID NO: 36 (i.e., SEQ ID NO: 35 translated)
MNKTLTFLTVVYAVVLAQGVMDLFGEEGREEHRRHHRHSLLPPYLHN
VSCVAKWEYFKILGNRSLTFAEKKEKI SEWAKKYNVVDEVASYNACR
EKLKQEHRKNVSEIVSNLPNAVKKVNDLLDNENQTPRQLYVALRKLG
KONPALYRVVEYINVLVRLRREEFDEDQRRSLSALPFGDNNDDLEEQ
DFGEQDFRYIYGFECARFILQONGRMFGINTDRRY

Each of'the proteins provided by SEQ IDNO: 1,3, 5,7, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, and 36 (or
encoded by the nucleic acid sequences of SEQ IDNOS: 2, 4,
6,8,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33, and 35)
may be classified as a member of the “keratin-like” proteins
although, because they lack the glycine-rich domains charac-
teristic of other KLP proteins and are localised to the gut of
larval cyathostomin, the inventors have chosen to designate
these proteins cyathostomin gut-associated larval antigens
(Cy-GALA).

Using any of the Cy-GALA sequences described herein,
one of skill in the art could readily identify related or homolo-
gous sequences in other species, such as, for example, other
cyathostomin spp. etc. For example, the nucleic acid
sequence encoding these proteins could be used to probe for
homologous sequences in other cyathostomin species.

Other potentially useful cyathostomin larval antigens
include those encoded by the following sequences, desig-
nated SEQ ID NOS: 37-58. (SEQ ID NOS: 37, 43, and 45 are
amino acid sequences and SEQ ID NOS:38-42, 44, 46-58 are
nucleic acid sequences, SEQ ID NOS: 38, 44, and 46 encod-
ing SEQ ID NOS: 37, 43, and 45 respectively). It should be
understood that the invention further encompasses proteins,
peptides and amino acids having sequences encoded by SEQ
ID NOS: 39-42 and 46-58.

SEQ ID NO: 37 (CID-1):
REKARIIQDEYTKRMQQVTPQAQEFLAKWEKTWFTNVQQYSGDKKAF
FKOQMIELIPQLMEEVHGFSEETWKS LEEQFPEQTAAWNKDNEDRLKQF
YEFIKSLPKQDLAEDPEAFRKFAHLGLQKLLPIEALRA

SEQ ID NO: 38 (nucleic acid sequence encoding
CID-1)
AGGGAGAAGGCTAGAATTATTCAAGACGAATACACTAAACGTATGCA
GCAGGTCACACCACAAGCTCAGGAATTCCTGGCAAAATGGGAGAAGA
CATGGTTCACGAATGTGCAGCAATATAGCGGAGATAAGAAAGCTTTC
TTCAAGCAGATGATTGAGCTAATCCCTCAACTAATGGAGGAGGTTCA
TGGGTTCTCGGAAGAGACT TGGAAGAGCCTTGAGGAGCAATTCCCAG
AGCAGACAGCCGCATGGAAAGATAATGAGGATCGCCTAAAGCAATTT
TATGAGTTTATCRAAGAGCCTACCCAAGCAGGACTTAGCTGAGGATCC
GGAAGCATTCAGAAAGT TCGCTCACCTCGGACTCCAGAAACTTCTTC
CAATTGAAGCTCTCAGAGCT

CID antigens from other Cyathostomin organisms may
include those encoded by the genomic DNA sequences pro-
vided as SEQ ID NOS: 39-42 provided below.
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SEQ ID NO:

C.cat01-CID
TGGTCACACCACAAGCTCAGGAGTTCCTGGCCAAGGTAAGCTATTAC
CTTACCAGGGTGAGGGGAAAGAAGTTGGCAGCGGTCGGAAACCCGGT
AATCTACTGACTTTACCAATTATTTTCAGTGGGAGAAGACATGGTTC
ACGAATATACAGCAATACAGTGGAGACAAGCAAGCCTTCTTTAAGCA
GATGATTGAACTAATTCCTCAACTTATGGAGGAGGTTCAGGTAAGTT
AGCCGCAAAAATTTTTAACCAATGGTTGAGCTCGACATTTTTTCAGG
GATTCACAGAGGAGACTTGGAATAGCCTGAGGGAGCAATTCCCGGAG
CAGACAGCCGCATGGAAGGATCGTGAGTATCTTTCATAATTACTGTA
CTTGGAATTATACTTTACAATCATAATCCTACTCTTAGACGAGGATC
GCCTGAAGCAATTCTATGAGTTCATTAAGAGCCTACCCAAACAACARA
TTAGCTGAGGTGATTTTCATTGATTTTTCGAAAAATATATTTTTGAT
ACATTCTTTTTCAGGATCCGGAAGCTTTCAGAAAGTTCGCTCACCTC
G

SEQ ID NO:

C.cat02-CID
TTGTCACACCACAAGCTCAGGAGTTCCTGGCTAAGGTAAGCTATTAC
CTTACCAGGGTGAGGGGGAAGAAGTTGGGAGCGGTCGGAAACCCGGT
AATCTACTGACTTTACCAATTATTTTCAGTGGGAGAGGACATGGTTC
ACGAATATACAGCAATACAGTGGAGACAAGCAAGCCTTCTTTAAGCA
GATGATTGAACTAATTCCTCAACTTATGGAGGAGGTTCAGGTAAGTT
GGCCGCAAAAATTTTTAACCAATGGT TGAGCTCGACATTTTTTCAGG
GATTCACAGAGGAGACTTGGAATAGCCTGAGGGAGCAATTCCCGGAG
CAGACAGCCGCATGGAAGGATCGTAAGTATCTTTCATAATTACTGTA
CTTGGAATTATACTTTACAATCATAATCCTACTCTTAGACGAGGATC
GCCTGAAGCAATTCTATGAGTTCATTAAGAGCCTACCCAARACAACARA
TTAGCTGAGGTGATTTTCATTGATTTTTCGTACGAAAAATATATTTT
TGATACATTCTTTTTCAGGATCCGGAAGCTTTCAGAAAGTTCGCTCA
CCTCG

SEQ ID NO:

C.1on91-CID
AGGTCACACCACAAGCTCAGGAATTCCTGGCAAAGGTAAGCTATCAC
CTTACCAGGGTGAGGGGTAGAAGTTAGGAGCGAGGGAACCCGGTGAT
CTCTTATACCCATTACTTCAGTGGGAGAAGATATGGTTCACGAATGT
ACAGCAATATAGTGGAGACAAGCAAGCCTTCTTCAAGCAGATGATTG
AACTAATTCCTCAACTTATGGAGGAGGTACAGGTAAGTCAGCTAARG
TGATTTTAAGAAAAAATTAAGCCTGATTTTCCTTTCAGGGATTCTCA
GAGGAGACTTGGAATAGCCTTAAGGAGCAATTCCCTGAGCAGACAGC
CGCATGGAAGGATAGTGAGTATTTTTCATAATTACTGTACT TGGAAT
TATACTTTACAATCATAATCCTACCCTCAGACGAGGAGCGCCTGAAG
CAATTCTATGAGTTCATTAAGAGCCTACCCAAACAACAAATAGCTGA
GGTGATTTTCATTGATTTTTCGTACGAAAAGTATATTTTTAATACAT
TCTTTTGCAGGATCCGGAAGCCTTCAGAAAGTTCGCTCACCTCG

SEQ ID NO:

C.nas07-CID
AGGTCACACCACAAGCTCAGGAATTCCTGGCAAAGGTAAGCTACCAT
ATTTCGAGGGGGAGGGCAATT TTGGAGCGAGGGAGGAGAGGARAGGG
AGAGAAACACTGGTTGGGATCACTAACTCTACCCGCCACTTCCAGTG
GGAGAAGACATGGTTCACGAATGTGCAGCAATATAGCGGAGATARGA
AAGCCTTTTTCAAACAGATGATTGAGCTAATCCCTCAACTAATGGAA
GAGGTTCATGTAAGTCAACCAAAGTGGCTTTTAAGCGGAGATTARAC
TCGARATTTTTCTTCAGGGGTTCTCGGAGGAGACTTGGAAGAGCCTTG
AGGAGCAATTCCCAGAGCAGACAGCCGCATGGAAGGATAGTAAGCAT
TCTTCATAGCTCCCGCCTTTATCATTTATCTTCACGATAGTAATCTT
ATTTTTAGATGAGGATCGCCTGAAGCAATTTTATGAGTTCATCAAGA
GCCTACCCAAGCAGGACTTAGCTGAGGTAACTTTCATGGTTTTTTCC
TGAGCTGTARARATGCTTGCAACTAACAACTTTTCTAGGATCCGGAA
GCTTTCAGAAAGTTCGCTCACCTCG

SEQ ID NO: 43 (FAR-2):
KKESQGFFSIPVDNLRASPFLLQYIKEYIPDYKNAMEKFEDIPKQYR
DLIPEEVATHLKAITAEEKAVLKEVMKDYAKYKDEEEFLKALKEKSE
GLHEKASKLHNFIKGKVDALGDEAKAFVKKVIAAAREVHAKLLAGDK
PSLEDIKKKAKEHMGEFEKLSDDAKEDLKKNFPILTSVWTNEKTRAL
IDKYVEN

SEQ ID NO:
(FAR-2)

ATGCTTCGARATAACTTTCTTCCTTGCTCTCTTTGTTGTCTACACTTT
TTCTGCACCCTCTGGACCCGCTGAAGAGAAGATAGATGTGGAAAAAA
TGGAAAAATT TGAAGATATTCCARAGCAATATCGAGACCTTATTCCG
GAAGAGGTAGCTACACACCTCAAAGCCATCACCGCTGAAGAGAAAGC
TGTTCTAAAAGAGGTAATGAAGAATTATGCAAAGTACAAGAACGAGG
AGGAGTTTTTGGAAGCGTTGAAAGAAAAATCAGAGAGTTTGCATGAG
ARAGCCAGCAAACTTCACAATTT TATCAAAGGGAAGGTTGACGCACT
TGGAGATGAAGCAAAGGCATT TGTGAAGAAGGTTATCGCAGCTGCTC
GAGAAGTGCATGCCAAACTTCTTGCCGGGGACAAACCATCGCTTGARA

44 (nucleic acid sequence encoding
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-continued
GATATCARGAAGAAAGCCAAGGAGCATATGGCTGAATTCGAGAAACT
AAGCGATGATGCCAAGGAGGATC TCAARAAGAATTTCCCAATCCTTA
CTTCCGTCTGCACAAATGAGARAACAAGAGCGTTGATTGACAAATAT
GTGGAGAAC

SEQ ID NO: 45 (UNK-50a):
GKMSDLWTAISETNKVRLFNTLSLGIAGVLCITTAFIPVENQVVCAV
LITLLQGVIGFNSAGYNKAAVIVARQHAHLLLTCFGLIVTFVPLVQP
FIVQLVAPDHSWDQWFYLFVGHGLVLVIANLFFCLTIEAKPAAFTQK
TDSS

SEQ ID NO: 46
UNK-50a)
GGTARAATGTCAGATTTATGGACGGCAATAAGCGAAACAAATAAAGT
CCGCTTGTTCAACACCTTGTCGCTGGGAATTGCTGGCGTACTGTGTA
TAACTACTGCTTTCATTCCTGTGGARAATCAGGTTGTTTGCGCTGTT
TTAATCACGTTATTGCAAGGAGTTATCGGATTCAATTCAGCTGGATA
TAACAAAGCTGCAGTCATTGT TGCTAGGCAGCATGCTCATCTTCTGT
TGACCTGCTTTGGGCTCATTGTCACTTTTGTCCCCTTGGTGCAGCCA
TTCATAGTTCAACTTGTGGCCCCTGACCATAGCTGGGACCAATGGTT
TTATCTGTTTGTTGGGCATGGTCTCGTACTTGTTATAGCGAATTTAT
TCTTTTGTCTCACTATCGAGGCGAARCCGGCAGCGTTCACACAGARAA
ACTGATTCATCA

(nucleic acid sequence encoding

The following sequences represent nucleic acid sequences
encoding potentially useful EL3 antigens (or fragments or
portions thereof). As above, it should be understood that the in
addition to these nucleic acid sequences, the present invention
relates to amino acid sequences comprising sequences
encoded by SEQ ID NOS: 47-58 or derivatives, variants or
homologues thereof.

SEQ ID NO: 47
EL3sequencel
GGTTTAATTACCCAAGTTTGAGGTACTTTCTAAATCTGACCCGATCAA
CTGATTGTGGTCTGATTAAATTTTGAAAATCTCTCCCTGAATAGGGAG
AGTACAAGAGTGCATATCCAAAAAARAAAAAAAARAAAAAAAARNALNAL
ACATGTCGGCCGCCTCGGCCTCTAGRATA

SEQ ID NO: 48
EL3sequence2
GGTTTAATTACCCAAGTTTGAGTGT CATGAAGCTTGCCTGAAAAAAGCA
GAGAAACCAAGAGGAGATAGTTTCACAGTTCCGCCAGACAGGAAATGCG
TGCCAAGATGTTTTGCGGAAGAGGAGAAACGTCGTTCACTTAGAATGAG
AAGGCATTGATTCTGTTTAGTCGTTGAGATATTTAAAAATTCTTTGCAG
AARACCTTTTCAAATCATAAAGTCGAAGACCACAAAAAAAAAAAARAALNA
AAAAAAARAAAAAACATGTCGGCCGCCTCGGCCTCTAGAATA

SEQ ID NO: 49
EL3gequence3 (Cy-Ins-1)
GGTTTAATTACCCAAGTTTGAGGCTGCTTCAACAGTAGGTTTAGARATGA
CATCGCGGATATGGCGCCGCACCCAGAGCCCTCCATTATTGCTACTCCTG
TTGTTGATCAGTCTACCAGTAGCTGAGTGTAGTATTCGACTATGTGGAGT
GCGACTAACACGAACTCTTATGGCTATCTGCAGGAATCAATTATGCGGTT
ATTCGCAAAGTAAAAGATCTGCTATGTGGGAAGAGCCTCGACTGGAAACC
GTGCACTCAACAATGAAACGATCAGGGATCGCCACCGAATGCTGCGAGAA
TCGGTGCTCATTTAGCTACTTAAAGACATACTGCTGCAGCACTTAGCCTT
GGCATCTTAAGCCGCTTTTATCTCCTCTCCATGATCTCTCTTCGTTATCT
GTATAACCGAATATAGTCATTCCGGAAATGCGGATGCTTAGGCCAATTTG
TTGACGTTTGCCGCATGAATCATTTGCTGTTCGTCATTATCTCACAGACG
TGTAAAAGATCTCTTTTTATGAAAGTCTATTTTGTTTGAGCTGCACCATT
AAACCGTTCACAAAAAAAAAALAAANAAAAAAAAAAARAAAACATGTCGGC
CGCCTCGGCCTCTAGAATAA

SEQ ID NO: 50
EL3sequence4
GGTTTAATTACCCAAGTTTGAGGTACTTTCTAGATCTGACCCGATCAACT
GATTGTGGTCTGATTAAATTTTGGAAATCTCTTCCTGAACAGGGAGAGTA
CAAGAGTGTATATGAAAAAAARAAARAAAAAAAAAAAANAARAAACATGTC
GGCCGCCTCGGCCTCTAGAATA

SEQ ID NO: 51
EL3sequenceb
GGTTTAATTACCCAAGTTTGAGGATGCTTAGTTTCAAGCTCGTTCTTCTC
TTCGTACTTCTCACAGCTTGTGTGCTAACAGATCCAAGAGTGTTAATCCG
AGAAAAGCGAATGGACTGGAGACGTTACTATAGCAGATGGGGTCGCGGAA
GCTCTAATTGGGGAAACCGCGGAGGTACCTTCGGCGGACGAAAATGGAGT
TACCCGACTTTTGGACAATGGGGACAT TAACATCTGATGTATGAAAAGAT
CTAATGAAATAAAGCTTCGAAAARARAAAAAAAAAANANAARAARAAANAC
ATGTCGGCCGCCTCGGCCTCTAGAATA
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-continued

SEQ ID NO: 52
EL3gequenceé (Cy-Cbg-1
GGTTTAATTACCCAAGTTTGAGAATGTTCGAAAAATTCCTTCTGCTACTG
ATCGTTGTGATCGCCCTCATTTCTTTGGCGTCTGCAGATTTTTCATGCTT
CTTCGGTGATACCATCTGCAAGAGCATTACATGCAGGGGCTGCACCGTCG
CCACTTGCCTTAATGGAGACTGTATGTGCACACTATGTAACTGATGATCT
TCACATGTCGCATTACCATTTGTAACAAATACATTTTCTCTTGTTCATAA
TAAATTTTTCACTCAAAAAAAAARAAAAAAAAAAAAAANAAAAACATGTC
GGCCGCCTCGGCCTCTAGAATA

SEQ ID NO: 53
EL3sequence?’
GGCCGCGGGATTTTCTAGAGGCCGAGGCGGGTTTTAGGT TGTTCCTCAAA
CTTGGGTAAT TAAACCACGAGGCCGAGGCGGGTTTTAGGTTGTTCTCAAA
CTTGGGTAATTAAACCACGATGGCGAGGCGGGTTTTAGGTTGTTCTCAAA
CTTGGGTAAT TAAACCACGATGGCGAGGCGGGTTTTAGGTTGTTCCTCAA
ACTTGGGTAATTAAACCAAGAGGCCGAGGCGGGTTTTAGGTTGTTCCTCA
AACTTGGGTAATTAAACCACGATGGCGAGGCGGGTTTTAGGTTGTTCTCA
AACTTGGGTAATTAAACCAATCACTAGT

SEQ ID NO: 54
EL3sequences8
GGCCGCGGGATTATT CTAGAGGCCGAGGCAGTGGTATCAACGCAGAGTGG
CCATTACGGCCGGGGAGAGGGAARAGTTTCTTTTCTCTCGGATACCCATG
TCGGCCGCCTCGGCCTCTAGAATA

SEQ ID NO: 55
EL3sequence?
GGCCGCGGGATTTTCTAGAGGCCGAGGCGTCTTACTTGGGTGGCTCAATA
ACTGAAAGCTTAGAATTCATTAAACCTTAACCCACAGGGGTTATTTGACA
TGCTTGACTTGAAAATGATGCTCTTCTGCTTGTAGTTGTTTTATTATGCT
AGCTGTAAGTATACTCTGGTAGACCAGAACATCAATGTGCTAGTTGAATG
TATCATGTTATCACTTTGTCACACTCTATACGAATCTAGGTGTGGCAGGC
CACACCCCTCTCCTGACCCTGTTCACCATCAATTAGCTTTTAGCTGTTAT
TTAATAACATCACACTGATTGCAAAAAAAAAAAAAAAANAAANAARANAR
AACATGTCGGCCGCCTCGGCCTCTAAAAAATCACTAGT

SEQ ID NO: 56
EL3sequencell
GGCCGCGGGATTATT CTAGAGGCCGAGGCAGTGGTATCAACGCAGAGTGG
CCATTACGGCCGAAGCAGTGGTATCAACGCAGAGTGGCCATTACGGCCGG
GTGGTGACCACGGGTGACGGGGAATTAGGGTTCGATTCCGGAGAGGGAGC
CTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCARATTACC
CACTCCCGACCCGGGGAGGTAGTGACGAAAAAAAAAAANARANAAAANR
AAAAAAAACATGTCGGCCGCCTCGGCCTCTAGAATAATCACTAGT

SEQ ID NO: 57
EL3sequencell
GGCCGCGGGATTTTCTAGAGGCCGAGGCGGGTTTTAGCTCAAACT TGGGT
AATTAAACCGGTAGGATGGCGAGGCGGGTTTCTCAAACT TGGGTAATTAA
ACCAGTAGGATGGCGAGGCGGGTTTCTCAAACTTGGGTAAT TAAACCGGT
AGGAGGCCGAGGCGGGTCTCAAACTTGGGTAATTAAACCAATCACTAGT

SEQ ID NO: 58
EL3sequencel2
CAAGTTTGAGGTACTTTCTAGATCTGACCCGATCAACTGATTGTGGTCTG
ATTAAATTTTGGAAATCTCTTCCTGAACAGGGAGAGTACAAGAGTGTATA
TTAAGAAAAAAAAAAAAAAAAAARARAAAAAAAAACATGTCGGCCGCCTC
GGCCTCTAGAATAATCACTAGT

As such, the present invention relates to the proteins
encoded by the sequences designated as SEQ IDNOS: 1,3, 5,
7,37,43 and 45, the corresponding gene sequences (such as,
for example, those given as SEQ ID NOS: 2, 4, 6, 8, 38, 44,
46) and proteins, peptides and/or amino acids comprising
sequences encoded by SEQIDNOS 9, 11,13, 15,17, 19, 21,
23, 25, 27, 29, 31, 33, 35, 39-42, and 47-58, as well as any
fragments, portions, mutants, variants, derivatives, analogues
and/or homologoues/orthologues thereof. Furthermore, the
methods described herein may provide means for detecting
levels of antibodies which bind to proteins comprising (or
encode by) any of SEQ ID NOS: 1-58 (or fragments, portions,
mutants, derivatives, analogues or variants thereof).

Typically the fragments, portions, mutants, variants,
derivatives, analogues and/or homologoues/orthologues
mentioned in this invention are immunogenic or encode
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immunogenic cyathostomin larval antigens—that is, they are
capable of generating immune, preferably humoral,
responses.

The term “mutants” may encompass naturally occurring
mutants or those artificially created by the introduction of one
or more amino acid/nucleic acid additions, deletions, substi-
tutions or inversions.

One of skill in this field will readily understand that pro-
teins or nucleic acids homologous to the proteins encoded by
SEQ ID NOS: 1, 3, 5, 7, 37, 43 and 45 or nucleic acid
sequences of SEQ ID NOS: 2, 4, 6, 8, 38, 39-42, 44, 46, and
47-58, may exhibit as little as 20 or 30% sequence homology
or identity thereto (or to a portion thereof). In other instances
however, homologous proteins or nucleic acid sequences may
exhibit at least 40, 50, 60, 65 70, 75, 80, 85, 90, 91,92, 93, 94,
95,96,97, 98, 99% homologly or identity the whole or part of
SEQ IDNOS: 1-9, 11, 13, 15, 17, and 19 detailed above. As
such, proteins or nucleic acids homolous to (or partially iden-
tical with) the proteins and/or nucleic acid sequences pro-
vided by SEQ ID NO: 1-9, 11, 13, 15, 17, and 19 are also
included within the scope of this invention.

It should also be understood that natural variations due to,
for example, polymorphisms, may exist between related (or
homologous) proteins/genes from any given cyathostomin
species. These variants may manifest as proteins/genes which
exhibit one or more amino/nucleic acid substitutions, addi-
tions, deletions and/or inversions relative to a reference
sequence (for example any of the sequences provided by SEQ
ID NOS: 1-58 described above). All such variants, especially
those which are functional and/or are immunogenic (or
encode functional/immunogenic proteins or peptides) are to
be included within the scope of this invention.

Additionally, or alternatively, analogues of the various
peptides described herein may be made by introducing one or
more amino acid substitutions into the primary sequence. In
certain embodiments, one or more of these substitutions may
represent a “conservative substitution”. One of skill in this
field will undertsand that the term “conservative substitution”
is intended to embrace the act of replacing one or more amino
acids of a protein or peptide sequence with an alternate amino
acid with similar properties and which does not substantially
alter the physio-chemical properties and/or structure or func-
tion of the native (or wild type) protein.

As is well known in the art, the degeneracy of the genetic
code permits substitution of one or more bases in a codon
without changing the primary amino acid sequence. Conse-
quently, although the nucleic acid sequences described in this
application are known to encode potentially useful cyathos-
tomin larval antigens, the degeneracy of the code may be
exploited to yield variant nucleic acid sequences which
encode the same primary amino acid sequences.

Also encompassed by this invention are splice variants of
the primary gene transcripts encoded by any of the gene
sequences described herein, as well as and the translated
Cyathostomin larval antigen splice variant proteins which are
encoded thereby. By way of example, splice variants of the
Cy-GALA proteins described herein, including, for example,
variants encoded by transcripts having 115 bp segment dele-
tions, are within the scope of this invention. Furthermore, one
of skill in this field will readily appreciate that polyadenyla-
tion variants and start codon variants, including cDNA
sequences encoding the same, may also be included within
the scope of this invention.

As stated, this invention finds particular application in the
identification or diagnosis of cyathostomin infections in
horses but may be more generally be used to diagnose or
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identify cyathostomin infections present in other species of
the Equidae family including, for example, donkeys and
zebra

The term “sample” should be understood as including any
samples comprising antibodies and/or cyathostomin larval
antigens. For example, suitable samples may include fluids
such as whole blood, plasma, serum, saliva, sweat and/or
semen. In other instances “samples” such as tissue biopsies
and/or scrapings may be used. In particular biopsies or scrap-
ings from the gut may be used. In addition, a sample may
comprise a tissue or gland secretion and washing protocols
may be used to obtain samples of fluid secreted into, for
example, the gut. In other embodiments, faccal samples may
be used. One of skill will understand that in order to prepare
a faecal sample for use, it may be necessary to add buffers and
various protease inhibitors and subject the sample to proce-
dures such as centrifugation, to remove particulate material.
As such, “faecal samples” may represent suitable samples for
use in the methods provided by this invention. As stated, a
“reference” or “control” sample may be derived from healthy
animals or from animals not having high mucosal burdens of
cyathostomin parasites or larval cyathostominosis.

In order to identify a level of anti-cyathostomin larval
antigen antibodies present in a sample, the sample may be
contacted with one or more cyathostomin larval antigen(s)
(such as those provided, comprising or encoded by SEQ ID
NOS: 1-58) under conditions which permit binding between
any anti-cyathostomin larval antigen antibodies present in the
sample and the cyathostomin larval antigen(s). Anti-cyathos-
tomin larval antigen antibodies bound to cyathostomin larval
antigen may easily be detected with the use of agents capable
of binding anti-cyathostomin larval antigen antibodies. In one
embodiment, the agents capable of binding anti-cyathos-
tomin larval antigen antibodies may be conjugated or linked
to a detectable moiety.

One of skill will appreciate that while the methods pro-
vided by this invention may provide a means of detecting
antibodies having affinity for, or specificity/selectivity to a
single cyathostomin antigen (such as any described herein), in
certain embodiments, the methods may exploit the use of one
or more of the cyathostomin antigens. Since, for example,
horses tend to be infected with one or more different Cya-
thostomin species, assays/methods which utilise cocktails of
cyathostomin antigens provide a means of increasing the
likelihood of a positive diagnosis. Accordingly, it should be
understood that the methods described herein may use one or
more of the cyathostomin antigens described herein.

In one embodiment, the methods provided by this inven-
tion may utilise substrates to which one or more cyathostomin
larval antigens have been bound, conjugated or immobilised.
One of skill in that art will appreciate that in addition to
techniques which allow antigens to be bound, conjugated or
immobilised “directly” on to the surface of substrates, other
techniques may involve the use of substrates which have been
coated with agents capable of binding cyathostomin larval
antigens.

It is to be understood that the term “agents capable of
binding cyathostomin larval antigens” may include, for
example, antibodies such as monoclonal or polyclonal anti-
bodies and/or other types of peptide or small molecule
capable of binding to cyathostomin larval antigens. It should
be noted that this definition applies to all types of binding
agent mentioned herein. Furthermore, references to “antibod-
ies” herein are indented to encompass “anti-cyathostomin
larval antigen antibodies™.

The techniques used to generate antibodies (either mono-
clonal or polyclonal) are well known to one of skill and may
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involve the use of cyathostomin antigens (or fragments or
portions thereof) either isolated or purified from cyathos-
tomin parasites or recombinantly generated as described
herein.

Suitable substrates may include, for example, glass, nitro-
cellulose, paper, agarose and/or plastics. A substrate such as,
for example, a plastic material, may take the form of a
microtitre plate.

In order to detect a level of antibody present in a sample,
immunological detection techniques such as, for example,
enzyme-linked immunosorbent assays (ELISA) may be used.
One of skill in this field will appreciate that ELISAs may use
substrates to which cyathostomin larval antigens have been
“captured” or bound by binding agents (capable of binding
cyathostomin larval antigens) bound or immobilised to the
substrate. Alternatively, substrates may comprise cyathos-
tomin larval antigens, which have been directly bound or
immobilised to the substrate.

An ELISA may involve contacting the sample to be tested
with a substrate under conditions which permit binding
between any antibodies present in the sample and the cya-
thostomin larval antigens bound or immobilised to the sub-
strate as described above. One familiar with these techniques
will appreciate that prior to contacting the sample to be tested
with the substrate, a blocking step may be introduced to
reduce incidences of non-specific binding.

An ELISA may comprise the further step of contacting the
substrate with a further binding agent capable of binding one
or more of the antibodies present in the sample. Such agents
may otherwise be known as “secondary antibodies” and may
take the form of rodent or ruminant antibodies specific to
particular forms of equine antibody.

Secondary antibodies useful in the present invention may
be conjugated to moieties which permit them to be detected
(referred to hereinafier as “detectable moieties™). For
example, the secondary antibodies may be conjugated to an
enzyme capable of reporting a level via a colourmetric chemi-
luminescent reaction. Such conjugated enzymes may include
but are not limited to Horse Radish Peroxidase (HRP) and
Alkaline Phosphatase (AlkP). Additionally, or alternatively,
the secondary antibodies may be conjugated to a fluorescent
molecule such as, for example a fluorophore, such as FITC,
rhodamine or Texas Red. Other types of molecule which may
be conjugated to binding agents include radiolabelled moi-
eties.

The amount of secondary antibody (identifiable by means
of the detectable moiety) bound to the anti-cyathostomin
larval antibodies, may be representative of the anti-cyathos-
tomin larval antibodies present in the sample tested.

Alternatively, in order to identify a level of cyathostomin
larval antigen present in a sample, a substrate or substrate
comprising one or more agents capable of binding one or
more cyathostomin larval antigens, may first be contacted
with a sample to be tested. Any cyathostomin larval antigen
bound to the substrate or to the agents capable of binding the
cyathostomin larval antigen, may be detected with the use of
a further agent capable of binding the cyathostomin larval
antigen (referred to hereinafter as the “primary binding
agent”). Additionally, or alternatively, the primary binding
agents may have affinity for, or bind to cyathostomin larval
antigen::substrate complexes or complexes comprising cya-
thostomin larval antigen and the abovementioned agents
capable of binding the cyathostomin larval antigen. In one
embodiment, the primary binding agent may be an antibody
conjugated to a detectable moiety as described above.

Alternatively, any cyathostomin larval antigen bound to the
substrate or agents capable of binding the cyathostomin larval
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antigen, may be detected by means of a yet further binding
agent having affinity for the primary binding agents. In cet-
tain embodiments, the further binding agents may be conju-
gated to detectable moieties.

In one embodiment, the methods for identifying a level of
cyathostomin larval antigen or a level of anti-cyathostomin
larval antigen antibodies, may take the form of “dip-stick”
test, wherein a substrate (or portion thereof) is contacted with
a sample to be tested under conditions which permit the
binding of any cyathostomin larval antigen or anti cyathos-
tomin larval antigen antibodies present in the sample, to the
substrate or a binding agent bound or immobilised thereto.

Other techniques which exploit the use of agents capable of
binding the cyathostomin larval antigen or antibodies which
bind thereto include, for example, techniques such as western
blot or dot blot. A western blot may involve subjecting a
sample to electrophoresis so as to separate or resolve the
components, for example the proteinaceous components, of
the sample. In other embodiments, electrophoresis tech-
niques may be used to separate proteins purified from cya-
thostomin parasites and/or proteins generated in a recombi-
nant form. The resolved components/proteins may then be
transferred to a substrate, such as nitrocellulose.

In order to identify any cyathostomin larval antigen present
in a sample, the substrate (for example nitrocellulose sub-
strate) to which the resolved components and/or proteins have
been transferred, may be contacted with a binding agent
capable of binding cyathostomin larval antigens under con-
ditions which permit binding between any cyathostomin lar-
val antigen in the sample (or transferred to the substrate) and
the agents capable of binding the cyathostomir larval antigen.

Advantageously, the agents capable of binding the cya-
thostomin larval antigen may be conjugated to a detectable
moiety.

Additionally, the substrate may be contacted with a further
binding agent having affinity for the binding agent(s) capable
of binding the cyathostomin larval antigen. Advantageously,
the further binding agent may be conjugated to a detectable
moiety.

Similar techniques may also be used to detect levels of
anti-cyathostomin larval antigen antibodies present in
samples. Techniques of this type may be known as “immu-
noblots” or “dotblots” or ‘dipsticks’ where cyathostomin anti-
gen(s) is/are immobilised onto suitable substrates (for
example a nitrocellulose substrate) and contacted with agents
capable of binding cyathostomin antigen(s). In certain
embodiments any of the samples described above may be
used a source of cyathostomin antigen. Additionally or alter-
natively, the cyathostomin larval antigen may be isolated or
purified from the parasite, or produced in recombinant form.

Other immunological techniques which may be used to
identify a level of cyathostomin larval antigen in a sample
include, for example, immunohistochemistry wherein bind-
ing agents, such as antibodies capable of binding cyathos-
tomin larval antigens, are contacted with a sample such as
those described above, under conditions which permit bind-
ing between any cyathostomin larval antigen present in the
sample and the cyathostomin larval antigen binding agent.
Typically, prior to contacting the sample with the binding
agent, the sample is treated with, for example a detergent such
as Triton X100. Such a technique may be referred to as
“direct” immunohistochemical staining.

Alternatively, the sample to be tested may be subjected to
an indirect immunohistochemical staining protocol wherein,
after the sample has been contacted with a cyathostomin
larval antigen binding agent, a further binding agent (a sec-
ondary binding agent) which is specific for, has affinity for, or
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is capable of binding the cyathostomin larval antigen binding
agent, is used to detect cyathostomin larval antigen/binding
agent complexes.

The skilled person will understand that in both direct and
indirect immunohistochemical techniques, the binding agent
or secondary binding agent may be conjugated to a detectable
moiety. Preferably, the binding agent or secondary binding
agent is conjugated to a moiety capable of reporting a level of
bound binding agent or secondary binding agent, via a colour-
metric chemiluminescent reaction.

In order to identify the levels of cyathostomin larval anti-
gen present in the sample, one may compare the results of an
immunohistochemical stain with the results of an immuno-
histochemical stain conducted on a reference sample. By way
of example, a sample revealing more bound cyathostomin
larval antigen binding agent (or secondary binding agent)
than in a reference sample, may have been provided by a
subject with a cyathostomin infection.

In addition to the methods and techniques described above,
the present invention also contemplates the use of a range of
PCR based techniques which may be used to detect levels of
cyathostomin antigen gene expression or gene quantity in a
given sample. Useful techniques may include, for example,
polymerase chain reaction (PCR) using genomic DNA as
template or reverse transcriptase (RT)-PCR (see below) based
techniques in combination with real-time PCR (otherwise
known as quantitative PCR). In the present case, real time-
PCR may used to determine the level of expression of the
genes encoding any of the cyathostomin larval antigens
described herein. Typically, and in order to quantify the level
of expression of a particular nucleic acid sequence, RT-PCR
may be used to reverse transcribe the relevant mRNA to
complementary DNA (cDNA). Preferably, the reverse tran-
scriptase protocol may use primers designed to specifically
amplify an mRNA sequence of interest (in this case a cya-
thostomin mRNA encoding a cyathostomin larval antigen).
Thereafter, PCR may be used to amplify the cDNA generated
by reverse transcription. Typically, the cDNA is amplified
using primers designed to specifically hybridise with a certain
sequence and the nucleotides used for PCR may be labelled
with fluorescent or radiolabelled compounds.

One of skill in the art will be familiar with the technique of
using labelled nucleotides to allow quantification of the
amount of DNA produced during a PCR. Briefly, and by way
of example, the amount of labelled amplified nucleic acid
may be determined by monitoring the amount of incorporated
labelled nucleotide during the cycling of the PCR.

Further information regarding the PCR based techniques
described herein may be found in, for example, PCR Primer:
A Laboratory Manual, Second Edition Edited by Carl W.
Dieffenbach & Gabriela S. Dveksler: Cold Spring Harbour
Laboratory Press and Molecular Cloning: A Laboratory
Manual by Joseph Sambrook & David Russell: Cold Spring
Harbour Laboratory Press.

Other techniques that may be used to determine the level of
cyathostomin larval antigen gene expression in a sample,
include, for example, northern and/or Southern blot tech-
niques. A northern blot may be used to determine the amount
of a particular mRNA present in a sample and as such, could
be used to determine the amount of cyathostomin larval anti-
gen gene expression. Briefly, total or messesnger (m)RNA
may be extracted from any of the samples described above
using techniques known to the skilled artisan. The extracted
RNA may then be subjected to electrophoresis. A nucleic acid
probe, designed to hybridise (i.e. complementary to) an RNA
sequence of interest—in this case the mRNA encoding a
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cyathostomin larval antigen, may then be used to detect and
quantify the amount of a particular mRNA present in a
sample.

Additionally, or alternatively, a level of cyathostomin lar-
val antigen gene expression may be identified by way of
microarray analysis. Such a method would involve the use of
a DNA micro-array which comprises nucleic acid derived
from cyathostomin larval antigen genes. To identify a level of
cyathostomin larval antigen gene expression, one of skill in
the art may extract the nucleic acid, preferably the mRNA,
from a sample and subject it to an amplification protocol such
as, RT-PCR to generate cDNA. Preferably, primers specific
for a certain mRNA sequence—in this case sequences encod-
ing cyathostomin larval antigen genes may be used.

The amplified cyathostomin larval antigen cDNA may be
subjected to a further amplification step, optionally in the
presence of labelled nucleotides (as described above). There-
after, the optionally labelled amplified cDNA may be con-
tacted with the microarray under conditions which permit
binding with the DNA of the microarray. In this way, it may be
possible to identify a level of cyathostomin larval antigen
gene expression.

In addition, other techniques such as deep sequencing and/
or pyrosequencing may be used to detect cyathostomin larval
antigen sequences in any of the samples described above,
particularly faecal matter extracts. Further information on
these techniques may be found in “Applications of next-
generation sequencing technologies in functional genomics”,
Olena Morozovaa and Marco A. Marra, Genomics Volume
92, Issue 5, November 2008, Pages 255-264 and “Pyrose-
quencing sheds light on DNA sequencing”, Ronaghi,
Genome Research, Vol. 11, 2001, pages 3-11.

The present invention also extends to kits comprising
reagents and compositions suitable for diagnosing cyathos-
tomin infections. For example, depending on whether or not
the kits are intended to be used to identify levels of cyathos-
tomin larval antigen or antibodies thereto in samples, the kits
may comprise substrates having cyathostomin larval antigens
or agents capable of binding cyathostomin larval antigens,
bound thereto. In addition, the kits may comprise agents
capable of binding cyathostomin larval antigens—particu-
larly where the kit is to be used to identify levels of cyathos-
tomin larval antigens in samples. In other embodiments, the
kit may comprise agents capable of binding the cyathostomin
larval antigens, for example specifically raised polyclonal
antibodies or monoclonal antibodies. Where the kits are
intended to diagnose equine cyathostomin larval infections,
these binding agents may take the form of antibodies capable
of binding equine antibodies. The antibodies may be conju-
gated to detectable moieties. Kits for use in detecting the
expression of genes encoding cyathostomin larval antigen
gene may comprise one or more oligonucleotides/primers for
detecting/amplifying/probing cyathostomin larval antigen
encoding sequences. The kits may also comprise other
reagents to facilitate, for example, sequencing, PCR and/or
RFLP analysis. All kits described herein may further com-
prise instructions for use.

It will be appreciated that the uses, medicaments and meth-
ods of treatment described herein may require the generation
of recombinant cyathostomin larval antigens (or genes encod-
ing the same) and as such, the present invention further con-
templates methods of generating and/or expressing recombi-
nant cyathostomin larval antigen genes and/or proteins (such
as for example those described above as SEQ ID NOS: 1-58).
One of skill in this field will appreciate that PCR techniques
may be exploited to selectively obtain cyathostomin larval
antigen gene sequences from a variety of sources including,
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for example, equine gut tissue, faccal matter or extracts pre-
pared from cyathostomin nematodes. In one embodiment,
molecular cloned cyathostomin larval antigen gene
sequences may be introduced into a vector (such as a plasmid
or expression cassette). In one embodiment, the vector may
further comprise a nucleotide sequence of a tag or label to
assist in protein purification procedures.

A host cell may be transformed with the vector and main-
tained under conditions suitable to induce expression of the
cyathostomin larval antigen gene sequence and production of
recombinant cyathostomin larval antigen. Techniques used to
purify recombinant proteins generated in this way are known
and, where the recombinant protein is tagged or labelled,
these may include the use of, for example, affinity chroma-
tography techniques.

In view of the above, further aspects of this invention
provide an expression vector comprising a cyathostomin lar-
val antigen gene sequence and a host cell transformed there-
with, respectively.

In a further aspect, the present invention provides a method
for determining whether or not an equine subject should be
treated with anthelmintic drug, said method comprising the
step of detecting a level of anti-cyathostomin larval antigen
antibodies in a sample as per the first aspect of this invention
and/or a level of cyathostomin larval antigen in a sample,
wherein a level of anti-cyathostomin larval antigen antibodies
and/or antigen, is indicative of an equine subject that should
be administered a anthelminitc drug. In one embodiment, the
anthelminite drug may be Moxidectin.

DETAILED DESCRIPTION

The present invention will now be described in detail and
with reference to the following Figures which show:

FIG. 1. ClustalW alignment of Cy-GALA-1 with its ortho-
logues in other nematode species. Cyathostomin (Cy)
GALA-1 is compared to N. brasiliensis keratin-like protein
(Nb-KLP) (accession number: BAB68205); 1. circumcincta
(Te) (AAMA45145); O. ostertagi (Oo) (CAD22110); C.
elegans (Ce) KLP-1 (NP_502026) and Ce-KLP-2 (NP__
501448). The signal peptide for each sequence is underlined
and the domain ofunknown function (DUF148) is boxed. The
histidine-rich region is highlighted in grey and the glycine-
rich regions of the C. elegans sequences are shown 1n bold.

FIG. 2: Development transcription pattern of Cy-gala-1.
RT-PCR was performed using gene-specific primers for Cy-
gala-1 and the housekeeping gene cytochrome oxidase c sub-
unit I (coxI), from mixed-species pools of EL3 (lane 1), DL
(lane 2) and LP (lane 3) cDNA. For each reaction no-template
controls were performed (N). Sizes in base pairs (bp) are
labelled on the left-hand side.

FIG. 3. Immunoreactivity of rCy-GALA-1. 1gG(T) reac-
tivity to rCy-GALA-1 in horses infected with cyathostomins
or other helminths as assessed by (A) immunoblot and (B)
ELISA. FIG. 3A. Lane 1: Coomassie blue. Lanes 2-11: IgG
(T) reactivity of specific equine sera: HF (2); CI(3); apool of
sera from cyathostomin-free horses (n=5) from an abattoir
(4); a pool of sera from cyathostomin-infected horses which
harboured total mucosal larval burdens of >100,000 (n=6)
from an abattoir (5); horses mono-specifically infected with
P, equorum (6), S. edentatus (7), S. westeri (8) or S. vulgaris
(9). Also shown is IgG reactivity in sera from a rabbit before
(lane 10) and after two immunisations (lane 11) witha20kDa
complex purified from EL3/DL somatic extracts [11]. FIG.
3B.ELISA indicating IgG(T) reactivity to rtCy-GALA-1 anti-
gen in equine sera over an experimental infection [29].
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Responses in the CI group are depicted by the solid lines and
black shapes and in the HF group by dashed lines and white
shapes.

FIG. 4: Reactivity of anti-rCy-GALA-1 antiserum to cya-
thostomins and other equine helminths. IgG(T) responses
were assessed by (A) ELISA and (B) immunoblot. ELISA
results depict binding of anti-rCy-KLP-1 anti-sera (black)
and pre-immunisation serum (white). For both assays, the
antigens were as follows: 1=rCy-GALA-1; 2=cyathostomin
1L3; 3=cyathostomin EL3; 4=cyathostomin DL; S=cyathos-
tomin LP; 6=adult 4. perfoliata; T=adult P. equorum; 8=adult
S. edentatus; 9=adult S. vulgaris; 10=adult S. equinus.

FIG. 5: Immunolocalisation of Cy-GALA. Transverse sec-
tions of DL cyathostomins were probed with anti-rCy-
GALA-1 antiserum (A) and pre-immunization serum (B).
Specific binding of antiserum in the parasite gut is indicated
by the black arrows. The vertical bar represents 40 um.

FIG. 6: Schematic representation of Cy-gala-1 and the 220
bp fragment of the gene amplified from 10 cyathostomin
species. Cy-gala-1 cDNA sequence is represented by black
boxes (A). The 220 bp region PCR amplified from genomic
DNA samples from 10 cyathostomin species is represented by
the white box. The latter is expanded to indicate the position
of the intron (hatched box). The range in interspecies varia-
tion for the whole gene fragment (and also without the intron
sequence) are depicted. A representative PCR product of
Cy-gala-1 is shown for each species (B): C. catinatum (1), C.
nassatus (2); C. goldi (3); C. longibursatus (4), C. coronatum
(5); C. pateratum (6), C. ashworthi (7); C. leptosomum (8); C.
minutus (9) and C. labiatus (10).

FIG. 7 A: Optimisation of antigen cocktails. The antibody
response of encysted cyathostomin infected (positive) and
non-infected (negative) animals is shown for varying concen-
trations of antigen and two different cocktails ofantigen (CT1
and CT2). CT1 contains Gala 1, Gala 2, Gala 3. CT2 contains
Gala 1, Gala 2, Gala 3 and CID 1. Individual antigen concen-
tration is shown on the x axis and optical density (O.D) on the
yaxis. 7B: Ratio of signal for encysted cvathostomin infected
(positive) to uninfected (negative) animals in an ELISA. Indi-
vidual antigen concentration is on the x axis and ratio of
positive to negative optical density on the y axis. C: shows
mean serum antibody response to cocktail 1 (CT1) in groups
of horses with varying infection levels. CT1 contains Gala 1,
Gala 2, Gala 3. Horses were grouped as follows according to
total mucosal parasite burden (TMB). Neg; uninfected horses
TMB=0 (n=5), Low; TMB=0-20000, (n=8), Medium;
TMB=20000-100000, (n=7), High; TMB=>100000 (n=26).
Error bars show+/-standard error of the mean. O.D=optical
density. D: shows mean serum antibody response to cocktail
2 (CT2) in groups of horses with varying infection levels.
CT2 contains Gala 1, Gala 2, Gala 3 and CID 1. Horses were
groupedas follows according to total mucosal parasite burden
(TMB). Negative; uninfected horses TMB=0 (n=5), Low;
TMB=0-20000, (n=8), Medium; TMB=20000-100000,
(n=7), High; TMB=>100000 (n=26). Error bars show+/-
standard error of the mean. O.D=optical density.

FIG. 8A-E: ROC analysis of ELISA data derived from
cocktail (CT) 1 (which includes GALA-1, 2 and -3) and CT2
(which includes GALA-1, -2, -3 and CID-1). The Areas
Under the Curve (AUC) are shown on each graph foreach CT
at the specified cyathostomin burden cut-off value indicated
on each set of charts. The results indicate that CT1 and CT2
allow clear discrimination at different levels of cyathostomin
mucusal burden, especially developing larval (DL) burdens
above 120,000; however, it is likely that the AUC values could
be improved by developing the assay to take into account
cyathostomin species complexity and by including proteins



US 8,663,939 B2

27

that specifically relate to EL3. These additional proteins have
been identified and will be added systematically to the cock-
tails to test their effect on AUC in the ROC analysis.’

MATERIALS AND METHODS

Parasite Material

Cyathostomins were collected from equine large intestinal
tissue as described previously [9]. Briefly, caecum and ventral
colon samples were removed at an abattoir and luminal para-
sites (LP), consisting of fifth stage larvae and adults, were
collected from intestinal washings using sieves. Mucosal lar-
val stages were recovered by pepsin-HC] digestion [9]. The
mucosal parasites were separated into two populations based
on size following previous recommendations [13]: (i) EL3
and (i1) late third stage (LL3)/developing fourth stage (DL4),
collectively termed developing larvae (DL). Nematode
samples for RNA extraction were placed into RNAlater (Am-
bion) at 4° C., while those for protein extraction and genomic
DNA isolation were snap frozen in liquid nitrogen and stored
at -80° C. For immunolocalisation experiments, DL, were
fixed in 10% formal saline. Infective third-stage larvae (IL3)
were collected from horse faeces as described previously [8].
Individual adult cyathostomins were identified to species
according to published recommendations [16]. Adult stage
large strongyles, Anoplocephala perfoliata and Parascaris
equorum, were also obtained and stored at —80° C.
Construction of a Complementary (c)DNA Library and
Immunoscreening

Cyathostomin RNA was extracted from DL populations by
homogenisation in a mortar and pestle under liquid nitrogen,
then using TRIzol (Invitrogen) according to the manufactur-
er’s instructions. Integrity of RNA samples was assessed
using a 2100 Bioanalyser (Agilent Technologies) and RNA
stored in RNase-free water at -80° C. A mixed-species DL
cDNA library was constructed using a SMART cDNA
Library Construction Kit (Clontech Laboratories, Inc) using
long distance PCR according to manufacturer’s instructions.
Briefly, the cDNA was synthesised by reverse transcriptase
(RT)-PCR using 1 pg total RNA pooled from 11 separate DL
RNA samples collected over a 6-month period from arange of
intestinal sites. This was done to maximise cyathostomin
species representation within the cDNA library. After ligation
into the A TriplEx2 vector, the cDNA was packaged into Giga-
pack Gold II1 packaging extract (Stratagene) and amplified in
Escherichia coli XLL1-Blue strain, (Stratagene). Library qual-
ity was assessed by analysing insert size in 40 plaques chosen
atrandom. Length and identity of the inserts were determined
by PCR and sequencing; the majority of plaques contained an
insert with an average size of 500 base pairs (bp).

An EL3 c¢DNA library was constructed using the same
method as for the construction of the DL ¢DNA library with
the exception being the use of a SL1 primer to amplify nema-
tode specific DNA prior to ligation into the TriplEx2 vector.
(Martin, et al, 1995). Briefly, the cDNA was synthesised by
reverse transcriptase (RT)-PCR using 1 pg total RNA pooled
from ELL RNA samples from EL3 larvae collected from a
range of intestinal sites from 6 individual horses. This cDNA
was then used in a PCR with SL1 forward primer sequence:
GGTTTAATTACCCAAGTTTGAG (SEQ ID NO: 59) and
reverse primer sequences: ATTCTAGAGGCCGAGGC
(SEQID NO: 60) and TTCTAGAGGCCGAGGCG (SEQ ID
NO: 61). Products of this PCR were then used for packaging
into the TriplEx2 vector as described for generation of the DL
cDNA library.

Immunoscreening was performed according to the manu-
facturer’s protocol. For immunoscreening, two types of sera
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were used: cyathostomin-infected (CI) and helminth-free
(HF) sera [29]. Ponies in the CI group (n=3) had been trickle
infected with a total of 3.9 million cyathostomin 1L3 over a
period of 9 weeks, while the HF control group (n=3) were
maintained helminth-free. Serum was obtained weekly from
both groups. For immunoscreening, a pool of CI sera was
prepared by combining samples obtained from the three
ponies at 12, 13, 14 and 16 weeks PI. The pool of HF sera was
made by combining samples obtained from the three ponies at
2,3, 4 and 6 weeks before the start of the infection period. To
reduce background reactivity, both pools of sera were pre-
absorbed with E. coli lysate by incubating equal volumes of
each and rocking for 4 h at room temperature [37]. After
centrifugation at 18,000xg for 10 min, the supernatant was
retained for probing library filter lifts. The primary immuno-
screen consisted of approximately 108,000 cDNA clones in
E. coli XLL1-Blue strain. Plaque lifts were made onto nitro-
cellulose filters (Hybond-C Extra, GE Healthcare). The mem-
branes were washed [fivex 10 min in Tris-buffered saline (10
mM Tris, 150 mM NaCl, pH 7.4) containing 0.05% Tween-20
(TBST)1, then blocked for 1 h with 1% gelatin/TBST. In the
first screen, the serum pool from the CI ponies was used at
1:200 in TBST and incubated with the membranes overnight
at 4° C. The secondary antibody (goat anti-equine IgG(T),
Serotec) and tertiary antibody (rabbit anti-goat[IgG]:HRP,
Sigma), were incubated at 1:200 and 1:500 respectively, for 1
h each, with washing (as above) between steps. Filters were
developed using SIGMAFAST DAB with Metal Enhancer
(Sigma). Positive clones were isolated by taking agar plugs
from the corresponding plate. Plaques that reacted non-spe-
cifically with equine sera (false positives) were identified by
performing a second screen. Here, clones selected in the first
round were screened as described above, except that filters
were cut in half and one half probed with the CI serum pool
and the other with the HF serum pool. Only plaques that
reacted with the CI serum pool and not the HF serum pool
were selected for sequence analysis. Vector-specific primers
were used to amplify selected phage inserts and the PCR
products purified using a QIAquick PCR Purification Kit
(Qiagen). Each purified PCR product was sequenced using a
commercial service (MWG Biotech). The resultant
sequences were translated and searched against the GenBank
‘non-redundant protein’ database using BLASTp, and then
against the ‘non-human, non-mouse’ EST database using
tBLASTn, from the National Centre for Biotechnology Infor-
mation [3]. Sequence alignments were performed using
ClustalW2 [21] from the European Bioinformatics Institute
(http://www.ebi.ac.uk/Tools/clustalw2/) and analysis for sig-
nal peptides performed using SignalP 3.0 [5]. Sequence iden-
tities were calculated using MegAlign 8.0.2 (DNASTAR)
based on ClustalW alignments. Molecular mass estimations
were made using an online tool from the Sequence Manipu-
lation Suite (http://www.bioinformatics.org/sms2/
protein_mw.html) and glycosylation sites identified using
ExPASy Pro site (http://ca.cxpasy.org/prosite/).

RT-PCR to Determine Temporal Transcription Pattern of the
mRNA Encoding the Cyathostomin Gut-Associated Larval
Antigen-1 (Cy-GALA-1)

Stage-specific cDNA was synthesised from 1 ug each of
EL3, DL and LP total RNA using a SMART ¢DNA Library
Construction Kit (Clontech Laboratories, Inc.). Briefly, first-
strand cDNA was synthesised and amplified using the long-
distance PCR method (22 cycles). Double-stranded ¢cDNA
was purified using a QIAquick PCR Purification Kit
(Qiagen), eluted in 50 ul dH,O and stored at -20° C. until
required. Integrity and loading of each cDNA population was
assessed by amplifying a portion of the cytochrome oxidase ¢
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subunit T (coxl) gene using primers designed to conserved
sequences among cyathostomins (sense: 5'-AAAAAGGAG-
GTGTTTGGTTC-3' (SEQ ID NO: 62); antisense: 5'-CT-
TGAATTTGATAAAACTACACC-3' (SEQ ID NO: 63)).
PCR conditions were as follows: 0.3 uM primers, 0.25 uM
dNTPs and 1.5 mM MgCl, with the following cycling: 94° C.
for 5 min, 40 cycles at 94° C. for 30 sec, 60° C. for 30 sec and
72° C. for 30 sec, with a final extension at 72° C. for 7 min.
PCR was performed using Platinum Taq (Invitrogen) with 1
ul ¢cDNA from each developmental stage. Primers were
designed for the most abundant immunoreactive clone iden-
tified in Section 2.2 and designated cyathostomin gut-associ-
ated larval antigen-1 (Cy-GALA-1). The primer sequences
were as follows: sense, S'-AATTGTGGGGAACAGGAG-3'
(SEQ ID NO: 64); antisense, 5'-AATGAAAATCAGACTC-
CTAGG-3' (SEQ ID NO: 65). PCR conditions were as above,
but using 35 cycles. This experiment was repeated twice and
the PCR products were analysed on 2% w/v agarose gels
using TrackIt 100 bp DNA Ladder (Invitrogen) for size deter-
mination. The gels were stained with 1xGelRed (Biotium).
Expression of Recombinant Cy-GALA-1

The Cy-GALA-1 clone from the library immunoscreen
that contained the largest insert was chosen for expression of
recombinant protein. This clone incorporated the full-length
coding sequence of Cy-gala-1 including the putative initiat-
ing methionine, signal peptide and poly-A tail. Primers were
designed to amplify the coding sequence of Cy-gala-1 (minus
the sequence that encoded the signal peptide) for sub-cloning
into pET-22b(+) vector (Novagen). Appropriate sequences
encoding flanking restriction enzyme sites were incorporated
for uni-directional cloning. The primer sequences were as
follows (NB: BamH1 and HindIII sites underlined): sense
5-AATTCGGATCCGCAAGGTGTCATGGACCTTTTTG-
3" (SEQ ID NO: 66); antisense, 5'-CCGCAAGCT-
TATATCTTTCATCTGTGTTGAGTCCAAAC-3'

(SEQ ID NO: 67). The PCR step was performed as
described above except that the annealing temperature was
58° C. and 30 cycles were used. The PCR product was puri-
fied as described above. The pET-22b(+) vector and PCR
product were digested with BamH1 and HindIII and ligation,
using a 1:1 ratio of vector to PCR product, performed accord-
ing to Novagen’s protocol. Plasmids were transformed into .
coli IM109 Competent Cells (Promega) following manufac-
turer’s instructions and selected on ampicillin-agar. A selec-
tion of colonies was subjected to colony PCR to ensure the
presence of the ¢cDNA encoding Cy-GALA-1. A colony
which contained an insert of the correct estimated size was
subjected to plasmid purification using a Wizard Plus SV
Miniprep kit (Promega) and the purified plasmid was both
sequenced and transformed into £. coli BL21-CodonPlus
(DE3)-RIL. competent cells (Stratagene) for expression of
recombinant protein (rCy-GALA-1). Following induction
with 1 mM isopropyl-beta-D-thiogalactopyranoside (Bio-
line), soluble rCy-GALA-1, present in the bacterial lysate
supernatant, was purified on a His-trap HP column (GE
Healthcare), following manufacturer’s instructions. The puri-
fied protein was dialysed into phosphate buffered saline, pH
7.4 (PBS), using cellulose dialysis tubing (Sigma) and stored
at —20° C. until required. Purified rtCy-GALA-1 (0.5 pg) was
separated by SDS-PAGE, and a band at the expected size
excised and subjected to matrix-assisted laser desorption/
ionization time-of-flight (MALDI-ToF-ToF) mass spectrom-
etry using an Ultraflex I MALDI-ToF-ToF mass spectrom-
eter (Bruker Daltonics). The identity of the protein was
confirmed by comparing the peptide mass fingerprint (PMF)
generated to the theoretical peptide mass fingerprint (PMF) of
Cy-GALA-1.
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Preparation of rCy-GALA-1 Antiserum in Rabbits

Anti-rCy-GALA-1 antiserum was generated by injecting a
rabbit with 50 ug of rCy-GALA-1, in 0.5 mg/ml QuilA/PBS
(1 ml total injection). A secondary injection was administered
three weeks later, after which a test bleed indicated a specific
antibody response to the recombinant antigen. This experi-
ment was performed under the legislation of a UK Home
Office Licence.

Immunoblotting

Soluble somatic antigen extracts were prepared from c¢ya-
thostomin stages (IL3, EL3, DL and LP) and adult worms of
other helminth species (4. perfoliata, Strongylus equinus,
Strongylus edentatus, Strongylus vulgaris and P, equorum) as
described previously [9]. However, IL3 were disrupted using
aRibolyser Fast Prep FP120 (Thermo Scientific) instead of a
glass homogeniser. Proteins were separated on 4-12% poly-
acrylamide Bis-Tris gels (NuPAGE MES system, Invitrogen)
according to the manufacturer’s protocol. For immunoblot-
ting, proteins were transferred to nitrocellulose membranes.
To assess cross-reactivity, 0.1 pg rCy-GALA-1 was loaded
onto lanes of a 15-well 12% NuPAGE gel using SeeBlue
Plus2 protein standards (Invitrogen) for molecular weight
estimations. In one lane, 0.4 pg was loaded and after electro-
phoresis was cut from the gel and stained with Coomassie
blue. After transfer, the blot was sliced into separate lanes and
blocked in TNTT (10 mM Tris, 0.5M NacCl, 0.05% Tween-20,
0.01% thimerosal, pH 7.4). Each of the following sera was
used, diluted 1:200 in TNTT: Cl and HF sera pools (described
above); a pool of 5 horses found to be cyathostomin-free (CF)
from a local abattoir and a pool of 12 horses (from the same
abattoir) with mucosal cyathostomin burdens of >100,000
(endemic infected—EI); horses mono-specifically infected
with S. edentatus or S. vulgaris [20], P. equorum or Strongy-
lus westeri [11]. Also tested was rabbit antiserum (and pre-
immunisation samples) generated to the native 20 kDa cya-
thostomin complex [11]. Sera were incubated at room
temperature for 1.5 h. Washing consisted of three, 5 min
incubations in TNTT. The secondary and tertiary steps were
as described for the immunoscreening (above), with the
exception that the anti-20 kDa antiserum blots were incu-
bated with goat anti-rabbit Ig:HRP (Dako) at 1:500. The blots
were developed as for the library screen.

For detection of Cy-GALA-1 protein in somatic extracts of
cyathostomins and other helminth species, somatic extracts
(9 pg each antigen) were loaded onto 10-well, 4-12%
NuPAGE gels, using 10 ng rCy-GALA-1 for comparison.
After transfer to nitrocellulose, periodate treatment of the
blots was performed as described previously [9]. The blots
were probed with pre-immunisation rabbit serum and anti-
rCy-GALA-1 serum at 1:300 in TNTT, followed by goat
anti-rabbit(Ig):HRP (Dako) at 1:500, and developed as
described above. Three 5 min washes were applied between
steps.

Enzyme-Linked Immunosorbant Assay (ELISA)

To test reactivity of experimentally infected pony sera (CI)
to rCy-GALA-1 over the course of infection, the following
conditions were used. Each well of a Microlon High Binding
plate (Greiner Bio-One) was coated with 100 ul of rCy-
GALA-1 (1 pml™" in bicarbonate coating buffer, 0.1 M, pH
9.6) overnight at 4° C. Plates were washed with 0.05%
Tween-20 in PBS (PBST), six times. Block solution (2% soya
infant powder (w/v) in PBST) was added, 200 pul per well, and
incubated for 1 h at 37° C. Plates were washed six times and
Cland HF sera (1:200 in block solution), from weekly time
points 2 weeks before infection to 16 weeks PI, added and
incubated for 2 h at 37° C. After washing, 100 pl goat anti-
equine IgG(T) were added, diluted 1:200 in blocking solu-
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tion. After 1 h at 37° C. and washing, 100 pl rabbit anti-goat
(Ig):HRP were added, diluted in block at 1:500, and
incubated for 1 h at 37° C. To develop the reaction, Sigma-
FAST OPD tablets (Sigma) were dissolved in H,O according
to the manufacturer’s instructions and 100 pl added to each
well and incubated for 15 min. Fifty ul of 2.5 M H,80, were
added to stop the reaction and the absorbance read at 490 nm.
The same conditions were used to measure the anti-rCy-
GALA-1 antiserum response to somatic extracts of cyathos-
tomin stages and other adult helminth species extracts, except
that these were coated at 2 pgmi™". The antiserum and goat
anti-rabbit:HRP were used at 1:500.
Immunolocalisation

Cyathostomin DL were fixed in 10% formal saline and
immobilised in a solidified gelatin plug by mixing with mol-
ten 5% gelatin/PBS (<30° C.) and allowing to set. The plugs
were then dehydrated with alcohol and xylene and embedded
in paraffin wax. Sections were cut at 3 pm using a microtome
and the slides stored at 4° C. Immunolocalisation was pet-
formed using an EnVision+ System-HRP for rabbit primary
antibodies (DakoCytomation) in a Sequenza Slide Rack
(Thermo Scientific) at room temperature. After de-waxing,
the slides were incubated in 0.5% Tween-80/PBS (PBST80)
with 0.3% H,0, for 20 min, to inactivate endogenous peroxi-
dises. Blocking was performed using 100 ul 25% normal goat
serum (NGS) in PBST80 for 1 h. Rabbit antisera obtained
prior to and after two immunisations with rCy-GALA-1 were
diluted 1:100in 10% NGS/PBST80, and 100 ul incubated on
the slides for 1 h. After two washes in PBS at room tempera-
ture, 100 pl of HRP-labelled polymer conjugated to goat
anti-rabbit Ig, was incubated (neat) for 30 min. The reactions
were developed in neat 3-amino-9-ethylcarbazole substrate
chromogen for 7.5 min. Slides were washed in H,O and
counterstained using haematoxylin.
Single Worm PCR to Identify the Gene Encoding GALA in
Different Cyathostomin Species

Genomic DNA was isolated from 54 individually identi-
fied adult cyathostomins using the DNeasy Blood and Tissue
kit (Qiagen) according to their protocol, but with the addition
of a homogenisation step before the proteinase K digestion
step; each individual was disrupted briefly using a 1.5 ml
microfuge tube homogeniser in 50 pl ATL buffer supplied
with the kit. The following 10 species were examined (NB:
numbers of worms used for each species is shown in paren-
thesis): Cvathostomum catinatum (10), Cylicostephanus
goldi (8), Coronocyclus coronatus (6), Cyathostomum pat-
eratum (6), Cylicocyclus nassatus (6), Cylicostephanus lon-
gibursatus (5), Cylicocyclus ashworthi (4), Cylicocyclus lep-
tostomum  (3), Coronocyclus  labiatus (1) and
Cylicostephanus minutus (1). The same primers used in Sec-
tion 2.3 for RT-PCR were used to amplify a conserved frag-
ment of Cy-gala in each species. The cycling conditions were:
2 min at 94° C., followed by 40 cycles of 15 sec at 94° C., 30
sec at 58° C. and 60 sec at 72° C., and a final extension at 72°
C. for 7 min. PCR products were analysed on agarose gels as
described above and PCR products from each of the 54 indi-
viduals cloned into pGEMT-Easy (Promega) according to
manufacturer’s instructions. Each clone was sequenced in
forward and reverse directions with vector-specific primers
using the commercial sequence facility described above.
Results

Immunoscreening of the Cyathostomin DL cDNA Library
and Sequence Analysis of Cy-Gala-1

The primary immunoscreening yielded 33 positive clones;
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contained inserts ranging in size from approximately 500 to
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1500 bp. Sequence analysis indicated that 15 of these showed
high identity to one another (73-100% at the amino acid [aa]
level). One of these (Cy-gala-1) represented a full-length
coding sequence: i.e. it contained a putative initiation codon,
signal peptide and termination codon upstream of a poly-A
tail. The entire coding sequence was 223 aa which, after
cleavage of the signal peptide, would result in a 206 aa mature
protein estimated at 25.6 kDa. Cy-GALA-1 contains a highly
conserved domain as revealed by a domain search via
BLASTp analysis [28]. The function of this domain is
unknown and in Caenorhabditis elegans is designated
Domain of Unknown Function 148 (DUF148). The
Cy-GALA-1 sequence displayed highest aa identity to a
sequence from Nippostrongylus brasiliensis (accession num-
ber: BAB68205; 35% identity over 128 residues), also iden-
tified via immunoscreening [38]. Two predicted proteins
from C. elegans showed 34% identity over 105 residues to
Cy-GALA-1. These proteins were 44.5% identical to each
other. Also identified, were two trichostrongyloid ESTs: one
from Teladorsagia circumcincta L3 (accession number:
AAM45145), which displayed 32% identity to Cy-GALA-1
over 102 aa, and one from Ostertagia osteragi adult worms
(accession number: CAD22110) with showed 32% identity
over 140 aa. The two C. elegans orthologues (referred to here
as Ce-KLP-1 (NP__502026) and Ce-KLP-2 (NP__501448))
contain glycine-rich domains which gives them homology to
keratin sequences and hence their designation as ‘keratin-
like’ proteins (KLP). All the parasitic nematode sequences
described here lack this glycine rich sequence, despite some
being previously designated as ‘KLP-like’ proteins [38].
Rather than classifying Cy-GALA-1 as a KLP, it was instead
named to reflect its localisation to the gut (see below). An
alignment of Cy-GALA-1 with its orthologous sequences in
N. brasiliensis and C. elegans is depicted in FIG. 1. In all the
parasitic nematode sequences, except that of 7. circumcincta,
ahistidine-rich motif precedes DUF148 (FIG. 1); its function
is unknown. In addition, four potential N-linked glycosyla-
tion sites were identified. Searching Cy-GALA-1 at Nembase
gave additional significant hits. All of these EST sequences
contained regions with high identity to DUF148 and some
had glycine-rich regions. The closest matches were to
sequences identified in adult Ancylostoma ceylanicum (ac-
cession numbers: CB176510, CB190303 and CB339159),
with 45-46% aa identity to Cy-GALA-1 over 110 residues.
Temporal Transcription Pattern of Cy-Gala-1

Cy-gala-1 transcript was detected in DL and EL3 ¢cDNA
and not in ¢cDNA from LP parasites (FIG. 2). After 40 cycles,
similar levels of cox] PCR product were observed in DL and
LP ¢DNA. However, a coxI PCR product from EL3 was less
intense, indicating low quality of EL3 cDNA. This was due to
degradation of EL3 RNA caused by the extensive digestion
method required to harvest these larvae. These results indi-
cate the apparent specificity of this transcript for mucosal
stages; hence the gene was selected for expression of recom-
binant protein for assessment as a diagnostic marker.
Expression of rCy-GALA-1 and its Immunoreactivity

rCy-GALA-1 was obtained from the soluble fraction ofthe
E. coli lysate; the purified protein was approximately 28 kDa
(FIG. 3). The identity of this protein as rCy-GALA-1 was
confirmed by MALDI-ToF-ToF (data not shown). Its molecu-
lar weight was slightly higher than the expected size of native
Cy-GALA, calculated to be 25.6 kDa, and was due to addition
of the His-tag and E. coli signal peptide. Anti-rCy-GALA-1
antiserum predominantly recognised the expected size band
in somatic DL extracts (Section 3.4 and FIG. 4). The immu-
noreactivity of the recombinant antigen is shown in FIG. 3.
Only IgG(T) in Cland El sera equine sera bound rCy-GALA-



US 8,663,939 B2

33

1, indicating that both experimentally and naturally infected
horses recognise this antigen. Sera from horses harbouring
other parasitic helminths did not contain IgG(T) that bound
Cy-GALA-1. The rabbit antiserum to the cyathostomin larval
anti-20 kDa complex generated previously [11], showed
strong reactivity to rCy-GALA-1.

Levels of rCy-GALA-1-specific IgG(T) in sera from
infected vs. non-infected ponies [29] were measured by
ELISA (FIG. 3). Increases in rCy-GALA-1-specific 1gG(T)
levels were observed in all infected ponies by 6 weeks P1. A
more rapid increase was observed in pony 104. Antigen-
specific IgG(T) levels plateaued at 8 weeks PI for 104 and 12
weeks Pl for 101 and 105; these levels remained elevated until
the end of the measurement period at 16 weeks PI. No sig-
nificant increases in rCy-GALA-1-specific IgG(T) levels
were observed in any of the HF ponies throughout the experi-
ment. Murphy and Love (1997) [29] described clinical signs
in the infected animals from 4-6 weeks PI. While all showed
a slower increase in percentage weight gain than the control
group, pony 104 showed a drop in weight gain over weeks 4-8
PI. These signs may indicate a higher level of infection in 104.
Anti-rCy-GALA-1 antiserum reactivity was tested against
somatic extracts from A. perfoliata, P. equorum, S. edentatus,
S. vulgaris and S. equorum [FIG. 4]. No reactivity was
observed except to aband at 38 kDain the P. equorum extract.
Binding to this band was less than that seen in the cyathos-
tomin DL lane (FIG. 4).

Detection of Cy-GALA-1 in Different Cyathostomin Stages

Antiserum raised to rCy-GALA-1 was used to investigate
the presence of the native protein in different cyathostomin
stages (FIG. 4). This antiserum bound the 28 kDa recombi-
nant antigen (FIG. 4, lane 1): an additional band at 53 kDa
was bound and may represent a dimeric form of Cy-GALA-1.
The anti-rCy-GALA-1 antisera showed reactivity to EL3 and
DL somatic extracts but not to adult extract (FIG. 4). Immu-
noreactivity to antigens in EL3 and DL stages was primarily
directed at molecules of approximately 26 kDa, correspond-
ing to the calculated molecular mass of Cy-GALA-1. Two
other EL3 and DL antigens were bound by IgG in anti-Cy-
GALA-1 antisera, one at approximately 45 kDa and the other
at 55kDa. The ELISA results indicated high reactivity to DL,
however no binding was observed in EL3 or adult extract.
Immunolocalisation of Cy-GALA-1

DL were subjected to immunolocalisation studies (FIG. 5).
Reactivity was detected in the gut of individual worms, where
considerable staining was observed on the gut epithelium and
in the gut lumen. No reactivity was detected to any other
structures in the nematodes.

Single Worm PCR to Identify the Gene Encoding Cy-GALA
in Different Cyathostomin Species

Single worm PCR experiments were performed using
primers to amplify a 220 bp fragment of Cy-gala-1 from 50
morphologically-identified adult worms encompassing 10
species. A PCR product was obtained from all nematodes
tested and sequencing confirmed that PCR products represen-
tative of each species encoded Cy-gala sequence. FIG. 6
shows a schematic representation of this fragment and PCR
products from each species. There was variation in size of the
PCR product obtained from different species; from 267 bp
(for all C. coronatus individuals) to 284 bp (for one C. goldi
individual). This variation was due to a difference in intron
size at this site amongst the species. The precise location of
the intron was conserved as indicated by splice site analysis
(FIG. 6). Nucleotide identities between individuals from dif-
ferent species ranged from 78.9-99.1% for the whole frag-
ment. Higher nucleotide identities were observed in the cod-
ing region; interspecies variation ranged from 82.2-98.9%
over 180 nt, while the amino acid identities were 80-100%
over 60 residues. At the aalevel, intra-species variation was as
follows: C. catinatum 93.3-100%; Cs. goldi 90.0-100.0%;
Co. coronatus 96.7-100.0%; C. pateratum 93.3-100%; Cec.
nassatus 88.3-98.3%; Cs. longibursatus 91.7-100%;, Cc. ash-
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worthi 90.0-100.0%; Cc. leptostomum 88.3-100.0%. In an
attempt to assign a species for the library clone, Cy-gala-1,
the coding sequence from each individual was compared
against Cy-gala-1 in this 220 bp fragment. The highest iden-
tity was found to a C. pateratum individual (97.8% nt identity
and 98.3% aa identity). Therefore, with the available
sequence data for each species, we have provisionally iden-
tified Cy-gala-1 as belonging to C. pateratum.

Optimisation of Antigen Cocktails.

The optimum concentration of antigen to use in an ELISA
using a cocktail of antigens was evaluated using sera from
cyathostomin infected (positive) and non-infected (negative)
animals. FIG. 7A shows the serum antibody response to vary-
ing concentrations of antigen in two different cocktails of
antigen (CT1 and CT2). CT1 contains GALA-1, -Gala 2 and
-3. CT2 contains these three antigens plus CIDI1. Individual
antigen concentration is shown on the x-axis and optical
density (O.D) on the y-axis. FIG. 7B shows the ratio of the
OD signal obtained om cyathostomin infected (positive) vs.
uninfected (negative) animals in an ELISA. Individual anti-
gen concentration is on the x-axis and ratio of positive to
negative optical density on the y-axis.

Evaluation of Antigen Cocktail for Discriminating Differ-
ent Levels of Infection.

Two different cocktails of antigen were tested in an ELISA
to assess their potential for discriminating different levels of
mucosal infection. FIGS. 7 C and D shows mean serum
antibody response to cocktail 1 (CT1) and cocktail 2 (CT2)
respectively in groups of horses with varying infection levels.
CT1 and CT2 were as described above. Horses were grouped
as follows according to total mucosal parasite burden (TMB).
Neg; uninfected horses TMB=0 (n=5), Low; TMB=0-20000,

n=8), Medium; TMB=20000-100000, (n=7), High;
TMB=>100000 (n=26). Error bars show+/-standard error of
the mean. O.D=optical density.
Discussion

Identification of the cyathostomin GALA sequence is an
advance in the development of an ELISA for the diagnosis of
larval cyathostominosis. Three important criteria were met by
this protein: 1) it appeared to be specific to larval stages; 2)
there was no cross reactivity with the other equine helminth
species assessed here and 3) the gene encoding the protein
was isolated from all cyathostomin species examined with a
relatively low level of sequence variation amongst the spe-
cies. Furthermore, serum IgG(T) responses to rCy-GALA-1
increased within 5 weeks of the administration of an experi-
mental infection and the protein was also the target of IgG(T)
responses in naturally infected horses.

The RT-PCR, immunoblot and ELISA results indicated
that Cy-GALA-1 is restricted to parasitic larval stages, par-
ticularly DL stages. This is a vital feature for a diagnostic
marker that specifically indicates mucosal larval burden.
Despite numerous attempts, RNA extracted from EL3 was of
relatively poor quality so it was difficult to judge precise
levels of transcription in these stages. EL3 require extensive
digestion in pepsin/HCl at 37° C. to remove them in sufficient
quantity from the intestinal mucosa and submucosa and so it
is technically difficult to obtain sufficient high quality RNA.
The EL3 somatic protein extracts also contained a small
amount of contaminating host protein (it is impossible to
totally separate every single worm from its host capsule), and
this may have resulted in the lower levels of reactivity of EL3
extracts to Cy-GALA-1 antiserum as indicated by the ELISA
results. Immunolocalisation was also attempted in EL3, but
degradation resulted in a lack of distinct morphology and no
specific binding was observed (data not shown). Therefore it
remains to be fully elucidated if Cy-GALA is a significant
immunogen of EL3, or is predominantly an antigen of the
later larval stages. Immunolocalisation studies of diseased
equine mucosa are planned, to provide EL3 embedded in their
mucosal cysts. Serum IgG(T) responses to 1Cy-GALA-1 over
the time course of an experimental infection showed that the
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antigen is a reasonably early indicator of infection and these
responses were identified whilst the infections were not
patent [29]. Indeed, in these ponies, the infections never pro-
gressed to patency even though the experiment was continued
until 60 and 62 weeks PI in two of the animals. Substantial
increases in reactivity were observed at 5 weeks PI in one
animal (pony 104) and by 6 weeks in all ponies. cyathostomin
larval-specific serum IgG(T) responses were analysed previ-
ously in these animals and similar dynamics of responses
were observed to the 20 and 25 kDa complexes purified from
EL3/DL mixtures [11]. Furthermore, serum IgG(T) reactivity
to crude larval antigen was also observed to increase only
after 6 weeks PI in these ponies [9], suggesting that only by
this time point do larvae stimulate a detectable serum IgG(T)
response. Pony 104 had the most pronounced increase in
IgG(T) to rCy-GALA-1 and this is similar to its response to
crude larval antigen and the purified 20- and 25-kDa antigen
complexes [9, 11]. The clinical signs observed in this pony
(reduced weight gain, lowest plasma fructosamine) indicate
that it may have had a greater burden of mucosal larvae [29].
Indeed, when this animal was euthanized at 20 weeks PI it
was found to have a high cyathostomin burden. Unfortunately
the other two ponies in the group were necropsied at 60 and 62
weeks PI so their burdens cannot be directly compared with
pony 104. Nevertheless, the data provides preliminary evi-
dence that this recombinant antigen may be able to distin-
guish varying degrees of disease.

As mentioned above, there is similarity of the IgG(T)
response to rCy-GALA-1 and to the two larval antigen com-
plexes purified and shown to have diagnostic potential previ-
ously [10, 11]. The molecular mass of Cy-GALA, estimated
at 25.6 kDa, means that it could feasibly be a component of
the 25 kDa antigen complex, an observation supported by the
results using anti-rCy-GALA-1 against EL and DL somatic
extracts in western blots. Antiserum generated to the 20 kDa
complex in rabbits also bound rCy-GALA-1 indicating its
presence in this complex also. This is not altogether surpris-
ing as these complexes were excised rather crudely from
SDS-polyacrylamide gels [10, 11].

Specificity of Cy-GALA-1 in the cyathostominae was con-
firmed by probing the recombinant protein with sera from
horses infected mono-specifically with heterologous helm-
inth species. While experimentally infected (CT) and natu-
rally infected (EI) horses recognised rCy-GALA-1,1gG(T) in
serum from horses with large strongyle infections (S. eden-
tatus, S. westeri or S. vulgaris) and P. equorum infection, did
not bind the antigen. Cross-reactivity was further explored by
probing somatic extracts of other equine parasites with anti-
rCy-GALA-1 serum: extracts from A. perfoliata, P. equorum,
S. edentatus, S. vulgaris and S. equorum were analysed. In the
ELISA no binding above background levels was observed in
any of the five other parasite extracts. In the immunoblot,
there was a degree of binding to a band of approximately 38
kDain the P. equorum extract, but this was of far less intensity
than binding observed in the cyathostomin DL samples. Fur-
thermore, there was no cross reactivity to P. equorum antigens
when the samples were assessed using the ELISA.

The presence of sequences encoding GALA-like proteins
was confirmed in 10 ¢yathostomin species, indicating ubig-
uity of this gene in the group. There are currently 50 recog-
nised cyathostomin species [23], and while a large number of
species are often found in infected individuals [6,7], the bulk
of the burden is consistently found to comprise 5-10 species
[26,27,36]. Nine of the species explored in this study belong
to the 10 most common cyathostomins as identified by Reine-
meyeretal. (1984) [36], Ogbourne (1976) [30] and Lictenfels
et al 2001 [22]. The presence of Cy-GALA in these species
indicates it is likely to be present in most, if not all, cyathos-
tomins. An analysis of the sequence of Cy-gala-1 amongst the
cyathostomins indicated a low level of sequence diversity
across the selected 220 bp region. It is possible that greater
diversity exists outside this region and the full-length cDNA
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sequences of Cy-gala are currently being isolated from a
number of species to investigate this further. Promisingly, for
development of a specific immunoassay, the levels of
sequence diversity identified thus far are substantially lower
among cyathostomins than they are when the Cy-gala
sequences are compared to orthologous sequences in other
nematode species, i.e. 80-100% vs. 25-35% identity. The
nematodes that were present in the CI pony group unfortu-
nately had not been identified, so it is difficult to compare
levels of rCy-GALA-1 IgG(T) with the species present.

A factor that must be considered in the development of any
helminth immunodiagnostic assay is the length of time that
circulating specific immunoglobulin levels take to return to
normal values after anthelmintic treatment. Since the ponies
used in the experimental infection were not treated with
anthelmintic before necropsy, this could not be assessed here.
Studies on a commercially-available serological ELISA for
A. perfoliata [33,34], which is based on the specific binding
of IgG(T) to a purified 12/13 kDa antigen complex, indicated
that post-treatment IgG(T) levels can take months to reduce to
‘non-infection’ levels [2,4]. Also, Kjaer et al. (2007) [18]
found that two thirds of horses which had no visible signs of
tapeworm infection at necropsy had ELISA ODs higher than
the current accepted cut-off for infection (0.2). Despite this,
the A. perfoliata 12/13 kDa antigen ELISA is still regarded as
the most useful diagnostic tool for infection [1, 18]. These
observations suggest that circulating IgG(T) levels may
remain high for a time after treatment and this will be con-
sidered when designing how a cyathostomin diagnostic assay,
based on IgG(T), could be used in future.

No function has been ascribed to orthologues of Cy-GALA
in other nematode species and only Nb-KLP has been char-
acterised in any detail [38]. It was speculated that Nb-KLP
may be a cuticular protein, based on its identity to Ce-KLPs,
which are described as ‘keratin-like’. However the authors
did not explore this further. Ce-KLP-1 and -2 encode hypo-
thetical proteins, and some information regarding these is
available in WormBase (www.wormbase.org). Both are pre-
dicted to be alpha-helical proteins, and Ce-KLP-1 has been
confirmed by transcript evidence, while Ce-KLP-2 has been
partially confirmed. Ce-KLP-1 shows no RNAi phenotype,
while Ce-KLP-2 displays ‘embryonic lethal’, indicating that
it may play a role in development. An anatomic expression
plan is available for Ce-KILP-2, showing expression in pha-
ryngeal muscles and tail neurons which is different to what
was observed here with localisation of Cy-GALA to the
worm intestinal lumen. The function of this molecule remains
to be elucidated.
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Additional immuncreactive clones: The following table lists additional sequences encoding immunoreactive cyathostomin antigens
which were identified from the larval cDNA library, from two screenings which revealed distinct clones. The first immunoscreen
(A) used serum from experimentally cyathostomin-infected ponies (from a previous study'), and the second immunoscreen (B)

used a pool of sera from naturally infected horses; both groups had high parasite burdens. The antigens which have been

checked for immunogenicity and cross specificity by recombinant bacterial expression are also indicated.

Number of
clones per Transcription Cross
screen Amino acid pattern Immuno-  speci-
Antigen A B Closest homologues (Accession numbers in brackets)  identity EL3 DL LP genicity fieity
Gut-associated larval 15 1 Keratin-like protein, Nippostrongylus 35% over 128 a.a. + o+ - + +
antigen (GALA) brasiliensis, (BAB68205).
Keratin-like proteins, Caenorhabditis elegans 34% over 104 a.a.
(NP_502026 and NP_ 501448)
Glutathione-S- 1 0 Cytosolic GST from Oesophagostomum 85% over 209 a.a. - + o+
transferase (GST) dentatum (ACA30415)
Galectin-1 (GAL-1) 1 0 Galectin family member, C. elegans 83% over 279 a.a. -+ o+
(NP_495163)
Galectin-2 (GAL-2) 0 1 Galectin family member, Haemonchus 91% over 259 a.a. + o+ o+t
contortus (AAF63406)
Nematode polyprotein 4 0 NPA from Dictyocaulus viviparus (Q24702) 42% over 314 a.a. -+ o+t
allergen/antigen (NPA)
Cyathostomin 3 0 EST from larval-stage Necator americanus 59% over 61 a.a. -+ o+t +
immunodominant (BG467549). Function of this is unknown.
antigen-1 (CID-1)
Surface associated 4 8 SAA-2, N. americanus (ACET9378) 71% over 146 a.a. + o+ o+t
antigen (SAA)
Fatty acid/retinol 0 1 Putative ES protein with FAR binding domain, 45% over 100 a.a. + o+ o+t
binding protein -1 Ostertagia ostertagi (CAD20464)
(FAR-1)
Fatty acid/retinol 0 1 FAR binding protein, dncylostoma ceylanicum 72% over 160 a.a. -+ o+
binding protein -2 (ACCT76809)
(FAR-2)
Globin {GLO) 0 15 Cuticle globin, from Syngamus trachea 54% over 161 a.a + o+ o+t
(AAL56426)
Clone of unknown 0 1 No homology found NA -+ o+t
function -20a
(Unk-20a)
Unk-46a 0 1 Third-stage larval EST, N. brasiliensis 33% over 124 a.a. -+ o+t
(EH359049)
Unk-50a 0 1 Hypothetical protein, C. elegans (NP_490737) 33% over 140 a.a. -+ o+
lMurphyD., Love §., The pathogenic effects of experimental cyathostome infections in ponies, Vet Parasitol. (1997) 70: 99-110.
40 .
-continued
Homologues of cyathostomin Homologues of cyathostomin
gut-associated larval antigen (Cy-GALA) gut-associated larval antigen (Cy-GALA)
. L . . Amino acid identity Putative
Amino acid identity Purative 45 Homologue 10 Cy-GALA-1 species
Homologue to Cy-GALA-1 species
Cy-GALA-3 77.7% C. coronatus
Cy-GALA-1 — C. patemtum Cy-GALA-4 93.0 % C. catinatum
Cy-GALA-2 83.3 % C. nassatus

Sequences of a conserved region of GALA from individual cyathostomin species

Intraspecies
Number of aa identity
Species Sequence individuals range
C. ashworthi LTFAEKKGKISEWAKKYNVVDEVASYNAYREKLKQEHRKNVS (E/V) 4 90.0-100%
LVSGLP (G/D) AVKKVN (E/V) LLD
(SEQ ID NO: 68)
C. catinatum LTFAEKK (E/K) EI SEWAKKYNVVDEVAS YNAYREKLKQEHRKNVSE 10 91.7-100%
LVSALPNAVKKVNDLLD
(SEQ ID NO: 69)
C. coronatus LTFAEKKEKISEWAKKYKVEDEVASYNAYREKLKQEHRKNVSELVSA 6 96.7-100%

LPGAVKKVNELLD
(SEQ ID NO: 70)
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Sequences of a conserved region of GALA from individual cvathostomin species

Spe

cies

Sequence

Number of
individuals

Intraspecies
aa identity
range

goldi

labiatus

leptostomum

LTFAEKKKEI SEWAKKYNVVDEVAS YNAYREKLKQEHRKNVSELVSD
LPSAVKKVNDLLD
(SEQ ID NO: 71)

LTFAEKKEKI SEWAKKYNVVDEVARYNAYREKLKQEYRKNVSELVSG
LPNAVKKVNDLLD
(SEQ ID NO: 72)

LTFAEKKGKI SEWAKKYNVVDEVAS YNAYREKLKQEHRKNVSELVSG
LPGAVKKVNELLD
(SEQ ID NO: 73)

longibursatus LTFAEKKEEI SKWAKKYNVVDEVASYNAYREKLKQEHRKNVSEIVSD

minutus

nassatus

C. pateratum

LPNAVKKVNDLLD
(SEQ ID NO: 74)

LTFAEKKEKI SEWAKKYNVVDEVAS YNAYREKLKQEHRKNVSQLVSA
LPNAVKKVNDLLD
(SEQ ID NO: 75)

LTFAEKKEKIGEWAKKYNVVDEVAXYNAYREKLKQEHRKNVSELVSG
LPNAVKKVNELLD
(SEQ ID NO: 76)

LTFAEKK (K/E) EI SEWAKKYNVVDEVASYNAYREKLKQEHRKNVSE
LVSALPNAVKKVNDLLD
(SEQ ID NO: 77)

90.0-100%

88.3-100%

91.7-100%

88.3-100%

93.3-100%

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 83

<210> SEQ ID NO 1

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: cyathostomum pateratum

<400> SEQUENCE:

Met Asn Lys Thr

1

Ala

Arg

Ser

Leu

65

Tyr

Leu

Pro

Thr

Pro

Gln

Arg

Cys

50

Thr

Asn

Lys

Asn

Pro

130

Ala

Gly

His

35

Glu

Phe

Val

Gln

Ala

115

Arg

Leu

Val

20

His

Ala

Ala

Val

Glu

100

Val

Gln

223

1

Leu Thr Phe Leu Thr Val Val Ser Ala Val Ala Leu
5 10 15

Met Asp Leu Phe Gly Glu Glu Gly Arg Glu Glu His
25 30

Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
40 45

Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
55 60

Glu Lys Arg Lys Glu Ile Ser Glu Trp Ala Lys Lys
70 75 80

Agp Glu Val Ala Ser Tyr Asn Ala Tyr Arg Glu Lys
85 90 95

His Arg Lys Asn Val Ser Glu Leu Val Ser Ala Leu
105 110

Lys Lys Val Asn Asp Leu Leu Asp Asn Glu Asn Gln
120 125

Leu Tyr Val Ala Leu Arg Lys Leu Gly Arg Gln Asn
135 140

Arg Ile Val Glu Tyr Ile Asn Val Ala Val Arg Leu
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-continued

145 150 155 160

Arg Ser Glu Glu Val Asp Glu Gln Glu Gln Arg Arg Arg Leu Ser Ala
165 170 175

Leu Pro Phe Gly Asp His Asn Asp Asn Leu Glu Glu Gln Asp Phe Gly
180 185 190

Glu Gln Asp Phe Arg Tyr Val Tyr Gly Phe Glu Cys Ala Arg Phe Leu
195 200 205

Leu Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Glu Arg Tyr
210 215 220

<210> SEQ ID NO 2

<211> LENGTH: 669

<212> TYPE: DNA

«<213> ORGANISM: cyathostomum pateratum

<400> SEQUENCE: 2

atgaacaaaa cgttaacatt tctcacagtc gttagtgceg tagetctgge ccaaggtgte 60
atggaccttt ttggtgaaga gggtcgtgaa gaacatcgte gtcaccateg tcattcactt 120

ttaccaccat atctccacaa tgtgagetgt gaggctaaat gggagtactt caaaattgtg 180

gggaacagga gtttgacctt tgctgagaaa agaaaggaaa ttagcgagtg ggcaaaaaaa 240

tacaatgttyg tggatgaagt tgcaagctac aatgcttaca gggaaaaact caagcaggag 300
cacagaaaaa acgttagcga acttgtttet getcttecaa acgcagtgaa gaaagtcaat 360
gatcttctag acaatgaaaa tcagactcct aggcaacttt acgttgecct tagaaaactt 420
ggtagacaaa atccggecact ttaccgtatt gtcgagtaca ttaatgtgge tgtaagacta 480

agaagtgaag aagtggatga gcaagaacaa cgaagaaggce tgtcagetct accttttgge 540

gaccataacg ataatttgga agagcaggac ttcggtgaac aagactttcg ctatgtctat 600
ggctttgagt gtgcaagatt tctccttcaa aatggaagaa tgtttggact taacacagat 660
gaaagatat 669

<210> SEQ ID NO 3

<211> LENGTH: 192

<212> TYPE: PRT

<213> ORGANISM: Cylicocyclus nassatus

<400> SEQUENCE: 3

His Glu Glu Leu Arg Arg His His Arg His Ser Leu Leu Pro Pro Tyr
1 5 10 15

Leu His Asn Val Ser Cys Glu Ala Lys Trp Glu Tyr Phe Lys Ile Val
20 25 30

Gly Asn Arg Ser Leu Thr Phe Ala Glu Lys Lys Gly Lys Ser Ser Glu
35 40 45

Trp Ala Lys Lys Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala
50 55 60

Tyr Arg Glu Lys Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Leu
65 70 75 80

Val Ser Gly Leu Pro Gly Ala Val Lys Lys Val Asn Glu Leu Leu Asp
85 90 95

Asn Glu Asn Gln Thr Pro Arg Gln Leu Tyr Val Ala Leu Arg Lys Leu
100 105 110

Gly Lys Gln Asn Pro Val Leu Tyr Arg Val Val Glu Phe Val Asn Leu
115 120 125

Val Val Arg Phe Arg Arg Glu Asp Ser Asp Glu Gln Glu Gln 2rg Glu
130 135 140
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-continued
Met Leu Ser Thr Leu Pro Phe Ser Glu Asn Asn Glu Glu Gln Asp Leu
145 150 155 160
Gly Glu Gln Asp Phe Gln Tyr Ile Tyr Gly Phe Glu Cys Ala Arg Phe
165 170 175
Ile Phe Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr
180 185 190
<210> SEQ ID NO 4
<211> LENGTH: 576
<212> TYPE: DNA
<213> ORGANISM: Cylicocyclus nassatus
<400> SEQUENCE: 4
catgaagaac ttegtcgtca ccatcgtecat tcacttttac caccctatet ccacaatgtg 60
agctgtgaag ccaaatggga atacttcaag attgtgggga acaggagett gacttttget 120
gaaaagaagg gaaaaagtag cgagtgggca aaaaaataca atgttgtgga tgaagttgca 180
agttacaatg cctatagaga aaaacttaag caggagcaca ggaaaaacgt tagcgaactt 240
gtttetggte ttcceggtge tgtgaagaaa gtaaacgaac tcttggataa tgagaatcag 300
actcctagge aactttacgt tgetctaaga aagettggta aacaaaatcce agtactctac 360
cgtgttgteg agtttgtcaa tttggttgtg agatttagac gtgaagattce ggatgagcaa 420
gaacaacgag aaatgctgtec aactttacct ttcagcgaaa ataatgaaga gcaggacctt 480
ggtgaacaag acttccagta catctatggt tttgaatgtg caagattcat ctttcaaaat 540
gggagaatgt ttggactcaa cacggataga agatat 576
«<210> SEQ ID NO 5
«<211> LENGTH: 175
«<212> TYPE: PRT
<213> ORGANISM: Coronocyclus coronatus
<400> SEQUENCE: 5
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Ile Asn Arg Ser
1 5 10 15
Leu Thr Phe Ala Gln Arg Lys Glu Glu Ile Ser Lys Trp Ala Lys Lys
20 25 30
Tyr Lys Val Glu Asp Glu Val Ala Ser Tyr Asn Ala Tyr Arg Glu Lys
35 40 45
Leu Lys Gln Gln His Arg Lys Asn Val Ser Glu Leu Val Ser Asn Leu
50 55 60
Pro Gly Ala Val Glu Arg Val Asn Lys Leu Leu Asp Asn Glu Asn Gln
65 70 75 80
Thr Pro Lys Gln Leu Tyr Leu Ala Leu Arg Glu Leu Gly Lys Gln Asn
85 90 95
Pro Ala Leu Tyr His Val Val Glu Tyr Val Asn Val Val Val Arg Leu
100 105 110
Lys Arg Glu Glu Leu Asp Gln Gln Asp Gln Arg Arg Ala Leu Ser Gly
115 120 125
Ser Leu Phe Gly Glu Asn Asn Asp Asn Leu Glu Glu Gln Asp Phe Gly
130 135 140
Glu Glu Asp Phe Arg Tyr Val Tyr Gly Phe Glu Cys Ala Arg Phe Ile
145 150 155 160
Leu Gln Asn Gly Arg Met Phe Gly Leu Asn Met Asp Arg Asn Tyr
165 170 175
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-continued
<210> SEQ ID NO 6
<211> LENGTH: 525
<212> TYPE: DNA
<213> ORGANISM: Coronocyclus coronatus
<400> SEQUENCE: 6
agetgtgtgyg ctaagtggga gtacttcaag ategtgatga acaggagtet gacgtttget 60
caaagaaagg aagaaattag caagtgggeg aaaaaataca aagttgagga tgaagttgea 120
agctacaatg cttatagaga aaaactcaag cagcagcaca ggaaaaacgt tagcgaactt 180
gtttetagte tteceggtge aatggaaaga gtgaacaaac ttttggacaa tgaaaaccag 240
acccctaage aactttaccet tgecctacga gaacttggea aacaaaatcce ggeactttac 300
catgttgteg agtatgtcaa tgtggttgtg agacttaaac gagaagaatt ggatgaacaa 360
gatcaatgaa gagcgctgte gggttcactt tttggegaga ataacgacaa tctagaagag 420
caggactttyg gtgaagaaga ctttcgetat gtctatgggt ttgaatgtge aagattcatc 480
cttcaaaatg gaagaatgtt tggtctaaac atggatagga attat 525
«<210> SEQ ID NO 7
«<211> LENGTH: 199
«<212> TYPE: PRT

<213> ORGANISM: Cyathostomum catinatum

«<400> SEQUENCE: 7

Gly Glu Glu
1

Leu Pro Pro
Phe Arg Ile
35

Glu Ile Ser
50

Ser Tyr Asn
65

Val Ser Glu

Asp Leu Leu

Leu Arg Glu

115

Tyr Ile Asn
130

Glu Gln Gly
145

Asn Leu Glu

Gly Phe Glu

Leu Asn Thr
195

<210> SEQ I
<211> LENGT
«<212> TYPE:

Asp Arg Gl
5

Tyr Leu Hi
20

Val Gly As

Glu Trp Al

Ala Tyr Ar

70

Leu Val Se
85

Asp Asn Gl
100

Leu Gly Ar

Val Ala Va

Arg Arg Le

15

Glu Gln As
165

Cys Ala Ar
180

Asp Glu Ar

D NO 8
H: 591
DNA

u Glu His

s Asn Val

n Arg Ser
40

a Lys Lys
55

g Glu Lys

r Asp Leu

u Asn Gln

g Gln Asn
120

1 Arg Arg
135

u Ser Ala
0
P Phe Gly

g Phe Leu

g Asp

Arg Arg His
10

Ser Cys Val
25

Leu Thr Phe

Tyr Asn Val

Leu Lys Gln

75

Pro Lys Ala
90

Thr Pro Arg
105

Pro Thr Leu

Arg Ser Glu

Leu Pro Phe

155

Glu Gln Asp
170

Leu Gln Asn
185

<213> ORGANISM: Cyathostomum catinatum

<400> SEQUENCE: 8

His Arg His
Ala Lys Trp
30

Ala Glu Lys
45

Leu Asp Glu
60

Glu His Arg

Val Lys Lys

Gln Leu Tyr

110

Tyr Arg Ile
125

Glu Leu Asp
140

Gly Asp Asn

Phe Arg Tyr

Gly Arg Met
190

Ser Leu
15

Glu Tyr

Lys Lys

Val Ala

Lys Asn
80

Val Asn
95

Val Ala

Val Glu

Glu Gln

Asn Asp
160

vVal Tyr
175

Phe Gly
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50

-continued
gaggatcgtyg aagaacatcg ccgtcaccat cgtcattcac tcttgecacce atatctccac 60
aacgtgaget gtgtggecaa atgggaatac tttagaattyg tggggaacag gagtttaacg 120
tttgctgaga aaaagaaaga aattagcgag tgggcaaaaa aatacaatgt tctggatgaa 180
gtagcaagct acaatgctta tagggaaaaa ctcaagcagg agcacagaaa aaacgttage 240
gaacttgttt ctgatcttce caaggcagta aagaaagtca acgatcttet agacaatgaa 300
aatcagactc ctaggcaact ttatgttgec cttagagage ttggtagaca aaatccgaca 360
ctttaccgta ttgtcgagta catcaatgtg getgtaagge gaagaagtga agaactggat 420
gagcaagaac aaggaagaag gctgtcaget ttaccttteg gcgacaacaa cgataatttyg 480
gaagagcagg actteggtga acaagacttt cgctatgtet acggetttga gtgtgcaaga 540
tttctectte aaaatggaag aatgttcgga ctcaacacag atgaaagaga t 591
«<210> SEQ ID NO 9
«<211> LENGTH: 841
«<212> TYPE: DNA
<213> ORGANISM: Cylicocyclus ashworthi
<400> SEQUENCE: 9
atgaacaaaa cgttaacatt tctcacagtc gttagtgceg tagttctgge ccaaggtgte 60
atggaccttt ttggtgaaga gggtcgtgaa gaacatcgece gtcaccateg tcattcacte 120
ttaccaccat atctccacaa cgtgagetgt gtggctaaat gggagtactt caaaattgta 180
gggaacagga gtttaacgtt tgctgagaaa aaagaagaaa ttagccagtg ggcaaaaaaa 240
tacaatgttg tggtaagctt ttctgaatta atgtaaatac actcgcatgce tggecttttt 300
aggatgaagt tgcaagctac aatgcttaca gggagaaact caagcaggag cacagaaaaa 360
acgttagega acttgtttet gctcttccaa acgcagtaaa gaaagtcaac aatcttctag 420
acaatgaaaa tcagactctt aggcaacttt acgttgccct tagagaactt ggtagacaaa 480
atccggcagt aagtagaaag agetgcactc ctgggcttaa taaaacaaat tatttaaget 540
ttaccgtatt gtcgagtaca tcaatgtggc tgtaagacga agaagtgaag gactggatga 600
gcaagaacaa cgaagaaagc tatcagcttt acctttcgge gacaacaacg ataatatgga 660
agagcaggac ttcggtgaac aagactttcg ctatgtctac ggctttgagt gtgcaagatt 720
tctccttcaa aatggaagaa tgtttggget caacacagat gaaagagatt agcaaagaat 780
caattgtagt tcaaagcggt agagtttgag ctgcaaactc agcatgccat catcacctce 840
t 841
<210> SEQ ID NO 10
<211> LENGTH: 223
<212> TYPE: PRT
<213> ORGANISM: Cylicocyclus ashworthi
<400> SEQUENCE: 10
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Asp Leu Phe Gly Glu Glu Gly Arg Glu Glu His
20 25 30
Arg Arg His His Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Glu Glu Ile Ser Gln Trp Ala Lys Lys
65 70 75 80
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-continued

52

Tyr Asn Val

Val Asp Glu Val Ala

85

Leu Lys Gln Glu His Arg Lys Asn

Pro Asn Ala
115

Thr Leu Arg
130

100

Val Lys Lys Val Asn

120

Gln Leu Tyr Val Ala

135

Pro Ala Leu Tyr Arg Ile Val Glu
150

145

Arg Ser Glu Gly Leu Asp Glu Gln

Leu Pro Phe

Glu Gln Asp
195

165

Gly Asp Asn Asn Asp

180

Phe Arg Tyr Val Tyr

200

Leu Gln Asn Gly Arg Met Phe Gly

210

«210> SEQ I
«211> LENGT
«212> TYPE:

D NO 11
H: 841
DNA

215

Ser Tyr Asn
90

Val Ser Glu
105

Asn Leu Leu

Leu Arg Glu

Tyr Ile Asn

155

Glu Gln Arg
170

Asn Met Glu
185

Gly Phe Glu

Leu Asn Thr

<213> ORGANISM: Cyathostomum catinatum

«<400> SEQUENCE: 11

atgaacaaaa

atggaccttt

ttgccaccat

gggaacagga

tacaatgttyg

aggatgaagt

acgttagega

acaatgaaaa

atccggcagt

tttaccgtat

agcaagaaca

aagagcagga

ttctecttea

taactgtage

t

<210> SEQ I

<211> LENGT
«<212> TYPE:

cgttaacatt

ttggtgaaga

atcteccacaa

gtttgacgtt

tggtaagett

tgcaagctac

acttgtttet

tcagactect

aagtcgaaag

tgtggagtac

acgaagaagg

ctttggtgat

aaatggaaga

tcaaagcggt

D NO 12
H: 223
PRT

tctcacagte

aggcegtgaa

cgtgagetgt

tgctgagaaa

ttetgaattg

aatgcttaca

gctctteccaa

aggcaacttt

agctgcacte

atcaatgtgyg

ctatcagett

caagactttc

atgtttggac

agagtttgag

gttagtgcey

gaacatcgee

gtggctaaat

aaggaagaga

atgtaaatac

gggaaaaact

acgcagtaaa

acgttgeccet

ttgggcataa

ctgtaagact

taccttttgy

gctatgtcta

ttaacacaga

ctgcaaactc

<213> ORGANISM: Cyathostomum catinatum

<400> SEQUENCE: 12

Ala

Leu

Asp

Leu

140

Val

Arg

Glu

Cys

Asp
220

Tyr

Val

Asn

125

Gly

Ala

Lys

Gln

Ala

205

Glu

Arg Glu Lys
85

Ser Ala Leu
110

Glu Asn Gln

Arg Gln Asn

Val Arg Arg

160

Leu Ser Ala
175

Asp Phe Gly
190

Arg Phe Leu

Arg Asp

tagtectgge tcaaggtgte

gtcacegteg tcattcacte

gggaatactt cagaattgtg

ttagcgagty ggcaaaaaag

actcgcatge tggeettttt

caagcaggag cacagaaaaa

gaaagtcaac gatcttctag

tagagaactt ggtagacaaa

gtaaaaaaaa gtattttagc

aagaagtgaa gaagtggatyg

tgaccataac gataatatgg

cggctttgag tgtgcaagat

tgaaagatat tagtaaaaat

agcatgccat catcacctcce

Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu

1

5

10

15

Ala Gln Gly Val Met Asp Leu Phe Gly Glu Glu Gly Arg Glu Glu His

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

841
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54

Arg Arg His
35

Ser Cys Val
50

Leu Thr Phe
65

Tyr Asn Val

Leu Lys Gln

Pro Asn Ala

115

Thr Pro Arg
130

Pro Ala Leu
145

Arg Ser Glu
Leu Pro Phe
Asp Gln Asp

195
Leu Gln Asn

210

«210> SEQ I
«211> LENGT
«212> TYPE:

Arg Arg Hi

s Ser Leu
40

Ala Lys Trp Glu Tyr

Ala Glu Ly

70

Val Asp Gl
85

Glu His Ar
100

55

s Lys Glu

u Val Ala

g Lys Asn

Val Lys Lys Val Asn

120

Gln Leu Tyr Val Ala

Tyr Arg Il
15

Glu Val As
165

Gly Asp Hi
180

135

e Val Glu
0

p Glu Gln

s Asn Asp

Phe Arg Tyr Val Tyr

200

Gly Arg Met Phe Gly

D NO 13
H: 769
DNA

215

<213> ORGANISM: Cylicostephanus

<400> SEQUENCE: 13

atgaacaaaa

gtggaccttt

ttaccaccat

gggaatagga

tacaatgtag

aggatgaagt

acgtcagega

acaatgagaa

atccagaagt

ttacegtgtt

gcaagaacaa

agagcaagac

tctecttecaa

<210> SEQ I

<211> LENGT
«<212> TYPE:

cgttaacatt

ttggtgaaga

atctccacaa

gtttgacatt

tggtaagett

tgcaaggtac

acttgtttet

tcaaactcct

aagttgaaag

gtcgagttta

cgaacaaggc

tteggtgaac

aatggaagaa

D NO 14

H: 223
PRT

tctcacagte

gggtcgtgaa

cgtcagetgt

tgctgagaaa

ttttgactty

aatgcttata

gatcttccca

aggcaacttt

tgctgcaatt

tcaatgtgge

tgtcaacttt

aagacttteyg

tgtttggact

Leu Pro Pro

Phe Arg Ile

Glu Ile Ser

75

Ser Tyr Asn
90

Val Ser Glu
105

Asp Leu Leu

Leu Arg Glu

Tyr Ile Asn

155

Glu Gln Arg
170

Asn Met Glu
185

Gly Phe Glu

Leu Asn Thr

goldi

gttagtgcey
gaacatcgee
gtggctaaat
aagaaagaaa
atgtaaatgce
gagaaaaact
acgcagtaaa
acattgcccet
ttaggcttag
tgtaagaata
accttttgge
ctatgtctat

taacacggat

<213> ORGANISM: Cylicostephanus goldi

<400> SEQUENCE: 14

Tyr Leu His Asn Val

Val

60

Glu

Ala

Leu

Asp

Leu

140

Val

Arg

Glu

Cys

Asp
220

45

Gly

Trp

Tyr

Val

Asn

125

Gly

Ala

Arg

Gln

Ala

205

Glu

Asn

Ala

Arg

Ser

110

Glu

Arg

Val

Leu

Asp

190

Arg

Arg

tagtectgge

gtcaccatceyg

gggaatactt

ttagcgagty

actcgtatge

taagcaggaa

gaaagtgaat

cagagaactt

ataaaacagt

agacgtgaag

gacaacaacyg

ggctttgagt

agaagatac

Arg Ser
Lys Lys
80

Glu Lys
85

Ala Leu

Asn Gln

Gln Asn

Arg Leu

160

Ser Ala
175

Phe Gly

Phe Leu

Tyr

tcaaggtgte
tcattcactc
caaaattgty
ggctaaaaaa
cggcectttt
cacaggaaaa
gatctectgg
ggtagacaaa
tgtttaaget
atttggatga
acaatttcga

gtgcaagatt

Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

769
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Ala Gln Gly Val Val As

Arg Arg His
35

Ser Cys Val
50

Leu Thr Phe
65

Tyr Asn Val

20

His Arg Hi

Ala Lys Tr

P Leu Phe

s Ser Leu
40

p Glu Tyr
55

Ala Glu Lys Lys Lys

70

Val Asp Gl
85

Leu Lys Gln Glu His Ar

Pro Asn Ala
115

Thr Pro Arg
130

100

u Val Ala

g Lys Asn

Val Lys Lys Val Asn

120

Gln Leu Tyr Ile Ala

Pro Glu Leu Tyr Arg Va

145

15

Arg Arg Glu Asp Leu As

Leu Pro Phe

Glu Gln Asp
195

Leu Gln Asn
210

«210> SEQ I
«<211> LENGT
«212> TYPE:

165

Gly Asp As
180

135

1 Val Glu
0

p Glu Gln

n Asn Asp

Phe Arg Tyr Val Tyr

Gly Arg Me

D NO 15
H: 847
DNA

200

t Phe Gly
215

<213> ORGANISM: Cylicostephanus

<400> SEQUENCE: 15

atgaacaaaa

atggacctte

ttaccaccat

gggaacagga

tacaacgttyg

atgctggect

ggaacacagyg

gaatgatcte

acttggtaga

cagttgttta

gaagatttgyg

aacaacaatt

gagtgtgcaa

tactagtaag

acctcct

«210> SEQ I

cgttaacatt

ttgatgaaga

atctccacaa

gtttgacgtt

tggtaagett

ttttaggatg

aaaaacgtta

ctggacaatg

caaaatccag

agctttaceg

atgagcaaga

tcgatgagcea

gatttetect

agtcaactgt

D NO 16

tctcacagtce

ggctegtgga

cgtgagetgt

tgctgagaaa

ttgtgactcyg

aagttgcaag

gcgaacttgt

agaatcaaac

cagtaagtty

tgttgtcgay

acaacgaaca

ggactteggt

tcaaaatgga

agctcaaagt

Gly Glu Glu
25

Leu Pro Pro

Phe Lys Ile

Glu Ile Ser

75

Arg Tyr Asn
90

Val Ser Glu
105

Asp Leu Leu

Leu Arg Glu

Phe Ile Asn

155

Glu Gln Arg
170

Asn Phe Glu
185

Gly Phe Glu

Leu Asn Thr

goldi

gttagtgcey
gagcatcgee
gtggctaaat
aagaaagaaa
atgtagatac
ctacaatgcet
atctgatctt
tcctaggcaa
aaagtgctge
ctcatcaatg
aggctgtcaa
gaacaagact
agaatgtttyg

ggttcgaget

Gly

Tyr

Val

60

Glu

Ala

Leu

Asp

Leu

140

Val

Thr

Glu

Cys

Asp
220

Arg

Leu

45

Gly

Trp

Tyr

Val

Asn

125

Gly

Ala

Arg

Gln

Ala

205

Arg

Glu Glu His
30

Hig Asn Val

Asn Arg Ser

Ala Lys Lys

80

Arg Glu Lys
95

Ser Asp Leu
110

Glu Asn Gln

Arg Gln Asn

Val Arg Ile

160

Leu Ser Thr
175

Asp Phe Gly
190

Arg Phe Leu

Arg Tyr

tagtectgge ccaaggtgte

gtcaccatcg tcattcactc

gggaatactt caaaattgtg

ttagcgagty ggcaaaaaaa

cccagatatt ctagataccce

tatagagaaa aactcaagca

cccaatgcag tgaagaaagt

ctttacgttyg ccctcagaga

aatttcaggc ttagataaaa

tggctgtaag attaagacgt

ccttaccttt tggcgacaac

ttegetatgt ctatggettt

gacttaacac ggatagaaga

acgaacagca tgccatcatc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

847
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<211> LENGTH: 223
<212> TYPE: PRT
<213> ORGANISM: Cylicostephanus goldi
<400> SEQUENCE: 16
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Asp Leu Leu Asp Glu Glu Ala Arg Gly Glu His
20 25 30
Arg Arg His His Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Lys Glu Ile Ser Glu Trp Ala Lys Lys
65 70 75 80
Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala Tyr Arg Glu Lys
85 90 95
Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Leu Val Ser Asp Leu
100 105 110
Pro Asn Ala Val Lys Lys Val Asn Asp Leu Leu Asp Asn Glu Asn Gln
115 120 125
Thr Pro Arg Gln Leu Tyr Val Ala Leu Arg Glu Leu Gly Arg Gln Asn
130 135 140
Pro Ala Leu Tyr Arg Val Val Glu Leu Ile Asn Val Ala Val Arg Leu
145 150 155 160
Arg Arg Glu Asp Leu Asp Glu Gln Glu Gln Arg Thr Arg Leu Ser Thr
165 170 175
Leu Pro Phe Gly Asp Asn Asn Asn Asn Phe Asp Glu Gln Asp Phe Gly
180 185 190
Glu Gln Asp Phe Arg Tyr Val Tyr Gly Phe Glu Cys Ala Arg Phe Leu
195 200 205
Leu Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr
210 215 220
<210> SEQ ID NO 17
<211> LENGTH: 835
<212> TYPE: DNA
<213> ORGANISM: Cylicostephanus goldi
<400> SEQUENCE: 17
atgaacaaaa cgttaacatt tctcacagtc gttagtgccg ttgtcctgge gcaaggtgte 60
atggccctat ttggtgaaga gagtcgtgaa gaacaccgcce gtcaccatcg tcattcactce 120
ttaccaccat atctccacaa cgtgagctgt gtggctaaat gggagtactt caaaattgtg 180
gggaacagga gtttgacgtt tgctgagaaa aagaaagaaa tcagcgagtg ggctaaaaaa 240
tacaatgttg tggtaagctt ttttgacttg atgtaaatgc actcgcatgc cggcctttat 300
aggatgaagt tgcaagctac aatgcttata gagaaaaact caagcaggaa cacaggaaaa 360
acgttagcga acttgtttct gatcttccca acgcagtaaa gaaagtcagc gatcttttgg 420
acaacgaaaa tcagacttct aggcaacttt atgttgcact cagagaactt ggtagacaaa 480
atccggcagt aagttgaaga ggctccaatt ttgggctcaa gcaaaaataa ttattttage 540
tataccgtgt cgtcgagtat atcaatgtgg ctgtgagatt aagacgaaaa gaacaggatg 600
aacaagaacg acaaggaacg ctgtcagctc taccttttgg cgagaataac gacaatttgg 660
aagagcagga ctttggtgaa caagactttc gctatgtcta tggctttgag tgtgcaagat 720
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ttetecttea aaatggaaga atgtttggac tcaacacgga tagaagatac cagtaagagt 780
caactgtage tcaaagtggg tttgagectac gaacagcatg ccatcatcac ctect 835
<210> SEQ ID NO 18
<211> LENGTH: 223
<212> TYPE: PRT
<213> ORGANISM: Cylicostephanus goldi
<400> SEQUENCE: 18
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Ala Leu Phe Gly Glu Glu Ser Arg Glu Glu His
20 25 30
Arg Arg Hig Hig Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Lys Glu Ile Ser Glu Trp Ala Lys Lys
65 70 75 80
Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala Tyr Arg Glu Lys
85 90 95
Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Leu Val Ser Asp Leu
100 105 110
Pro Asn Ala Val Lys Lys Val Ser Asp Leu Leu Asp Asn Glu Asn Gln
115 120 125
Thr Ser Arg Gln Leu Tyr Val Ala Leu Arg Glu Leu Gly Arg Gln Asn
130 135 140
Pro Ala Val Tyr Arg Val Val Glu Tyr Ile Asn Val Ala Val Arg Leu
145 150 155 160
Arg Arg Lys Glu Gln Asp Glu Gln Glu Arg Gln Gly Thr Leu Ser Ala
165 170 175
Leu Pro Phe Gly Glu Asn Asn Asp Asn Leu Glu Glu Gln Asp Phe Gly
180 185 190
Glu Gln Asp Phe Arg Tyr Val Tyr Gly Phe Glu Cys Ala Arg Phe Leu
195 200 205
Leu Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr
210 215 220
<210> SEQ ID NO 19
<211> LENGTH: 830
<212> TYPE: DNA
<213> ORGANISM: Cylicostephanus longibursatus
<400> SEQUENCE: 19
atgaacaaaa cgttaacatt tctcaccgtc gtctatgccg tagtcctgge ccaaggtgte 60
atggaccttt ttggtgaaga gggtcgtgaa gaacatcgcce gtcaccatcg tcattcactc 120
ttaccaccat atctccacaa tgtgagctgt gtggctaaat gggaatactt caaaattgtg 180
gggaacagga gtttgacgtt tgctgagaaa aaggaagaaa ttagcaagtg ggcaaaaaaa 240
tacaatgttg tggtacgctt ttgtaacccc gtataatata ctctcgcata ctggecegttt 300
caggatgaag ttgcaagcta cagtgcttgc agggaaaagc ttaagcagga acacaggaaa 360
aacgttagcg aaattgtttc taatcttccc aatgcagtga agaaagtaaa cgatcttttg 420
gacaatgaaa atcagacccc caggcaactt tacgttgcct tcagaaaact tggtaaacaa 480
aatccggcag taagttgaaa gagctgcaat tttgggtttyg aggagaaaaa actattttag 540
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ctttategtyg ttgtcgagta tatcaatgtg cttgtgagac taagacgtga agaatttgat 600
gaagatcage gaagatcget gtcagettta cettttggeg acaataacga cgatttggaa 660
gagcaggact ttggtgaaca ggactttcge tatatctatg getttgagtg tgcaagattt 720
atccttcaaa atggaagaat gttcggactc aacacggata gaagatatta gtaagagtca 780
actgtagete gagggtttga gctacgaact gcatgecate atcacctect 830
<210> SEQ ID NO 20
<211> LENGTH: 222
<212> TYPE: PRT
<213> ORGANISM: Cylicostephanus longibursatus
<400> SEQUENCE: 20
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Tyr Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Asp Leu Phe Gly Glu Glu Gly Arg Glu Glu His
20 25 30
Arg Arg Hig Hig Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Glu Glu Ile Ser Lys Trp Ala Lys Lys
65 70 75 80
Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Ser Ala Cys Arg Glu Lys
85 90 95
Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Ile Val Ser Asn Leu
100 105 110
Pro Asn Ala Val Lys Lys Val Asn Asp Leu Leu Asp Asn Glu Asn Gln
115 120 125
Thr Pro Arg Gln Leu Tyr Val Ala Phe Arg Lys Leu Gly Lys Gln Asn
130 135 140
Pro Ala Leu Tyr Arg Val Val Glu Tyr Ile Asn Val Leu Val Arg Leu
145 150 155 160
Arg Arg Glu Glu Phe Asp Glu Asp Gln Arg Arg Ser Leu Ser 2Zla Leu
165 170 175
Pro Phe Gly Asp Asn Asn Asp Asp Leu Glu Glu Gln Asp Phe Gly Glu
180 185 190
Gln Asp Phe Arg Tyr Ile Tyr Gly Phe Glu Cys Ala Arg Phe Ile Leu
195 200 205
Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr
210 215 220
<210> SEQ ID NO 21
<211> LENGTH: 829
<212> TYPE: DNA
<213> ORGANISM: Cylicocyclus insigne
<400> SEQUENCE: 21
atgaacaaaa cgttaacatt tctcaccgtc gtctgtgccg tagtcectgge ccaaggtgtce 60
atggaccttt ttggtgaaga aggtcgtgaa gaacatcgcce gtcaccatcg tcattcactc 120
ttaccaccat atctccacaa tgtgagctgt gtggctaaat gggaatactt caaaattctg 180
gggaacagaa gtttgacgtt tgctgagaaa aaggaaaaaa tcagcgagtg ggcaaaaaag 240
tacaatgttg tggtacgctt ttgtaactcc gtataatata ccctegcatg ctggeegttt 300
caggatgaag ttgcaagcta caatgcttgc agggaaaagc ttaagcagga acacaggaaa 360
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aacgttageg aaattgttte taatctteec aatgcagtaa agaaagtaaa cgatcttttg 420
gacaatgaaa atcagactce caggcaactt tacgttgece tcagaaaact cggtaaacaa 480
aatccgecag taagttgaaa gactgcaact ttgggtttaa gggaaaaaaa ctattttage 540
tttaccgegt tgtecgagtat atcaatgtgg ttgtgagact aagacgtgaa gaatctgatg 600
aagaacaacg aagaacgcetg tcagetttac cttttggega caataacgac aacttggaag 660
agcaagactt tggtgaagaa gacttteget atatttatgg ctttgagtgt gcaagattta 720
tcettcaaaa tgggagaatyg tteggacteca acacggatag aagatatcag taagagtcaa 780
ctgtagctta aaagtttgag ctacgaacag catgccatca tcacctect 829
<210> SEQ ID NO 22
«<211> LENGTH: 222
«<212> TYPE: PRT
<213> ORGANISM: Cylicocyclus insigne
<400> SEQUENCE: 22
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Cys Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Asp Leu Phe Gly Glu Glu Gly Arg Glu Glu His
20 25 30
Arg Arg Hisg Hig Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Leu Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Glu Lys Ile Ser Glu Trp Ala Lys Lys
65 70 75 80
Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala Cys Arg Glu Lys
85 90 95
Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Ile Val Ser Asn Leu
100 105 110
Pro Asn Ala Val Lys Lys Val Asn Asp Leu Leu Asp Asn Glu Asn Gln
115 120 125
Thr Pro Arg Gln Leu Tyr Val Ala Leu Arg Lys Leu Gly Lys Gln Asn
130 135 140
Pro Pro Leu Tyr Arg Val Val Glu Tyr Ile Asn Val Val Val Arg Leu
145 150 155 160
Arg Arg Glu Glu Ser Asp Glu Glu Gln Arg Arg Thr Leu Ser Ala Leu
165 170 175
Pro Phe Gly Asp Asn Asn Asp Asn Leu Glu Glu Gln Asp Phe Gly Glu
180 185 190
Glu Asp Phe Arg Tyr Ile Tyr Gly Phe Glu Cys Ala Arg Phe Ile Leu
195 200 205
Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr
210 215 220
<210> SEQ ID NO 23
<211> LENGTH: 830
<212> TYPE: DNA
<213> ORGANISM: Cylicostephanus longibursatus
<400> SEQUENCE: 23
atgaacaaaa cgttaacatt tctcaccgtc gtctatgccg tagtcctgge ccaaggtgtce 60
atggaccttt ttggtgaaga gggtcttgaa gaacatcgcce gtcaccatcg tcattcactc 120
ttaccaccat atctccacaa tgtgagctgt gtggctaaat gggaatactt caaaattctg 180
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-contin

939 B2

ued

66

gggaacagga
tacaatgttyg
caggatgaag
aacgttageyg
gacaatgaaa
aatceggeag
ctttategty
gaagatcage
gagcaggact
atccttcaaa
actgtagete
«<210> SEQ I

«211> LENGT
«212> TYPE:

gtttgacgtt
tggtacgett
ttgcaagcta
aaattgttte
atcagaccce
taagttgaaa
ttgtegagta
gaagateget
ttggtgaaca
atggaagaat
aagggtttga
D NO 24

H: 222
PRT

tgctgagaaa
ttgtaacteca
caatgettge
taatettece
caggcaactt
gagctgeaat
tatcaatgty
gtecagettta
ggactttege
gtteggacte

gctacgaact

<213> ORGANISM: Cylicostephanus

«<400> SEQUE

Met Asn Lys
1

NCE: 24

Thr Leu Thr Phe Leu

Ala Gln Gly Val Met As

Arg Arg His
35

Ser Cys Val
50

Leu Thr Phe
65

Tyr Asn Val

20

His Arg Hi

Ala Lys Tr

Ala Glu Ly

70

Val Asp Gl
85

Leu Lys Gln Glu His Ar

Pro Asn Ala
115

Thr Pro Arg
130

100

Val Lys Ly

Gln Leu Ty

Pro Ala Leu Tyr Arg Va

145

15

Arg Arg Glu Glu Phe As

165

Pro Phe Gly Asp Asn As

Gln Asp Phe
195

180

Arg Tyr Il

P Leu Phe
s Ser Leu
40

P Glu Tyr
55

s Lys Glu

u Val Ala

g Lys Asn

s Val Asn

120

r Val Ala
135

1 Val Glu
0

P Glu Asp

n Asp Asp

e Tyr Gly
200

Gln Asn Gly Arg Met Phe Gly Leu

210

<210> SEQ I
<211> LENGT
«<212> TYPE:

D NO 25
H: 832
DNA

215

aaggaaaaaa tcagcgagtg ggcaaaaaag

gtataatata tcctegeata
agggaaaagce ttaagcagga
aatgcagtga agaaagtaaa
tacgttgece tcagaaaact
tttgggttty aggaaaaaaa
cttgtgagac taagacgtga
cettttggey acaataacga
tatatctatyg getttgagty
aacacggata gaagatatta

gcatgccate atcacctecet

longibursatus

Thr Val Val Tyr Ala Val
10

Gly Glu Glu Gly Leu Glu
25 30

Leu Pro Pro Tyr Leu His
45

Phe Lys Ile Leu Gly Asn
60

Lys Ile Ser Glu Trp Ala
75

Ser Tyr Asn Ala Cys Arg
90

Val Ser Glu Ile Val Ser
105 110

Asp Leu Leu Asp Asn Glu
125

Leu Arg Lys Leu Gly Lys
140

Tyr Ile Asn Val Leu Val
155

Gln Arg Arg Ser Leu Ser
170

Leu Glu Glu Gln Asp Phe
185 190

Phe Glu Cys Ala Arg Phe
205

Asn Thr Asp Arg Arg Tyr
220

<213> ORGANISM: Cylicocyclus nassatus

<400> SEQUE

NCE: 25

ctggeegttt
acacaggaaa
cgatetttty
tggtaaacaa
actattttag
agaatttgat
cgatttggaa
tgcaagattt

gtaagagtca

Val Leu
15

Glu His

Asn Val

Arg Ser

Lys Lys
80

Glu Lys
95

Asn Leu

Asn Gln

Gln Asn

Arg Leu

160

Ala Leu
175

Gly Glu

Ile Leu

240

300

360

420

480

540

600

660

720

780

830
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atgaacaaaa cgttaacatt tctcatcegtce gttagtgeceg tagtectgac ccaaagtgtt 60
atggactttt tcgatgaaga cggtegtgaa gaacatcgee gtecatcateg tcattecett 120
ttaccacegt atctccacaa tatgagetge gtggccaaat gggaatactt cgagattgtg 180
ggggacagga gtctgacgtt tgetgaaaag aaggaaaaaa tcggegagtyg ggctaaaaaa 240
tacaatgttg tggtaagatt ttgtaactet atgtaaagat accceccgtac gtegeectgt 300
ttaggatgaa gttgcaaget acaatgectta tagagaaaaa ctaaagcagg agcacaggaa 360
aaacgttagc gagettgtet ctggtcettec caatgetgtg aagaaaataa acgaactttt 420
agacaatgaa aatcagactg ttaggcaact ttatgttget ttaagagaac ttggtaaaca 480
aaatccagca gtaagttaaa agaagtgcaa ttttgggctt aactaatgag acaattttag 540
ctetaccgtyg ttgtegagta tatcaatgtg gttgtgagac ttagacgtga agatttggat 600
gagcaggaac aacagagaac gctgtcaacc ccaccttteg gcgagaataa cgaagagcaa 660
gactttggty aacaagactt tcactatatc tatggttttyg agtgtgccag attcatccett 720
caaaatggaa gaatgtttgg acttaacacg gatagaagat attagtaaga gttaactgca 780
gctcaatgtg atagagattg agccacaacc caacatgcca tcatcaccte ct 832
«<210> SEQ ID NO 26

«<211> LENGTH: 220

«<212> TYPE: PRT

«213> ORGAN

ISM: Cylicocyclus nassatus

«<400> SEQUENCE: 26

Met Asn Lys
1

Thr Gln Ser
Arg Arg His
35

Ser Cys Val
50

Leu Thr Phe
65

Tyr Asn Val

Leu Lys Gln

Pro Asn Ala

115

Thr Val Arg
130

Pro Ala Leu
145

Arg Arg Glu

Pro Pro Phe

Phe His Tyr

195

Gly Arg Met
210

«210> SEQ I

Thr Leu Thr Phe Leu

Val Met As
20

His Arg Hi

Ala Lys Tr

Ala Glu Ly

70

Val Asp Gl
85

Glu His Ar
100

Val Lys Ly

Gln Leu Ty

Tyr Arg Va
15

Asp Leu As
165

Gly Glu As
180
Ile Tyr Gl

Phe Gly Le

D NO 27

P Phe Phe
s Ser Leu
40

P Glu Tyr
55

s Lys Glu

u Val Ala

g Lys Asn

s Ile Asn

120

r Val Ala
135

1 Val Glu
0

P Glu Gln

n Asn Glu

vy Phe Glu
200

u Asn Thr
215

Ile Val Val
10

Asp Glu Asp
25

Leu Pro Pro

Phe Glu Ile

Lys Ile Gly

75

Ser Tyr Asn
90

Val Ser Glu
105

Glu Leu Leu

Leu Arg Glu

Tyr Ile Asn

155

Glu Gln Gln
170

Glu Gln Asp
185

Cys Ala Arg

Asp Arg Arg

Ser Ala Val
Gly Arg Glu
30

Tyr Leu His
45

Val Gly Asp
60

Glu Trp Ala

Ala Tyr Arg

Leu Val Ser

110

Asp Asn Glu
125

Leu Gly Lys
140

Val Val Val

Arg Thr Leu

Phe Gly Glu

190

Phe Ile Leu
205

Tyr
220

Val Leu
15

Glu His

Asn Met

Arg Ser

Lys Lys
80

Glu Lys
95

Gly Leu

Asn Gln

Gln Asn

Arg Leu

160

Ser Thr
175

Gln Asp

Gln Asn
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<211> LENGTH: 762
<212> TYPE: DNA
<213> ORGANISM: Cylicocyclus nassatus
<400> SEQUENCE: 27
atgaacaaaa cgttaacatt tctcatcegtce gttagtgcca tagtectgge ccaaagtgtt 60
atggactttt tcgatgaaga aggtegtgag ggacatcgee gteatcateg tcattcactt 120
ttaccaccat atctccacaa tatgagetge gtggccaaat gggaatactt cgagattgtg 180
ggggacagga gtctgacgtt tgetgaaaag aaggaaaaaa tcggegagtyg ggctaaaaaa 240
tacaatgttyg tggtaagatt ttgtaactcc atgttaggat acctecgcac gtegecctgt 300
ttaggatgaa gttgcaaget acaatgectta tagagaaaaa ctaaagcagg agcacaggaa 360
aaacgttagc gagettgtet ctggtcettec caatgetgtg aagaaagtaa acgaactttt 420
agacaatgaa aatcagactg ttaggcaact ttatgttget ttaagagaac ttggtaaaca 480
aaatccagca gtaagttaaa agaagtacaa ttttgagctce aactaatgag acaattttag 540
ctetaccgtyg ttgtegagta tatcaatgtg gttgtgagac ttagacgtga agatteggat 600
gagcaggaac aacgaagaac tctgtcaacc tcaccttteg gcgagaataa cgaagagcaa 660
gattttggty aacaagattt tcactatatc tatggttttyg agtgtgcaag attcatccett 720
caaaatggaa gaatgtttgg actcaatacg gatagaagat at 762

«210> SEQ ID NO 28
«211> LENGTH: 220
«212> TYPE: PRT

«213> ORGANISM:

«<400> SEQUENCE: 28

Met Asn Lys Thr Leu Thr Phe Leu

1

Ala

Arg

Ser

Leu

65

Tyr

Leu

Pro

Thr

Pro

145

Arg

Ser

Phe

Gly

Gln

Arg

Cys

50

Thr

Asn

Lys

Asn

Val

130

Ala

Arg

Pro

His

Arg

Ser

His

35

Val

Phe

Val

Gln

Ala

115

Arg

Leu

Glu

Phe

Tyr

195

Met

Val Met Asp Phe Phe

20

His Arg Hi

s Ser Leu
40

Ala Lys Trp Glu Tyr

Ala Glu Ly

70

Val Asp Gl
85

Glu His Ar
100

Val Lys Ly

Gln Leu Ty

Tyr Arg Va
15

55

s Lys Glu

u Val Ala

g Lys Asn

s Val Asn

120

r Val Ala
135

1 Val Glu
0

Asp Ser Asp Glu Gln

165

Gly Glu As
180

n Asn Glu

Ile Tyr Gly Phe Glu

Phe Gly Le

200

u Asn Thr

Ile

Asp

25

Leu

Phe

Lys

Ser

Val

105

Glu

Leu

Tyr

Glu

Glu

185

Cys

Asp

Cylicocyclus nassatus

Val

10

Glu

Pro

Glu

Ile

Tyr

90

Ser

Leu

Arg

Ile

Gln

170

Gln

Ala

Arg

Val

Glu

Pro

Ile

Gly

75

Asn

Glu

Leu

Glu

Asn

155

Arg

Asp

Arg

Arg

Ser Ala Ile
Gly Arg Glu
30

Tyr Leu His
45

Val Gly Asp
60

Glu Trp Ala

Ala Tyr Arg

Leu Val Ser

110

Asp Asn Glu
125

Leu Gly Lys
140

Val Val Val

Arg Thr Leu

Phe Gly Glu
190

Phe Ile Leu
205

Tyr

Val Leu
15

Gly His

Asn Met

Arg Ser

Lys Lys
80

Glu Lys
95

Gly Leu

Asn Gln

Gln Asn

Arg Leu

160

Ser Thr
175

Gln Asp

Gln Asn
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-continued

210 215 220
<210> SEQ ID NO 29
<211> LENGTH: 829
<212> TYPE: DNA
<213> ORGANISM: Cylicocyclus nassatus
<400> SEQUENCE: 29
atgaacaaaa cgttaacatt tctcatcgec gttagtgcca tagtectgge ccaaagtatg 60
gacttttteg atgaagacgg tcgtgaagaa catcgecgte atcategtca ttcactttta 120
ccaccatate tccacaatat gagetgegeg gecaaatggg aatacttega gattgtaggg 180
gacaggagtce tgacgtttge tgaaaagaag gaaaaaatcg gcgagtggge taaaaaatac 240
aatgttgtgg taagattttg taactccatg taaagatacc ccteccatgte gteccegttta 300
ggatgaagtt gcaagctaca atgcttgcag agaaaaactyg aagcaagagc acaggaaaaa 360
cgtcagegag cttgtctetg gtettcccaa tgctgtgaag aaagtaaacg aacttttaga 420
caatgaaaat cagactgtta ggcaacttta tgttgcttta agagaacttg gtaaacaaaa 480
tccagcagta agttgaaaga agtgcatttt gggettaact aacgagacaa ttttagetet 540
accgtgttgt cgagtatatc aatgtggetg tgagacttag acgtgaagat tcggatgage 600
aggaaaaacg aagaacgctg tcaacctcac ctttcggcga gaataacgaa gagcaggacce 660
ttggtgaaca agattttcac tatatctatg gectttgagtg tgcaagatte atccttcaaa 720
atggaagaat gtttggactt aacacggata gaagatatta gtaaaatttg actgcagctc 780
aaagtggtag agattgagct accaacccaa catgccatca tcacctect 829
«<210> SEQ ID NO 30
«<211> LENGTH: 219
«<212> TYPE: PRT
<213> ORGANISM: Cylicocyclus nassatus
<400> SEQUENCE: 30
Met Asn Lys Thr Leu Thr Phe Leu Ile Ala Val Ser Ala Ile Val Leu
1 5 10 15
Ala Gln Ser Met Asp Phe Phe Asp Glu Asp Gly Arg Glu Glu His Arg

20 25 30
Arg His His Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Met Ser
35 40 45

Cys Ala Ala Lys Trp Glu Tyr Phe Glu Ile Val Gly Asp Arg Ser Leu

50 55 60
Thr Phe Ala Glu Lys Lys Glu Lys Ile Gly Glu Trp Ala Lys Lys Tyr
65 70 75 80
Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala Cys Arg Glu Lys Leu

85 90 95
Lys Gln Glu His Arg Lys Asn Val Ser Glu Leu Val Ser Gly Leu Pro
100 105 110
Asn Ala Val Lys Lys Val Asn Glu Leu Leu Asp Asn Glu Asn Gln Thr
115 120 125

Val Arg Gln Leu Tyr Val Ala Leu Arg Glu Leu Gly Lys Gln Asn Pro

130 135 140
Ala Leu Tyr Arg Val Val Glu Tyr Ile Asn Val Ala Val Arg Leu Arg
145 150 155 160
Arg Glu Asp Ser Asp Glu Gln Glu Lys Arg Arg Thr Leu Ser Thr Ser

165 170 175

Pro Phe Gly Glu Asn Asn Glu Glu Gln Asp Leu Gly Glu Gln Asp Phe
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74

180

185

190

His Tyr Ile Tyr Gly Phe Glu Cys Ala Arg Phe Ile Leu Gln Asn Gly

195

200

Arg Met Phe Gly Leu Asn Thr Asp Arg Arg Tyr

210

<210> SEQ ID NO 31
<211> LENGTH: 840

<212> TYPE:

DNA

215

<213> ORGANISM: Cyathostomum pateratum

<400> SEQUENCE: 31

atgaacaaaa

atggaccttt

ttaccaccat

gggaacagga

tacaatgttyg

aggatgaagt

acgttagega

acaatgaaaa

atccggeagt

ttacegtatt

gcaagaacaa

agagcaggac

tctectteaa

aagtgtagcet

<210> SEQ I

«<211> LENGT
«212> TYPE:

cgttaacatt

ttggtgaaga

atctecacaa

gtttgacgtt

tggtaagett

tgcaagctac

acttgtttet

tcagactett

aagtcgaaag

gtegagtaca

cgaagaaggce

tteggtgaac

aatggaagaa

caaagtggta

D NO 32

H: 223
PRT

tctcacagte

gggtcgtgaa

tgtgagetgt

tgctgagaaa

ttttgaattg

aatgcttaca

gctcttecaa

aggcaacttt

agectgegtee

ttaatgtgge

tgtcagetet

aagacttteyg

tgtteggact

gagtttgagce

gttagtgeey

gaacatecgte

gaggctaaat

aaggagaaaa

atgtaaatte

gggaaaaact

acgcagtaaa

acgttgeect

ttggacttaa

tgtaagacta

accttttgge

ctatgtetat

caacacggat

tacgaactca

<213> ORGANISM: Cyathostomum pateratum

<400> SEQUENCE: 32

Met Asn Lys
1

Ala Gln Gly
Arg Arg His
35

Ser Cys Glu
50

Leu Thr Phe
65

Tyr Asn Val

Leu Lys Gln

Pro Asn Ala
115

Thr Leu Arg
130

Pro Ala Leu

Thr Leu Thr Phe Leu

Val Met As
20

His Arg Hi

Ala Lys Tr

Ala Glu Ly

70

Val Asp Gl
85

Glu His Ar
100

Val Lys Ly

Gln Leu Ty

Tyr Arg Il

P Leu Phe

s Ser Leu
40

P Glu Tyr
55

s Lys Glu

u Val Ala

g Lys Asn

s Val Asn
120

r Val Ala
135

e Val Glu

Thr

Gly

25

Leu

Phe

Lys

Ser

Val

105

Asp

Leu

Tyr

Val

10

Glu

Pro

Lys

Ile

Tyr

90

Ser

Leu

Arg

Ile

Val

Glu

Pro

Ile

Ser

75

Asn

Glu

Leu

Lys

Asn

205

tagttetgge

gtcaccateyg

gggagtactt

ttagegagty

actecgcatge

caagcaggag

gaaagtcaac

tagaaaactt

gcggaaaaat

agaagtgaag

gaccataacyg

ggetttgagt

ggaagatatt

acatgccatc

Ser

Gly

Tyr

Val

60

Glu

Ala

Leu

Asp

Leu

140

Val

Ala

Arg

Leu

45

Gly

Trp

Tyr

Val

Asn

125

Gly

Ala

Val

Glu

30

His

Asn

Ala

Arg

Ser

110

Glu

Arg

Val

ccaaggtgte
tcattcacte
caaaattgty
ggcaaaaaaa
tggcettttt
cacagaaaaa
gatcttetag
ggtagacaaa
tatttcaget
aagtggatga
ataatttgga
gtgcaagatt
agtaagaaac

atcacctcct

Val Leu

15

Glu His

Asn Val

Arg Ser

Lys Lys

80

Glu Lys

95

Ala Leu

Asn Gln

Gln Asn

Arg Leu

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
145 150 155 160
Arg Ser Glu Glu Val Asp Glu Gln Glu Gln Arg Arg Arg Leu Ser Ala
165 170 175
Leu Pro Phe Gly Asp His Asn Asp Asn Leu Glu Glu Gln Asp Phe Gly
180 185 190
Glu Gln Asp Phe Arg Tyr Val Tyr Gly Phe Glu Cys Ala Arg Phe Leu
195 200 205
Leu Gln Asn Gly Arg Met Phe Gly Leu Asn Thr Asp Gly Arg Tyr
210 215 220
«<210> SEQ ID NO 33
<211> LENGTH: 734
<212> TYPE: DNA
<213> ORGANISM: Cylicostephanus goldi
<400> SEQUENCE: 33
atgaacaaaa cgttaacatt tctcacagtc gttagtgceg ttgtectgge ccaaggtgte 60
atggcccetat ttggtgaaga gagtcgtgaa gaacaccgece gtcaccateg tcattcacte 120
ttaccaccat atctccacaa cgtgagetgt gtggctaaat gggagtactt caaaattgtg 180
gggaacagga gtttgacgtt tgctgagaaa aagaaagaaa tcagcgagtg ggctaaaaaa 240
tacaatgttg tggatgaagt tgcaagctac aatgcttata gagaaaaact caagcaggaa 300
cacaggaaaa acgttagcga acttgtttet gatcttccca acgcagtaaa gaaagtcaac 360
gatcttttgg acaacgaaaa tcagacttct aggcaacttt atgttgcact cagagaactt 420
ggtagacaaa atccggcact ataccgtgte gtcgagtata tcaatgtgge tgtgagatta 480
agacgaaaag aacaggatga acaagaacga caaggaacgc tgtcagetet accttttgge 540
gagaataacg acaatttgga agagcaggac tttggtgaac aagactttcg ctatgtctat 600
ggctttgagt gtgcaagatt tctccttcaa aatggaagaa tgtttggact caacacggat 660
agaagatacc agtaagagtc aactgtaget caaagtgggt ttgagctacg aacagcatgce 720
catcatcacc tcct 734
<210> SEQ ID NO 34
<211> LENGTH: 223
<212> TYPE: PRT
<213> ORGANISM: Cylicostephanus goldi
<400> SEQUENCE: 34
Met Asn Lys Thr Leu Thr Phe Leu Thr Val Val Ser Ala Val Val Leu
1 5 10 15
Ala Gln Gly Val Met Ala Leu Phe Gly Glu Glu Ser Arg Glu Glu His
20 25 30
Arg Arg His His Arg His Ser Leu Leu Pro Pro Tyr Leu His Asn Val
35 40 45
Ser Cys Val Ala Lys Trp Glu Tyr Phe Lys Ile Val Gly Asn Arg Ser
50 55 60
Leu Thr Phe Ala Glu Lys Lys Lys Glu Ile Ser Glu Trp Ala Lys Lys
65 70 75 80
Tyr Asn Val Val Asp Glu Val Ala Ser Tyr Asn Ala Tyr Arg Glu Lys
85 90 95
Leu Lys Gln Glu His Arg Lys Asn Val Ser Glu Leu Val Ser Asp Leu
100 105 110
Pro Asn Ala Val Lys Lys Val Asn Asp Leu Leu Asp Asn Glu Asn Gln
115 120 125
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78

Thr Ser Arg
130

Pro Ala Leu
145

Arg Arg Lys
Leu Pro Phe
Glu Gln Asp

195
Leu Gln Asn

210

«210> SEQ I
<211> LENGT
«212> TYPE:

Gln Leu Tyr Val Ala

Tyr Arg Va
15

Glu Gln As
165

Gly Glu As
180

135

1 Val Glu
0

P Glu Gln

n Asn Asp

Phe Arg Tyr Val Tyr

Gly Arg Me

D NO 35
H: 728
DNA

200

t Phe Gly
215

<213> ORGANISM: Cylicostephanus

«<400> SEQUENCE: 35

atgaacaaaa

atggaccttt

ttaccaccat

gggaacagga

tacaatgttyg

cacaggaaaa

gatcttttygg

ggtaaacaaa

agacgtgaag

aataacgacyg

tttgagtgty

agatattagt

cacctcct

<210> SEQ I

<211> LENGT
«212> TYPE:

cgttaacatt

ttggtgaaga

atcteccacaa

gtttgacgtt

tggatgaagt

acgttagcga

acaatgaaaa

atccggeact

aatttgatga

atttggaaga

caagatttat

aagagtcaac

D NO 36
H: 222
PRT

tctcacegte

gggtcgtgaa

tgtgagetgt

tgctgagaaa

tgcaagctat

aattgtttet

tcagacccece

ttategtgtt

agatcaacga

gcaggacttt

ccttcaaaat

tgtagctcaa

<213> ORGANISM: Cylicostephanus

<400> SEQUENCE: 36

Met Asn Lys
1

Ala Gln Gly
Arg Arg His
35

Ser Cys Val
50

Leu Thr Phe
65

Tyr Asn Val

Leu Lys Gln

Thr Leu Thr Phe Leu

Val Met As
20

His Arg Hi

Ala Lys Tr

Ala Glu Ly

70

Val Asp Gl
85

Glu His Ar
100

P Leu Phe

s Ser Leu
40

P Glu Tyr
55
s Lys Glu

u Val Ala

g Lys Asn

Leu Arg Glu
Tyr Ile Asn
155

Glu Arg Gln
170

Asn Leu Glu
185

Gly Phe Glu

Leu Asn Thr

Leu Gly Arg
140

Val Ala Val

Gly Thr Leu

Glu Gln Asp

190

Cys Ala Arg
205

Asp Arg Arg
220

longibursatus

gtctatgeey

gaacatcgee

gtggctaaat

aaggaaaaaa

aatgettgea

aatcttccca

aggcaacttt

gtecgagtata

agatcgetgt

ggtgaacagyg

ggaagaatgt

gggtttgagc

tagtectgge

gtcaccateyg

gggaatactt

tcagegagty

gggaaaaget

atgcagtgaa

acgttgecct

tcaatgtget

cagctttacc

actttecgeta

tcggaatcaa

tacgaactgc

longibursatus

Thr Val Val
10

Gly Glu Glu
25

Leu Pro Pro

Phe Lys Ile

Lys Ile Ser
75

Ser Tyr Asn
90

Val Ser Glu
105

Tyr Ala Val
Gly Arg Glu
30

Tyr Leu His
45

Leu Gly Asn
60

Glu Trp Ala

Ala Cys Arg

Ile Val Ser
110

Gln Asn
Arg Leu
160

Ser Ala
175

Phe Gly

Phe Leu

Tyr

ccaaggtgte
tcattcacte
caaaattcty
ggcaaagaag
taagcaggaa
gaaagtaaac
cagaaaactt
tgtgagacta
ttttggcgac
tatctatgge
cacggataga

atgccatcat

Val Leu
15

Glu His

Asn Val

Arg Ser

Lys Lys
80

Glu Lys
95

Asn Leu

60

120

180

240

300

360

420

480

540

600

660

720

728
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80

Pro Asn Ala
115

Thr Pro Arg
130

Val Lys Lys Val Asn

120

Gln Leu Tyr Val Ala

135

Pro Ala Leu Tyr Arg Val Val Glu

145

15

Arg Arg Glu Glu Phe As

165

Pro Phe Gly Asp Asn As

Gln Asp Phe
195

180

Arg Tyr Il

0

P Glu Asp

n Asp Asp

e Tyr Gly
200

Gln Asn Gly Arg Met Phe Gly Ile

210

«210> SEQ I
«211> LENGT
«212> TYPE:

D NO 37
H: 132
PRT

215

«213> ORGANISM: Cyathostomum sp.

«<400> SEQUENCE: 37

Arg Glu Lys
1

Gln Val Thr
Trp Phe Thr
35

Lys Gln Met
50

Phe Ser Glu
65

Thr Ala Ala
Phe Ile Lys
Phe Arg Lys

115
Ala Leu Arg

130

<210> SEQ I
«<211> LENGT
<212> TYPE:

Ala Arg I1
Pro Gln Al
20

Asn Val Gl

Ile Glu Le

e Ile Gln

a Gln Glu

n Gln Tyr
40

u Ile Pro
55

Glu Thr Trp Lys Ser

70

Trp Lys Asp Asn Glu

85

Ser Leu Pr
100

Phe Ala Hi

Ala

D NO 38
H: 396
DNA

o Lys Gln

s Leu Gly
120

<213> ORGANISM: Cyathostomum sp.

<400> SEQUENCE: 38

agggagaagg

caagctcagyg

agcggagata

gaggttcatyg

acagccgeat

ctacccaagc

ctccagaaac

ctagaattat

aattcctgge

agaaagettt

ggttctegga

ggaaagataa

aggacttagce

ttctteccaat

tcaagacgaa

aaaatgggag

cttcaagcayg

agagacttgyg

tgaggatcge

tgaggatcey

tgaagctcte

Asp Leu Leu

Leu Arg Lys

Tyr Ile Asn

155

Gln Arg Arg
170

Leu Glu Glu
185

Phe Glu Cys

Asn Thr Asp

Asp Glu Tyr
10

Phe Leu Ala
25

Ser Gly Asp

Gln Leu Met

Leu Glu Glu

75

Asp Arg Leu
90

Asp Leu Ala
105

Leu Gln Lys

tacactaaac
aagacatggt
atgattgage
aagagccttyg
ctaaagcaat
gaagcattca

agagct

Asp

Leu

140

Val

Ser

Gln

Ala

Arg
220

Thr

Lys

Lys

Glu

60

Gln

Lys

Glu

Leu

Asn

125

Gly

Leu

Leu

Asp

Arg

205

Arg

Lys

Trp

Lys

45

Glu

Phe

Gln

Asp

Leu
125

Glu Asn Gln

Lys Gln Asn

Val Arg Leu

160

Ser Ala Leu
175

Phe Gly Glu
190

Phe Ile Leu

Tyr

Arg Met Gln
15

Glu Lys Thr
30

Ala Phe Phe

Val His Gly

Pro Glu Gln

80

Phe Tyr Glu
95

Pro Glu 2Ala
110

Pro Ile Glu

gtatgcagca ggtcacacca

tcacgaatgt gcagcaatat

taatccctca actaatggag

aggagcaatt cccagagcag

tttatgagtt tatcaagagc

gaaagttcge tcacctcegga

60

120

180

240

300

360

396
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-continued
<210> SEQ ID NO 39
<211> LENGTH: 565
<212> TYPE: DNA
<213> ORGANISM: Cyathostomum catinatum.
<400> SEQUENCE: 39
tggtcacacc acaagctcag gagttceetgg ccaaggtaag ctattacctt accagggtga 60
ggggaaagaa gttggcagcg gtcggaaacce cggtaatcta ctgactttac caattatttt 120
cagtgggaga agacatggtt cacgaatata cagcaataca gtggagacaa gcaagcctte 180
tttaagcaga tgattgaact aattcctcaa cttatggagg aggttcaggt aagttageeg 240
caaaaatttt taaccaatgg ttgagctcga catttttteca gggattcaca gaggagactt 300
ggaatagcct gagggagcaa ttccecggage agacagecge atggaaggat cgtgagtatce 360
tttcataatt actgtacttg gaattatact ttacaatcat aatcctactc ttagacgagg 420
atcgcctgaa gcaattcetat gagttcatta agagcectace caaacaacaa ttagetgagg 480
tgattttcat tgatttttcg aaaaatatat ttttgataca ttctttttca ggatcecggaa 540
gctttcagaa agttegetea ccteg 565
«<210> SEQ ID NO 40
«<211> LENGTH: 569
«<212> TYPE: DNA
<213> ORGANISM: Cyathostomum catinatum.
<400> SEQUENCE: 40
ttgtcacacc acaagctcag gagttcetgg ctaaggtaag ctattacctt accagggtga 60
gggggaagaa gttgggagcg gtcggaaacc cggtaatcta ctgactttac caattatttt 120
cagtgggaga ggacatggtt cacgaatata cagcaataca gtggagacaa gcaagcctte 180
tttaagcaga tgattgaact aattcctcaa cttatggagg aggttcaggt aagttggeeg 240
caaaaatttt taaccaatgg ttgagctcga catttttteca gggattcaca gaggagactt 300
ggaatagcct gagggagcaa ttcccggage agacagccgce atggaaggat cgtaagtatc 360
tttcataatt actgtacttg gaattatact ttacaatcat aatcctactc ttagacgagg 420
atcgcctgaa gcaattctat gagttcatta agagcctacce caaacaacaa ttagctgagg 480
tgattttcat tgatttttcg tacgaaaaat atatttttga tacattcttt ttcaggatcc 540
ggaagctttc agaaagttcg ctcacctcg 569
<210> SEQ ID NO 41
<211> LENGTH: 561
<212> TYPE: DNA
<213> ORGANISM: Cylicostephanus longibursatus
<400> SEQUENCE: 41
aggtcacacc acaagctcag gaattcctgg caaaggtaag ctatcacctt accagggtga 60
ggggtagaag ttaggagcga gggaacccgg tgatctctta tacccattac ttcagtggga 120
gaagatatgg ttcacgaatg tacagcaata tagtggagac aagcaagcct tcttcaagca 180
gatgattgaa ctaattcctc aacttatgga ggaggtacag gtaagtcagc taaagtgatt 240
ttaagaaaaa attaagcctg attttccttt cagggattct cagaggagac ttggaatagc 300
cttaaggagc aattccctga gcagacagec gcatggaagg atagtgagta tttttcataa 360
ttactgtact tggaattata ctttacaatc ataatcctac cctcagacga ggagcgcctg 420
aagcaattct atgagttcat taagagccta cccaaacaac aaatagctga ggtgatttte 480
attgattttt cgtacgaaaa gtatattttt aatacattct tttgcaggat ccggaagect 540
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84

tcagaaagtt cgectcaccte g

<210> SEQ ID NO 42

<211> LENGTH: 589

<212> TYPE: DNA

<213> ORGANISM: Cylicocyclus nassatus

<400> SEQUENCE: 42

aggtcacacc acaagctcag gaattcetgg caaaggtaag ctaccatatt tcgaggggga
gggcaatttt ggagcgaggg aggagaggaa agggagagaa acactggttg ggatcactaa
ctetaccege cacttccagt gggagaagac atggttcacg aatgtgcage aatatagegg
agataagaaa gccttttteca aacagatgat tgagctaatce cctcaactaa tggaagaggt
tcatgtaagt caaccaaagt ggcttttaag cggagattaa actcgaattt ttettcaggg
gttectocggag gagacttgga agagecttga ggagcaatte ccagagcaga cagcegecatg
gaaggatagt aagcattctt catagctcce gectttatca tttatcttca cgatagtaat
cttattttta gatgaggatc gcctgaagea attttatgag ttcatcaaga gcctacccaa
gcaggactta gctgaggtaa ctttecatggt tttttectga getgtaaaaa tgcttgcaac
taacaacttt tctaggatcc ggaagctttc agaaagtteg ctcaccteg

<210> SEQ ID NO 43

<211> LENGTH: 195

<212> TYPE: PRT

«213> ORGANISM: Cyathostomum sp.

«<400> SEQUENCE: 43

Lys Lys Glu Ser Gln Gly Phe Phe Ser Ile Pro Val Asp Asn Leu Arg
1 5 10 15

Ala Ser Pro Phe Leu Leu Gln Tyr Ile Lys Glu Tyr Ile Pro Zsp Tyr
20 25 30

Lys Asn Ala Met Glu Lys Phe Glu Asp Ile Pro Lys Gln Tyr Arg Asp
35 40 45

Leu Ile Pro Glu Glu Val Ala Thr His Leu Lys Ala Ile Thr 2Zla Glu
50 55 60

Glu Lys Ala Val Leu Lys Glu Val Met Lys Asp Tyr Ala Lys Tyr Lys
65 70 75 80

Asp Glu Glu Glu Phe Leu Lys Ala Leu Lys Glu Lys Ser Glu Gly Leu
85 90 95

His Glu Lys Ala Ser Lys Leu His Asn Phe Ile Lys Gly Lys Val Asp
100 105 110

Ala Leu Gly Asp Glu Ala Lys Ala Phe Val Lys Lys Val Ile Ala Ala
115 120 125

Ala Arg Glu Val His Ala Lys Leu Leu Ala Gly Asp Lys Pro Ser Leu
130 135 140

Glu Asp Ile Lys Lys Lys Ala Lys Glu His Met Gly Glu Phe Glu Lys
145 150 155 160

Leu Ser Asp Asp Ala Lys Glu Asp Leu Lys Lys Asn Phe Pro Ile Leu
165 170 175

Thr Ser Val Trp Thr Asn Glu Lys Thr Arg Ala Leu Ile Asp Lys Tyr
180 185 190

Val Glu Asn
195

«210> SEQ ID NO 44

561

60

120

180

240

300

360

420

480

540

589
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-continued
<211> LENGTH: 573
<212> TYPE: DNA
<213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 44
atgcttcgaa taactttett ccttgetete tttgttgtet acacttttte tgeaccctet 60
ggacccgety aagagaagat agatgtggaa aaaatggaaa aatttgaaga tattccaaag 120
caatatcgag accttattec ggaagaggta gctacacace tcaaagecat caccgctgaa 180
gagaaagctyg ttctaaaaga ggtaatgaag aattatgcaa agtacaagaa cgaggaggag 240
tttttggaag cgttgaaaga aaaatcagag agtttgcatyg agaaagccag caaacttcac 300
aattttatca aagggaaggt tgacgcactt ggagatgaag caaaggcatt tgtgaagaag 360
gttatcgeag ctgctcgaga agtgcatgec aaacttcettyg ccggggacaa accatcgett 420
gaagatatca agaagaaagc caaggagcat atggctgaat tcgagaaact aagcgatgat 480
gccaaggagg atctcaaaaa gaatttccca atccttactt ccgtetggac aaatgagaaa 540
acaagagcegt tgattgacaa atatgtggag aac 573
«<210> SEQ ID NO 45
«<211> LENGTH: 145
«<212> TYPE: PRT
«213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 45
Gly Lys Met Ser Asp Leu Trp Thr Ala Ile Ser Glu Thr Asn Lys Val
1 5 10 15
Arg Leu Phe Asn Thr Leu Ser Leu Gly Ile Ala Gly Val Leu Cys Ile
20 25 30
Thr Thr Ala Phe Ile Pro Val Glu Asn Gln Val Val Cys Ala Val Leu
35 40 45
Ile Thr Leu Leu Gln Gly Val Ile Gly Phe Asn Ser Ala Gly Tyr Asn
50 55 60
Lys Ala Ala Val Ile Val Ala Arg Gln His Ala His Leu Leu Leu Thr
65 70 75 80
Cys Phe Gly Leu Ile Val Thr Phe Val Pro Leu Val Gln Pro Phe Ile
85 90 95
Val Gln Leu Val Ala Pro Asp His Ser Trp Asp Gln Trp Phe Tyr Leu
100 105 110
Phe Val Gly His Gly Leu Val Leu Val Ile Ala Asn Leu Phe Phe Cys
115 120 125
Leu Thr Ile Glu Ala Lys Pro Ala Ala Phe Thr Gln Lys Thr Asp Ser
130 135 140
Ser
145
<210> SEQ ID NO 46
<211> LENGTH: 435
<212> TYPE: DNA
<213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 46
ggtaaaatgt cagatttatg gacggcaata agcgaaacaa ataaagtccg cttgttcaac 60
accttgtege tgggaattgc tggegtactg tgtataacta ctgctttcat tcctgtggaa 120
aatcaggttg tttgcgectgt tttaatcacg ttattgcaag gagttatcgg attcaattca 180
gctggatata acaaagctgce agtcattgtt gctaggcage atgctcatct tctgttgacc 240
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tgetttggge
gecectgace

gttatagega

aaaactgatt catca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 47

LENGTH: 173

TYPE: DNA

ORGANISM: Cyathostomum sp.

SEQUENCE: 47

tcattgtcac ttttgtcecece ttggtgecage cattcatagt tcaacttgtg
atagetggga ccaatggttt tatctgtttg ttgggcatgg tetegtactt

atttattett ttgtetcact ategaggega aaccggeage gtteacacag

ggtttaatta cccaagtttyg aggtacttte taaatctgac ccgatcaact gattgtggte

tgattaaatt ttgaaaatct cteccctgaat agggagagta caagagtgca tatccaaaaa

aaaaaaaaaa aaaaaaaaaa aaaaacatgt cggccgecte ggectcectaga ata

«210>
«211>
«212>
«213>

«<400>

SEQ ID NO 48

LENGTH: 287

TYPE: DNA

ORGANISM: Cyathostomum sp.

SEQUENCE: 48

ggtttaatta cccaagtttyg agtgtcatga

aggagatagt ttcacagttc cgccagacag

ggagaaacgt cgttcactta gaatgagaag

taaaaattct ttgcagaaaa ccttttcaaa

aaaaaaaaaa aaaaaaaaac atgtcggccg

«210>
<211>
«212>
«213>

<400>

SEQ ID NO 49

LENGTH: 620

TYPE: DNA

ORGANISM: Cyathostomum sp.

SEQUENCE: 49

ggtttaatta cccaagtttyg aggctgette

atggcgcege acccagagec ctccattatt

agctgagtgt agtattcgac tatgtggagt

caggaatcaa ttatgcggtt attcgcaaag

actggaaacc gtgcactcaa caatgaaacyg

tcggtgctca tttagctact taaagacata

gcegetttta tctectetee atgatctete

tceggaaaty cggatgetta ggecaattty

tcgtcattat ctcacagacg tgtaaaagat

ctgcaccatt aaaccgttca caaaaaaaaa

cgectoggee tctagaataa

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 50

LENGTH: 172

TYPE: DNA

ORGANISM: Cyathostomum sp.

SEQUENCE: 50

agcttgectyg

gaaatgegty

gcattgatte

tcataaagtce

ccteggecte

aacagtaggt

gctactecty

gcgactaaca

taaaagatct

atcagggatc

ctgctgeage

ttegttatet

ttgacgttty

ctctttttat

aaaaaaaaaa

aaaaaagcag

ccaagatgtt

tgtttagteg

gaagaccaca

tagaata

ttagaaatga

ttgttgatca

cgaactctta

gctatgtggg

gccaccgaat

acttagecctt

gtataaccga

ccgcatgaat

gaaagtctat

aaaaaaaaaa

agaaaccaag

ttgcggaaga

ttgagatatt

aaaaaaaaaa

catcgeggat

gtctaccagt

tggctatcty

aagagccteyg

gctgcegagaa

ggcatcttaa

atatagtcat

catttgetgt

tttgtttgag

acatgtcgge

ggtttaatta cccaagtttyg aggtactttc tagatctgac ccgatcaact gattgtggte

300

360

420

435

60

120

173

60

120

180

240

287

60

120

180

240

300

360

420

480

540

600

620

60
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tgattaaatt ttggaaatct cttecctgaac agggagagta caagagtgta tatgaaaaaa 120
aaaaaaaaaa aaaaaaaaaa aaaacatgtc ggeecgecteg gectetagaa ta 172
<210> SEQ ID NO 51
<211> LENGTH: 327
<212> TYPE: DNA
<213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 51
ggtttaatta cccaagtttg aggatgctta gtttcaaget cgttettcte ttegtactte 60
tcacagettyg tgtgctaaca gatccaagag tgttaatceg agaaaagcga atggactgga 120
gacgttacta tagcagatgg ggtcgeggaa getctaattyg gggaaaccge ggaggtaccet 180
tcggeggacy aaaatggagt tacccgactt ttggacaatg gggacattaa catctgatgt 240
atgaaaagat ctaatgaaat aaagcttcga aaaaaaaaaa aaaaaaaaaa aaaaaaaaac 300
atgtcggecg ccteggecte tagaata 327
<210> SEQ ID NO 52
«<211> LENGTH: 324
«<212> TYPE: DNA
«213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 52
ggtttaatta cccaagtttg agaatgttcg aaaaattcct tctgetactg atcgttgtga 60
tecgcecteat ttetttggeg tcectgeagatt tttcatgett ctteggtgat accatctgca 120
agagcattac atgcaggggc tgcaccgteg ccacttgect taatggagac tgtatgtgea 180
cactatgtaa ctgatgatct tcacatgteg cattaccatt tgtaacaaat acattttcte 240
ttgttcataa taaatttttc actcaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaacatg 300
tcggecgect cggcctcectag aata 324
<210> SEQ ID NO 53
<211> LENGTH: 328
«<212> TYPE: DNA
<213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 53
ggccgeggga ttttectagag gccgaggcegg gttttaggtt gttcctcaaa cttgggtaat 60
taaaccacga ggccgaggcg ggttttaggt tgttctcaaa cttgggtaat taaaccacga 120
tggcgaggceyg ggttttaggt tgttctcaaa cttgggtaat taaaccacga tggcgaggceg 180
ggttttaggt tgttcctcaa acttgggtaa ttaaaccaag aggccgaggc gggttttagg 240
ttgttcctca aacttgggta attaaaccac gatggcgagg cgggttttag gttgttctca 300
aacttgggta attaaaccaa tcactagt 328
<210> SEQ ID NO 54
<211> LENGTH: 154
<212> TYPE: DNA
<213> ORGANISM: Cyathostomum sp.
<400> SEQUENCE: 54
ggccgeggga ttattctaga ggccgaggca gtggtatcaa cgcagagtgg ccattacgge 60
cggggagagg gaaaagtttc ttttctctecg gataccaaaa aaaaaaaaaa aaaaaaaaaa 120
aaaaaacatg tcggccgcct cggectctag aata 154

«210> SEQ ID NO 55
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<211> LENGTH: 387

<212> TYPE: DNA

<213> ORGANISM: Cyathostomum sp.

<400> SEQUENCE: 55

ggcegeggga ttttetagag gecgaggegt cttacttggyg tggctcaata actgaaaget
tagaattcat taaaccttaa cccacagggg ttatttgaca tgettgactt gaaaatgatg
ctettetget tgtagttgtt ttattatget agetgtaagt atactctggt agaccagaac
atcaatgtge tagttgaatg tatcatgtta tcactttgte acactctata cgaatctagg
tgtggcagge cacaccecte tcctgaccet gttcaccate aattagettt tagetgttat
ttaataacat cacactgatt gcaaaaaaaa aaaaaaaaaa aaaaaaaaaa acatgtcggce
cgecteggee tctaaaaaat cactagt

<210> SEQ ID NO 56

<211> LENGTH: 292

<212> TYPE: DNA

«213> ORGANISM: Cyathostomum sp.

<400> SEQUENCE: 56

ggcegeggga ttattctaga ggecgaggca gtggtatcaa cgeagagtgg ccattacgge
cgaagcagtg gtatcaacgc agagtggcca ttacggccgg gtggtgacca cgggtgacgg
ggaattaggg ttcgattceg gagagggage ctgagaaacg gctaccacat ccaaggaagg
cagcaggege gcaaattacc cactcccgac ccggggaggt agtgacgaaa aaaaaaaaaa
aaaaaaaaaa aaaaacatgt cggccgectc ggectctaga ataatcacta gt

<210> SEQ ID NO 57

<211> LENGTH: 199

<212> TYPE: DNA

<213> ORGANISM: Cyathostomum sp.

<400> SEQUENCE: 57

ggccgeggga ttttcectagag gccgaggcegg gttttagete aaacttgggt aattaaaccg
gtaggatggc gaggcgggtt tctcaaactt gggtaattaa accagtagga tggcgaggcg
ggtttctcaa acttgggtaa ttaaaccggt aggaggccga ggcegggtctc aaacttgggt
aattaaacca atcactagt

<210> SEQ ID NO 58

<211> LENGTH: 167

<212> TYPE: DNA

<213> ORGANISM: Cyathostomum sp.

<400> SEQUENCE: 58

caagtttgag gtactttcta gatctgaccc gatcaactga ttgtggtctg attaaatttt
ggaaatctct tcctgaacag ggagagtaca agagtgtata ttaagaaaaa azaaaaaaaa
aaaaaaaaaa catgtcggcc gcctcggect ctagaataat cactagt

<210> SEQ ID NO 59

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59

ggtttaatta cccaagtttg ag

60

120

180

240

300

360

387

60

120

180

240

292

60

120

180

199

60

120

167

22
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 60

attctagagg ccgagge

<210>
<211>
«212>
<213>
<220>
«223>

<400>

SEQ ID NO 61

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 61

ttctagagge cgaggeg

«210>
«211>
«212>
«213>
«220>
«223>

«<400>

SEQ ID NO 62

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 62

aaaaaggagg tgtttggttc

«210>
«211>
«212>
«213>
«220>
<223>

«<400>

SEQ ID NO 63

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 63

cttgaatttg ataaaactac acc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 64

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 64

aattgtgggy aacaggag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

aatgaaaatc agactcctag g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 66

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

17

17

20

23

18

21
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<400> SEQUENCE: 66

aattcggate cgecaaggtgt catggacctt tttg

<210> SEQ ID NO &7

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 67

cecgcaagett atatetttea tetgtgttga gtecaaac

<210> SEQ ID NO 68
«211> LENGTH: 60
«212> TYPE: PRT

<213 ORGANISM: Cyclicoclyclus ashworthi

«220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (43)..(43)

<223> OTHER INFORMATION: X is E or V

«220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (50)..(50)

<223> OTHER INFORMATION: X is G or D

«220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (57)..(57)

<223> OTHER INFORMATION: X is E or V

«<400> SEQUENCE: 68

Leu Thr Phe Ala Glu Lys Lys Gly Lys
1 5

Tyr Asn Val Val Asp Glu Val Ala Ser
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Xaa Ala Val Lys Lys Val Asn Xaa
50 55

«<210> SEQ ID NO 69
«<211> LENGTH: 60
«<212> TYPE: PRT

Ile
10
Tyr

Ser

Leu

<213> ORGANISM: Cyathostomum catinatum

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 69

Leu Thr Phe Ala Glu Lys Lys Xaa Glu
1 5

Tyr Asn Val Val Asp Glu Val Ala Ser
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Asn Ala Val Lys Lys Val Asn Asp
50 55

<210> SEQ ID NO 70
<211> LENGTH: 60
<212> TYPE: PRT

any

Ile
10
Tyr

Ser

Leu

<213> ORGANISM: Coronocyclus coronatus

<400> SEQUENCE: 70

Ser

Asn

Xaa

Leu

Glu Trp Ala Lys Lys
15

Ala Tyr Arg Glu Lys
30

Leu Val Ser Gly Leu
45

Asp
60

34

38

naturally occurring amino acid

Ser

Asn

Glu

Leu

Glu Trp Ala Lys Lys
15

Ala Tyr Arg Glu Lys
30

Leu Val Ser Ala Leu
45

Asp
60
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Leu Thr Phe Ala Glu Lys Lys Glu
1 5

Tyr Lys Val Glu Asp Glu Val Ala
20

Leu Lys Gln Glu His Arg Lys Asn
35 40

Pro Gly Ala Val Lys Lys Val Asn
50 55

<210> SEQ ID NO 71

<211> LENGTH: 60

«<212> TYPE: PRT

<213> ORGANISM: Cylicostephanus

«<400> SEQUENCE: 71

Leu Thr Phe Ala Glu Lys Lys Lys
1 5

Tyr Asn Val Val Asp Glu Val Ala
20

Leu Lys Gln Glu His Arg Lys Asn
35 40

Pro Ser Ala Val Lys Lys Val Asn
50 55

«210> SEQ ID NO 72
«211> LENGTH: 60
«212> TYPE: PRT

Lys Ile Ser Glu Trp Ala Lys Lys
10 15

Ser Tyr Asn Ala Tyr Arg Glu Lys
25 30

Val Ser Glu Leu Val Ser Ala Leu
45

Glu Leu Leu Asp
60

goldi

Glu Ile Ser Glu Trp Ala Lys Lys
10 15

Ser Tyr Asn Ala Tyr Arg Glu Lys
25 30

Val Ser Glu Leu Val Ser Asp Leu
45

Asp Leu Leu Asp
60

<213> ORGANISM: Coronocyclus labiatus

«<400> SEQUENCE: 72

Leu Thr Phe Ala Glu Lys Lys Glu
1 5

Tyr Asn Val Val Asp Glu Val Ala
20

Leu Lys Gln Glu Tyr Arg Lys Asn
35 40

Pro Asn Ala Val Lys Lys Val Asn
50 55

«<210> SEQ ID NO 73
<211> LENGTH: 60
«<212> TYPE: PRT

Lys Ile Ser Glu Trp Ala Lys Lys
10 15

Arg Tyr Asn Ala Tyr Arg Glu Lys
25 30

Val Ser Glu Leu Val Ser Gly Leu
45

Asp Leu Leu Asp
60

<213> ORGANISM: Cylicocyclus leptostomum

<400> SEQUENCE: 73

Leu Thr Phe Ala Glu Lys Lys Gly
1 5

Tyr Asn Val Val Asp Glu Val Ala
20

Leu Lys Gln Glu His Arg Lys Asn
35 40

Pro Gly Ala Val Lys Lys Val Asn
50 55

<210> SEQ ID NO 74

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Cylicostephanus

<400> SEQUENCE: 74

Lys Ile Ser Glu Trp Ala Lys Lys
10 15

Ser Tyr Asn Ala Tyr Arg Glu Lys
25 30

Val Ser Glu Leu Val Ser Gly Leu
45

Glu Leu Leu Asp
60

longibursatus
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Leu Thr Phe Ala Glu Lys Lys Glu Glu
1 5

Tyr Asn Val Val Asp Glu Val Ala Ser
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Asn Ala Val Lys Lys Val Asn Asp
50 55

<210> SEQ ID NO 75
<211> LENGTH: 60
«212> TYPE: PRT

Ile
10
Tyr

Ser

Leu

<213> ORGANISM: Cylicostephanus minutus

«<400> SEQUENCE: 75

Leu Thr Phe Ala Glu Lys Lys Glu Lys
1 5

Tyr Asn Val Val Asp Glu Val Ala Ser
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Asn Ala Val Lys Lys Val Asn Asp
50 55

«210> SEQ ID NO 76
«211> LENGTH: 60
«212> TYPE: PRT

Ile
10
Tyr

Ser

Leu

<213> ORGANISM: Cylicocyclus nassatus

«220> FEATURE:

«<221> NAME/KEY: misc_feature

«222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 76

Leu Thr Phe Ala Glu Lys Lys Glu Lys
1 5

Tyr Asn Val Val Asp Glu Val Ala Xaa
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Asn Ala Val Lys Lys Val Asn Glu
50 55

<210> SEQ ID NO 77
«<211> LENGTH: 60
«<212> TYPE: PRT

any

Ile
10
Tyr

Ser

Leu

<213> ORGANISM: Cyathostomum pateratum

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X is K or

<400> SEQUENCE: 77

Leu Thr Phe Ala Glu Lys Lys Xaa Glu
1 5

Tyr Asn Val Val Asp Glu Val Ala Ser
20 25

Leu Lys Gln Glu His Arg Lys Asn Val
35 40

Pro Asn Ala Val Lys Lys Val Asn Asp
50 55

Ile
10
Tyr

Ser

Leu

Ser Lys Trp Ala Lys Lys
15

Asn Ala Tyr Arg Glu Lys
30

Glu Ile Val Ser Asp Leu
45

Leu Asp
60

Ser Glu Trp Ala Lys Lys
15

Asn Ala Tyr Arg Glu Lys
30

Gln Leu Val Ser Ala Leu
45

Leu Asp
60

naturally occurring amino acid

Gly Glu Trp Ala Lys Lys
15

Asn Ala Tyr Arg Glu Lys
30

Glu Leu Val Ser Gly Leu
45

Leu Asp
60

Ser Glu Trp Ala Lys Lys
15

Asn Ala Tyr Arg Glu Lys
30

Glu Leu Val Ser Ala Leu
45

Leu Asp
60
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<210> SEQ ID NO 78

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Asn Lys Thr

1

Ala

Arg

Ser

Leu

65

Tyr

Leu

Pro

Thr

Pro

145

Arg

Leu

Glu

Leu

Gln

Arg

Cys

50

Thr

Asn

Lys

Asn

Pro

130

Ala

Ser

Pro

Gln

Gln
210

Gly

His

35

Glu

Phe

Val

Gln

Ala

115

Arg

Leu

Glu

Phe

Asp

195

Asn

Val

20

His

Ala

Ala

Val

Glu

100

Val

Gln

Glu
Gly
180

Phe

Gly

223

Cyathostomum pateratum

78

Leu Thr

Met Asp

Arg His

Lys Trp

Glu Lys

70

Asp Glu
85

His Arg

Lys Lys

Leu Tyr

Arg Ile

150
Val Asp
165
Agp His

Arg Tyr

Arg Met

«<210> SEQ ID NO 79

«<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Nippostrongylus

<400> SEQUENCE:

Met Lys Ala Leu

1

Tyr

Pro

Glu

Lys

65

Val

Lys

Phe

Arg

Pro

Phe

50

Ala

Glu

Asn

Ser

Gly

Pro

35

Phe

Ala

Gln

Val

Ala

Lys

20

Pro

Ala

Val

Phe

Ala
100

Val

203

79

Leu Ile
5

Glu Ser

Pro Phe

Ile Val

Leu Glu

70

Gln Gln
85

Glu Leu

Met Glu

Phe

Leu

Ser

Glu

55

Arg

Val

Lys

Val

Val

135

Val

Glu

Asn

Val

Phe
215

Ala

Glu

Leu

Lys

55

Trp

Lys

Ile

Ser

Leu

Phe

Leu

40

Tyr

Lys

Ala

Asn

Asn

120

Ala

Glu

Gln

Asp

Tyr

200

Gly

Val

Thr

Lys

40

Asn

Ala

Met

Ser

Glu

Thr

Gly

25

Leu

Phe

Glu

Ser

Val

105

Asp

Leu

Tyr

Glu

Asn

185

Gly

Leu

Val

10

Glu

Pro

Lys

Ile

Tyr

90

Ser

Leu

Arg

Ile

Gln

170

Leu

Phe

Asn

Val

Glu

Pro

Ile

Ser

75

Asn

Glu

Leu

Lys

Asn

155

Arg

Glu

Glu

Thr

Ser

Gly

Tyr

Val

60

Glu

Ala

Leu

Asp

Leu

140

Val

Arg

Glu

Cys

Asp
220

brasiliensis

Leu

Gly

25

Asp

Lys

Glu

Ala

Lys

105

Asn

Ala

10

His

Val

Thr

Cys

Ser

90

Leu

Gln

Leu

Gly

Asp

Leu

His

75

Leu

Pro

Thr

Thr

Arg

Lys

Thr

60

Gly

Gly

Ala

Arg

Ala

Arg

Leu

45

Gly

Trp

Tyr

Val

Asn

125

Gly

Ala

Arg

Gln

Ala

205

Glu

Ala

His

Ser

45

Ile

Ile

Asp

Ala

Arg

Val

Glu

30

Hisg

Asn

Ala

Arg

Ser

110

Glu

Arg

Val

Leu

Asp

190

Arg

Arg

Ala

His

30

Ala

Ala

Lys

Glu

Phe

110

Glu

Ala

15

Glu

Asn

Arg

Lys

Glu

95

Ala

Asn

Gln

Arg

Ser

175

Phe

Phe

Tyr

Ala

15

His

Arg

Glu

Asp

Ile

95

Gln

Gln

Leu

His

Val

Ser

Lys

80

Lys

Leu

Gln

Asn

Leu

160

Ala

Gly

Leu

His

His

Lys

Gln

Glu

80

Lys

Ser

Lys
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-continued

115 120 125

Asp Arg Leu Lys Ala Leu Lys Asp Glu Gln Pro Lys Val Phe Asn Val
130 135 140

Leu Lys Ala Ala Phe His Gln Phe Lys Pro Met Asn Glu Gly Pro Gly
145 150 155 160

Lys Phe Val Gly Gly Arg Arg His Arg Arg Gln Ala Gln Glu Asp Cys
165 170 175

Pro Glu Ala Ile Phe Leu Phe Glu Ile Asp Glu Asn Glu Glu Glu Lys
180 185 190

Pro Thr Pro Lys Pro Lys Arg Arg Asn Arg Phe
195 200

«<210> SEQ ID NO 80

«<211> LENGTH: 212

<212> TYPE: PRT

<213> ORGANISM: Teladorsagia circumcincta

«<400> SEQUENCE: 80

Met Lys Leu Leu Leu Leu Ser Ile Phe Leu Val Ala Cys Val Leu Ser
1 5 10 15

Val Asp Gly Trp Asn Arg Val Arg Ala Leu Thr Lys Gly Glu Glu Arg
20 25 30

Thr Thr Asp Asp Glu Ser Asp Ser Asn Cys Cys Pro Cys His His His
35 40 45

Cys Hig Tyr His His His Lys Met Pro Pro Phe Leu Lys His Val Ser
50 55 60

Ala Asp Ala Arg Trp Glu Tyr Tyr Ala Ile Ile Arg Asp Met Phe Ser
65 70 75 80

Ser Met Ser Glu Lys Leu Lys Lys Leu Asp Glu Trp Ala Lys Lys Gln
85 90 95

Asp Pro Glu Val Lys Lys Gly Met Glu Ala Tyr Phe Lys Asn Ile Asp
100 105 110

Met Tyr Trp Lys Asp Val Asn Lys Asn Met Thr Met Thr Leu Glu Glu
115 120 125

Leu Pro Lys Ile Tyr Pro Lys Val Tyr Glu Ile Met Ala Asp Leu Asp
130 135 140

Leu Thr Pro Arg Glu Ile Tyr Lys Lys Ile Arg Asp Leu Gln Met Ser
145 150 155 160

Lys Met Thr Ser His Ser Leu Tyr Ala Val Ala Met Ala Val Ile His
165 170 175

Thr Gly Gly Ala Glu Tyr Pro Tyr Leu Met Asp Asn Asp Met Phe Phe
180 185 190

Glu Thr Leu Ala Thr Pro Lys Ile Arg Asn Leu Phe Asn Asn Arg Asn
195 200 205

Thr Cys Asn Asn
210

<210> SEQ ID NO 81

<211> LENGTH: 201

<212> TYPE: PRT

<213> ORGANISM: Ostertagia ostertagi

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 81

Lys Ser Ala Xaa Phe Leu Leu Leu Ile Gly Ala Thr Val Leu Gly His
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Ala

Pro

Tyr

Gln

65

Glu

Val

Asn

Leu

Ala

145

Thr

Gln

Phe

Arg

Arg

Phe

50

Ile

Phe

Thr

Ile

Arg

130

Ala

Asp

Glu

Thr

His

Pro

35

His

Leu

Asn

Asn

Thr

115

Glu

Phe

Ser

Lys

Met
195

Asn

20

Ile

Asp

Asn

Leu

100

Gln

Met

Lys

Gln

Asp

180

Met

Glu Gly Cys

Phe Leu His

Val Arg Ser

55

Trp Ala Lys
70

Lys Thr Ala
85

Ile Ala Glu

Asn Lys Asp

Arg Thr Glu
135

Val Phe Lys
150

Ser Ser Glu
165

Agp Gln Ile

Gln Lys Ser

«210> SEQ ID NO 82

«211> LENGTH:

«<212> TYPE: PRT
<213> ORGANISM: Caenorhabditis elegans

«<400> SEQUENCE:

Met Ala Leu Ser

1

Val

Phe

Glu

Ile

65

Val

Asn

Val

Arg

Glu

145

Gly

Pro

Val

Gly

Gly

50

Ser

Ser

Glu

Glu

Glu

130

Val

Gln

Gly

Leu

Gly

35

Arg

Glu

Ser

Ile

Thr

115

Gln

Gly

Gly

Gly

Ala

20

Ala

Gln

Thr

Gln

Lys

100

Gln

Phe

Val

Pro

Asn

241

82

Tyr Ser Phe

Gly Pro Gly

Pro Gln Leu

Ala Phe Phe

55

Glu Ser Gln
70

Val Thr Glu
85

Gln Asn Val

Leu Glu Ala

Gln Ala Leu

135

Leu Leu Phe
150

Phe Gly Gly
165

Gln Gly Gly

Pro

His

40

Gly

Lys

Ser

Leu

Gln

120

Glu

Pro

Glu

Ser

Gly
200

Ile

Gly

Pro

40

Ala

Ile

Phe

Thr

Ile

120

Gly

Leu

Phe

Phe

Arg

25

Val

Glu

Tyr

Tyr

Pro

105

Thr

Phe

Asn

Leu

Lys

185

Val

Phe

Arg

Pro

Ile

Ser

Gln

Ala

105

Phe

Gln

Ala

Pro

Gly

10

Glu

Gly

Ile

Gly

Val

90

Thr

Arg

Glu

His

Val

170

Met

Thr

10

His

Phe

Val

Ser

Thr

90

Val

Ala

Leu

Lys

Gly

170

Gly

Glu

Ile

Ile

Val

75

Glu

Ala

Met

Val

Cys

155

Asp

Leu

Leu

Gly

Leu

Ser

Trp

75

Lys

Ile

Asn

Lys

Pro

155

Gly

Asn

Ser

Lys

Ala

60

Glu

Glu

Leu

Glu

Phe

140

Leu

Asp

Asp

Phe

His

Gln

Asn

60

Ala

Val

Asn

Lys

Asp

140

Lys

His

Gln

His

Ala

45

Lys

Glu

Leu

Glu

Met

125

Asp

Tyr

Trp

Pro

Ala

Gly

Asn

45

Thr

Gln

Glu

Asn

Ser

125

Gln

Gly

Gln

Gly

Arg

30

Arg

Gln

Glu

Val

Ala

110

Lys

Ala

Hisg

Met

Hisg
190

Phe

Gly

30

Val

Ser

Thr

Glu

Leu

110

Gln

Tyr

Glu

Gly

Gly

15

Ala

Arg

Asp

Val

Gln

95

Phe

Lys

Leu

Arg

Asp

175

Asp

Ser

15

Gly

Thr

Leu

Tyr

Lys

95

Ser

Thr

Pro

His

Gly

175

Phe

Gln

Glu

Glu

Glu

80

Asn

Leu

Ala

Lys

Cys

160

Phe

Glu

Ala

Gly

Ala

Thr

Gly

80

Leu

Thr

Ile

Gln

Gly

160

Phe

Gly
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108

180

185

Gly Asn Gln Gly Gly Phe Pro Phe Gly Asn Gln

195

200

Gly Phe Pro Phe Gly Asn Pro Gly Asn Gln Gly

210

215

Gln Gly Gly Asn Gln Gly Gly Phe Gly Gly Asn

225

Phe

<210> SEQ ID NO 83

«211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Caenorhabditis elegans

«400> SEQUENCE:

Met

1

Thr

Gly

Gln

Asn

65

Ala

Ile

Ser

Lys

Thr

145

Phe

Gly

Pro

Gly

Ser
225

Ser

Met

Pro

Asn

50

Gln

Gln

Thr

Gln

Asn

130

Gln

Arg

Arg

Met

Gly

210

Met

Tyr

Val

Gly

35

Val

Asn

Thr

Ala

Leu

115

Gln

Tyr

Arg

Arg

Met

195

Met

Asn

Tyr

Leu

20

Gly

Thr

Leu

His

100

Ser

Thr

Pro

Gly

Met

180

Gly

Gly

Glu

235

83

Ser

Ala

Arg

Asp

Thr

Gly

85

Arg

Ala

Arg

Gln

Pro

165

Gly

Gly

Ala

Ser

230

Thr

Gly

Gly

Glu

Ile

70

Val

Asn

Ala

Gln

Glu

150

Gly

Pro

Met

Gly

Ser
230

Ser

Pro

Arg

Gly

55

Ala

Ser

Glu

Gln

Gln

135

Ile

Gly

Gly

Gly

Leu

215

Asp

Leu

Arg

His

40

Arg

Glu

Asp

Val

Thr

120

Met

Pro

Arg

Gly

Arg

200

Gly

Val

Tyr

Gly

25

Gly

Arg

Met

Val

Gln

105

Ala

Lys

Ala

His

Arg

185

Gly

Gln

Asn

Ile

10

Gly

Pro

Ala

Glu

Tyr

90

Gln

Leu

Glu

Leu

Gly

170

Gly

Gly

Gly

Asp

235

Phe

Phe

Pro

Phe

Ser

75

Ser

Asn

Glu

Ala

Phe

155

Gly

Gly

Phe

Arg

Phe
235

Gly
220

Arg

Ala

Gly

Met

Phe

60

Gln

Glu

Val

Ala

Ile

140

Phe

Pro

Asp

Gly

Arg
220

Gly
205
Phe

Gly

Ile

Gly

Pro

45

Asp

Thr

Phe

Thr

Val

125

Asp

Ile

Gly

Ser

Gly

205

Gly

190

Asn Gln

Gly Gly

Gly Arg

Thr Met
15

Gly Pro
30

Pro Phe

Ile 2la

Ser Thr

Glu Ala
95

Gln Val
110

Met Asn

Asn Leu

Ser Gly

Gly Pro

175

Arg Glu
190

Gln Gly

Gly Pro

Gly

Asn

Gly
240

2la

Gly

Leu

Arg

Trp

80

Asn

Val

Asn

Lys

Ser

160

Gly

Gly

Met

Asp

The invention claimed is:

1. A method of diagnosing a cyathostomin infection in an
animal, said method comprising the steps of:

(a) contacting a sample with a cyathostomin larval antigen,
wherein the cyathostomin larval antigen is at least 60%
identical to the sequence of SEQ ID NO: 1; and

(b) identifying a level of anti-cyathostomin larval antigen
antibodies in the sample, wherein the anti-cyathostomin
larval antigen antibodies bind to antigen comprising an
immunogenic sequence at least 60% identical to the

60

2.

sequence of SEQ ID NO: 1; wherein a level of anti-
cyathostomin larval antigen antibodies is indicative of
the cyathostomin infection.

The method of claim 1, wherein the level of anti-cya-

thostomin larval antigen antibodies is evaluated relative to the
level of anti-cyathostomin larval antigen antibodies present in
areference or control sample obtained from a healthy animal,

65 an animal without a moderate or high mucosal burden of
cyathostomin parasites, and/or an animal without larval cya-
thostominosis.
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109

3. The method of claim 1, wherein the sample is contacted
with a cyathostomin larval antigen comprising SEQ ID NO:
L.
4. The method of claim 1, wherein the cyathostomin larval
antigen is bound, conjugated or immobilized on or to a suit-
able substrate.
5. The method of claim 1, wherein the sample is contacted
with one or more agent(s) capable of binding:
(a) a cyathostomin larval antigen comprising SEQ ID NO:
1; or

(b)a cyathostomin larval antigen comprising an amino acid
sequence at least 60% identical to the amino acid
sequence of SEQ ID NO: 1.

6. The method of claim 5, wherein the binding agent(s) are
bound, conjugated or immobilized on or to a suitable sub-
strate.

7. The method of claim 1, wherein the animal is a member
of the Equidae family.

10

15

110

8. The method of claim 1, wherein the animal is a horse.

9. The method of claim 1, wherein the sample is a biologi-
cal sample selected from the group consisting of: whole
blood, serum, plasma, saliva, sweat, semen, tissue biopsy,
tissue scraping, tissue/organ wash/lavage, and fecal prepara-
tion.

10. The method of claim 3, wherein the cyathostomin larval
antigen is bound, conjugated, or immobilized on or to a suit-
able substrate.

11. The method of claim 1, wherein the level of anti-
cyathostomin larval antigen antibody is identified using an
immunological detection technique.

12. The method of claim 11, wherein the immunological
detection technique is selected from the group consisting of
enzyme-linked immunosorbent assay (ELISA), Western blot,
and dot blot.
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