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1. An antigen comprising: an, excretory/secretory
protein, derived from a parasitic stage of a first
parasitic rematode species and capable of inducing
protective immunity against infection of a host by a
second parasitic nematode species, which may be the same
as or different from the first nematode species; or a
protéin molecule comprising all, part; an analogue,
homologue, derivative or c¢ombination thereof of the
excretory/secretory protein, which protein molecule is
capable of conferring protective immunity on a host
against. infect:ion by a parasititc nematode.

10. An antigen according té any one of claims 1 to 9

wherein the second nematode species is selected from the
genera Trichivella, Ancylostoma, Strongylus,

Trichogtrongylus, Haemonchug, Ostertagia, Ascaris,
Toxascaris, Uncinaria, ! r:r.gm; g Dirofilaria, Toxocara,

Necator, Entercbiusg,

, and Wuchereria.

ii. An antigean according to tlaim 10 wherein the sacond
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Parasitic nematode species is selected from Trichinella
Spiralis, Ancylostoma caninum, Strongylus vulgarig,
Trichostrongylus colubriformis, Haemonchus caontortus,
Ostertagia ostertagi, Ascaris suum, Toxascaris leonina,
Uncinaria stenocephala, Trichuris vulpis, Dirofilaria
immitis, Toxocara species, Necator americanus,
Ancylostoma duodenale, Ascaris lumbricoides, Trichuris
trichiura, Enterobius vermicuilarus, Strongyloides
stercoralis and Wuchereria bancrofti.

14. ‘An antigen according to claim 1 or 2 comprising the
amino acid sequence:

Ala Asn Asn Lys Gln Gln Thr Asp Ile Glu Gln Leu Met Pro
Lys Tyr Asn Ser Thr Phe Ala Lys Met Asn Gly Asn Tyr Ser
Tyr Lys Leu Ile Trp AsSp Asp Ser Met Val $ér Asp Ala Leu
Gln Glu Ala Lys Glu Gln Tyr Ser Thr Asn Ala Thr Phe Lys
Ile Arg Arg Arg Lys Val Phe Ile LyS Gly Asp Asn Ala Thr
Met Glu Glu Lys Val Glu Gly Ala Leu Lys Tyr Pro Val Leu
Arg Ala Asp Lys Phe Leu Arg Arg Leu Leu Trp Phe Thr His
Tyr Ala Cys Asn Gly Tyr Tyr Asp Thr Lys Gly Gly His Asp
Val Leu Thr Val Ala Cys Leua Tyr Arg Glu Ile Asp Tyr Lys

Asn Ser His Tyr

15. An antigen according te any one of claim 1 or 2
comprising the amino acid sequence:

Mat Ser Gin His Ala Lau ®ln Glu Ile Slu Lys Pra Giy
Lys Fhe Ser €ln Lys Asg Ser Ald Tyr Fhe Lys Lau Glu Asa Lys Arg
Glu Leu Lys Gly Asp Asn Led Pra Val Glu Glu Lys Val Arg Gln Thr
Ii2 Glu Lys Fhe Lys Asp Asp Val Ser Glu lle Arg Arg Leu Ala Asp
Asg Ser Asp Fhe Bly Cye Asn Gly Lys Glu Thr Glu Gly Ala Met His
1la val Cys Fhe Phe 8ln Lys Asn Tyr Asp Trp Met Lys Gly Gin Trp

Gln Asn
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le.

An antigen according to claim

amino acid sequence:

Arg
Lys
Asp
Gly
Ala
Glu

17.

Phe Leu Leu Leu Ala Ala Phe Val
Ser Asp Glu Glu Ile Arg Lys Asp
Val Val Pro Leu Gly Ser Thr Pro
or Lys Ser Asp Glu Glu Ile Arg
Leu Agsp Val Val Pro Leu Gly Ser
Asn Gly.

An antigen according to

comprising the amino acid sequence:

L=au
g

Ser

Bin

Leu

Gln Val Glu Fhe Asn Asn As

© Asp Arg Glu Thr Arg Fhe Ser Arg Asn Tyr Thr Val Cys Gly VYal val 5

85

Thr

Phe
éln
Pro
Ser
165

Thr

Ala

-1

or amino acids 13 to 219

1 or 2 wcomprising the

Ala
Ala
Glu
Lys
Thr

claim

Ala Ile Leu ¥al Sly Thr Val Fro Ser Glu Ser
10 : 18

asp Ty Arg Val His Asn Asp His Cys Lys Tyr

25 0

Gln Frb Fhe Lys Glu Ile Ala Asn Ser Ser Leu

4¢Q 45

Arg Lys Leu Arg Gly Ile EBly Asg Thr Asp Cys

[}
=

k3 &O

70 7S

80

Q RS

Val Val Gly Gly asp Fhe Met Trp

103 110

Lys Asp Tyr Leu Leu Lys Cys Glu Ser Glu Glu

120 125

Lys Ser Cys

Lau Pro Fro VYal Leu Ser Cys Asp Arg Thr Fro

135 140

Val Ser Fro Pro fAsn Glu Asp Ala Pro Pro Thr

1350 135

1460

Asp Ser Leu Asn Lys Val Thr Pro Fro Asn Fro
170 175

Pra His Thr Pro Pra Pro Arg Asp Fhe Thr Thr

185 i90

val Ala Asn Blu Lys Ser Thr Thr Lys Lys Bly

200

Asn Cy® Ftie The Cyvs Fhe
218

208

sequence.

inelusive of

Tyr Ala Tyr Ala
Leu Ser Ala Leu
Lys Leu Glu Asn
Asp Ala Leu Ser
Pro Glu Lys Leu h

Met

Ser

Ser

Arg

Val

45

Asp

. Asn

Asr
145

Leu

Fro

Ile

Fhe

said amino acid

or claim 2

Leu

Leu

Giu

Ein

R Ser Asn Fro Fhe Tyr Val Fhé Arg Ile

Lys
Arg
130
Fro
Prao
Ilg

Fira

Leu
210

Pro Arg U

Lys Asp

Ile Leu

Val Asn
20

Val Lys
]

fier Tvr

3

e 5,

1OQ

Ser Lys #

115 ™

Mis Pro o

val Ser Cog

180

Ft-o Arg
195

Sar Lys
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23. A first nucleotide sequence encoding the amino acid
sequence of an antigen according to any one of claims 1
to 22, a nucleotide sequence which hybridizes to the
first nucleotide sequence, or a nucleotide
related by mutation including single or multiple base

substitutions, to the first

sequence

insertions or deletions,

nucleotide sequence.
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VACCINE
IECHNICAL FIELD
. The invention relates to the identification of antigens
which induce protective immunity in a host against infection }
. 5 by parasitic nematode species, such as species of the genera *
Haemonchus, Ostertagia, Ascaris, Toxascaris, Uncinaria,
Trichuris, Dirofilaria, Toxocara, Necator, Enterobius, *
Btrongyloides and Wuchereria, especially the genera ‘.
10 Trichostrongylus and Haemonchus. Examples of such species
include Trichinella spiralis, Ancylostoma :anlnnm
15 ywvulpis, m:.qf_um immitis, the larv'ae of I_ch_a;_a SppP..,
Hﬁs_a_t_o.n ame.r.:._czanna, Am:y_l_o_s_tgma mmﬂgni_lg A.s.c.a.u_s
s_t_mngxlmgs_ s_t_e_r_c_p_x_a_l_],_s and _u_qhe;_ex_u b.anc.mﬁ.t.&
particularly Tri jis and Haemonchus i
20 contortus.
The invention also relates to nugléotide,sequences
encoding these antigens, as well as to recombinant DNA
molecules containing such nucleotide sequences and host
cells expressing these nucleotide sequences.
25 The invention further relates td methods for the
production of the antigens, nucleotide sequences,
recombinant DNA molecules and hosts of the invention.
The invention relates to antibodies raised against the E%
antigens of the invention and to compOunds which aét.in a ‘f%
30 mannér similar to those antibodies. {g
X Additionally, the inVention relates to vaccines which ﬁ%
irduce protective immunity agamst infection by paraaxtm ﬁ
, nematades suéh as specles of the genera | §§
35 Qﬁtﬁlﬂiﬂlﬁ: Aasarla Tnznsnatxs nncmnat;a Ix;shnxls %;

Dirofilaria, Toxocaka, Necator, Enterobius, S_tmngﬂmm
and Wuchereria, especially the genera Irichostrongylus and
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Haemonchus. Examples of such species 1nc1ude I;;ghlnellﬁ
spiralis or Ancylostoma caninum in man, Strongyvlus yulgaris
in horses, Trichostronaylus colubriformis in sheep and
goats, Haemonchus contortus in sheep and goats, Qstertagia
ostertagi in cattle, Ascaris suum or Trichinella spiralis in
pigs, Toxascaris leonina or Uncinaria stenocephala in cats,,
ancylostoma caninum or Trichuris vulpis in dogs, Dirofilaria
immitis in dogs, or the larvae of Toxocara spp in man, or
infection by Necator americanus, Ancylostoma duodenale,
Ascaris lumbricoides, Trichuris trichiura, Enterobius
vermicularus, Strongyloides stercoralis or Wuchereria
bancrofti, and particularly Trichostronaylus colubrifo

or Hacmonchus contortus.

BACKGROUND ART

Nematodes (nema - thiead; oides - resembling), which are
unsegmented roundworms with elongated, fusiform, or saclike
bodies covered with cuticle, are virtually ubiquitous in
nature, inhabiting soil, water and plants, and are
importantly involved in a wide range of animal and plant -
parasitic diseases.

The roundworm parasites of mammals belong to the phylum
Nemathelminthes. The roundworms include the hookworim (e.q.
Necator americanus and Ancylostoma duodenale), roundworm
(e.g. the common roundworm Ascaris lumbricoides), whipwstm
(e.g. Trichuris trichiura), and the pinworm or threadworm
(e.g. Enterobius vermicularus), as well as EIIQnJllQlﬁﬂi
stercoralis, Trichinella spiralis and the filarial worm
Wuchereria bancrofti. Other important roundworm parasites
include Ancyvlostoma caninum (infections of man), Strongvlus
vulgaris (infections of horses), Trichogtrongylus ‘
¢olubriformis, Qstertagia circumcincte (infections of sheep
and goats), Haemonchus goptortus (infections of sheep and
gmats), Ostertadia mstﬂ:tagl. Haemonchus placei (infections
of cattle), Ascaris Suify (infections of pigs), Toxascaris
leonina or Uncinaria stenopephala {infections of dogs),
Toxocars spp (eirculatézy“igfécgiﬁﬁs‘éﬁ,méﬁ) and Dirofilaria
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immitis (circulatory infections of cats and dogs) .

Even when symptom-free, parasitic worm infections are
harmful to the host animal for a number of reasons; e.g.
they deprive the host of food, injure organs or obstruct
ducts, may elaborate substances toxic to the host, and
provide a port of entry for other organisms. In other
cases, the host may be a species raised for food and the .
parasite may be transmitted upon eating to infect the f
ingesting animal. It is highly desirable to eliminate such
parasites as soon as they have been discovered. f

P U »k'%@ﬁﬁmﬁmmwbg :
"\‘ -

More commonly, such infections are not symptom-free. 2
Helminth infections of mammals, particularly by parasitic
nematodes, are a source of great econoemic loss, especially
of livestock and pets, ‘e.g. sheep, cattle, horses, pigs,
goats, dogs, cats, and birds, especially poultry (see
CSIRO/BAE Report - "Socio-economic Developments and Trends o
in the Agricultural Sector: Implications for Future ks
Research"). These animals must be regularly treated with
anthelminthic chemicals in order to keep such infections
under control, or else the disease méy‘result in anaemia,
diarthoea, dehydration, loss of appetite, and even death.
The only currently available means for controlling
helminth infections is with the use of anthelminthic
chemicals, but these are only effective against resident
worms present at the time of treatment. Thetrefore,

.5
n
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treatment must be continuous since theé animals are
constantly exposed to infection; e.g. anthelminthic
treatment with diethylcarbamazine is required every day or

SN

every other day most of the year to control Direofilaria
immitis or the dog heartworm. This is an expensive and
labour intensive procedure. Due to the widespread use of 4
anthelminthic chemicals, the worms may develop resistance | i
and so new and more potent classes 6f chemicals must be ,
developed. An alternative approach is clearly desirable. ¢
The development 6f a vaccine against parasitic nematodes
would overcome many of the drawbacks ihhetent in chemical
treatment for the prevefition and turing of helminthic
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infections. The protection would certainly last longer,
only the vaccinated animal would be affected, and the
problems of toxicity and persistence of residues would be
minimized or avoided. Accordingly, there have been several
5 reported attempts to develop such vaccines using parasitic
nematodes; unfortunately, they have met with limited success
and factors such as material availability and vaccine
stability have precluded their large scale use. *
One such attempt described by J.K. Dineen, (1977)
10 involves the use of irradiated larval vaccines. As with
other such attempts, the utility of this method is
restricted by the requirement to maintain viable nematodes
for prolonged periods.
The failure of killed vacc¢ine preparations to afford
15 good anthelminthic protection has been thought to be due to
a8 number of factors. For example, it has been considered by
J.T.M. Neilson (1975) that parasitic nematodes may have P
evolved mechanisms by which they can secrete products which  2
immunosuppress or immunomodulatée the host's immune system, %
20 thereby both preventing the development of an effective _
immune response and rendering the host susceptible to other . ¥
infections. It is believed by Dineen and Wagland - (1982), 7
that immunosuppressants or immunomodulators may be present @
in the ¢rude preparations of parasitic nematodes which are
25 wused in the killed vaccines. A second problem suggested by
this review article is that parasitic nematodes may have
altered their antigen profile to one which resembles that of
the host so that, in a natural infection, vigorous
immunlogical reactions are not provoked by protective ’g
30 parasitic antigens. Such a phenomenon would also occur :
following vaccination with impure preparations of killed
nematodes or extracts thereof.
Some workers haVe'shewnpadceierateq‘explusiOh of worms
from host animals using whole homogenates of worms and
35 impure subfractions see for example Rothwell and co-wotrkers
(1974, 1977, 1979), O'Donnell et at (1985), Neilsoh and Van .
de Walle (1987), Silverman: U.S. Patent 894603, Australien
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Patent 247 354, Adams (1989), East et al (1989), Munn and
Greenwood (1987) (Australian Patent Application
No. 77590/87), Connan (1965), Savin et al (1988) and

McGillivery et al (1988).

In all of these studies, crude extracts of nematodes
have been used to vaccinate animals, and no defined antigen
or individual components of the extracts have been
jdentified as being responsible for protection.

There have been some reports attempting to identify
purified protective components, see for example Silberstein
and Despommier (1985), Hoetz et al (1985), Grandea gt al
(1989), Lucius et al (1988), Donelson et al (1988), Nilsen
et al (1988). However, protection has either not been shown
or not substantiated for the components described.

In only one natural host/parasitic nematode system has a
purified ¢loned subunit been shown to be protective. In
Australian Patent Application No. 19998/88, it was
demonstrated that a recombinant DNA derived antigen shown to
be nematode tropomyosin, gave 50% protection in sheep
against Haemonchus contprtus challenge. For reasons which
will become clear later in this specification, this antigen
is different to those identified in the currént
specification: the current antigens being found in the
excretory/secretory fluids of nematodes following incubation

The CSIRO/BAE working paper "Socio-economic Developments
and Trends in the Agr1cu1tura1 Sector: Implications for
Future Reseazch" cited intestinal parasites as one of the
three most urgent health problems in the Australian sheep
industry and indicated’that'the‘development of vaccines
holds great promise for better control of these infections.

It is well established that animals which are infected
with parasitic nematodes deVélop an immunity'which renders
them less susceptible to subsequent infection (see Rothwell
1989 for review).

Although it has been demonstrated (e.q. 0'Donnell et al

1985}% ﬁﬁaﬁ many patasite proteins are. récoqnised by the o
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immune system of infected host &nimals during parasitic
infection, many of the immune responses will have no
functional significance in terms of resistance to
re-infection. The major step is to identify, from the
many thousands of proteins present in the parasitic
organism, the individual proteins which can induce immune
responses in the host animal that protect it £from
re-infeciion.

Recent advances in biotechnol6égy and in particular
recombinant DNA technology, realistically offer the
opportunity to produce commercially-viable  vaccines
against a range of economically-important parasites of
man and domestic animals. This approach would overcome
many of the problems proposed to account for the lack of
efficacy of killed vaccines wusing crude parasite
preparations. For example, the wvaccines produced by
recombinant DNA techniques would not contain
immunosuppressants or immunomodulaters which may be found
in crude extracts of parasitic nematede species. But it
is necessary to first identify the antigens. Once
identified and characterised, recombiriant DNA technology
could be wused to construct microorganisms which
synthesize those proteins or portioms of the proteins
containing protéective epitopes and use the products
synthesized by the recombinant organism in vaccines to
protect animals from infection with the parasites.

The pregent inventors have sgtudied in detaii the
excretory/secretory products from adult T. colubriformis
and components from the mixture which are capable of
giving protection following vaccination of target animals
have been purified and charaéterised at the molecular’

The term "adjuvant" as wused throughout the
gpecification refers to an agernt used in immunising
compositions to emhance the immune response of an
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immunised host to the administered immunising 5
composition. 57
The term ‘"parenteral" as used herein includes ’
subcutaneous injections, intraperitoneal or intramuscular )
5 injections, cor infusion techniques. :§
The term 'homologue" refers to proteinaceous ‘

molecules or to DNA sequences coding for those
proteinaceous molecules which are related in structure to
a first proteinaceous molecule or DNA sequence to such an

10 extent that it is clear that the proteinaceous molecules -
themselves, or as encoded by the DNA, are related.
Related DNA sequences are referred to as homologous genes
and the related proteins are referred to as homologous

antigens. 'The homology is expected to be at least 70%
15 over 20 amino acids at the amino acid sequence level and
at least 50% over 60 nucleotides at the DNA level.
It is recognised ‘that the nematode population
worldwide is genetically diverse as is the case for all
organisms which reproduce sexually. Each individual of a
20 population differs subtly from the others in the
population and these differences are a consequence of
differences in the sequence of the DNA which each -
individual inherits frem its parents.
Further, random mutational ewents which can occur in

KITTH 25 either sexually or asexually reproducing organisms are a ‘
:’?!: further source of genetic¢ variatien. ;
I -
i) Thus, for each gene encoding a particular protein,
L there are likely to be differences in the sequence among
5':: the populatioa of indivigduals. .
N 30 Such related molecules are referred to herein as '
hemologues.

Further homelogous antigens may be defined as
antigens related by evolution but not necessarily by
function. Similar but not necessarily identical DNA or
protein séquences may be provided. It should be noted
however that function in this sense relates to the
natural in vivo function of the protein.
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Illustration of this ©point is provided by
considering:
1. Tc Ad ESA 1-5 from Trichostrongylus colubriformis
and other nematode species.
5 2. Tc Ad ESA 1-5 from variants or different individuals
of the T. colubriformis population.
3. Tc A4 ESA 1-5 and related proteins from nematodes,
which are homologues of T¢ Ad ESA 1-5 as defined
herein. .
10 It 4is stressed that for the purposes of this ‘
invention, the homologues of antigens encompassed include
only those molecules which share the immunological
function of the antigens as defined herein.
Such homologous molecules may exist in the nematode
15 population worldwide and will ©be  capable, when
incorporated into a vaceine either alone or in

2B W T

»

of

conbination with other antigens, of eliciting in animals
vacecinated with those molecules protective  immine
response.

20 In the context of this invention, the DNA from T.
colubriformig which codes for an antigen of the invention
can be used in DNA hybridisation experiments to identify
specific DNA sequences in other species of parasitic
nematodes. The conditions used for the hybridisation

25 experiments will indicate the approximate % homology of

frvee® the related DNA sequences to the DNA isolated fram

*eleet T. colubriformis. Typically, the conditions will be such E

¢ that the related DNA sequences hybridising to the DNA f

v igolated from T. cdolubriformisz are at least 50% )

otew 30 homologous in hnucleotide seguence. These related DNA

segments code for antigens in those other species of

P g e
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parasitic nematodes which are also related in amino acid
sequence to the protective antigens isolated from
by T, colubriformis. It is contended that the related
35 proteins will act as effective immunogens to protect
animals from parasitism by the other species of parasitic
nematodes with the possibility also of c¢ross-species
) D protection. These related DNA sequences are referred to
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as homologous genes and the related proteins are referred
to as homologous antigens. Homologves of the invention
may also be generated in vitro as herein described.

The term "derived" in the context of the antigens of
the invention as used herein is intended to encompass
antigens obtained by isolation from a nematode life stage
expressing the antigen, as well as antigens obtained by
manipulation of and expression from nucleotide sequences
prepared from nematodes, including genomic DNA, mRNA,
cDNA synthesized from mRNA and synthetic nucleotides
prepared to have sequences corresponding to the antigen
encoding sequences.

It is also intended to encompass synthetic peptide
antigens prepared on the basis of the known amino acid
sequences of the antigens as expressed by nematodes or
cell lines expressing recombinant forms of the antigens.

Further, it should be recognised that it is possible
to generate molecules which are not related to the Tc Ad
ESA 1-5 antigens by evolution or necessarily by structure
but which may serve as immunogens to generate an immune
response against protective epitopes on the Tc Ad ESA 1-5
antigens and thereby act as effective vaccines. These
molecules are referred to herein as "analogues" anrd, to
the extent that they fulfil the functions of immunogens
as defined herein, they are included within the scope of
the inventioén. Such analogues dinclude chemically
synthesized oligopeptide molecules with sequences
corregponding to portions of the amino acid backbone of
the Tc Ad ESA 1-5 molecules, oligopeptides which when
used as immunogens elicit an immune response which
recognises native T¢ Ad ESA 1-5 antigens in nematodes,
and anti-idiotype antibodies raised against the variable
region of antibodies which recognise the epitopel(s) of
the Tc Ad ESA 1-5 antigens.

Derivatives of antigens of the dinvention are
molecules made from the antigens or molecules which are
related to the antigens in a manner which suggests their
préparation from the antigens.

20998-AP/10.27.92
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DESCRIPTION OF INVENTION o
The present inventors have found that protective immunity ,
against infection by parasitic nematodes can be induced 4
A 5
by immunization with excretory/secretory products of a a:%’
5 parasitic nematode species. Five molecules termed Tc Ad :%(
ESA1, Tc A4 ESA2, Tc Ad ESA3, Tc Ad ESA4 and Tc Ad ESAS5 ¢
are described which have been purified from the f
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excretory/secretory protéini, which proteiff molecule is
capable of inducing protective immunity in a host against
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excretory-secretory fluids of mature adults of ;%
T. colubriformis and characterized. The present inventors %
have found that on vaccination, these proteins induce %
protective responses in guinea Pigs‘against infection with %
5 T. colubriformis. %
Adult worms were recovered from sheep 21 days after }
infectjon, washed and maintained in RPMI 1640 culture g
medium, containing antibiotics at 37°C for 16 hours. This 5
culture medium which coantains the excretory/secretory fluids f%
10 from T. colubriformis, was concentrated over Diaflo &
membranes, and fractionated by adsorption to a lentil ﬁ
lectin-Sepharose 4B column. -
The unbound fraction (LL”) and the bound fraction K
gLL+, eluted with methylmannoside) each contained only a ;
15 few protein bands iand were fractionated further by -
polyacrylamide gel electrophoresis and electroelution. :
Three proteins, designated Tc Ad ESAl, T¢ Ad ESA2 and Tc Ad
ESAS have been isolated from the lentil lectin bound
fraction and a further two proteins designated Tc Ad ES3 and
20 Te Ad ES4 were isolated from the unbound fraction. ALl five
proteins confer immunity to colul is infection A
following intraperitoneal injection of guinea pigs, a i
taboratory model for sheep. a
Examples of the antigens of the invention are the = '
25 purified proteins Tc Ad ESAl, Tc Ad ESA2, Tc Ad ESA3, Tc Ad
ESA4 and Tc Ad ESA5 having molecular weights of 30, 37, 17,
11 and 81%D respectively as estimated by SDS-PAGE. »
According to a first embodiment of this invention there
is provided an antigen comprising: &n exCretbryléecretdry
30 protein derived from a first parasitic nematode species and
i capable of inducing protective immunity against infection of
a host by a second parasitic nematode species, which may be
the same as or different from«the fitst nematode species; or
a protein molecule comprising all, part, an analogue,
35 homologue, derivative or combination thereof of the
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infection by a parasitic nematode.

Preferably, the excretory/secretory protein has an |
approximate molecular weight of 11, 17, 30, 37 or 81 kD as i
estimated by SDS-PAGE. 7 %

5 Typically, the first parasitic nematode species is %
selected from species of the genera Trichinella, ‘é
Ost t ia, 2 is, To. is, H . ia, I h is, ;;
:. E.] '. , T . ]! ! , E! !., , S! 1 .i %
10 and Wuchereria. Examples of such species include e
Trichinella spiralis, Ancylostoma camipum, St 1 ;;
15 Dirofilaria immitis, Toxocara spp, Necat 2 i s, r‘r
Ancylostoma duodenale, Ascaris lumbricoides, Trichuris
trichijura, Enterobius vermicularus, Stromngyloides g

stercoralis and Wuchereria bancrofti.
Typically, the second parasitic nematode species is
20 selected from species of the genera Ingh;nglla

and Wuchereria. Examples of such species include

25 Trichipella spiralis, Ancylostoma caninum, Stropgylus
vulgaris, Trichostrongylus colubriformis, Haemonchus
contortus, Ostertagia ostertagi, Ascaris suum, Toxascaris

L ST

] . , Il i 3 4 ] ] , T ] o I 3 , ﬁg
nu E s ] e o« N .I N , I ; odars Spi i H . ! ‘ § L ue , }%
30 Ancylostoma duodenale, Ascaris lumbricoides, Trichuris ?%

Lmhmnmgmmﬁmmmumas_tmmmﬁes

stercoralis and Wuchereris bamcrofti. | )
Preferably, the first parasatlc nematode spec1es is

35 Preferably, the seeond para51t1c nematode spec:a# is
T..colubriformis or H..cont
According to a seeond émﬁadxment oﬁ thls 1nveﬁtuén there

"o Jk;
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is provided: a first nucleotide sequence encoding the amino
acid sequence of an antigen of the first embodiment; a
nucleotide sequence which hybridizes to the first nucleotide
sequence; or a nucleotide related by mutation including
single or multiple base substitutions, insertions or
deletions to the first nucleotide sequence.

Preferred nucleotide sequences of the invention are
those encoding the excretory/secretory proteins of the first
embodiment having approximate molecular weights of 11, 17,
30, 37 and 81kD as estimated by SDS-PAGE.

Preferably, the nucleotide sequénce is a DNA segquence.
The DNA sequences embraced by the present inventioa can be
prepared, for example, from T. colubriformis cells by
extracting total DNA therefrom and isolating the sequences
by standard techniques. Alternatively, the DNA may be
prepared in vitro, synthetically or biosynthetically, such
as by the use of an mRNA template.

According to a third embodiment of this invention there
is provided a process for selecting a DNA or RNA sequence
coding for an antigen according to the first embodiment
which process comprises providing one or more DNA or RNA
sequences and determining which of the sequences hybridizes
with a DNA or RNA sequence known to code for an antigen of
the first embodiment or providing an antiserum to the
antigen and identifying host-vector combinations that
express the antigen. (

The sequences may be from natural sources, may be RRA
sequences, synthetic sequences, DNA sequences from
recombinant DNA molecules or combinations of such sequences.

Preferably, the process used to identify and
characterize DNA coding for the antigen involves the
extraction of mRNA species from cells preﬂuclng the antigen,
their conversion to double stranded .DNA (cDNA) and the
insertion of these into an autmndmgusly replx&atlng factor,
such as a plasmid or. phage vector. This is followed by
transformation ¢f a host Eell sucn as a bacﬁenal strain
with the factér and scréenmg @ﬁ the hbrary‘ produced with
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synthetic DNA probes which are complementary to the antiggn
encoding mRNA or bNA sequences in order to detect those
clones which contain DNA coding for the antigen as opposzd
to any other cell proteinaceous components.

According to a fourth embodiment of this invention,
there is provided a recombinant DNA molecule comprising a
DNA sequence of the third embodiment and vector DNA.

The DNA sequerice may be a natural, synthetic¢ or

et A

biosynthetic DNA sequence.

Preferred recombinant DNA molecules of the invention ¢
include an expression control sequence operatively linked to
the DNA sequence. .

In one preferred form of the invention, the DNA ‘sequence
is operatively linked to the B-galactosidase gene of
E. coli. Other preferred control systems include those of
the tryptephan (Trp) operon, the Tra-T gene of E., coli, the
leftward promoter of bacteriophage lambda, the Cup 1
promoter and hybrid promoters such as tac or viral promoters ‘ ,ﬁ
such as the S§V40 early promoter.

Preferably, the vector DNA is plasmid DNA. Suitable
plasmid vectors include pUR290, pUC18, pYEUCL1l4 and
derivatives thereof.

Alternatively, the vector DNA may be bacteriophage DNA
such as bacteriophage lambda and derivatives thereof, such
as lambda gtll and lambda gtloO.

According to a fifth embodiment of this invention there

P

L Che
Iy e Bl Y sl

Fa

L

is provided a fused gene comprising a promoter, a
translation start signal and a DNA sequence of the third
embodiment. '

According to a sixth embodiment of this imvention there
is provided a process for the preparation ¢f a recombinant
DNA molecule of the fourth embodiment which process ’ %%
comprises providing a DNA insert éempxising a DNA seguence i
of the third embodiment and introducing the DNA insert into
a cloning vector. .

Preferably, the DNA insert is introduced ints the
cloning vector in correct spacing and correct reading £rame

5= 0. &, 5‘1.(@"@. /v‘w{l__%“
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with respect to an expression control sequence. f

According to a seventh embodiment of this invention :
there is provided a host transformed with at least one %
recombinant DNA molecule of the fourth embodiment. %

5 Preferably, the transformed host is capable of i
expressing an antigen of the first embodiment. ;

Suitable hosts include bacterial cells, yeasts such as 'é
Saccharomyces cerevisiae strain CL13-ABSY86 , other fungi, ;;;
vertebrate cells, insects cells, plant cells, human c¢ells, ~i

10 human tissue cells live viruses such as vaccinia and 2
baculovirus and whole eukaryotic organisms. o

Suitable bacterial hosts include E. c¢oli and other 3
enteric organisms, Pseudomonas, and Bacillus species. y

Preferred hosts are E. ¢oli K12 derivatives; in

15 particular JM109 and Y1090.

According to an eighth embodiment of this invention N
there is provided a process for transforming a host to gﬁ
provide a transformed host of the seventh embodiment which 1%
process comprises providing a host, making the host ?

20 competent for transformation, and introducing into the host :
a recombinant DNA molecule of the fourth embodiment.

According to a ninth embodiment of this invention there
is provided an expression product of a transformed host of
the seventh embodiment which product comprises an antigen of ;é

25 the first embodiment. :

Preferably, the expression product is provided in J%
substantially pure form. s

Preferably, the expression.product comprises a first *ég
polypeptide sequence homologous to the host and a seécond e |

30 polypeptide sequence which is an amiho acid sequence coding %ﬁ
for an antigen of the first embodiment. 2

More preferably, the first,amina‘aeidﬁsequeﬁce is part
or all of B-galactosidase or Tra-T and the host Ceil is
E. coli. S

35 According to a tenth embodiment of this invention there
is provided a process for the biosynthesis. of a = ° ,
proteinaceous product comprising an yﬁ\n«ﬁ.;-’iqéﬁ of the first
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embodiment which process comprises: e :
transforming a host with a recombinant DNA molecule of
the fourth embodiment so that the host is capable of
expressing a proteinaceous Qroduct which includes an antigen
of the first embodiment; culturing the host to obtain
excression; and collecting the proteinaceous product.

According to an eleventh embodiment of this invention
there is provided an epitope of amn antigen of the first
embodiment which is responsible for the protective immune
response. The epitope may be created artificially by the
gynthetic production of oligopeptides whic¢h contain
sequences of portions of th® antigen which can be predicted
from the results of immunochemical tests on fragments of the
proteins produced in bacteria or generated as a result of
chemical or enzymatic cleavage of the native or recombinant
pegtides.

According to a twelfth embodiment of this invention
there is provided an antibody generated against an epitope
6f the eleventh embodiment. These antibodies or idiotypes
can be used for passive protection of animals.

According to a thirteenth embodiment of this invention
there is provided an antibody generated against the variable
region of an antibody of the twelfth embodiment, a so called
anti-idiotype antibody, which mimics a protective epitope of
the antigen and may be used as an effective vaccine in
active immunization of animals.

According to & fourteenth embodiment of this invention -
there is provided a vaccine comprising an effective amount
of one or more antigens of the first embodiment, expression
products of the ninth embodiment, epitopes of the eleventh

embodiment and/er anti-idiotype antibodies of the thirteenth

embodimeut, together with a pharmaceutically acceptable
excipient, cartier, adjuvarnt and/or diluent.

Preferred vaccines include those sultable for 1n3ectab1e
ot oral administration. Preferably, mgeétable vaccines
include a pharmaceut1ca11y~agc@ptabie adjuvaht.

——
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According to a fifteenth embodiment of this invention
‘there is previded an antibody prepared as a result of
vaccination of a host by administration of one or more
antigens, expression products, epitopes, anti-idiotype
antibodies and/or vaccines of the present invention to the.
host. 8Such antibodies include polyclonal and monoclonal
antibodies.

It is recognised that there are compounds which act in a
manner similar to the antibodies of the fifteenth
embodiment. Although these compounds are not antibodies
their presence in the host can produce a similar protective
effect to the antibodies. Throughout the specification and
claims, reference to antibodies of the fifteenth embodimenf
should be construed as extending to these compounds.

ACcérdihg to a sixteenth embodiment of this invention
there is provided: an antibody composition comprising at
least one antibody of the twelfth and/or fifteenth
embodiment together with a pharmaceutically acceptable
carrier, diluent and/or excipient.

According to a seventeeth embodimént of this invention,
there is provided a process forfthé;p@éyaration of an
antigen of the first embadiment‘which process comprises:
collecting excretory-secretory fluids from a parasitic
nematode species; fractionating the fluid by lentil lectin
chromatography with methylmannoside as eluent; collecting
the bound and unbound fractions; further fractionating by
SDS-gel electrophoresis; and electroeluting the antigen.

According to an eighteenth embodiment of this invention
there is provided a process for the preparation of & fused
gene of the fifth embodiment which process comprises
providing a promoter, a translation start signal ahd a DNA
sequence of the third embodiment and operatively linking the
promoter, translation start signal and DNA sequence.

According to a nineteenth embodiment of this invention
there is provided.a process for the preparation of a vaccine‘
of the fourteenth émbaaimenﬁﬁwhiéﬁ'proceés g@mprisés'~
admixing an effective amount of at least one antigen of the
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first embodiment and/or expression product of the ninth ¥
embodiment and/or epitope of the eleventh embodiment and/or
anti~idiotype antibody of the thirteenth embodiment with a \
pharmaceutically .acceptable carrier, diluent, excipient

5 and/or adjuvant.

According to a twentieth embodiment of this invention
there is provided a process for the preparation of an
antibody of the fifteenth embodiment which process comprises .
immunizing an immunoresponsive host with an antigen of the

10 first embodiment éﬁd/oz expression product of the ninth
embodiment and/or epitope of the eleventh embodiment and/or
anti-idiotype antibody of the thirteenth embodiment and/or a
vaccine of the fourteenth embodiment.

According to a twenty-first embodiment of this invention

15 there is pf@vided a process for the preparation of an
anti-idiotype antibody of the thirteenth embodiment which
process comprfises immuniz® ., an immunoresponsive host with
an antibody of the twelftn embodiment, K

According to a twenty-second embodiment of this - ;

20 invention there is provided a process for the preparation of 5
an antibody composition of the sixteenth embodiment which ¥
process compries: admixing an effective amount of at least 3%
one antibody of the twelfth ‘and/or fifteenth embodiment with jé
a pharmaceutically acceptable carrier, diluent and/or §§

25 excipient. | %

According to a twenty-third embodiment of this invention §§
there is provided a method of protecting a host in need of ;ﬁ
such treatment from infection by a parasitic nematode: gﬁ
species which method comprises vaccinating the host with aa i

30 antigen, expression product, vaccine, epitope and/or | 1 .
anti-idietype antibody of the invention.

According to a twenty-fourth embodiment of thns
invention there is provided a methoa of passively protectnng
a host in need of such treatment against infection by a - '

35 parasitic nematode species which method comprises passively =
vaccinating the host with at least one antibody of the T
twelfth and/or fifteenth embodiment and/6r antibody -

} : . . e x
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composition of the sixteenth embodiment.

It is recognised that variation in amino acid and
nucleotide sequences can occur between different allelic
forms of a particular protein and the gene(s) encoding
the protein. Further, once the sequence of a particular
gene or proteinn is known, a skilled addressee, using
available techniques, would be able to manipulate those
sequences in order to alter them from the specific
sequences obtained to provide a gene or protein which
still functions in the same way as the gene or protein to
which it is related. These molecules are referred to
herein as "homologues" and are intended also to be
encompassed by the present invention.

In this regard, a "homologue" is a polypeptide that
retains the basi¢ functional attribute, mnamely, the
protective activity of an antigen of the invention, and
that is hoemologous to an antigen of the invention. For
purposes of this description, "homology" between two
sequences connotes a likeness short of identity
indicative of a derivation of the first sequence from the
second. In particular, a polypeptide is "homologous" to
an antigen of the invention if a comparison of amino acid
sequences between the polypeptide and the antigen,
reveals an identity of greater than about 70% over 20
amino acids. 8uch a sequence comparison can be performed
via known algorithms, such as the one desgcribed by Lipman
and Pearson (1985), which are readily implemented by
computer.

Homologues can be produced in accdrdance with the
present invention, by conventional gite-directed
mutagenesis, which is one avenue for routinely

without rendering the resulting polypeptide biologically
inactive. Oligonucleotide-directed mutagenesis,
comprising [i] synthesis of an oligonucleotide with a
sequence  that  contains  the  desired nucleotide
substitution (mutation), [ii] hybridizing the
oligonucleotide to a template comprising a structural
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sequence coding for an antigen of the invention and [iii]
uging T4 DNA polymerase to extend the oligonucleotide as
a primer, is preferred because of its ready utility in
determining the effects of particular changes to the
antigen sequence.

Also exemplary of antigen homologues within the
present invention are molecules that comprise a portion
of the antigen without being coincident with the natural

3
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molecule, and that display the protective activity of an
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) antigen of the invention. ﬁ

Also, encompassed by the present invention are i

synthetic polypeptides that (i) correspond to a portion ?

of the antigen amino-acid sequence and (ii) retain 1§

protective activity characteristic of the antigen. Such ot

15 synthetic polypeptides would preferably be between 6 and "

30 amino residues in length. “j

Whether a gsynthetic polypeptide meeting ecriterion 1;

(i) also satisfies criterion (ii) ¢an be routinely oo

determined by assaying for protective activity, in an ;;

20 appropriate host. @

The amount of antigen, expression produ¢t, epitope Eﬁ

and/or anti-idiotype antibody that may be combined with E‘

carrier, excipient, diluent and/or adjuvant to produce a »%

single vaccine dosage form will vary depending upen the f@

cose 25 infection being treateé& or prevented, the host to be i%
it;£3 treated and the particular mode of administration. s
h:x' It will be understood, alse, that the specific dose ﬁ
$ . level for any particular host will depend upon a variety é
?‘t: of factors including the activity of the specific 3
.Jg" 30 antigen, expression product, epitope; anti-idieotype f
4

iz

antibody and/or vaccine employed, the age, body weight,

s

PR general health, sex, diet, time of administration, route
L] ]

P o of administration, rate of excretion, drug ¢ombination,
Pt the particular infection to be treated or prevented and
§ e .

¢ 35 the severity of the particular infection undergoing
sote treatment or prevention.

to, ‘

Ez«%?ﬁg\ The wvaccine of the present invention may be
& Ve x N P . e G B % 2 :
e ’TC,;, , ~administered orally or parenterally, in unit dosage
3oL 2
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formulations containing conventicnal, non-toxic,
pharmaceutically acceptable carriers, diluents, adjuvants
and/or excipients as desired.

- Injectable preparations, for example, sterile

. . K Vi e
e e merd T bes bay Sy

5 injectable aqueous or oleagenous suspensions may be
formulated according to known arts wusing suitable :
dispersing or wetting agents and suspending agents. The -
Sterile injectable preparation may also be a sterile o
injectable solutionr or suspension in a non-toxic 5

10 parenterally acceptable diluent or solvent, for example, ;:
as a solution in 1,3-butanediol. BAmong the acceptable
vehicles and solvents that may be employed are water, )
Ringer's solution, and isotonic sodium chloride solution. y
In addition, 'sterile, fixed oils are conventionally 5 ji

15 employed as a solvent or suspending medium, For this *
purpose any bland fixed oil may be employed including ‘ w
synthetic mono- or diglycerides. In additiom, fatty
acids such as oleic acid find use in the preparation of AA%‘
injectables. ):K

20 The term "pharmaceutically acceptable adjuvant" can Jj
mean i
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_ either the standard compositions which are suitable for
human administration or the typical adjuvants employed in
animal vaccinations. An appropriate adjuvant can be
selected using ordinary skill in the art.

5 Suitable adjuvants for the vaccination of animals and
humans include but are not limited to alumimium hydroxide
and o0il emulsions such as Marcol 52: Montanide 888 (Marcol

- is a Trademark of Esso. Montanide is a Trademark of SEPPIC, b

Paris.). Other adjuvants suitable for use in the present ’f

10 invention include conjugates comprising the expression P
product together with an integral membrane protein‘of
prokaryotic or eukaryotic origin, such as TraT.

Routes of administration, dosages to be administered as
well as freguency of injections are all factors which can be

15 optimized using ordinary skill in the art. Typically, the
initial vaccination is followed some weeks later by one or
more “booster" vaccinations, the net effect of which is the
production of vigorous immunological responses such as high
titres of antibodies against the antigen epitope,

20 anti-idiotype antibody or expression preoduct.

4 Solid dosage forms for oral administ%agion may include

capsules, tablets, pills, powders, and granules. In such

sk

solid dosage forms, antigens, epitopes, anti-idiotype
antibodies and/or expression products may be admixed with at
25 1least one inert diluent such as sucrose, lactose or starch.
Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, e.g.;
lubricating agents such as magnesium stearate. In the case

of c¢apsules, tablets, and pills, the dosage forms may also

R

30 comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings.
Liquid dosage forms for oral.administration may include
nanoparticles, microcapsules, LTB conjugates, cholera or its
B subunit as a conjugate, in pharmaceutically acceptable
35 emulsions, syrups, solutions, suspensions, and elixirs
containing inert diluents commonly used in the art, such as
water. Such compositions may also comprisé adjuvants, such
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as wetting agents, emulsifying and suspending agents or
TraT as a conjugate, and sweetening, £lavouring, and
perfuming agents including sugars such as sucrose,
sorbitol, fructose, etc., glycols such as polyethylene
glycol, propylene glycol etc, oils such as sesame o0il,
olive ¢il, soybean o0il etc., antiseptics such as
alkylparahydroxybenzoate etc, and flavourg such as
strawberry flavour, peppermint etc.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates SDS-PAGE analysis of the Lt and LL-

fractions.

Figure 2 illustrates SDS-PAGE analysis of Tc Ad ESA
1,2,3,4 and 5.

Figure 3 illustrates SDS-PAGE analysis of Tc Ad ESA1
before and after deglycosylation.

Figure 4 illustrates the structure of a Tra T - Tc Ad ESA
1 fusion.

Figure 5 illustrates the yeast expression vector pYEUC114
ugsed to express Tc Ad ESAl1l in Saccharomyces cerevisijiae.

Figure 6 illustrates the detection of ESA encoding
sequences in H. contortus and Dirofilaria immitis.

Figure 7 illustrates the detection of ESA2 encoding
segquences in H. contortus, Ostertagia

ostertagi,Ostertagia circumcincta and D. immitis.

BEST MODE AND OTHER MODES OF CARRYING OUT THE INVENTION

The nucleotide sequences, fused genes, recombinant
DNA molecules and transformed hosts of the invention are
prepared using standard techniques of molecular biology
such as those described in Maniatis et al (1982).

In preparing the nucleotide sequences of the
invention, it is recognised that the genes of interest,
and also cDNA copies made from the genes may be provided
in low yield. PCR (polymerase chain reaction) techniques
can be used to amplify the relevant DNA to facilitate
detection and cloning.

" 208908-AP/10.07.92
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Expression products of the invention are obtained by
culturing the transformed hosts of the invention under
standard conditions as appropriate to the particular host
and separating the expression product from the culture by

5 standard techniques.
in

The expression product may be used
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impure form or may be purified by standard techniques as
appropriate to the expression product being produced and the

particular host.
The vaccines of the invention are prepared by mixing,

P

5 preferably homogeneously mixing, antigen, expression
product, anti-idiotype antibody and/or epitope with a
pharmaceutically acceptable carrier, diluent, excipient
and/or adjuvant using standard methods of pharmaceutical
preparation.

10 The amount of antigen, expression product, anti-idiotype ,
antibody and/or epitope required to produce a single dosage ;
form will vary depending upon the infection to be treated or
prevented, the host to be treated and the particular mode of
administration. The specific dose level for any particular P

15 host will depend upon a variety of factors including the '
activity of the antigen, expression product, anti-idiotype

At

)4
LN

antibody and/o: epitope employed, the age, body weight,
general health, sex, and diet of the host, time of
administration, route of adminstration, rate of excretion,

At
i R

-
i
S

We

20 drug combination and the severity of the infection

#
23
oy

undergoing treatment.

The vaccine may be administered orally &r parenterally
in unit dosage formulations containing conventional,
non-toxic, pharmaceutically acceptable carriers, diluents,

25 excipients and/or adjuvants as desired.
Antibodies are raised using standard vaccination regimes

T
.

in appropriate hosts. The host is vaccinated with an
antigen, expression product, epitope, anti~idiotype antibody
and/or vaccine of the invention. ‘

30 The compounds acting in a similar manner to the
antibodies of the invention may be purified naturélly
occuring compounds or synthetlcally prEpared using standard
techniques including standard chemical or blosynthetlc ' '
techniques. - L TR o

35 The antibody composatun is prepared by mxmg, " .
preferably homogenecusly mixing, antxhaﬁy with a 2

- 30\ pharmaceutically acceptable carrier; diluent and/or . .
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excipient using standard methods of pharmaceutical
preparation:

The amount of antibody required to produce a single
dosage form will vary depending upon the infection to be
treated or prevented, host to be treated and the particular
mode of administration. The specific dose level for any
particular host will depend upon a variety of factors
including the activity of the antibody employed, the "age,
body weight, general health, sex and diet of the host, time
of administration, route.of administration, rate of
excretion, drug combination and the severity of the
infection undergoing treatment.

The antibody composition may be administered orally or
parenterally in unit dosage formulations containing
conventional, non-toxic, pharmaceutically acceptable
carriers, diluents and/or excipients as desired.

The invention is further described with reference to the

following Examples.

Example 1

Young merino Border Leicester cross bred.-lambs 12 months
old and reared worm free were infected with 60,000 infective.
larvae of T. colubriformis: Twenty one days post-infection,
the sheep were slaughtered and the nematodeshwere recovered
from the intestine by Baermanization. The worims were washed
in RPMI 1640 culture medium containing penicillin
(100 units/ml) and streptomycin (100pg/ml) and incubated in
the same medium (approximately 1000 worms/ml) for 16h at
37°C in an incubator with 5% CO The viability of the
worms was monitored by v1sua1 1nspectlon and routinely more
than 95% were alive and motile.

The worms and large debris were removed from the culture
media by filtration or centrifugation.” The supernatant or -
filtrate thus obtained is refetred EG as. adult ESA (Te Ad -
EsSay. J"“-a : .
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Similar preparations referred to as Tc L4 ESA have been
made from T. colubriformis fourth stage larvae recovered
from sheep after 7-8 days infection. The subsequent
analysis of the components of the extracts by polyacrylémide

5 gél electrophoresis in the presence of sodium
dodecylsulphate (SDS-PAGE) showed that L4 and adult extracts
contained similar antigens but the extracts from the adults

have been used in preference as they yielded more material
than L4 extracts.

10 Example 2

Excrefory/secretory antigens were prepared from L4 and
adult T. colubriformis as described in Example 1. This
material was used to vaccinate guinea pigs intraperitoneally

15 using the procedure described by C'Donnell et al (1985). It
can be seen (Tables 1 and 2) that the ESA from L4 or young
adult nematodes gave highly sigrificant protection in each
experiment (62-92% reductioz in parasitism).

Table 1

Protection of Guinea Pigs with L4 ESA and Fractions
derived from it by Lentil Lectin Affinity Chromatography

Expt. Group Antigen Injected n Worm Prote-
No. (ng) Numbers ction
(mean + SD) %

110 Controls 7 5564152
Vaccinates L4 ESA 60 5 94+122 83
112 Controls 5 6554463
Vaccinates L4 ESA 100 5 2494547 62
121 Controls A 10 11034336
Vaccinates L4 ESA 100 5 823127 93
(collected
0-24 h)
Vaccinates L4 ESA 100 8  1904+15H 83
- (collected ,
- 48=72 h)
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120 Controls 6 821+442 .
Vaccinates Total 50 5 103+144 87
ESA(LY4)
Vaccinates LL*(L4) 12 4 1931141 76
Vaccinates LL-(L4) 50 5 51+ 51 94
123 Controls 7 1103+314
Vaccinates Total 54 5 83+ 57 92
ESA(L4)
Vaccinates LL*(L4) 22 4 1584142 86
Vaccinates LL-(L4) 200 5 191+149 83

Vaccinates were injected intraperitoneally with the
relevant antigen (n indicates the number of guinea pigs in
each group). Animals were challénged with 2000 larvae 28
days later and killed for worm counts 13 days post
challenge. Lt is material bound and eluted from the
lentil lectin column. LL™ is the unbound, run through
material.

Table 2

Protection of Guinea Pigs with Adult ESA and Fractions
berived from it by Lentil Lectin Affinity Chromatography

Expt. Group Antigen Inje~ n Worm " Prote-

No. cted Numbers ction

(ng) : %

1069+343

126 Controls .
3004239 72

Vaccinzces Ad ESA 100

164 Controls ‘
Vaccinates Ad ESA 50
Vaccinates A4 ESA LL* 25
Vaccinates Ad ESA LL* 50

9104243

1404211 85
2194277 76
5444348 40

i 14844375
‘2521435 83

280 Contfols
Vaccinates Ad ESA 10

i

o BB UTR 0D

VaCClnates were 1n3ected xntraper1t¢ﬁéally with the,

relevant antigen (n indicates the number of qunea pigs in - o
each group). Animals were Chélienged Wlfh 2000 larvae 28 o

days later and killed #or worm counts 13 days post

challenge. The material bound by the ientil lectin column |

is 1L*; that unbound is tL°,. . -
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Example 3
F £ i f adult ES

' “The culture supernatant was concentrated 40 fold on a
"Diaflo"‘(Amicon) YM10 membrane. The concentrated fluid was
absorbed onto a lentil lectin Sepharose-4B (Pharmacia)
column (5 x lcm) equilibrated with Tris-buffered saline
(TBS; 10mM Tris, 150mM NaCl, pE7.4). The column was washed *
with 100ml of TBS at a flow rate of lml/min and fractions -
containing unabsorbed material (measured by absorbance at y
280nm) were collected. The specifically bound glycopeptides

were eluted from the column using a solution of 2%

ES )
e SRR

S i

methylmannoside in TBS. Fractions containing material
absorbing at 280nm were pooled. Both the lentil lectin
bound (LLf)‘and unbound (LL™) components were
recipitated from solution by the addition of 10 volumes of
methanol, chilling the mixture at -20°C for 16 hours and
centrifugation at 12,000 xg for 15 min.

When analysed by SDS-PAGE (Fig 1) the LL% fraction
contained Coomassie staining bands with apparent molecular

Vi

some smaller molecular weight material when compared with
molecular weight standards. The LL~ fraction contained
several components including predominant bands at about
28-32, 17 and 10-12 kilodaltons,

N YRS

The material prepared from L4 or adult ESA by lentil
lectin chIOmatography‘was used to vaccinate guinea pigs
intraberitoneally (0O*Donnell gi_al 1985). Both the bound
material and the unbound fract1on gave highly sxgnlflcant
degrees of protect1on Eo subSe@uent challenge of those

Ve, F oy

guinea pigs with T AL ormis (Tables 1 and 2). It is
thus ¢clear that there are compenents in both ‘the bcund ang
flow through fract;ons Whleﬁ are ea@able of eilcltlng a
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‘ : £ adult ESP 3 _of individual y &
from preparative SDS gels. - o
5 Samples of the LLY and LL™ fractions from adult
ESA (100-500mg protein) were suspended in Laemmli buffer
(Laemmli, 1970) and subjected to electrophoretic separation >
on preparative 12.5% SDS-polyacrylamide gels. Proteins were %
visualised with Coomassie R-250 and electroeluted (Stearne %
10 et al, 1985). %

‘The components described here that were recovered from
the LL® fraction were Tc Ad ESAl, with an apparent &
molecular weight of 30kD; Tc Ad ESA2 with an apparent
molecular weight of 37kD and Tc Ad ESAS5 with an apparent -

15 molecular weight of 81lkD (Fig.2). The components described
here that were recovered from the LL™ fraction were Tc Ad
ESA3 with an apparent molecular weight of 17kD and Tc Ad
ESA4 with an apparent molecular weight of 11kD (Fig.2).

$ao,

4

;e

] The LL' 32kD component and the LL~ 28-30kD ?é
20 components (Fig. 1) are believed to be related to the'LLf 2%
30kD antigen (Tc Ad ESAl)., as western transfers resolved i%
with antibodies raised against the purified T¢ Ad ESAl show ?f
cross-reaction with these components. These differences are 4:
likely to be due at least in part to differential degrees of f%
25 glycosylation of the Tc Ad ESAl as analysis of the cloned 'g%
DNA sequence predicts that this component is extensively é%
glycosylated. E
Example § :

30

N
Rt

The individual antlgens electroeluted from SDS gels
were used to vaccinate guinea pigs as. descr1bed in Example
2. The guinea pigs were challenged with I i

and shown to be significantly pr@tected from parasitism
35 (Tables 3 and 4). ’

>
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Table 3

Protection of Guinea Pigs by Vaccination with Purified
Antigens, Tc Ad ESAl, Tc Ad ESA2 and Tc Ad ESAS,
from the lentil lectin bound fraction (LL*).

3@%@&Mm4m%ﬁammww&mmwmaﬁmmm@ma%y

i e N T
N o R R

Group Antigen Inje- n Worm Prote-
cted Numbers ction
(ng) %
Experiment 200
Controls . 12 1135+263 .
Vaccinates 1 Total LL* 60 5 354+341 . 69
Vaccinates 2 * Tc Ad ESAl 21 5 458+534 60
Vaccinates 3 Tc Ad ESA2 24 5 482+683 57 .
Vaccinates 4 Tc Ad ESAS 8.5 5 5304361 53
Experi £ 218
Controls 8 1389+773
Vaccinates Total LL* 10 3 149+226 89
Vaccinates Tc Ad ESAlL 20 4 563+828 59
Vaccinates Tc Ad ESA2 10 3 9991339 28
Vaccinates Tc Ad ESAS 10 3 7064283 49
Experiment 257
Controls ) 10 4821200
Vaccinates Tc Ad ESAl 12.5 5 254+170 47
(deglycos-
ylated)
Experiment 236
Controls 11 12234236 Ty
Vaccinates Tc Ad ESAl 17 5 1214126 90 !
(deglyco-
sylated)
M " i ‘/.V L'; 7 X
. . %
Controls \ , 7  652+281 %
Vaccinates Tc Ad ESAl 10 5 238+178 63 i
(in

Alhydrogel)

Vaccinates were injected intraperitioneally with the
relevant antigen. Animals were challenged with 2000 larvae
28 days later and killed for worm count$ 13 days post
challenge (n indicates the number of animals in each group).

-

e
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Protection of Guinea Pigs by Vaccination with Purified
Antigens Tc Ad ESA3 and T¢ Ad ESA4 from the
lentil lectinunbound fraction (LL™).
Group Antigen | Injec- n  Worm : Prgtg-
ted Numbers ction
(ng) ‘ %

Experiment 236
Controls , 5 1103+186
Vaccinates 1 Tc Ad ESA3 40 5 1824230 83 o
Vaccinates 2 Tc Ad ESA4 20 5 266+248 76 i
Experiment 241 . 7
Controls 10 7734609
Vaccinates 1 Tc Ad ESA3 20 5 310+418 60 Nt
Vaccinates 2 Tc Ad ESA4 20 5 338+487 56 >

Vaccinates were injected irtraperitoneally with Eﬁ
antigens isolated from the adult T. colubriformis ESA fg
preparations. Animals were challenged with 2000 infective ’%
larvae 28 days later and killed for worm counts 13 days post g%
challenge. *%

ft is clear from the results in Tables 3 and 4 that 5%
antigens electroceluted from SDS-PAGE of both the LLY and N
LL™ fractions were capable of conferring substantial G
protection to guinea pigs against challenge infection by T. E

53

colubriformis. Of particular relevance in this work are the
Tc Ad ESAl, Tc Ad ESA2 and Tc Ad ESAS components of the
LL* fraction and the Tc Ad ESA3 and Tc Ad ESA4 componerits
of the LL™ fraction. Other Tc Ad ESA ceomponents also had
effects and are of relevance. -
Vaccination of guinea pigs with Tec Ad ESAl adjuvanted
. in Alhydrogel resulted in 63% protection being obtained.
Deglycosylation vf Te¢ Ad ESAl did not result in a decrease
in the extent of pfote@tioﬂ,eﬁéained {in experiment 257, the
_ worm nuiders in the controls were abnormally low) indicating
/@s'f fR.q(’ that the protein portion of the mmeéuie wa§ ca@able of
,;" a Y\ giving protection: the carbahydfaté was appafemly not the .

‘i - 5 . C
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protective component.

Example 7
Amino acid sequence analysis pf igsolated peptides

The polypeptides isolated as described in Example 5
were analysed for N-terminal amino acid sequence on an
Applied Biosystems gas phase amino acid sequencer. To
obtain internal sequences, purified protein was digested
with proteinase [37°C, overnight, in 0.1M NHMHCO; pH 7.8
at 5% w/w enzyme/substrate ratio]. Peptides were
separated by HPLC using a 30 x 2.1 mm Aguapore RP-300
column with a gradient of 0.1% TFA to 0.1% TFA/70%
acetonitrile. Some of the amino acid sequences obtained
are shown in Table 5: the underlined sequences were
found to be particularly useful in providing information
to design oligonucleotide probes suitable for isolation
of c¢DNA clones.

Table 5

Some N-terminal and Internal Amino Acid Sequences
from Tc A4 ESAl-5

Te Ad ESAl
Amino Terminal sequence : ANNKXQXDIEQLMPKY

Armillaria proteinase peptides : KEQYS
KLIXD
Tc Ad ESA2
Armillaria proteinase peptides : SSL
KVIPXNPPIKDTP

Tc Ad ESA3
Amino Terminal sequence : KSDEEIIKDALSAL
Armillaria proteinasé peptide: KDALSALDVVPLGS
(overlap with N-terminal sequence)
Tc Ad ESA4 . A
Tryptic peptides : RLADDSDFG
NYDWMKGOWAQN
Te Ad ESAS o
Amino Terminal sequence: SXSLKD

e ogsspan G s dadntaton b, we USRS 48 e L
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For Tc Ad ESAl, aminc acid analysis after reduction and

- carboxymethylation (O'Dommell et al., 1973) indicated the
presence of 2 residues of half-cystine. Deglycosylation of

Tce Ad ESA1 with N-glycanase (Genzyme), which removes

5 asparagine-linked carbohydrate, reduced the apparent
molecular weight from 30kD to 15kD (Fig. 3). This is in 4
close accordance with information provided by the cDNA

SRR R Bt RN i, 4.@;

HE

sequence (see below).
Deglycosylation of Tc Ad ESA2 by the same treatment
10 reduced the apparent molecular weight as analysed by SDS-PAGE

~E e T

from 37kD to approximately 30kD. A tryptic peptide from ;
digestion Of deglycosylated Tc Ad ESA 2 gave the sequence E-
I-A-D-D/S-S-K-R.

Example 8.
15 Isolation of _recombinant organisms containing the genes

coding for the T¢ Ad ESA components

A. Construction of ¢DNA Libraries. v
Messenger RNA was isolated from the 14 stage of

.,,.,
By o2 2P

", SRR AN

v,
hed
Y

T. colubriformis by grinding the larvae in a buffer
20 containing guanidine hydrochloride (6M) sodium acetate (0.2M
pH 5.2), and 2-mercaptoethanol (50mM), precipitation with

Hy

ethanol and fractionation on an oligo(dT)-eellulose column.
The L4 PolyA' mRNA was used as the template for synthesis of

"

double-gstranded cDNA using the B2Amersham ribonuclease H/DNA "
25 polymerase I kit (Amersham cDNA synthesis system, #RPN.1256) -
as recommended by the manufacturers. Following the addition &
of EcoRI linkers, the double-stranded cDNA was ligated to
lambda gtll and packaged into viable bacteriophage which were
used to infect E. c¢oli Y1090 cells, essentially as described
30 by Huynh et al (1985). Using the above methods, a cDNA
library was established consisting of 2 x 103 independent

se recombinants. A similar techniquée was used to establish an
adult ¢DNA library in lambda gt 10 containing 1.5 x 103
independent recombinants.:

1,

20998-AP/10.07.92
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i) Tc Ad ESAl .
The amino acid sequence D I E Q L M P was used to design %
a degenerate o6ligonucleotide probe. %
5" GGCATAAGTTGTTCAATATC 3" y
G c c G G
C
£
ii) Tc Ad ESA2 . "
The amino acid sequence NP P I KD T P was used to ’
design a degenerate oligonucleotide probe using
deoxyinosine in positions of 4-fold degeneracy
A T A
5*" G6G6IGTG6TCCTTIATIGGIGGGTT 3"
iii) Tc Ad ESA3
The amino acid sequence DE E I I KD A was used to :
design a degenerate oligonucleotide probe j
A T T T A
5" GCGTCCTTTATTATCTCCTCGTC i
3
iv) Tc Ad ESA4 %
The amino acid sequence WM K G Q W ¢ N was used to 'E
design an oligonucléotide probe \f
5TTTTGCCATTGICCTTT@ATCCA3‘ o

v) Tc Ad ESAS
G T G
S"ATCCTTIAAIGAIIIIG HKS

All oligonucleotides are the reverse complement of the
DNA sequence coding for the amino-acid sequénces selected.

i
4
<
|
kS
s
;

The L4 and young adult ¢DNA libraries in lambda gtll
f,,.»——‘?'é“'\\ and gtl0 respectively were amplified and aliguots were . ‘
, ?\}i 4( ) ‘ - ' . - ﬂ.
.‘l'w ?‘ : . - . ,‘ . ) . .
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screened using the above synthetic oligonucleotides to probe
duplicate filter lifts as described by Wallace et. al.
[1985] and Benton and Davis [1977].

Sl i MANIISERAT R st

5 D. Sequence of cDNA clones
A number of the selected clones contained an insert
which could be resected with EcoRI and subcloned into ,
M13mpl8 digested with the same enzyme. The DNA sequence of >
the subcloned inserts were determined using the method of
10 Sanger et. al. [1980]
The DNA sequence of several clones of the Tc Ad ESAl
CDNA was determined and is summarised in Table 6. The DNA

L e efh

‘sequence ccntains an open reading frame which codes for a :

protein of 130 amino acids. The N-terminal amino acid i
15 sequence dbrresponds to the sequence obtained by gas phase ’

sequence analysis of the antigen isolated from Ad ESAl

(underlined in Table 6) and the two internal peptide 7
sequences obtained from Armillaria mellea digests of Tc Ad f
ESAl can also be identified. An E. coli stain TGl »2
20 transformed with plasmid vector pTTQ18 containing the Tc Ad z;
ESAl gene has been given the inhouse reference number BTA ?i
1689. o

Sequence of the DNA from several isolates has shown
some variation in the translated amino acid sequence. The
25 amino acids which have varied are doubly underlined in Table .

6. The sequence corresponding to the mature protein has ﬁ
been determined. The Sequence of the presumed N-terminal ‘%
leader sequence has yet to be established. %

The amino acid@ sequence shows four sites of potential , ;

30 M-linked glycosylation (consensus sequence AsnXSer/Thr) g
which is consistent with the lentil lectin binding ‘ﬁ
properties of this antigen and with the altered mobility of - . 4

the antigen in SDS-PAGE following treatment with
N-glycanase. Finally, the molecular weight calculated from
35 the amino acid sequence shown (15,300 daltons) is in close
agreement with that obtained for the N-glycanase treated
antigen (Fig. 3). "_  o I
¥

. 3
! - . ¢
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Table 6

DNA sequence of the cDNA coding

for Tc Ad ESAl and the trans-~

lated amino acia sequence coding for the complete mature protein

—

10 20
* *
GAA TTC GGG GGC AAC ACT TAC AGT
50 60
% %

GAC ATA GAA CAA CTC ATG CCC AAA

30 40
* *

GCA AAC AAT AAG CAA CAG ACC

70 80 90
* * *

TAT AAC TCG ACG TTC GCG AAG

Asp Ile Glu Gln Leu Met Pro Lys Tyr Asn Ser Thr Phe Ala Lys
100 110 120 130
* x * *

ATG AAT GGA AAC TAT AGT TAT AAG

CTG ATC TGG GAT GAC AGC ATG

Met Asn Gly Asn Tyr Ser Tyr Lys Leu Ile Trp Asp Asp Ser Met

140 150

* *

160 170 180

* * x

GTA TCT GAT GCG CTG CAA GAA GCA AAG GAG CAA TAC AGT ACG AAT

Val Ser Asp Ala Leu Gln Glu Ala

190 200

* *

Lys Glu Gln Tyr Ser Thr Asn

210

*

120

[>P]

»

GCT ACC TTC AAG ATC CGT CGG AGA AAG GTG TTC ATA AAG GGC GAT
Ala Thr Phe Lys Ile Arg Arg Arg Lys Val Phe Ile Lys Gly Asp

230 240
* *V

250 260 | 270

* * *

AARC GCA ACG ATG GAG GAA AAA GTG‘GAG GGA GCI CTG AAG TAC CCC
Asn Ala Thr Met Glu 6lu Lys Val Glu Gly Ala Leu Lys Tyr Pro

280 290

x *

300 310

* *

GTC TTG AGA GCC GAT AAA TTT CTT CGC CGT CTT CTC TGG TTC ACA
Val Leu Arg Ala Asp Lys Phe Leu Arg Arg Leu Leu Trp Phe Thr

320 330
® *

340 350 360

® AR 3 %

CAC TAC GCA TGC AAT GGA TAT TAC GAT ACG AAA GGT GGA CAC GAT

His Tyr Als Cys Asn Gly Tyt Tyr Asp Thr Lys Gly Gly His Asp

4
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370 380 390 400 g
* * * * g
GTC CTG Aé‘I‘ GTC GCG TGT CTC TAC AGA GAG ATC GAT TAC AAA AAT %
Val Leu Thr Val Ala Cys Leu Tyr Arg Glu Ile Asp Tyr Lys Asn %
5 — 3
410 420 430 440 450 4
* * * * * ﬁ’;.
;.:&;
TCT CAC TAT TAG AAA GCA GTC AAC AAA AAC AGC AGA GTA AAC TGA £
kS
Ser Hig Tyr --- =
o 3
460 470 480 490 %
* * * * n5§‘5?
~ ; - f
CTG CAC ATT TCC GCA GTT TTT GAA TAA ATA CTT GAT GCA ACT CAA e
W
500 A
15 * g
:'.;::: The DNA sequence of the c¢lone coding for Te¢ AG ESA4
oo, is shown in Table 7. The DNA sequence contains an open
so ot reading frame which codes for & protein of 95 amino
: e 20 acids, and contains only a single potential glytosylation
soee site. E c¢cgli strain TGl transformed with an inhouse
. . PBR322 based vector, pBTA503, gontaining the Tc Ad ESA4
RS gene has been given the inhouse reference number BTA
ve'de B
LI 1690. The lack of binding to the lentil lectin column
e
P Ceee 25 and the closé agreement between the estimated molecular
weight on SDS-PAGE and the predicted molecular weight
e based on the sequence sugjests the protein is not
PER glycosylated.
K & 0:
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Table 7
| « . . -
DNA sequence of the cDNA coding for Tc Ad ESA4
and the translated amino acid sequence
TACAAGACCC CCAATTBTAC ACGAAATTCT TCAACGAAGA ARACABCCTA AATCTGAGAT
BEAACCCACA T ATE TCG CAG CAT GCT CTA CAA BAA ATT GAG AAS CCA GGB
Met Ser Bin His Ala Lew Gln Gluw Ile Glu Lys Pro Bly
i 5 10
AAA TTT TCG CAA AAA BAT TCA GCA TAT TTC ARG CTC BAA AAC AAG ABG
Lys Fhe Sar Eln Lys Asp Ser Ala Tyr Fhe Lys Leu Glu Asn Lys Arg
15 20 25
GAA CTE ARG BGBA BAC AAT CTA CCA GTG GAE GAG AARA BTA CBC CAA ACT
Glu Leuw Lys Bly Asp Asn Leu Fre Val Blu GBlu Lys Val Arg Bln Thr
=0 5 40, 45
ATT BAA AAA TTC AAB BAT BAT BTA .ABC BAA ATC AGA CGT CTC GCT BAT
Ile Blu Lys FPhe Lys Asp Asp Val Ser Glu Ile Arg Arg Leu Ala Asp
50 55 60
BAT TCG BAT TTT BBA TGC AAC BBC AAA BAA ACC BAG GET GCA ATG CAC
Asp Ser Asp Phe Bly Cys Asn Gly Lys Blu Thr Glu Bly Ala Met His
65 70 75
ATT BT& TBT TTC TTL CAG APB AAT TAT GaC TEG ATGE AAA BGA CAA TGEG
Ile Mal Cys Fhe Phe Bln Lys Asn Tyr Asp Trp Met Lys Bly Glm Trp
80 85 20 ’
CAA AAC TGATTTTTCT GAAGTACTTE TTGGATTCTT CGTAGAATCGE ATECACAAAA
Gln Asn
weew o5
:{uoc. ' .
?:'E TACCTTTTTT GGEAGACAAC TTCGCATAAA ACTTCTCGAT GAAARAAGAA ARBAH
vs'se ‘
: * .
L] L
e @S
¢’ .. ,
* e The DNA sequence of the partial clone coding for Tc
sest 5 Ad ESA3 is shown in Table 8. The DNA contains an open
v . reading frame which codes for a peptide of 43 amino
s v ) . . B . . .
':,\‘ ‘:’: acids. The sequence corresponding to the MN-terminal
R amino acid sequence from ‘the natural protein is
e . _ . N N ’ . g " . ! v _
T underlined. An E coli strain DHS5«oF (BRL) transformed

10 with plasmid pTyT3 (Pharmacia) containing the Te¢ Ad ESA3

R gene fragment shown in Table 8 has been given, the inhouse
\{‘%E reference number BTA 1691. . \

_ 20998-APN0.07.92
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Table 8
DNA sequence of partial c¢DNA coding for Tc Ad ESA3
and the translated amino acid sequence
10 20 30 40 -
5 * -k * *
CGG TTC CTT CTT CTA GCA GCG TTC GTC GCC TAT GCG TAT GCA AAG
Arg Phe Leu Leu Leu Ala Ala Phe Val Ala Tyr Ala Tyr Ala Lys
50 60 70 80 90
* * E 3 * *
10 TCA GAT GBA CmA ATC CGA AAA GAT GCA CTA TCT, GCT CTG GAT GTA
A ] s ) _Val
100 110 120
* * *
GTT CCA CTG GGT TCG ACT CCC GAA AAA CTG- GAA AAT GGC
15 Val Pro Leu Gly Sgr Thr Pro Glu Lys Leu Glu Asn Gly
The inosine-contaihing oligonucleotide:
oo 5' GG IGT ATC TTT IAT IGG IGG ATT 3'
.‘:2'.'_ G C G
::f':(:. wa used te screéen the young adult lambda gtld c¢DNA library.
e et 30 fThe CcDNA Jlibrary was screened with the radiolabeled
: ’::}C oligonucleotide as described previously [Sambrook et al.,
voed 1989; Wallace et al., 1980] and positively hybridizing
v . plagues were purified through several rounds of screening.
3, *id Filters were hybridized at 37°C and washed to a stringency
‘,“ 25 of 6XSSC-0.1%SDS (1XSSC is 15 mM sodium citrate, 150 mM
;f"‘.»w NaCl, pH7.0), at 40°C. DNA from recombinant lambda clones
was prepared using DE52 and CTAB {Manfioletti and Schheider,
3% 1988] .
:f.»ﬁg Polyn ; " Uncut, recombinant lambda DNA
* /,}»3»30 was subjected to the polymerase chain reaction (PCR) using

A

25pmol of lambda gtl® forward and reverse primers (based on
the seéquences surrounding the ECoRl site) in the presence of
100 uM ANTP's. 16.6 mM ammonium sulphate, 67 mM Tris-HCL
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pH8.8, 6.7 mM magnesium chloride and 2.5 units of Taq
polymerase (Biotech International). The reaction conditions
used were 20 cycles of 95°C for 1 min, 55°C for 1 min and

72°C for 2 min. Following PCR, amplified DNA was
phenol:chloroform extracted, ethanol precipitated and then
digested with ECORI. The insert DNA was purified by

electroelution from 0.5% agarose and precipitated in the

presence of glycogen.

Cloning into pT7T3/18U and DNA sequencing. EcoRI-digested
lambda DNA and PCR-amplified lambda insert DNA were
subcloned into the plasmid vector pT7T3/18U (Pharmacia).
The subclones were transformed [King and Blakesley, 1986]
into Escherichia coli TGl c¢ells. Single-stranded DNA was
prepared using the method supplied with pT7T3/18U
‘(Phama.c-ia) using M13KO7 helper phage. DNA sequencing was
performed with Taqg polymerase according to the
manufacturer's dinstructions (Promega) using the universal
M13 primer or synthetic oligonucleotides based on previously
determined DNA seguences.

Database gearch. The following databases were searched for

protein sequences with homology to Tc Ad ESA2: EMBL Nucleic
Acid Sequence Data Bank, Release 28.0, September 1991; Ooi-
Nakashima Protein Sequence Data Bank, March 1986; Protein
Identification Resource (PIR), Release 29.0, June 1991;
National Biomedical Research Foundation, (NBRF), Release
36¢.0, March 1991; PRF Protein Sequence Database, Release
91/09 (Peptide Institute, Protein Researvh Foundation,
Osaka, Japan): Genetic Sequence Data Bank (Genbank Release
69.0, September 1991); GBTrans Protein Dat4 Base, Release
13.0, October 1991 (Compiled from Genbank Release 68.0 by
The Walter and Eliza Hall Institute of Medical Research,
Parkville, Australia); Swiss-Prot Protein Sequence Databank,
Release, 19.0, August 1991 (Eurdﬁéaz; Molecular Biology
Laboratory, FRG); and DNA Data Bank of Japan, Release 8,
January 1991. These databases were searched with the whole
Tc Ad ESA2 protein sequence or the sequence lacking the
proline rich region (residues 133-169 deleted), using the

20998-AP/16.97.92
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FASTA program (Pearson/Lipman algorithm) [Pearson & Lipman,
1988].

From 250,000 recombinants screened, four positive clones
were purified through rounds of screening and were found to
contain inserts of approximately 700-800 bp in size.

Complete DNA sequence data was obtained from the
recombinants isolated from the lambda library.

The DNA sequence for the gene is shown in the attached
Table (Table 9). The DNA sequence has an uninterrupted
reading frame which extends for 701 nucleotides followed by
63 bagses of nunon-coding sequence which contains a
polyadenylation addition sequence (AATAAA) but no poly A
tail. The predicted amino acid sequence codes for a protein
of 220 amino acids, with a molecular weight of 26.4
kilodaltons. The igitiating methionine is followed by an
eleven amino acid sequence of hydrophobic amino acids which
are likely to be a leader sequence which is post-
t¥anslationally cleaved from the molecule.

The peptide seqguence from which the oligonucleotide
probe was designed can be séen starting at amino acid 161.
The only difference between the peptide seguence and that
prédicted from the DNA sequence ig that Ile 173 is a4 Thr in
the clomed sequence. This is 1likely to he either a
sequencing artefact or represent the variation i the amino
acid sequences of various <gehes within the outbred
population (homologues). The predicted amino acid sequence
also contains the two other peptide sequences which were
obtained from the native polypeptide +ith some small

variation. It can be assured that the ¢DNA sequence codes
for Tc Ad ESB3. Database &8earches have not shown any
significant homology between the DNA sequence for T¢ Ad ESA2
and genes coding for any other protein. '
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CCTESTTGETT CEBCACTTTC ACTCGGCGCA GOCTCTTCGAC GATG ATE CTG ATC CTT
Met Leu Ile Leu
1

ET6
L=au

ABT
Ser

CAG
Gln

TTG
Leu

cAA
Gln

. S T7C
soes “he

P4 CAA
G ee Gln

cce

Tce
Ser
165

[}
.
.
g Yeow ACT

Fhr

: GCA
.o L} . Ala
L[]
L]
&

ETC
Leu

A}%
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T U

Fro

BCC
Ala

GAC
Asp

CAA
Gln

AGA
farg

676
Val
70

CS7
arg

GT6
Val

AAA
tys

CTG
Leu

GTC
Val
150

GAT
Asp

CcCe
Fro

B6TT
Val

AAT
Az

ATT
Ile

TAT
Tyr

CCG
Fro

AARA
Lys

S5

GAG
Glu

GAG
Glu

BTT
Val

6AC
Asp

tea
Fra
135

AGT
Ser

TEC
Ser

cAC
His

Bee
Ala

T6T

Cys
15

TTG
Leu

AGG
arg

TTT
Fhe
40

cTe
Leu

T7E
Fhe

AcAa
Thr

GaT

Gly

cTC
Leu

ACA
Thr

AAT

Asn
200

TTC
Phe

GTC GGC ACC

Val

eTT
Val
25

AAA
Lys

asA

Arg:

AAT
Asn

AGA
Arg

B6C

Gly

105

CTT
Leu

© BTT

Val

cce
Fro

AAT
Asn

ceT
Fro
188

GAG
Glu

ACT

Gly
10
cAac

His

GAA
Glu

GGG
Sty

AAC
Asn

TTT
Fhe
Q0

GAC
Asp

CTa

Leu

CTG
Leu

AAT
Asn

AAG
Lys
170
cca
Fro

AAA
Lys

78T

Thr

AAT
Asn

ATC
Ile

ATT
Ile

GAC
Asp
79

TCA

Ser

TTC
Fhe

AAG
Lys

TCA
Ser

GAG
Glu
155
B5TC
Val

CCGe
Pro

TCC
Ser

Tt

THP Gys Pha

33c

Table 9
DNA sequence of cDNA coding for Tc Ad ESA2
and the translated amino acid sequence

GTH
Val

GAC
Asp

GCC.
Ala

G666
Bly

&0
AGC
Ser

[elc]
Arag

‘ATE

Met

T6T
Cys

T6C

Cys
140

GAC
Asp

ACT
Thr

Ce6
Arg

ACC
Thr

CCT
Fro

CAC
His

AAC

Asn

45

GAT

Asp

AAT
Asn

AAC
Asn

TG66
Trp

GAG
Glu

125

GAC

Asp

BET
Ala

cCT
Fro

GAT
Asp

ACT
Thr

205

TCC
Ser

TGT
Cys

TCE
Ser

ACT
Thr

CCE

Fro

TAT
Twvr:

ARG
Lys
110

AGC.
Ser-

CGE
Arg

CLG
Fro

cce
Fro

TTC
Fhe
190

AAA
Lys

GAG
Glu
1S

ARA

Lys.

TCA
Setr

BGAC
Asp

TTT
Fhe

ACC
Thr

TCG
Ser

TAC.
Tyr

CTA
Lew

TGC
Cvys

TAT
Tyi’
80

GTC
Val

9

TCH
Ser

Glu

ACC
Thr

cce
Pro

AAT
Asn
175

ACT
Thi

AAA
Lye

T6T
Cys:

5AG
Giu

ceT
Fro

AcC
Thr
160

ceT
Fra

ACT
Thr

BE6
Bly

TCE CTC TR AAC

Ser

AGT.

Ser

CGA
Arg

576
val
&5

BTC
Val

T6C
Cys

GAT
Asp

AAC
Asn

AAT
Asn
145

cTC

Leu

cce
Fro

ATE

lle

TTC
Fhe

Leu

BAG
Giuy

TCA
Ser:
S50

CAG
Gin

TTT
Fhe

clchy
Bly

ARA
Lys

AGA
Arg
130

ceT
Fro

CCT
Fre

ATT
lle

ccT
Pro

CTa
Lew
210

Val

GTT
val

35
TFE
fhe

TCT
Set

Cse
Arg

GT6
val

TCG
Ser
115

CAT

His

GTC
Val

ccis
Fro

ARA
Lys

tce

Fro
199

AGC
Ser

Asn

20

AAG
Lys

CTT

Leu

TAC
Tyr

ATC
Ile

GTT
val
100

AAA
Lys

cca
PFro

TCG
Sar

AGE
Arg

BAC
18¢

CGA
Ary

AAB
Lys

TBATAACATT BTECTBECAC CAARATTGAA

220

CETETTACAT TATTGAGAAT ARABETTTEC ATG
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5 TraT obtained from the antibiotic resistance plasmid R100
(0ogata R.T. et al., 1982, J. Bact. 151 819-827) and have
transferred this gene to a plasmid in which the
expresgsion of TraT is under the control of the leftward
promoter (P;) of the bacteriophage lambda. High levels
10 of TraT can be obtained when the cells harbour the
thermolabile repressor of Py, AcI857 (Remaut E et al 1980
Gene 15 81-93) are incubated at 38-42°C.
The gene coding for Tc Ad ESAl1 has been fused to the
' 5' position of the coding region of TraT in such a way
15 that the new gene codes for the first 30 amino acids of
TraT (including the 20 amino acid long signal sequence)
followed by some amino acids generated by restriction
sites used for the DNA manipulations followed by the gene
coding for Tc¢ Ad ESAl (Fig 4). Insertion into this
20 position of the Tra-T gene was made possible by the
creation of a Pvull
I
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Example 9
Expression of Tc Ad ESAl as a Tra T Fusion in E. coli

TraT is an outer membrane lipoprotein of certain
strains of E. coli. We have cloned the gene coding for

ety 1
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restriction site at codons 31 and 32 of the TraT Qene by -
site directed mutagenesis. The Tc Ad ESAl gene was .
obtained as a 570bp Xmnl (generated by cutting an EcoRI
site, and filling with DNA polymerase I - Klenow fragment -
and religating) to Hind III fragment. : ‘
In a suitable E, coli host, raising the temperature

il
of a culture leads to the production of TraT-T¢ Ad ESAl bi
fusion protein of apparent molecular weight 22kD at up to -%
50mgs per litre per ODGOO' . | ﬁ

The signal sequence may be cleaved from the fusion 3§
product (as is normally the case when TraT is produced in . ' %
E. coli) if the level ofrexpression does not exceed the 3
processing capacity of the cell and the terminal cysteine ‘ %
may be further modified. When producing this LK
TraT-immunogen fusion this modification may be advantageous e

as it may confer a self adjuvanting character to the &
protein (International Patent Application PCT/AU87700107
Title: Immunopotentiation).

The gene coding for Tc A4 ESA4 has been fused to the
5' portion of the coding regiom of TraT in a manner
identical to the Tc Ad ESAl-TraT construct. The whole of
the coding region of Tc Ad ESA4 (95 amino acids) is
expressed as a TraT Tc Ad ESA4 fusion under the control of
the Lambda leftward promoter. ‘

i ok

e

RIS

The cDNA fragment encoding Tc Ad ESAl was inserted

. 2
into a yeast expression vector, pYEUC1l4 (Fig 5), developed ’E
in the CSIRO Division of Biotechnology. This vector i%
employs the Cup 1 gene (encoding metailbthiOnine)‘of ﬁA

Sa¢chatomyces gg;gx;ﬁlag The accompany1ng prﬁmoter is
inducible with copper when contained in yeast cellﬁ.‘ The
Cup 1 gene casette contaznlng the »apperalnduélblé Cup 1
promoter and a multlacloning site is described in ‘
Australian Patent Appllcatian No. 15845788 and in Maqreaﬁie
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et al, Plasmid 2, 147-150. The EcoRl fragment containing
the (previously described) Tc Ad ESAl cDNA was inserted '
into pYEUC114 replacing most of the Cup 1 coding seguence.
This results in the synthesis of a fusion protein’
consisting of 4 amino acids fromzthe N~-terminus of
metallothionine followed by the sequence shown in Table 6.
Saccharomyces cerevisiae cells (strain CL13-ABSY86, [a,
AUra3 leu2 his pral prbl prcl cpsl]) carrying the
recombinant plasmid (p¥EUC30B4E) were grown in minimal
medium containing histidine and leucine. To induce
expression of Tc A2 ESAl, copper sulphate was added to the
culture medium to 0.5mM.- After 2 hours in the presence of
topper, the cells were harvested, treated with Zymolyase to
remove the yeast outer cell wall and then examined by
SDS-PAGE and western blotting. The recombinant plasmid
containing Te Ad ESAl encoding DNA was named PYEUC30B4E

The antigens expressed by recombinant E+ coli cells
can be purified for vaccination trials. By means of
example the following is an illustration of how the Tc Ad
ESAl is isolated.

Bacterial cells containing the recombinant plasmad
descrzbed in Example 9 are grown in a suitable medium at
28°C and the expression of Tc Ad EAS1 is induced by
increasing the temperature to 42 %% ana incubation the

~cultures &t that temperature for 4-6 hours. Tells are

recovered from cultures by centrifugation at 10,000 xg for
10 mins at 4°C. The pellet is then reésuspended in a
suitable buffer such as 50 mM Tris-HC1l, 10mM EDTA, 50 mM .
NaCl, pH 8.0 and cells pelléted by'centrifugatiwnvas
before. The washed pellet is résuspﬂndea in ‘& iffer such
as 50 mM Tris<HCI, } mif EDTA, 5 mM w ‘r, 0.1 mi4 iﬂmsm pH 8.0
and homogenised 1n Marton~cau11n Hnmo@éniser. 6 passes at’
9000 psi. K The cell homogeriate is then centnfugea at o
20,000 xg for 20 min at 4%¢ to aonécfz the dense |
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i
inclusion bodies which contain the recombinant antigen.
The supernatant is decanted off and discarded and the
pellet is resuspended in a solution suitable for
-solubilising the proteins in the inclusion bodies such as 8
5 M Urea, 100 mM NaPi, 1 mM EDTA, 40 mM DTT, pH 8.5 and
incubated at 37°C for 4 hours with stirring. The
- solubilised antigen can be recovered by passing the
solution through a "Diaflo®” Amicon YM30 membrane followed
by concentration of the eluant on a "Diaflo” Amicon YM10
10 membrane. The reténate can then be adjusted to pH 3.0 by
addifion of phosphoric acid, diluted 1l:1 with 8M Urea to
reduce the Na' concentration to 50 mM and passed over a
column of S-sepharose "Fast Flow" eqguilibrated with 8 M
Urea, 50 mM NaPi, 5 mM EDTA, 5 mM DZT, pH 3.8:. The

15 recombinant antigen is eluted off the column with a 50 -

400 mM NaPi gradient. Fractions containing the 21 kD

recombinant Tc Ad ESA antigen are pooled and concentrated

on a "Diaflo” Amicon YM10 membrane. This concentrate is
then made 0.1% with respect te SDS and dialysed in a 1000 D

20 cut off dialysis sac against 8 M Urea, 50 mM N&aPi, 2mM DTT,
0.1% SDS, pH 8.5 to reduce the Na® concentration to 50 mM
and increase the pH to 8,5. The antigen can then be
dialysed agéinstxa solution containing 150 mM NaCl, 10 mM
Tris-HCl, 0.006 mM Oxidised Glutathione, 0.06 mM Reduced

25 Glutathione, 0.1% SDS, pH 8:5, at room temperature for 24
hours and finally against a solution containing 150 mM
NaCl, 10 mM Tris-HC1l, 0.1% SDS, pH 7.4, at room temperature
for 24 hours. The antigen recovered from the dialysis sac
can be sterilised by filtratiom through a 0.22 pm filter

30 prior to formulation in a suitable adjuvant prioér to
vaccination of host animais.

A similar approach canthg taken to purify the other
recombinant antigens according to this specification
although the details of the purification protocols will

35 differ with each antigen.
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Yeast cells cgrrying pYEUC3084E were grown for 2 days
in minimal medium montalnlng histidine and leucine. The
cells were then placed in fresh medium, incubated for a
further 2hrs and then copper sulphate was added to 0.5mM.
Incubations was continued for a further 2hrs whereupon the
cells were harvested by centrifugation and lysed using the
Braun cell homogenizer according to the manufacturer's
instructions. Briefly the cells are broken by shak1ng with
glass beads at high speed. The glass heads are allowed to
settle out under gravity and the cell 1ysate collected.

The crude lysate was centrifuged at 15,000 rpm and the
resulting supernatant and pellet examined for the presence
of Tc Ad ESAl protein. The latter was found exclusively in
the 15krpm péllet; This pellet was subsequently dissolved
in 50mM ammonium bicarbonate solution containing 8M urea,
2% SDS, 10mM EDTA and 2% mercaptoethanol. This crude
material was them fractionated using a Sephadex G75 column
run in 50mM ammonium bicarbonate solution containing ImM
EDTA, 0.1% SDS and 0.1% mercaptoethanol. Fractiens
containing material with the molecular weight expected of
Tc Ad ESAl (non-glycosylated) and reacting with an
anti-serum (R45) raised in rabbits against Tc Ad ESAl from
ddult parasites, were pooled and used in subsequent
vaccination trials.

#295 Worm numbers +SD % Protection
Controls 4134299
Vaccinates 2754166 . 33

Guinea p;gs were vaccinated with a preparation 6f
recombinant T¢ Ad ESAl and challenged with T.. ¢
as described above. It should be noted that the worm .
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numbers in the control animals were uncharacteristically
low and scattered in this particular experiment. In
previous instances where this has occurred (see e.g.
Table 3, Experiment 257) repeat experiments have resulted
in increased levels of protection being observed (see
e.g. Table 3, Experiment 236).

Recombinant bacteria were constructed which
synthesize each of Tc Ad ESA 1-4. Standard molecular
biology techniques were used in all cases. The details
of the constructs varied slightly with each antigen but
were similar in principle to that described in Example 10
for Tc Ad ESA1l.

The recombinant antigens were purified from the
recombinant bacteria essentially as described in Example
9 and used in vaccination and challenge trials against T
colubriformis as described for the native antigens in

Example 2. Both sheep and guinea pigs have been used in

these challenge experiments. All of the recambinant
antigens have protected the vaccinated animals as
measured by decreased worm burdens at slaughter and/or
decreased egg output by vaccinated sheep as compared with
non-vaccinated controls. Table 11 summarises the
protection data obtained in these initial trials. Sheep
were vaccinated intraperitoneally with the recombinant
antigens in the presence of ar immune stimulatory
adjuvant. Two weeks after the second wvaccination the
sheep were challenged with T. colubriformis larvae. Post
patency, faecal samples were taken each week to determine
the number of eggs per g. Approximately 50 days &after
infection, the sheep were slaughtered, adult parasites
recovered from the intestines and courited. % protection
is compared with non-vaceinated control animals (the
decrease in worm counts were very similar to the
decreased faecal egg counts).

It is to be appreciated that the degree of protection
can be reasonably expected t6 be improved by such
parameters as optimising the dose of antigen, the
adjuvant used, the vaccination route, the conformation of
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the antigen and/or by vaccinating animals with

combinations of the antigens.

TABLE 11

Recombinant TcAdESAL | TcAdESA2 | TcAdESA3 | TcAGESA4
antigen
% Protection in 53 74 0 53
guinea pigs
% Protection in 23 46 35 23
sheep

Example 12

Extension to other Parasites

The Tc Ad ESA antigens produced by recombinant DNA
technology are capable 5f induting a protective immune
colubriformis infestation in
It is possible that this immune
ether

response against T.

vaccinated animals.
response may also provide protection against
species of parasitic nematodes such as those cited
elsewhere in this specification, but it is more likely
that the other species of parasitic nematodes express
proteins which are related but not identical to the Tc Ad
ESA antigens. For most species of parasitic nematodes,
it is net practical to obtain sufficient parasite
material to purify these components and identify their
structure in preparation for cloning the gene from these
parasites and testing the protective potential of the
components. In these cases, the only means by which the
related antigens can be tested is to use recombinant DNA
methods to isolate the gene coding for the related
proteins and to express the related proteins in
recombinant organisms, purify the related proteins £rom
those recombinant organisms and vaccinate animals and
challenge them with the »ther species of parasitic
nematodes. Even in the c¢ases where it is possible to
ebtain sufficient parasite material to purify antigens,
the above approach using molecular biology to c¢lone genes
codifng for provective antigens related to the Te Ad ESA
antigen genes is a preferable approach to developing
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vaccines. To demonstrate that this approach is feasible,
the following example demonstrates that there are genes
that are related to Tc Ad ESAl and 4 in two species of
parasitic nematodes other than T. g¢olubriformis, namely
Haemonchug contortus which is an abomasal parasite of
sheep and goats in particular and Dirofilaria immitis
which is a parasitise of dogs and cats. In addition, it
is demonstrated that genes related to Tc Ad ESA2 are
present in H. contortus, Ostertagia ostertagi, Ostertagia
circumcincta and D. immitis.

Genomic DNA was purified from the various species of
parasites by the method described by Herrmann and
Frischauf 1987. 1lug of each DNA preparation £from T.
colubriformis, H. contortus, and D. immitis was digested
with each of the restriction enzymes BamHI, PstI and
HindIII (Promega). In a separate experiment, 8 pug of
each DNA preparation from T. colubriformis, H. contortus

Ostertagia ostertagi, Ostertagia c¢ircumcincta and D.
immitis was digested with the restriction enzyme Hinfl

(Promega) . The digested DNA together with appropriate
size markers was electrophoresed in 0.4% agardvse gels
(Fig 6) and 1.0% agarose gels (Fig 7) to separate the DNA
fragments according to their size. After staining the
gels in ethidium bromide and photographing the DNA, the
DNA in the gels was transferred to positively charged
nylon membranes by alkaline transfer and the membranes
prepared for  hybridisation as recommended by the
manufacturers (Amersham). Fragments of DNA coding for Tc
Ad ESAl1, 2 and 4 were labeled with 32p by the random
labeling method described in the kit sold by
Boehringer-Manheim. The filters were then incubated for
20 hours at 42°C (Fig 6) and 16 hours at 55°C (Fig 7) in
a solution of 5x8SPE, 5x Denhardts solution, 0.5% SDS and
20 pg/ml of denatured Herring sperm DNA (see Maniatis et
al 1982) containiag 100 cpm/ml of the radiocactive Tc Ad
ESA DNA. The filters were then washed to remove any
fion-specifically bound DNA and exposed to X-ray £ilm.
Fig. 6 demonstrates that there are specifi¢ DNA sequences

1

YRNG5S




e o

10

- 3%a -

in both H. contortus and D. immitis DNA which hybridise
to the Tc Ad ESA1 and 4 DNA fragments. Fig 7
demonstrates that there are specific DNA sequences in H.

contortus, Qstertagia ostertagi, Ostertagia circumcincta

and D. immitis which hybridise to the Tc Ad ESA2 DNA

fragment. This demonstrates that these DNA Sequences
could be cloned from genomic¢ DNA libraries or from cDNA
libraries or prepared by other recombinant DNA techniques
such as the polymerase chain reaction from these species
of parasite and by extension from any other species of
parasitic nematode and recombinant organisms c¢ould be
construéied which synthesise these related genes for use
im vaccines against the other species of wparasitic

nematodes.
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The production and purification techniques so far
described are carried out at laboratory scale. For
commercial production of the antigens of thé invention,
large scale fermentationAQf transformed hosts is required.

The large scale ferﬁentations are pérfdrmed acCordinge
to standard techniques, the'parficular\techniQues-seiécted
being appropriate to the transformed host used for-
production of the antlgen )

INDUSTRIAL APPLICATIONS -

The invention provides antigens which can be used as
an effective vaccine for protection against parasitism of
animals by parasitic nematodes, particularly
Trichostrongylus colubriformis and Haemonchus contortus.

Antibodies raised agaln t the pur1f1ed antigens

i (o] i is and the DNA

isolated from ] Y ,
sequences coding for these proteins can;be used to identify

the related polypeptides and genes coding for the antigens
from species of para31t1c nematode other than
Trichostr v ‘ . .

antibodies can bé used to 1dent1fy related antigens and

The same DNA sequences and

genes ceding for those proteins in a range of other species
of nematode which are parasitic to man and domestic animale
and it is anticipated that these proteins will provide
effective vaccines against parasitism by those species of
nematode whether isolated from.the,parasite itself or
produced by recombinant DNA technology. Species of
parasites and hosts they may :infect includée for example:
Irichinella spiralis or Ancylostoma caninum infections

of man, ﬁi;gngxlga xnlgg;;e infections of horses,

cichost: [mis infections of sheep,
Haemgnghna ggn;g;;nﬁ 1nfectxens of goats, Ostertagia
ostertagi infections of cattle, Ascaris suum 6t Tiichinella
spiralis infections of pigs, Toxascaris leonina or
Uncinaris stenocephala infecticns of cats &nd Ancylostoms
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"infections of the circulatory system of man by larvae of

Y

caninum or Irichuris vulpis infections of dogs as well.as

Toxocara spp and of the circulatory system of dogs by
Dirofilaria immitis as well as infections of the
circulatory system, urogenital 5ystem,~fespirat5£y system,
skin and subcutaneous tissues of these and other species of
animal. It should be noted that this list is by no means
complete.
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Depesition of Microorganisms

E coli strain BTA 1691 was deposited with the
American Type Culture Collection ef 12301 Parklawn Drive,
Rockville, MD, 20852, United States of America on
5 26 September 1989 under accession number ATCC §8098.

E coli strain BTA 1689 was deposited ‘with the
American Type Culture Collection of 12301 Parklawn Drive,
Rockville, MD, 20852, United States of America on
26 September 1989 under accession number ATCC 68099,
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10 E coli BTA 1690 was deposited with the American Type
Culture Collection of 12301 Parklawn Drive, Rockville, MD,
20852, United States of America on 26 Septembes 1989 under
accession number ATCC 68100.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An
protein,

antigen comprising: an excretory/secretory
derived from a parasitic stage of a first
nematode and capable of inducing
protective immunity against infection of a host by a
second parasitic nematode species, which may be the same
as or different from the first nematode species;
protein molecule comprising all,

homologue, derivative

parasitic species

or a
part, an analogue,
or combination thereof of <the
excretory/secretory protein, which protein molecule is
capable of conferring protective immunity on a host

against infection by a parasitic nematode.

2. An antigen comprising an excretory/secretory protein
according to claim 1,
weight of 11, 17, 30,
SDS-PAGE.

having an approximate molecular
37 or 81 kD as estimated by

3. An antigen comprising an excretory/secretory protein
according to Claim 1 or Claim 2 having an approximate
molecular weight of *1 kD as estimated by SDS-PAGE.
4. An antigen comprising an excretory/secretory protein
according to Claim 1 or Claim 2 having an approximate
molecular weight of 17kD as estimated by SDS-PAGE.

5. An antigen comprising an excretory/secretory protein
according to Claim 1 or Claim 2 having an approximate
molecular weight of 30kD as estimated by SDS-PAGE.

6. An antigen comprising an excretory/secretory protein
according to Claim 1 or Claim 2 having an approximate
molecular weight of 37kD as estimated by SDS-PARGE.
7. An antigen compriging an excretory/secretory protein
according to Claim 1 or Claim 2 having an approximate
molecular weight of 81kD as estimated by SDS-PAGE.

20998-AP/10.67.92
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8. An antigen according to any one of claims 1 to 7
wherein the first nematode species is selected from the
) genera Trichineila, Ancylostoma, Strongylus, .'
. Trichostrongylus, Haemonchus, Ostertagia, Agcarisg, ;i
5 Toxascaris, Uncinaria, Trichuris, Dirofilé.ria“‘, Toxocara, J.%
- Necator, Enterobius, Strongyloides, and Wuchereria. 3
9. An antigen according to c¢laim 8 wherein the first :%
- parasitic nematode species is selected from Trichinella %
spiralis, Ancylostoma caninum, Strongylus wvulgaris, s
10 Trichostrongylus colubriformig, Haemonchus contortus, s
p Ostertagia ostertagi, Ascaris .suum, Toxascaris leonina, &
g Uncinaria stenocephala, Trichuris wulpis, Dirofilaria ‘(gf;
] immitis, Toxocara spp, Necator americanus, Ancylostoma o
duodenale, Ascaris lumbricoides, Trichuris trichiura, 4;
15 Enterobius vermicularus, Strongyloides stercoralis and i
Wuchereria bancrofti. f;
10. An antigen according to any one of clainis 1 to 9 ,%;
wherein the second rématode species is selected from the i?
genera Trichinella, Ancylostoma, Strongylus, f’é

20 Trichostrongylus, Haemonchus, Ostertagia, Ascaris, ‘;%
:::: Toxascaris, Uncinaria, Trichurig, Dirofilaria, Toxocara, e¥
2%y 11. An antigen according to c¢laim 10 wherein the second B
) .::‘ parasitic nematode species is selected trom Trichinella Qg
e 25 gpiralig, Ancylostoma caninum, Strongylus yulgaris, ’%
o2 richostrongylus colubriformis, Haemonchus cohtortus, '§
‘::“,,,,:"' QOgtertagia ostertagi, Ascaris suum, Toxascaris leohina,
::i” Uncinaria stenocephala, Trichuris wvulpis, Digofilaria |
':f"“‘ immitis, Toxocara gpecies, Necatox americanus,
30 Ancylostoma duodenale, Ascarigs lumbricoides, TIrichuris
i trichiura,  Enterobius  vermiculsrus,  Strongyloides
::“".g stercoralis and Wuchereria bancrofti.
L
A
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12. An antigen according to any one of claims 1 to 11
wherein the first parasitic nematode @pecies is
Trichostrongylus colubriformis.
13. An antigen according to any one of claims 1 to 12
5 wherein the second nematode species is Trichostrongylus
colubriformis.
14. An antigen according to claim 1 or 2 comprising the
amino acid sequence:
Ala Asn Asn Lys Gln Gln Thr Asp Ile Glu Gln Leu Met Pro
10 Lys Tyr Asn Ser Thr: Phe Ala Lys Met Asn Gly Asn Tyr Ser
Tyr Lys Leu Ile Prp Asp Asp Sér Met Val Ser Asp Ala Leu
$1n Glu Ala Lys Glu Gln Tyr Ser Thr Asn Ala Thr Phe Lys
Ile Arg Arg Arg Lys Val Phe Ile Lys Gly Asp Asn Ala Thr
Met Glu Glu Lys Val Glwu Gly Ala Leu Lys Tyr Pro Val Leu
15  Arg Ala Asp Lys Phe Leu Arg Arg Leu Leu Trp Phe Thr His
‘Tyr Ala Cys Asn Gly Tyr Tyr Asp Thr Lys Gly Gly His Asp
Val Leu Thr Val Ala Cys Leu Tyr Arg Glu Ile Asp Tyr Lys
Asn Ser His Tyr
wese 15, An antigen according to any one of claim i1 or 2
:‘:‘::; 20 comprising the amino acid seguence:
:°
P00 Met Ser Gim His Ala Lau Gln Glu Ile Glu Lys Prs Gly
Q'.. '
ool
A Lys Fhe Ser Gln Lys Asp Ser Ala Tyr Fhe Lys Lou Glw Asn Lyﬁ Arg -
:"‘.‘.‘E 25
:,5.,3 4 Blu Leu Lys Gly Asp Asn Leu Pro Val Glu Glu Lys V&l Arg Gln Thr
be
5 "‘d.
Ils Glu Lys Phe Lys Asp Asp Val Ser Blu Ile Arg Arg Leu Ala Asp
(XX L3
VL ‘
: ‘.g Atp Sar Asp Fhe Gly Cys Asn Bly Lys Glu Thr Blu 6ly Ala Met His
PRTEN Ile Val Cys Phe Phe Gin Lys Asn Tyr Asp Trp Met Lys Ely Gin Trp
)
/ ‘w . B
= Z) ‘
A Bl Asa
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16. An antigen according to claim 1 or 2 comprising the
amino acid sequence:
Arg Phe Leu Leu Leu Ala Ala Phe Val Ala Tyr Ala Tyr Ala
Lys Ser Asp Glu Glu Ile Arg Lys Asp Ala Leu Ser Ala Leu

5 Asp Val Val Pro Leu Gly Ser Thr Pro Glu Lys Leu Glu Asn
Gly or Lys Ser Asp Glu Glu Ile Arg Lys Asp Ala Leu Sér
Ala Leu Asp Val Val Pro Leu Gly Ser Thr Pro Glu Lys Leu
Glu Asn Gly.

17. An antigen according to «c¢laim 1 or claim 2

10 comprising thée amino acid sequence:
D Hng - ) au o Met Leu Ile Leu

Lau Ala Ile Leu Val Gly Thr Val Fro Ser qu Ser Ser Leu Val Asn

g 1% 15 20

Ser Asp Tyr Arg Val His Asn Asp His Cys Lys Tyr Ser Biu Val Lys

25 . 30 35

Gln Gln Fro Fhe Lys Blu Ile Ala Asn Ser Ser Leu Arg Ser Fhe Leu
%0 45 so

Leu Arg Lys Lew Arg Gly Ile Gly fsp Thr Asp Cys Val Gin Ser Tyr

=5 &Q &5

Bln Val Blu Fhe Asn Asn Asp Ser Asn Fro Fhe Tyr Mal Fhe Arg Ile

76 7% 80
S, ‘ Asg firg Blu Thr Arg Fhe Ser Arg Asn Tyr Thr Val Cys Gly Val val
® ees’ B3 L) 5 100
- e
¢ e s o a1. ) ‘
:5:3:. Th~ Val Val Gly Glz Asp Fhe Met Trp Lys Ser Cys Asp Lys Ser Lys
s, 1035 110 115
L ] *
* L ]
*9 o0
; M Phe Lys Asp Tyr Leu Leu Lys Cys Glu Ser Glu Glu Asn Arg MHis Pro
s L: 120 125 130
.:O. - —- .
eune Gln Leu Fro Fro Val Leu Ser Cys Asp Arg Thr Fro Asn Fro Val Ser
135 140 145

Pro Val Ser Frao Fro Asn Glu Asp Ala Fro Pro Thr Leu Pro Fro Arg
150 1S5 160

Sér Asp Ser Leu Asn Lys Val Thr Fro Pro Asn Pro Pro Ile Lys Asp

165 170 175 180
sy The Fro His Thr Fra Pra Pro AFg fsp Phe The Thr lle Pro Pro Arg
LR 185 199 195
U::ﬁg -

e %3 Ala Val Ala Ass Blu Lys Ser Thr Thr Lys Lys Bly Fhe Leu Ser Lys
260 205 210
Leu Asrt Bys Phe The Cys Fhe
s 8-
75 TN‘ o i § ]

/@“ (\ or amine acids 13 to 219 inclusive of said amino acid

el
:a (-Aé v BN .
> @ﬁ = sequence .
NE Qy;
\Eir;??‘c’
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18. Tc Ad ESAl1 as hereinbefore defined, in glycosylated g
or non-glycosylated form. :
19. Tc¢ Ad ESA2 as hereinbefore defined, in glycosylated H
or non-glycosylated form, §
&

) / 3
20: Tc¢ AD ESA3 as hereinbefore defined. =
21, Tc Ad ESA4 as hereinbefore defined. g

, &

22, T¢ Ad ESA5 as hereinbefore defined, in glycosylated :
or non-glycosylated form, -
o 2 I

23. A first nucleotide sequeinice encoding the amino acid ’3
sequence of an antigen according to any one cf claims 1 -
to 22, a nucleotide sequence which hybridizes to the b
first nucleotide ‘sequence, or a nucleotide sequence :
telated by mutation including single or multiple base |
substitutions, insertions or deletions, to the first é
nucleotide sequenge. 7

24. A nucleotide sequence according to claim 23 wherein i
the nucleotide sequence encodes the amino acid seguénce .%
of an antigen according to any one of claims 2 to 7 or f;
any one of ¢laims 14 to 22. 3

25. A nucleotide sequence according to «<¢laim 23 or
claim 24 wherein the fnucleotide sequence 1is a DNA

sequence.
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26. A DNA sequence according to claim 25 comprising:
GAA TTC GGG GGC AAC ACT TAC AGT GCA AAC AAT AAG CAA CAG
ACC GAC ATA GAA CAA CTC ATG CCC AAA TAT AAC TCG ACG TTC
GCG AAG ATG AAT GGA AAC TAT AGT TAT AAG CTG ATC TGG GAT
5§ GAC AGC ATG GTA TCT GAT GCG CTG CAA GAA GCA AAG GAG CAA
TAC AGT ACG AAT GCT ACC TTC AAG ATC CGT CGG AGA AAG GTG
TTC ATA AAG GGC GAT AAC GCA ACG ATG GAG GAA AAA GTG GAG
GGA GCT CTG AAG TAC CCC GTE€ TTG AGA GCC GAT AAA TTT CTT
CGC CGT CTT CTC TGG TTC ACA CAC TAC GCA TGC AAT GGA TAT
10 TAC GAT ACG AAA GGT GGA CAC GAT GTC CTG ACT GTC GCG %IGT
CTC TAC AGA GAG ATC GAT TAC AAA AAT TCT CAC TAT TAG AAA
GCA GTC AAC AAA AAC AGC AGA GTA AAC TGA CTG CAC ATT TCC
GCA GTT TTT GAA TAA ATA CTT GAT GCA ACT CAA AAA AAA ARA
AAA or GCA AAC AAT AAG CAA CAG ACC GAC ATA GAA CAA CTC
15 ATG CCC AAA TAT AAC TCG ACG TTC GCG AAG ATG AAT GGA AAC
TAT AGT TAT AAG CTG ATC TGG GAT GAC AGC ATE GTA TCT GAT
GCG CTG CAA GAAR GCA AAG GAG CAA TAC AGT ACG AAT GCT ACC
TTC AAG ATC CGT CGG AGA AAG GTG TTC ATA AAG GGC GAT AAC
GCA ACG ATG GAG GAA AAA GTG GAG GGA GCT CTG AAG TAC ccc
20 &TC TTG AGA GCC GAT AAA TTT CTT CGC CGT CTT CTC TGE TTC
e ACA CAC TAC GCA TGC AAT GGA TAT TAC GAT ACG AAA GGT GGA
et CAC GAT GTC CTG ACT GTC GCG TGT CTC TAC AGA GAG ATC GAT
e TAC ARA AAT TCT CAC TAT.
3
I
R
. &
vy LY, z)
::f oFeS
7\{? \“4-
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27. A DNA sequence according to claim 25 comprising:

TaCAAGACCC CCQQTTGTQC ACGAAATTET TCAACBANGA AAACAGTITA AATCTEAGAT

EEAACTCACA T ATS TCSE CAG CAT GCT CTA CAA GAA ATT BAG AAG CCA GGG.

ARA TTT TCE CAA AAR BAT TCA BCA TAT TTCT AAG CTC GAA AAC AAG AGTE
QGA CTE AAG BGA GAC AAT CTA CCTA GTG GAE BAG ARA BTA CGC CAA ACT
ATT BAA ARAB TTC AAG GAT BAT BTA AGC GAA ATC AGA CGT CTC GCT GAT

EAT TCB BAT TTT GGA TBEC AAC GGC AAA GAA ACC GAG BGT GCA ATG CAC

ATT 678 TET TTC T7C CAG AAG AAT TAT GAC TEG ATE AAA GGA CAA TS@

hd

CAA AAC TBATTTTTCT GAAGTACTTE TTGEATTCTT CETAGAATCE ATECACAAAA

TACCTITTIT GGEGAGACAAC TTCECATAAA ACTTCTCGAT GAAAAARAAA AAAAA,

or ATE TCG CAG CAT GCT CTA CAA GAA ATT GAG AAG CCA Gsg
AAA TTT TCG CAA AAR GAT TCA GCA TAT TTC AAG CTC GAA AAC AAG AGS
BAA CTS ARG GEA BAC AAT CTA CCA GTG GAE GAG AAA GTA CEC CAA ACT
ATT GAA AAA TTC AAG BAT GAT GTA AGC GAA ATC ABA CET CTC BCT GAT
éﬂ‘f TCE GAT TTT G3A TGC AAC GGT AAA GAA ACC GAG GGT GCA ATG CAC
ATT GTE TBT TTC TIC CAG AAG AAT TAT cmci TEE ATE AAA B3A CAA TGE

CAA ARG
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28. A DNA sequence according to claim 25 comprising:

CGG TTC CTT CTT CTA GCA GCG TTC GTC GCC TAT GCG TAT GCA

AAG TCA GAT GAA GAA ATC CGA AAA GAT GCA CTA TCT GCT CTG

GAT GTA GTT CCA CTG GGT TCG ACT CCC GAA AAA CTG GAA AAT
5 GGC or AAG TCA GAT GAA GAA ATC CGA AAA GAT GCA CTA TCT

GCT CTG GAT GTA GTT CCA CTG GGT TCG ACT CCC GAA AAA CTG

GAA AAT GGC.

e
e e \Mwé&%mmﬁm%ﬁ%%ﬁﬁﬁﬁ§ﬁ

H

S

29. A DNA sequence according to claim 25 comprising:

CCT TCC BAG TCG TEG CTC GTA AAC

ABT BAC TAT ABG GTT £AC AAT BAC CAC TGT ARA TAC AGT. BAG GTT AAG

CAG CAA CCB TTT ARA GAA ATC GCC AAC TCG TEA CTA CBA TCA TTC CTT

TTG AGA AAA CTE ABA BGBBE ATT BGG GAT ACT BAC TGC 76 CAG TCT TAC ti

CAn BTG BAG TTC AARE AAC GAC AGC AAT CCE TTT TAT GTC TTT CBC ATC

GAC CST SAG ACA AGA TTT TCA CG6G AAC TAT ACC GTC TGC GGT 768 GTT

ACT &TEG BTT BBT GBEC BAC TTC ATG TGE AAG TCA TGT GAT AAA TCS ARA

TTC ARA BAC TAT CTT CTA PAAG TGT GAG AGC GAA GAG AAC AGA CAT CRA

[

CAA CTG CCA CCT GTT CTG TCA TGC GAC TGE ACC CCT AAT CCY GTC TCB

= ged |

CCB GTC AGT CLT CCG AAT GAG GAC BCT CCG CCC ACC CTC CUT CCG AGS
TCC BAT TCC CTC AAT AAG BTC ACT ECT CCC AAT CLT CCC ATT AAA GAC
ACT CCG CAC ACA CCT CCA CCG CBG BAT TTC ACT ACT ATE CCT CCC CBA
E AT > GCA GTT BCC AAT GAB AAA TCC ACE ACT AAA AAA GBS TTC CTA AGC AAB
1 <y

- ETE AAT TBT TTC ACT TET TTT,

20998-AF/18.07.69
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CCTGETTGTT CUBCACTTTC ACTCBGBCGLCA GCTCTTCGEAC

CTS GCC ATT

AGT

CAG

GAC

ACT &

TTC

ChA

cCco

TCC

ACT

GCA

GAC

CAaa

ABA

AAA

CT6

GTC

GAT

cee

GTT

TAT

AAR

GAG

- BAG

- BYT

GAC

CCA

ABT

TEC

cAC

GCC

TTG GTC GGC

AGG GTT CAT

TTT AARA GAA

CTE AGA GGG

ARC AAC

-
~
0

ACA AGA TTT

‘66T B8BC GAC

TAT CTT CTA

CCT GTT CTB

CCT CCB AAT

CTC AAT AAG

ACA €CT CEA

AAT GAG AAK

ACC

AAT

ATC

ATT

GAC

TCA

TTC

AAG

TCA

GAG

GTC

ccs

TEC

GTG

GAC

GCC

GGG

AGC

C56

ATG

6T

T&C

GAC,

ACT

CG6

AcC

CCT

CAC

AAC

GAT

AAT

AAC

TGG

GAG

GAC

BCT

ces

GAT

AGT

TCC

T6T

TCG

ACT

CCce

TAT

AAG

AGEC

CGE

cce

cce

Tré

ARA

GAG

AAA

TCA

GAC

T

acc

ACT ©

ccec

AAT

ACT

AAA

GATG ATE CTB ATC CTT

TCG TCG CTC GTA AAC

TAC

CTA

TEC

TAT

ACC

ceT

ACT

GGG

AGT.

cGA

576

GAT

ARt

" AAT

CTC.

ccc

ATC

e

GAG

CAG

= BGT

ARA

AGA

cCT

ATT

teT

CTA

GTT AAG

TTC €T

~{

TCT TAC

C3C ATC

8TG G6TT

TCG- ARA

CAT CCca

r BTC TGB

CCGE AGB

ARA BAC

ccc c6A

ABC AAB

CTC AAT TET TTC ACT TET TTT TBATAACATT GTGETGECAC CAARATTEAA

CCTETTACAT TATTGAGAAT AARMBATTTGC ATS, oF
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ATE CTG ATC CTT

-
-
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L st e ed At m@m‘%&ﬁm@%%g

CTE GCC ATT TTG GTC GGC ACC BTG CCT TCC GAB TCG TCG CTC GTA AAC

ABT BAC TAT AGG BTT CAC AAT GAC CAC TBT AAA TAC AGT.GAG GTT AAG

CAG CAA CCG TTT AAA GAA ATC GCC AAC TCGE TCA CTA CGBA TCA TTC CT
TTG ABA AAA CTG AGA BGBG ATT GGG GAT ACT BAC TSC STG CAG TCT TAC .

CAA BTG BAG TTC AAC AAC GAC ABT AAT GG TTT TAT GTC TTT CBC ATC

T

S IR T SN

GAC CST BA6 ACA AGA TTT TCA CBG AAC TAT ACT 6TC TeC 66T &T6 6T

ACT BTG BTT GBT BGC GAC TTC ATG: TGE AAG TCA TGBT GAT AAA TCS ARA
~f~§
4
TTC AAA BAC TAT CTT CTA AAG TGT BAG AGC GAA GAE AAC AGA CAT CCA g
&
-l
CAA CTE CCA CCT GTT CTG TCA TGCG GAC CGG ACC CET AAT CCT GTC TCG W
. i
- N
et CCG GTC ABT CLT CCB AAT BAG GAC BCT CCB CCE ACC CTC CCT CCE AGH &%
o 8 9 Wy
« . i
O:‘C . }g
sens TEC BAT TCC CTE AAT AAG BTC ACT CCT CCC AAT CET CCT ATT AAA GAC f’
" g : g
L) “ P . " . ERp .
:.“: ACT CCB CAC ACA CCT CCA GCB CGG BAT TTE ACT AET ATC CET ECC CGA :
L '
(X}
(3]
: ‘oc‘ - P N - - i o TN
’ BCA GTT GCC AAT GAG AAA TCC ACC ACT APA AAA BBE TTE CTA AGC AAG
”e &9
R R
. CTC AT TBT TTC ACT ¥8T TTT )
d& e"g
TN
SERE
3070
4 >

‘:J‘zy
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e
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30. A process for selecting a DNA or RNA sequence coding
for an antigen according to any one of c¢laims 1 to 22
which process comprises providing one or more DNA or RNA
sequences, determining which of the sequence hybridizes
with a DNA or RNA sequence known to code for an antigen
according to any one of claims 1 to 22 or providing an
anti-serum to the antigen and indentifying host-vector
combinationg that express the antigen.

31. A recombinant DNA molecule comprising a DNA seguence
according to any one of claims 25 to 29 and vector DNA. '

32. A recombinant DNA moleciule according to claim 31
additionally comprising an expression control sequence
operatively linked to the DNA sequence.

33. A recombimant DNA molecule according to e¢laim 32
wherein the expression control sequence is selected from:
the R-galactosidase gene of E. ¢oli, the tryptophan
operon, the Tra-T gene of E. coli, the leftward promoter
of bacteriophage lambda, the tac promoter, the Cup 1
promoter and the SV40 early promoter.

34. A recombinant DNA molecule according to any one of
claims 31 to 33 wherein the vector DNA is plasmié DNA.

35. A recombinant DNA molécule aciording to claim 34
wherein the plasmid DNA ig selected from: pUR290, pUC1S,
pYEUC114 and derivatives thereof.

36. A recombinant DNA molecule according to any one of
claims 31 to 33 wherein the vector DNA is bacteriophage
‘I)IQZQc ’ :

37. A recoginant DNA molecule according to d¢laim 36
wherein the bacteriophage = DNA is selected from:
bacteriophage lambda and derivatives thereof, including
lambda gt10 and lambda gtil. :
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38. pYEUC30B4E as hereinbefore defined.

39. A fused gene comprising a promoter, a translation
start signal and a DNA sequence according to any one of
claims 25 to 29;

40. A process for the preparation of a recombinant DNA
molecule according to any one of claims 31 to 37 which
process comprises providing a DNA insert comprising a DNA
sequence according to any one of c¢laims 25 to 29 -and
introducing the DNA insert into vector DNA.

41. A process according to claim 40 wherein the DNA
insert is introduced into the cloning vector in correct
spacing and correct reading frame with respect to an

expression control sequence.

42. A transformed host, transformed with at least one
recombinant DNA molecule according to any one of claims

31 to 38.

43. A transformed host according to claim 42 wherein the
host is capable of expressing an antigen according to any

one of claims 1 to 22.

44. A transformed host according to c¢laim 42 or 43
wherein the host is a bacterial cell, yeast, including
Saccharomyces cerevigiae strain CL13-ABSYS86, other
fungus, vertebrate cell, insect cell, plant cell, human
cell, human tissue cell, live virus or & whole eukaryotic

organism,

45. A transformed host according to claim 44 wherein the
live virus is vaccinia or baculovirus.

46. A transformed host according to claim 42 or 43

wherein the host is E. ¢goli, &n entéric organism other

than E. coli, a Pseudomonas or Bacillus species.
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47. A transformed host according to claim 46 wherein the
host is an E. coli K12 derivative selected from JM109 and

Y1090.

48. BTA 1689 as hereinbefore defined.
5 49. BTA 1691 as hereinbefore defined.

50. BTA 1690 as hereinbefore defined.

51. A process for transforming a host to provide a
transformed host according to any one of claims 42 to 50
which process comprises providing a host, making the host
10 competent for transformation; and introducing into the
host a recombinant DNA molecule according to any one of

claims 31 to 38.

52. An expression product of & transformed host
according to any one of claims 42 to 50 which product
15 comprises an antigen according to any one of claims 1

to 22.

A 53. An expression product according to claim 52 in
;;3, substantially purified form.
feles
‘, 54. An expression product according to c¢laim 52 or
:fg; 20 claim 53 comprising a first polypeptide sequence
..t homologous to the host and a second polypeptide sequenceé

. which is an amino ac¢id sequerice coding for an antigen
i.ﬂé according to any one of claims 1 to 22.
55. An expression product according to claim 54 wherein

25 the first polypeptide  sequence is all or part of

U f-galactosidase or Tra-T and the host is E. coli.

3(3

- N 56. A process for the biosynthesis of a proteinaceous

’/;EE?%; \ product comprising an antigen according to any one of

;3}’ s %\ claims 1 to 22 which process comprises: transforming a
. A ,

2
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hogt with a recombinant DNA molecule according to any one
of claims 31 to 38 so that the host is capable of
expressing a proteinaceous product which includes an
antigen according to any one of claims 1 to 22; culturing
the host to obtain expression; and collecting the
proteinaceous product.

57. An epitope of an antigen according to any one of
c¢laims 1 to 22 which epitope is responsible for the
protective immune response.

58. An antibody raised against an epitope accbrding to
claim 57.

59. An anti-idiotype antibody raised against the
variable region of an antibedy according to claim 58.

60. A vaccine comprising an effective amount of one or
more: antigens according to any one of claimg 1 to 22;
expression products according to any one of c¢laimg 52
to 55; epitopes accoerding to claim 57; and/or
anti-idiotype antibodies according to claim 59, together
with a pharmaceutically acceptable carrier, diluent,
excipient and/or adjuvant.

61. A Vvaccine according to claim 60 suitable for oral
administration or in injectable form.

62. A vaccine comprising an effective amount of an
antigen selected from: Tc¢ Ad ESAl, Tc¢ Ad ESA2, T¢ Ad
ESA3, Tc Ad ESA4, or T¢ Ad ESAS5 as8 hereinbefore defined,
or combination ¢f all or some of these antigens together

with a pharmaceutically acceptable carrier, diluent,

excipient and/or adjuvant.

63. BAn antibody prepared as a result of vaccination of a
host by administration of one or more antigens according
to any one of claims 1 to 22, expréession products

20998-AP/16.07.92
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' according to any one of claims 52 to 55, epitopes

R RIS

according to claim 57, anti-idiotype antibodies according
to claim 59 and/or vaccines according to any one of
claims 60 to 62 to the host.

:

5 64. An antibody compwsition comprising an effective -
amount of at least one antibody according to claims 58

or 63 together with a pharmaceutically acceptable 1

carrier, diluent and/or excipient. 4

65. A process for the preparation of an antigen
10 according to any one ef claims 1 to 22 which process

; comprises: collecting excretory/secretory fluids from a
k parasitic stage of a @parasitic nematode species;
5 fractionating the fluids by lentil 1lectin chromatography

with methyl mannoside as eluent; collecting the bound and

15 unbound fractions; further fractionating by 8SDS-gel

=

electrophoresis; and electroeluting the antigen.

66. A process for the preparation of a fused gene

i "’N‘é‘”‘f‘ Yordw & 7

- g MRk

according to claim 39 which process comprises providing a

E

promoter, a tramsiatiosx start signal and a DNA sequence

"

20 dccording to any one of claims 25 to 29 and operatively

T4

linking the promoter, translation start signal and DNA

sequence. L

¥

67. A process for the preparation of a vaccine according i

to any one of claims 60 to 62 which process comprises ¥

25 admixing an effective amount of at 1léast one antigen :
according to any one of glaims 1 to 22 and/or express8ion i

products according to any one of claims 52 to 54, and/or

epitopes according to c¢laim 57, aund/or anti-idiotype

antibodies according to claim 59, with a pharmaceutically
30 acceptable carrier, diluent, excipient and/er adjuvant.

68. A process for the preparation of an antibody

TETH according to claim 58 or 63 which process comprises:
ibl immunising an immunoresponsive host witk an effective
LT 3
l_‘!
oFrd
" 20098-AP/16.67.92
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amount of antigen according to any one of claims 1 to 22,
an expression product acecording to any one of claims 52
to 55, an epitope according to claim 57, an anti-idiotype
antibody according to claim 59 or a vaccine according to
any one of claims 60 to 62.

69. A process for the preparatien of an anti-idiotype
antibody according to claim 59 which process comprises
immunizing an immunorespongive host with an anti-epitope
antibody according to «claim 58 or antibody composition

according to claim 64.

70. A process for the preparation of an antibody
composition according to claim 64 which process comprises
admixing an effective amount of at least one antibody
according to c¢laim 58 or 63 with a pharmaceutically
aceeptable carrier, diluent and/or excipient.

71. A method of protecting a host in need of such
treatment from infection by a parasitic nematode which
method comprises wvaccinating the host with at least one
antigen according to any one of claims 1 to 22,
expression product according to any one of claims 52 to
55, epitope according to <claim 57, anti-idiotype
antibodies according to claim 59, and/or vaccines
according to any one of claims 60 to 62.

72. A method of passivély prdte;cting' a host in need of
such treatiment against infection by a parasitic¢ nematode
whicli method comprises passively vaccinating the host
with at least one antibody acdcording to claim 58 or 63
and/or antibody compesition according to claim 64.

DATED this 28th day of July 1992

By their Patent Attorﬁé‘ys
GRIFFITH HACK & CO

008-AP/15.07.92 e L

A ek B A et i e e s ot et e

eyt

e I
el e

Tyt

o
T

R s




B R B e W e - O

S W0 90/03433 ' PCT/AU89/00416

' N . . 7

. ganko e

1/7

MW LL+ Li-
93 e
&7 - ‘ —
<L 9 —
E— 1
.30 i —
- aa 9P
- —
N
14 - c— !
FIGURE 1
1
q ‘ £
}
! - gl éé' w 4 o




i ~A

i

' s WO 90/0343:

PCI/AUS9/00416

4 236s [

2/7

Tc Ad ESA
MW 12 345 MW
— -

- B —

Q3 =
6788
43¢

3
C B

g
o
¥ |

Cta |

(4
- - -
- T
&
B i = :
o bl N *
Y s - - - =
X EC wa
o § B ! K
- . ' oA 7
' - L = y ® ’ '
. . .
e .~ 4 t B KN = <
? ’ & . .
- <+ ) R
. . LA IV
" o . - «
- Y - v - .
I T VA“ ‘ " o
R B - :

Fow el wnitiliten Samile sRar

DRSO iy



o 3 e e 7 Al T B - s ¢ s K
g~ ven b sl S U bR RIS T YGRS ko S 4wl g g R PR T S g o e

T L

v
. £

-
7
x
N
g

3/7
|
\
}

PCT/AU89/00416
pan ke |
MW
o —
S
r_____

13
«
&
b i e o R D A e 8% el St

FIGURE 3

Deglycos.
<

Native

6 7 w——m
43 o
14 @

20 —

-

WO 90/03433

“
¥

A\

A4

P S VN i
b



B SN
5 4 ; P K
% .
; -& |
u g |
ol L
f
%  Structure of TraT-TcAdESA1 fusion
E .
PR
TraT Slgnal sequence — : : —
R “ ATGAAAATG.AAAAAATTGATG.ATG.GTT.GCA. CTG GTC. AGT TCC. ACT CTG. GCC CTT.TCA.GGG.
N ‘Met Lys Met Lys Lys Leu Met Met Val Ala Leu Val Ser Ser Thr Leu Ala Leu Ser Gly
e ' , \ .
.. o~ TraT N-terminus o s —# Linker sequences ——— >
oo, TGT.GGET GCG.ATG.AGC.ACAGCAATC.AAG AAG.CAG. AAT. TCG.AGC.TCG.GTA.CAATTC.GGG.
P Gys Gly Ala Met Ser ThrAla lle Lys Lys Gin fAsn Ser Ser Ser Val Gin Phe Gly
\@ R ‘ , ‘ Old Pvu2 site / Constru;\ Old Xmn1 site '
S - : Junction
. - N N-terminus, Mature TcAdESA1 Complete TcAdESA1 sequence .
: . TeAdESA1. — - e . .
o ' - GGC.AACACT.TACAGTGCAAAC.AAT.AAG.CAACAG ——» . & » 9
' Gly Asn Thr Tyr Ser "Ata Asn Asn Lys Gin Gin ~ 'g
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