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LIVE ATTENUATED PARASITE VACCINE

The present invention relates to attenuated live parasites of the phylum Apicomplexa and
the order of Kinetoplastida, to the use of such attenuated live parasites in a vaccine and in
the manufacturing of such a vaccine, to vaccines comprising such attenuated live
parasites, to methods for the production of such vaccines, to specific tet-repressor fusion
proteins and to attenuated live parasites comprising such tet-repressor fusion proteins.

Within the regnum protozoa, the phylum of the Apicomplexa and the order of the
Kinetoplastida, more specifically the family of Trypanosomatidae, are known to harbour
several notoriously pathogenic parasites.

The family of Trypanosomatidae harbours i.a. parasites belonging to the genus

Leishmania and Trypanosoma.

Leishmaniosis is a term for a variety of disease manifestations caused by Leishmania.
The disease occurs most commonly in dogs and humans. The parasite is transmitted by
sand flies to a mammalian host and is prevalent in all tropical and subtropical zc;nes of the
world. In the host parasites are taken up by macrophages where they stay and multiply,
causing chronic inflammatory processes. Clinically, the disease in dogs is characterised
by loss of weight, anaemia, pyrexia and lymphadenopathy. Cutaneous lesions are
frequently observed. In humans multiple Leishmania species are infective, of which the
most pathogenic is L. infantum, causing severe, visceral Leishmaniosis (known as Kala
azar), which affects spleen, liver and bone marrow, and is fatal if left untreated. Other

pathogenic Leishmania species are i.e. L. major and L. mexicana.

Multiple species of trypanosomes are known, causing a variety of different diseases in
both man and animal. Two trypanosbme species in particular, are known to be
pathogenic: Trypanosoma brucei and Trypanosoma cruzi.

T. brucei species are present in African countries and cause sleeping sickness in humans
and Nagana in animals (cattle, horses, pigs). T. brucei is transmitted by the TseTse fly,
delivering the trypomastigote form into the host.

T. cruzi species are mainly present in South America, the parasite has a broad host range
(including domestic and wild animals), but is famous for causing Chagas disease in man.
The parasites are transmitted by cone-nosed bugs (like Rhodnius spp. and Triatoma
spp.). The metacyclic trypomastigote stage infects the host and unlike T. brucei, will
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multiply inside the host cytoplasm of different cell types. After rupture of the host cell new
trypomastigote forms are released which can again be ingested by cone nosed bugs.

The phylum Apicomplexa, harbours i.a. parasites of the family Eimeriidae. Many different
Eimeria species are present in a large variety of mammals and birds. Seven prevalent
species infecting the gastrointestinal tract of chickens are Eimeria tenella, E. necatrix, E.
brunetti, E. maxima, E. acervulina, E. praecox and E. mitfs. These Eimeria species are all
involved in Coccidiosis in poultry. This makes Eimeria the cause of the most important
parasitic disease in poultry, causing great economically losses for farmers. Eimeria infect
epithelial cells and submucosa of the intestines, causing severe hemorrhagic enteritis,
which leads to high mortality in young birds.

This disease has a worldwide distribution and is the most frequently recorded disease

affecting pouliry kept in modern pouliry industry.

The family of Sarcocystidae, comprising Toxoplasma, Sarcocystis and Neospora is also
known to have pathogenic members.

Toxoplasma is a widespread parasitic infection, being present in almost all mammals, in
particular in goat, sheep and pigs, but also in humans. Prevalence in human populations
can be as high as 70% of the total population. Infection often occurs via eating of
undercooked meat contaminated with the parasite, but can also occur by ingestion of
oocysts, being spread in the faeces of cats, which are the final host. When animals or
humans are infected during pregnancy, it can cause spontaneous abortion or congenital
toxoplasmosis in the developing foetus. This can result in, neurological sequels or ocular
disorders. Chronic and lethal infections (encephalitis) can occur in immune compromised

patients.

Neospora, in particular N. caninum is a coccidian parasite very similar to Toxoplasma.
However, in contrast to Toxoplasma, Neospora has the dog as final host. N. caninum
induces abortions in its intermediate host, and can cause severe abortion storms in cattle.
Another Neospora species, N. hughesi, is suspected to cause equine protozoal

myeloencephalitis in horses.

Many Sarcocystis species are present in cattle, pigs, sheep, goats and horses.
Economically, Sarcocystis neurona is recognized as the most common cause of clinical
equine protozoal myeloencephalitis in horses. In the U.S. 50% of horses are seropositive

for S. neurona.
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Plasmodium belongs to the Haemosporida and is known i.a. as the cause of malaria,
being transmitted by mosquitoes. In humans four Plasmodium species have been
described, of which P. falciparum is the most pathogenic and deathly. 400 million people
are estimated to be infected, causing two million deaths each year. Initial clinical
symptoms are rhythmic fevers. After initial infection, Plasmodium parasitisizes the red
blood cells, often resulting in anaemia. Parasitisized red blood cells are sequestrated in
capillaries of internal organs, thereby causing tissue anoxia. This is particularly serious in
the brain, giving rise to multiple petechial haemorrhages, leading to oedema and coma,
which may be fatal. Although Plasmodium species have mainly been described in man,

other Plasmodium species can infect al large variety of vertebrates.

Babesia and Theileria, both belonging to the Piroplasmida harbour parasite species
affecting many mammalian species, and causing a variety of different diseases.

Babesia species are transmitted by ticks and can infect a wide range of vertebrates
causing a disease referred to as Babesiosis. The disease is characterised by listlessness,
anaemia and parasitemia leading to multi-organ dysfunction in infected animals. In
advanced stages haemoglobinuria occurs. Important Babesia species in cattle include B.
bovis, B. divergens, B. major and B. bigemina. In dogs B. canis, B. rossi, B. microti and B.
gibsoni species are mainly causing Babesiosis and are a common cause of death. Some
Babesia species, like B. divergens and B. microti have been reported to infect humans as
well.

Theileria is a tick-transmitted disease, infecting ruminants and is mainly a problem ih
cattle. Theileria infects and develops in leukocytes and erythrocytes. Pathology is mainly
attributable to the intraleukocyte stage. Two major Theileria species should be
discriminated in cattle, T. parva and T. annulata. T. parva causes East Coast Fever, a
deathly cattle disease, being endemic in various African countries. East Coast Fever is
characterised by high fever, lymphadenopathy, severe pulmonary cedema and wasting. T.
annulata infects cattle and buffalo, first invading cells of the lymphatic system and later
appearing in the peripheral blood as intra-erythrocyte forms. Infection with T. annulata is
usually referred to as tropical Theileriosis. The disease starts with high fever and swelling
of lymph nodes, followed by listlessness, accelerated pulse and respiration rates and
anorexia. In the final stage of disease anaemia is observed and ultimately death occurs.

In the horse Babesia equi (which has been re-named as Theileria equi) is also a major

pathogen.
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It is clear that different ways of attack against these parasites have been studied through
the years.

One of the routes of combating parasitic infections is the use of pharmaceutical
components, such as the extensive use of anticoccidials that nowadays is a very common
therapy in the treatment of poultry Coccidiosis. Another route is undoubtedly vaccination.
It is clear that, especially where there is an increasing reluctance against the use of
antibiotics, there is a need for new and effective vaccines, especially vaccines that provide

broad protection.

Currently, two different approaches are used in vaccination against parasitic infections:
vaccination with a live attenuated vaccine and vaccination with inactivated (killed)

vaccines. Both approaches have their advantages and disadvantages, as summarized

below:

The main advantage of attenuated vaccines is that they closely mimic the natural
infection: they activate all phases of the immune system, they can induce humoral IgG
and local IgA, they raise immune responses to many protective antigens, they provide a
more durable immunity and are more cross-reactive. Moreover they are low-cost and they
provide a'quick immunity in the majority of cases.

Disadvantages of attenuated vaccines are the difficulties in finding the right level of
attenuation and the possibility of reversion to virulence (these are major disadvantages),
the spread to contacts of the vaccinee and the problems in immuno-compromised humans

and animals.

Advantages of inactivated vaccines are that they provide sufficient humoral immunity if
boosters are given, they show no mutation or reversion (a big advantage), they can be
used with immuno-deficient patients, and in principle they are safe.

Disadvantages of inactivated vaccines: they often do not raise (cellular) immunity,
boosters are needed, they provide no local immunity (important), they are more expensive

and their use is dangerous if inactivation is below 100%.

Development of vaccines against parasites however is complex, if only because of the
complexity of the parasites as such, when compared to other microorganisms. Next to
this, the various parasites even within the phylum Apicomplexa and within the family of
Trypanosomatidae, although related, do not have sufficient similarity in their genetic
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make-up to allocate a common attenuation site or inactivation method, equally applicable
to all these parasites. Moreover, for the manufacture of attenuated live vaccines it is
necessary to locate suitable attenuation targets for each and every parasite. For the
production of killed vaccines, one needs to know which antigens must be left unaltered by
the inactivation method for each and every parasite. And apart from this, so far, many
inactivated parasite vaccines have been shown not to be effective. Finally, there is a
variety of different infection routes, different hosts, different host cells within the host and
often even host changes during the life cycle which is a characteristic of most parasites
and which again differs from parasite to parasite. This also complicates the development

of vaccines.

Therefore, the development of vaccines for combating parasitic infection so far has been

difficult, time consuming and not very successful.

It is an objective of the present invention to provide vaccines for combating infections
caused by parasites of the phylum Apicomplexa and the family of Trypanosomatidae, that
combine most of the advantages of both killed and live attenuated vaccines almost
completely without having the disadvantages of these vaccines. Moreover, the method for
the production of such vaccines is universally applicable to parasites of the phylum

Apicomplexa and the family of Trypanosomatidae.

In the life cycle of all parasites of the phylum Apicomplexa and the family of
Trypanosomatidae, there is at least one moment in which a certain stage infects a cell of a
host and starts dividing. It was now surprisingly found that if ribosome synthesis can be
stopped at or around the moment of infection, the parasite nevertheless does enter the
host cell and divides several times using the present pool of ribosomes, thereby perfectly
mimicking natural infection. Finally however, after several rounds of dividing, the progeny
parasites will die due to lack of ribosomes.

This has the advantage that the induction of the immune response after infection is
triggered in the most natural way, as if a virulent infection occurred, whereas contrary o
the natural situation the parasite will after some time unavoidably become extinct.

This goal was attained by placing a ribosomal protein gene under the control of an

inducible promoter.

An inducible promoter is a promoter that can deliberately be switched on and off.

Examples of such promoters will be given below.



10

15

20

25

30

35

WO 2004/026903 PCT/EP2003/010696

In principle, each ribosomal protein gene can be used as a target, since in principle all
ribosomal proteins are needed for the synthesis of a stable, fully functional ribosome.

Al parasites of the phylum Apicomplexa and the family of Trypanosomatidae have
cytoplasmatic ribosomes, and most of them have plastid ribosomes and/or mitochondrial
ribosomes. All of these are necessary for the normal development of the parasite.
Therefore, live attenuated parasites according to the invention can be obtained by placing
a ribosomal protein gene under the control of an inducible promoter, regardless the fact if
this ribosomal protein gene encodes a ribosomal protein to be incorporated in plastid-,

mitochondrial or cytoplasmatic ribosomes.

Ribosomal protein sequences are highly conserved between the various parasites.
Therefore, DNA probes of the ribosomal sequences provided below can be used for the
detection of the analogous ribosomal proteins in each of the parasites of the phylum
Apicomplexa and the family of Trypanosomatidae. Additionally, the sequences of many
ribosomal protein genes for many different parasites can be found in the NCBI-protein

database (http://www.ncbi.nim.nih.gov).

The fact that the lack of one ribosomal protein can already disturb the formation of stable
ribosomes has been demonstrated in various plants, animals and microorganisms. Merely
as an example: in Drosophila, mutations in some of the eighty ribosomal proteins have
been shown to result in a typical phenotype, e.g. thin and short bristles, prolonged
development, and female semi-sterility in heterozygotes as well as homozygous lethality.
This phenotype, termed Minute phenotype, has been observed with mutations in for
example the ribosomal proteins $13, and L9, (Schmidt, A., Hollmann, M., Schafer, U.,
Mol. Gen Genet. 251:381-387 (1996), Secbge-Larssen & S., Lambertsson, A., Genetics
143: 877-885 (1996)). Another example is the ribosomal protein gene YS3 of yeast, which
encodes the yeast ribosomal protein S3. lts disruption yields non-viable haploid spores of
Saccharomyces cerevisiae (Finken-Eigen, M., Domdey, H., Kéhrer, K., Biochemical and
Biophysical research communications 223, 397-403 (1996)). These studies demonstrated
that down-regulating a single ribosomal protein can already affect the formation and/or

proper functioning of ribosomal complexes.

The promoters to be used in parasites according to the invention for the control of
transcription of the ribosomal protein gene need to fulfil only one prerequisite. They must

be switched on during the propagation of the parasites. This is of course necessary in
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order to provide the parasite according to the invention with the native amount of
ribosomes necessary for normal propagation. The promoter must however be switched off
in the recipient host that receives the parasite as a vaccine. A promoter is considered to
be switched on if it initiates the transcription of the gene it controls. In the present
invention this gene would be a ribosomal protein gene. A promoter is switched off if
transcription of the gene that it controls is at least two times lower than in the on situation.
Preferably, the leve! of transcription is at least 3, more preferably 4, still more preferably 5,
6 or even 7 times lower. It is stressed, that there is no need for a complete inhibition of
transcription anyway. A low level of ribosomal protein transcription will finally result in an
extended live span of the parasites, before they become extinct. Thus they will trigger the
immune system for a somewhat longer period.

In principle, there are two different possibilities: either the promoter is switched on unless
some condition is applied that switches the promoter off, or the promoter is switched off
unless some condition is applied that switches the promoter on.

Preferably, the promoter is in the switched off status unless some condition is applied that
is not present in the recipient host that receives the parasite as a vaccine.

If necessary, two or more ribosomal protein genes can be placed under the control of
inducible promoters. This would be a preferred option if the inducible promoter used in a
promoter cannot be sufficiently switched off, i.e. if the inducible promoter is a leaky
promoter, or in the exceptional case that lack of one specific ribosomal protein is not

sufficient to destabilize the ribosome.

The invention will be explained by the following examples.

Toxoplasma gondii uses the cat as a final host, and uses herbi- and omnivores
respectively carnivores as subsequent intermediate hosts. In the case of Toxoplasma, it is
the oocyst/tissue cyst stage of the parasite that ultimately infects humans. Humans and
warm-blooded animals are the target mammals for vaccination, and therefore the
Toxoplasma tachyzoite is the parasitic stage for which the live attenuated parasite is
needed. Therefore, the tachyzoite is the parasitic stage in which, according to the
invention, a ribosomal protein gene is brought under the control of an inducible promoter.
The thus made recombinant parasite, further also referred to as the attenuated live
parasite, can be propagated in the classical way under conditions under which the
promoter is switched on. Under these circumstances, the number of ribosomes will be
identical or close to that in the native situation. If sufficient parasites are grown for vaccine
purposes, the live attenuated parasites are collected and administered as a vaccine. In
the host o be vaccinated, the conditions under which the promoter is switched on are not



10

15

20

25

30

35

WO 2004/026903 PCT/EP2003/010696

present and as a result the promoter will remain in the switched off situation. At the
moment of vaccination, the parasite will behave as a wild-type parasite, because the pool
of ribosomes is comparable to the native situation. Therefore, the process of infection, and
of invasion of the host cell will perfectly mimic the process of natural infection. As soon as
the parasite starts dividing in the host, it also divides the pool of ribosomes over its
progeny. Since the promoter of (at least) one of the ribosomal protein genes is however in
the switched off position when in the host cell, there will be either reduced or even no de
novo synthesis of ribosomes. Therefore, the progeny will slowly become extinct.
Nevertheless, in the meantime the process of infection, and therefore the triggering of the
immune system has continued as in the case of a wild-type parasitic infection. Therefore,
ultimately immunity will have build up as if an infection with a virulent wild-type parasite
had taken place, whereas the live attenuated parasites used for the induction of immunity

have become extinct after one or a few rounds of infection. The examples below provide

further details.

The life cycle of Neospora caninum is comparable with that of Toxoplasma except for the
fact that Neospora uses dogs as the final host, and causes abortions in i.a. cattle, dogs,
sheep and horses. The approach for Neospora vaccines thus closely relates to that of
Toxoplasma as described above. As for Toxoplasma, the tachyzoite is the parasitic stage
in which, according to the invention, a ribosomal protein gene is brought under the control
of an inducible promoter. The development of molecular genetics tools for Neospora has
been described i.a. by Howe, D.K. and Sibley, L.D. METHODS: 13(2): 123-33 (1997))

For the production of a life attenuated Eimeria parasite, the merozoite is the parasitic
stage in which, according to the invention, a ribosomal protein gene is brought under the
control of an inducible promoter. In this case, the vaccine does not comprise the
merozoite however, but the sporulated oocysts. This is due to the fact that the sporulated
oocyst is the form in which the parasite is normally ingested by the chicken. For the
replication of the first recombinant merozoites made according to the invention, it suffices
however to introduce these into the digestive tract of the chicken. Recombinant oocysts
will then be shed by the chicken and can be isolated and directly used as the live
attenuated parasite in Coccidiosis vaccines, e.g. oral vaccines for administration to
drinking water. Isolation of oocysts from chicken dung is a standard procedure well known
in the art. Genetic engineering of Eimeria has i.a. been described by Kelleher, M. and
Tomley, F.M. (Mol. Biochem. Parasitol. 97(1-2): 21-31 (1998)).
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A live attenuated Malaria vaccine according to the invention can be made e.g. starting
from erythrocyte stage plasmodium parasites. Plasmodium recombinant sporozoites. The
sporozoite is the phase of the parasite that is injected into the (human) blood stream by
the female mosquito. The sporozoite infects the liver within two minutes after injection, to
produce schizonts and merozoites. The merozoites, in turn, infect erythrocytes and
replicate there. It is at this moment in time that the pool of ribosomes must be divided over
a large number of progeny parasites, and this is the moment at which the progeny
parasites will become extinct. The whole immune defence system is already fully triggered
at that moment in time. This example again illustrates the advantage of vaccines based
upon recombinant parasites according to the present invention: they share all the
advantages of live vaccines with the advantages of inactivated vaccines. Vaccination will
preferably be done with either recombinant erythrocyte stage plasmodium parasites or
(less practically) recombinant sporozoites. Recombinant DNA techniques for Plasmodium
have been described i.a. by Crabb, B.S., et al., (Mol. Biochem. Parasitol. 90: 131-144
(1997)) and by Wu, Y. et al., (Proc. Natl. Acad. Sci., 93: 1130-1134 (1996), and Proc. Natl.
Acad. Sci., 92: 973-977 (1995))

Live attenuated Theileria vaccines according to the invention can again be based upon
recombinant merozoites. These merozoites can be grown and maintained in lymphocytes.
It is in the lymphocyte that the merozoite starts dividing, synchronously with the division of
the lymphocyte, while a few free progeny parasites will infect other lymphocytes,
altogether leading to the induction of wild type like immunity, however leading, as in the
other examples, to progeny that finally becomes extinct due to slowly increasing lack of
ribosomes. Theileria can be propagated and cultured in primary lymphoid cells. See e.g.
Shkap V. et al., Vet. Parasitol. 65: 11-20 (1996) and Hulliger, L. J. Protozool. 12: 649-655

(1965).

Live attenuated Babesia vaccines can be made using the merozoites and/or trophozoites
for recombination. These can be cultured in erythrocytes. The whole approach is
comparable to that described for Theileria above. See i.a. Levy, M.G and Ristic, M.
Science 207: 1218-1220 (1980).

For Sarcocystis species such as S. suihominis and S. neurona, both the sporozoite and
the merozoite are targets for recombination according to the invention. And again, the
principle is the same: the recombinant sporozoite provides recombinant merozoites and

these merozoites slowly become extinct due to lack of ribosomes in the absence of de
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novo ribosome protein synthesis. The recombinant merozoites can be used directly in a
vaccine. See e.g. Murphy, A.J. and Mansfield, L.S. J. Parasitol. 85: 979-981 (1999) and
Ellison, S.P. et al., Vet. Parasitol. 95: 251-261 (2001).

As far as the order of Kinetoplastida is concerned, tetracycline regulated gene expression
has been described for Trypanosoma brucei (Wirtz, E. and Clayton, C., Science 268:
1179-1183 (1995) and Biebinger, S. et al., Mol. & Biochem. Parasitol. 85: 99-112 (1997));
Trypanosoma congolense (Inoue N., et al., Mol. & Biochem. Parasitol. 120: 309-313
(2002)) and Leishmania donovani (Yan, S., et al., Mol. & Biochem. Parasitol. 112: 61-69
(2001)), and can be adjusted to regulate ribosomal protein gene transcription as follows:
briefly, the procyclic form of the parasite is the target for transfections. The tetracycline
repressor is integrated into the non-transcribed spacers of the ribosomal RNA repeats, so
that heterologous genes (in this reference not a ribosomal gene) can be regulated in a
tetracycline dependent manner. For the construction of live attenuated parasites
according to the invention of the order of Kinetoplastida, first an extra copy of a ribosomal
protein gene is inserted together with a promoter containing one or more tetracycline
operator elements. Subsequently, the endogenous gene copy is deleted from the parasite
genome. This can easily be done by homologous recombination preferably in the
presence of a marker for recombination. This is comparable to methods for Apicomplexa
as described below. Direct targeting of the endogenous ribosomal protein genes is not
feasible for Leishmania and Trypanosoma, because most genes in Leishmania and
Trypanosomes are organized into large (> 100-500 kb) polycistronic clusters of adjacent
genes on the same DNA strand. Thus inhibition of one gene would lead to inhibition of the
transcription of all the genes localised downstream (Myler, P.J. et al., Med. Microbiol.
Immunol. 190: 9-12 (2001)).

The examples given above are indeed merely examples. They by no means limit the
scope of the invention. Examples of all kinds of parasites of the phylum Apicomplexa and
the family of Trypanosomatidae and their life cycles can be found in the Encyclopaedic
Reference of Parasitology, Heinz Mehihorn, Springer Verlag (2001) (ISBN 3-540-66829-
2). Man skilled in the art is thus perfectly able, with the examples given above and using
the Encyclopaedic Reference of Parasitology, to determine which stage would be the
preferred stage as a starting point for making the live attenuated parasite according to the
invention, for each parasite of the phylum Apicomplexa and the family of

Trypanosomatidae.
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Many of the parasites belonging to the families mentioned above have a variety of
different hosts. Merely as an example: there are Babesia species such as B. canis
infecting dogs, B. caballi infecting horses, mules and donkeys, B. divergens infecting
cattle, wild ruminants and humans. Nevertheless, in all cases the parasitic life cycle is
comparable. Therefore, where it is indicated above that a vaccine according to the
invention against e.g. Babesia can be based upon recombinant merozoites, this holds true
for all Babesia species. Details concerning the life cycles of the various species of one
family can also be found in the Encyclopaedic Reference of Parasitology, Heinz Mehlhorn,
Springer Verlag (2001) (ISBN 3-540-66829-2), mentioned above.

Thus, one embodiment of the present invention relates to attenuated live parasites of the
phylum Apicomplexa or the family of Trypanosomatidae that have as a characteristic that

they comprise a ribosomal protein gene under the control of an inducible promoter.

The concept of inducible promoters has already been mentioned shortly above. An
inducible promoter is a promoter that can be switched on and off under the influence of an
external factor. Such a switching factor can be a physiological factor e.g. heat; the trigger
of all of the many heat-shock promoters well known in the art for decades already. Such a
factor can also be of chemical nature. Many such factors are again well known in the art.
There are too many inducible promoters known in the art to mention them all. A few
examples will be mentioned here. The IPTG-inducible Lac-promoter is possibly one of the
most frequently used inducible promoters. Alternative inducible promoter systems are e.g.
the tetracycline-controlled transactivation system (Baron, U. et al., Oxford University Press
25: 2723-2729 (1995)) and the ecdysone-inducible expression system (Invitrogen) (Yao,
T.P. etal., Cell 71: 63-72 (1992)).

In principle there are two kinds of inducible promoters: those that are switched on in the
presence of a condition, and those that are switched off in the presence of a condition.
This condition may be the presence of a chemical substance.

In a preferred form of this embodiment of the invention, the promoter to be used is
switched on in the presence of a condition that is not naturally present in the host.

The use of such promoters has the advantage that they automatically are in (or will switch
to) the switched off position as soon as they are administered to the natural host of the
parasite. This implies that a live attenuated parasite according to the invention is
preferably grown under “artificial” conditions, i.e. conditions not present in the natural host,

in order to replicate.
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A preferred type of inducible promoters is the type of inducible promoters based upon an

operator site and a repressor capable of reversibly binding said operator site. The binding
and detachment of the repressor protein can then be regulated by the “condition” applied

as mentioned above, i.e. the presence or absence of heat, chemicals, etcetera.

A very suitable example of an inducible promoter, or more precisely; a
promoter/operator/repressor complex, that can very efficiently be used in attenuated live
parasites according to the invention, is the tet-promoter/tet-operator complex, further also

referred to as the tetR-system.

The tetR-system as such has been described and proven to work in many different
protozoan parasites, such as T. brucei (Wirtz et al., Science 268:1179-1183 (1995),
Biebinger et al. (Mol. Biochem. Paras.85: 99-112 (1997)) and in Entamoeba hystolitica
(Hamann et al., Mol. Biochem. Paras. 84: 83-91 (1997)). The tetR-system was also
successfully used in Toxoplasma to regulate expression of myosin A (Meissner M, et al.,
Nucleic Acids Res. 29(22): E115 (2001)). In addition, tetracycline regulated expression
was also demonstrated in Giardia lamblia and Leishmania donovani, showing its universal
applicability in parasites (Yan S, et al., Mol Biochem Parasitol. 112(1): 61-9 (2001), Sun,
C.H. and Tai, Mol. Biochem. Parasitol. 105(1): 51-60 (2000)).

This complex operates as will be described shortly below and more extensively in the
examples.

In principle, two steps must be made in order to generate tetracycline-regulated
expression of ribosomal proteins: 1. integration and expression of a tetracycline repressor
(tetR) gene and 2. integration of one or more tetracycline operator element(s) in the
promoter of a ribosomal protein gene near the start of transcription.

The tet-repressor gene is a gene that encodes a protein capable of binding to the tet-
operator site thus blocking transcription of the adjacent gene. This gene is now placed
under the control of a constitutive promoter (i.e. constitutive in the recombinant parasite)
and brought into the parasite using recombinant DNA techniques. Thus, the recombinant
parasite will synthesize the tet-repressor protein. The tet-operator is preferably introduced
in the vicinity of the transcription start site of one or more ribosomal protein genes,
preferably in the endogenous promoter, upstream of the STS. The tet-repressor protein
will consequently bind to the tet-operator, thus blocking the transcription of the
downstream ribosomal protein gene. In the presence however of tetracycline, the
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repressor will detach from the tet-operator site, thus enabling the transcription of the
downstream gene. Therefore, in the presence of tetracycline, the recombinant parasite will
be able to replicate as in the natural situation. If the recombinant parasite can be grown in
vitro, as is the case for many parasites including most of the parasites of the examples
given above, tetracycline can easily be added to the growth medium. If the growth of the
parasites requires propagation in the natural host, which is e.g. the case for Eimeria
parasites, tetracycline can easily be administered orally or by injection to the host (in this
case the chicken). The following should be noted: tetracycline is taken up by extracellular
and intracellular parasites. Cell rupture of the host cell is not required for the drug to have
effects on the regulation of the expression of ribosomal proteins.

Step 1, the integration and expression of the tetracycline repressor gene (tetR), can be
obtained as described in the literature mentioned above. A suitable and well-known
selection marker that indicates the stable transformation and possibly integration of the
tetracycline repressor gene is e.g. the CAT-gene (Kim, K., et al., Science 262(5135): 911-
4 (1993)). Other suitable markers for selection of stable transfection are also known in the
art, such as DHFR-TS (Donald, R.G. and Roos, D.S., Proc. Natl. Acad. Sci. US A €0 (24):
11703-11707 (1993), Roos, D.S. et al., METHODS 13: 112-122 (1997)) and HXGPRT
(Donald, R.G. et al., J. Biol. Chem. 271: 14010-14019 (1996), Donald, R.G. and Roos,
D.S., Mol. Biochem. Parasitol. 91 (2): 295-305 (1998)).

The Cre-lox system also provides a suitable selection system (see i.a. Hardy, S. et al,,
Journ. Virol. 71: 1842-1849 (1997)).

I the tetR-system is used as an inducible promoter system, the promoter upstream of the
ribosomal protein gene can e.g. be the endogenous promoter, now made inducible by
cloning the tet-operator in the vicinity of the start site of transcription (see below for details
of the tet-operator sequence and preferred insertion sites). It goes without saying that any
other promoter capable of providing a sufficiently high transcription level of the ribosomal

protein gene is also suitable.

If another induciblé promoter system is used, it would be easy to use that inducible
promoter and delete the endogenous promoter. If however another regulatory element is
used, of which the principle is comparable to the tet-operator, the promoter itself can
equally well be the endogenous promoter. Again it goes without saying that any other
promoter capable of providing a sufficiently high transcription level of the ribosomal

protein gene cloned downstream, is also suitable.
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Step 2, the replacement of a wild-type ribosomal protein gene with one containing one or
more tetO sites (= tet-operator sites) in the vicinity of the STS requires the insertion of the
tet-operator site between the promoter of the ribosomal protein gene of choice and the
gene itself. The tet-operator has been described by Yan S, et al. (Mol. Biochem. Parasitol.
112(1): 61-9 (2001)), by Wirtz, E and Clayton, C. (Science 268(5214): 1179-83 (1995))
and by Meissner M, et al. (Nucleic Acids Res. 29(22): E115 (2001)).

The sequence of a single tet operator (tetO) site is

5'- TCCCTATCAGTGATAGAGATC -3'.

In principle, insertion of a single tet-operator site in front of the ribosomal protein gene of
choice would suffice. The tetR-system is, as all biological systems, however not inducible
from exactly 0% to 100% activity and vice versa. Therefore, if a stronger level of
regulation is needed, preferably two or more operator sites are inserted.

The tet-operator interferes with the binding of the RNA-polymerase that transcribes the
downstream gene. Therefore, the tet-operator is preferably inserted sbmewhere in the
region that extends from nucleotide —100 to +3 relative to the site at which the
transcription starts (herein referred to as the STS). Moreover, in the examples it is

additionally described how to locate such STS.

The step of replacement of a wild-type ribosomal protein gene with a recombinant gene
comprising one or more tet-operator sites can i.a. be performed with the hit-and-run
strategy described by Donald, R.G. and Roos, D.S. (Mol. Biochem. Parasitol. 91(2): 295-
305 (1998)).

The skilled artisan will be able to find alternative methods using other combinations of
positive and negative selection markers. HSV Thymidine kinase can for example be used
as a negative selection marker. (LeBowitz, J.H. et al., Mol. Biochem. Parasitol. 51(2): 321-
5 (1992), Fox, B.A. et al, Mol. Biochem. Parasitol. 116(1): 85-8 (2001)).

The molecular tools used for the construction of recombinant Toxoplasma parasites
according to the invention work equally well in Neospora (Howe, D.K. and Sibley, L.D.
METHODS 13(2): 123-133 (1997)).

In Eimeria, the same methods are equally applicable. Merely as an example: it was shown
that beta-galactosidase could be transiently expressed in E. tenella by Kelleher, M. and
Tomley, F.M. (Mol Biochem Parasitol. 97(1-2): 21-31 (1998)).
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For Theileria, methods have e.g. been developed to transiently transfect infective,
uninucleate Theileria annulata sporozoites by Adamson, R. et al. (Mol. Biochem.
Parasitol. 114(1): 53-61 (2001)).

In Plasmodium, dihydrofolate reductase-thymidylate synthase (dhfr-ts) coding sequences
mutated to confer resistance to pyrimethamine, or Puromycin-N-acetyltransferase, or the
blasticidin S deaminase (BSD) gene of Aspergillus, or the neomycin phosphotransferase Il
(NEO) gene from transposon Tn5 have been described as selectable markers (Wu, Y., et
al., Proc. Natl. Acad. Sci. U S A. 93(3): 1130-4 (1996), Wang, P., et al., Mol. Biochem.
Parasitol. 123(1): 1-10 (2002), de Koning-Ward, T.F., et al. (Mol. Biochem. Parasitol. 117
(2):155-60. (2001))

Similar selection markers work in Babesia as well.

Therefore, man skilled in the art will be able to apply the present invention over the full
range of parasites belonging to the phylum Apicomplexa and the family of

Trypanosomatidae.

A preferred form of this embodiment relates to an attenuated live parasite according to the
invention that belongs to the Coccidia, the Piroplasmida or the Haemosporida.

In a more preferred form of this embodiment, the attenuated live parasite belongs to the

family Eimeridiidae, Cryptosporidiidae or Sarcocystidae.

In an even more preferred form of this embodiment, the attenuated live parasite belongs

to the genus Eimeria, Cryptosporidium, Toxoplasma, Sarcocystis or Neospora.

In another more preferred form of this embodiment, the attenuated live parasite belongs to

the family of the Babesiidae or the Theileriidae.

In an even more preferred form of this embodiment, the attenuated live parasite belongs

to the genus Babesia or Theileria.

In another more preferred form of this embodiment, the attenuated live parasite belongs to

the genus Plasmodium.

In still another more preferred form of this embodiment, the attenuated live parasite

belongs to the genus Trypanosoma or the genus Leishmania.
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In an even more preferred form, the attenuated parasite belongs to the species
Leishmania mexicana, L. infantum or L. major or the species Trypanosoma bruceior T.

cruzi

In another preferred form of this embodiment, a ribosomal protein gene of the live
attenuated parasite according to the invention is under the control of an inducible

promoter that is inducible by antibiotics.

More preferably, these antibiotics are tetracycline or anhydrotetracyclin, or derivatives

thereof.

In another preferred form of this embodiment, the ribosomal protein gene of choice is the
gene encoding L9, S3, plastid-S9 or §13, preferably the L9, S3, plastid-S9 or S13 of

Toxoplasma gondii.

The nucleotide sequence of the gene encoding Large subunit ribosomal protein number 9
(L9), as well as upstream sequences comprising the promoter region is depicted in SEQ
ID NO: 1

REGION 1 2296 promoter promoter region
REGION 2297 2461 e exon 1

REGION 2416 2418 atg atg start codon
GENE 2416 4831 cds coding sequence
REGION 2462 3838 i intron 1

REGION 3839 4260 e exon 2

REGION 4261 4727 i intron 2
REGION 4728 4834 e exon 3

REGION 4829 4831 stop TAA stopcodon

The nucleotide sequence of the gene encoding plastid Small subunit ribosomal protein
number 9 (S9), as well as upstream sequences comprising the promoter region is
depicted in SEQ ID NO: 2

REGION 1 3076 promoter promoter region
REGION 3077 3616 e exon 1

REGION 3156 3158 atg ATG start codon
GENE 3156 4325 cds coding sequence

REGION 3617 3874 i intron 1
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REGION 3875 4034 e exon 2
REGION 4035 4130 i intron 2
REGION 4131 4338 e exon 3
REGION 4323 4325 stop TAG stop codon
REGION 4326 4338 3'utr 3'UTR

The nucleotide sequence of the gene encoding Small subunit ribosomal protein number
13 (S13), as well as upstream sequences comprising the promoter region is depicted in
SEQIDNO: 3

REGION 1 1289 promoter promoter region

REGION 1290 1594 e exon 1

REGION 1448 1450 atg ATG start codon
GENE 1448 3639 cds coding sequence
REGION 1595 2527 i intron 1

REGION 2528 2615 e exon 2

REGION 2616 3489 i intron 2

REGION 3490 3639 e exon 3

The nucleotide sequence of the gene encoding Small subunit ribosomal protein number 3

(83), as well as upstream sequences comprising the promoter region is depicted in SEQ
ID NO: 4

REGION 1 1177 promoter promoter region
REGION 1178 1308 e exon 1

REGION 1291 1293 atg ATG start codon
GENE 1291 2651 cds coding sequence
REGION 1309 1752 i intron 1

REGION 1753 2137 e exon 2

REGION 2138 2249 i intron 2

REGION 2250 2389 e exon 3

REGION 2390 2486 i intron 3

GENE 2487 2748 e exon 4

REGION 2649 2651 stop TAA stop codon

REGION 2652 2748 3'ufr 3'UTR
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Attenuated live parasites according to the invention are very suitable for use in vaccines.
This is, as extensively explained above, due to the fact that they combine the advantages
of both live attenuated and inactivated vaccines, without suffering from the disadvantages.
Therefore, another embodiment of the present invention relates to attenuated live

parasites according to the invention for use in a vaccine.

still another embodiment of the invention relates to vaccines for combating parasitic
infection that comprise a live attenuated parasite according to the invention and a

pharmaceutically acceptable carrier.

A pharmaceutically acceptable carrier can be e.g. sterile water or a sterile physiological
salt solution. In a more complex form the carrier can e.g. be a buffer such as PBS, well-

known in the art.

Vaccines according to the present invention may in a preferred presentation also contain
an immunostimulatory substance, a so-called adjuvant. Adjuvants in general comprise
substances that boost the immune response of the host in a non-specific manner. A
number of different adjuvants are known in the art. Examples of adjuvants frequently used
in cow vaccines are muramyldipeptides, lipopolysaccharides, several glucans and glycans
and Carbopol® (a homopolymer).

The vaccine may also comprise a so-called "vehicle". A vehicle is a compound to which
the protein adheres, without being covalently bound to it. Such vehicles are i.a. lipid
vesicles, ISCOMs®, dendromers, niosomes, microparticles, especially chitosan-based
microparticles, polysaccharide n"latrices and the like, bio-microcapsules, micro-alginates,
liposomes and macrosols, all known in the art. Microparticles, more specifically those
based upon chitosan, especially for use in oral vaccination are very suitable as vaccine

vehicles.
A special form of such a vehicle, in which the antigen is partially embedded in the vehicle,

is the so-called ISCOM® (EP 109.942, EP 180.564, EP 242.380)
In addition, the vaccine may comprise one or more suitable surface-active compounds or
emulsifiers, e.g. Span® or Tween®. Also, the vaccine may comprise one or more immune

stimulants such as cytokines, e.g. interferons.

Vaccines based upon live attenuated recombinant parasites described above can be
administered in relatively low amounts, when compared to inactivated parasites, because
they muiltiply themselves during the infection. Therefore, very suitable amounts would
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range between 102 and 10" parasites per dose. Amounts below 10? parasites per dose
may hot always guarantee a sufficient level of protection in all vaccinated animals.
Ranges from 107 up to 10° parasites per dose, although suitable, are not very practical, if

only from an economic point of view.

Still another embodiment of the present invention relates to the use of an attenuated live
parasite according to the invention for the manufacture of a vaccine for combating
infection caused by a parasite of the phylum Apicomplexa or the family of

Trypanosomatidae.

Again another embodiment of the present invention relates to methods for the production
of a vaccine according to the invention that comprise the mixing of a live attenuated

parasite according to the invention and a pharmaceutically acceptable carrier.

Vaccines according to the invention can be administered e.g. intradermally,
subcutaneously, intramuscularly, intraperitoneally, intravenously, or at mucosal surfaces

such as orally or intranasally.

The tet-repressor gene is a gene of prokaryotic origin. The codon usage for this gene is
consequently sub-optimal in eukaryotic organisms such as the live attenuated parasites to
which the present invention relates. Therefore, man skilled in the art would be motivated
to adapt the coding sequence of the tet-repressor gene in such a way that it corresponds
to the codon usage of the eukaryotic cell, thus arriving at a synthetic tet-repressor gene.
This has been done by Meissner M, et al. (Nucleic Acids Res. 29(22): E115 (2001)).

Of course one would expect that this synthetic tet-repressor gene could not be further
optimised, since it is already fully adapted to the eukaryotic cell. Moreover, one would
expect this “synthetic” tet-repressor protein to be the best suitable repressor protein in the
eukaryotic cell. This protein is in principle the same protein as the native protein, and thus
by definition best fitted for interaction with the tet-operator site.

It was however surprisingly found now, that fusion proteins encoded by a recombinant
gene comprising (part of) a heterologous gene fused to the N-terminal part of the native
i.e. prokaryotic tet-repressor provide a significantly better regulation of the tet-operator
than even the tet-repressor protein encoded by a fully eukaryote-adapted “synthetic” tet-

repressor gene.
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Thus, such fusion proteins would be the repressor proteins of choice to be used in the live
attenuated parasites according to the present invention. This is even more an unexpected
finding because 3D-structure studies of the tet-repressor protein would predict that N-
terminal fusion would negatively interfere with DNA-binding. This was however

surprisingly found not to be the case in practice.

A heterologous gene is any gene that encodes a protein other than the tet-repressor
protein. A heterologous protein is any protein other than the tet-repressor protein. A
recombinant gene is any artificially made gene that comprises (part of) a heterologous
gene fused to that side of the tet-repressor gene that encodes the N-terminus of the tet-

repressor protein.

The fusion protein must be able to reach the nucleus in order to interact with the tet-
operator. Therefore there are a number of prerequisites to be fulfilled by the tet-repressor
fusion protein: the final molecular weight of the monomeric tet-repressor fusion protein
must be <60 kD, the heterologous part of the fusion protein must be on the N-terminal
side of the tet-repressor protein, and the fusion protein must be free of GPl-anchors,
secretion/excretion signals and trans-membrane regions. In principle, each and every
protein or part thereof that meets with these prerequisites and (as a consequence) is
capable of targeting the nucleus can be used for N-terminal fusion with the tet-repressor
protein.

There is no need to use a full length heterologous protein for fusion. It suffices to use a
part of such a heterologous protein. A part is considered to be a fragment of at least 10
amino acids, preferably a least 20 amino acids as the heterologous fusion protein.
Preferably, the part originates from the N-terminal side of the heterologous protein.
Heterologous proteins of choice are e.g. Green, Red and Yellow Fluorescent protein and

the CAT-protein.

Therefore, another embodiment of the present invention relates to DNA-fragments
encoding a tet-repressor fusion protein that has as a characteristic feature that it
comprises the tet-repressor protein and a heterologous protein or a part thereof, that is
fused at the N-terminal side of the tet-repressor protein wherein the monomeric form of
the fusion protein has a size of <60 kD and the fusion protein is free of GPl-anchors,

secretion/excretion signals and trans-membrane regions.
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still another embodiment of the present invention relates to a tet-repressor fusion protein
as such, that has as a characteristic feature that it comprises the tet-repressor protein and
a heterologous protein or a part thereof, that is fused at the N-terminal side of the tet-
repressor protein wherein the monomeric form of the fusion protein has a size of <60 kD

and the fusion protein is free of GPl-anchors, secretion/excretion signals and trans-

membrane regions.

The membranes to which the wording “trans-membrane regions” refers, are those
membranes that are located between the cytoplasm of the cell and the outside world.
These membranes specifically exclude the membranes between the nucleus and the
cytoplasm. Preferably, the tet-repressor fusion protein according to the invention does
have some signals that specifically direct the fusion protein to the nucleus. This is clear,
because the tet-repressor fusion protein (as is required for the native tet-repressor gene)
has to enter the nucleus in order to be able to regulate the transcription of the gene it

controls.

Due to its universal character, the combination of the tetR-system and the tet-repressor
fusion protein can be used not only in live attenuated parasites according to the invention,
but certainly also in other parasites and in other eukaryotic cells and organisms. It is
universally applicable in eukaryotic cells, for the regulation of expression of any gene.

Attenuated live parasites according to the invention are thus even more suitable as a
basis for vaccines, when such parasites comprise the tet-operator combined with (the
genetic information encoding) the tet-repressor fusion protein described above. This

allows an even better blocking and induction of the transcription of a ribosomal gene.

Therefore, in a more preferred form, attenuated live parasites according to the invention in
which the induction of the gene is regulated by tetracycline, anhydrotetracyclin or
derivatives thereof, comprise the tet-operator and the genetic information encoding a tet-

repressor fusion protein as described above.

As will be shown in the examples, the unexpected characteristics of the tet-repressor
fusion protein as described above are even more significant if two or more tet-operator
sites are cloned in tandem. The wording “in tandem” should be interpreted broadly, in the
sense that tet-operator sites may be cloned directly adjacent to each other or with a
spacer sequence in between the two or more tet-operator sites. As mentioned before, the
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tet-operator sites are preferably cloned in the region between —100 and +3 relative to the

STS.

Thus, in an even more preferred form, such attenuated live parasites according to the
invention comprise not only the tetR-system and a tet-repressor fusion protein as

described above, but also two or more tet-operator sites, instead of one.
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Primers used during the course of the experiments:

Restriction sites that were inserted are underlined.

SEQID
NO: NAME SEQUENCE 5’ -> 3’
5 1 SAG3-FW CGATAAGCTTCGAATCTCTGAACGGATGTGT
6 2 TUBS5-RV CGAGATCTGGGAATTCAAGAAAAAATGCCAACG
7 3  TETAVR5-FW CGATCCTAGGATGTCTAGATTAGATAARAG
8 4 TETPST3-RV CGTCTGECAGTTAAGACCCACTTTCACATTTAAG
9 5 T3 ATTAACCCTCACTAARGGGAA
10 6 SAG1/1634-RV CCGATAAGCTTTCGCEEGEGCAAGAATTAETGET
11 7 REV13A GCGCCCCATGETGACGGAGAAALNATCG
REV 13B (nested
12 8 ) GGGAACCCGCAAGGTCGEGAGCGGAGAAC
primer)
13 9 S13PROMFUS FW GCATAAGCTTCCTCGCAGAGATTGTCAGTG
14 10 S13PROMFUS RV  GCATTCTAGAGGCAGACATGCCCTTTCCAGG
15 11 LACZ-AVRII FW CCGATCCTAGCGATGACCATGATTACGGATTCACT
16 12 LACZ-PSTIRV CGATCTGCAGTTATTTTTGACACCAGACCAA
GETTCTCCCCTCAATCCCTATCAGTGATAGAGATCTC
17 13 S13INSTETO+3FW
TCTTCCTTTCTCT
AGAGAAAGGAAGAGAGATCTCTATCACTGATAGGGAT
18 14 S13INSTETO+3RV
TGAGGGGAGAACC
CTACGCGGCCCGACGETCCCTATCAGTGATAGAGATCT
19 15 S13SUBTETO-23FW
TCCTCGACGGGTTC
GAACCCGTCGAGGAAGATCTCTATCACTGATAGGGAC
20 16 S13SUBTETO-23RV
CGTCGGCCECGTAG
21 S13NOTI-FW CGATGCGGECCGCETCAGTGCATGACACAACCG
22 S13SACI-RV GCTAGAGCTCCTGTAAGTCGCCAGAGAAGCAC
23 M13-REV AACAGCTATGACCATGATTACGC
24 S13CL FW3 CGATAGTCGTGCAATAACAGG
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o5 HRCHECK il 5 813-
FW GTCGAGTCCTGTAGGTTCATC
26 HRCHECK Il S13-RV CTCCGAAGGAGTCTICTCAGIG
27 T7 AATACGACTCACTATAG
28 HXGPRT/BGLI-FW CGATAGATCTAAAATGGCGTCCAAACCCATTG
29 HXGPRT/PSTI-RV  CGATCTGCAGTTACTTCTCGAACTTTITGCG

Construction of TubYFP/TR-sagCAT (9332 bp).

Plasmid ptubYFP/TR-sagCAT was engineered stepwise as described below. First the
construct ptubCAT/GFP was made by amplifying the Toxoplasma gondii tubuline A (tub)
promoter from the ptubYFP/YFP-sagCAT construct (Llopis, J. et al., PNAS 97(8): 4363~
4368 (2000)) using the primers SAG3FW (#1, SEQ ID NO: §) and TUBSRYV (#2, SEQ ID
NO: 6). The PCR product as well as the plasmid pdhfrCAT/GFP (Striepen, B. et al.,
Molecular and Biochemical Parasitology 92: 325-338 (1998)) were digested with Hindlll
and Bglll, and ligated with each other. This resulted in ptubCAT/GFP where the dhfr
promoter has been replaced by the tub promoter. The resulting plasmid is based on
Bluescript pKS+® (Stratagene, La Jolla, CA) and contains the a-tubuline promoter
separated from the fusion of chloramphenicol acetyl transferase (CAT) coding sequence
with green fluorescent protein coding sequence by a Bglll site.

To obtain the ptubYFP/TR construct the CAT coding sequence was exchanged for yellow
fluorescent protein (YFP) and the GFP coding sequence was exchanged for tet-repressor
coding sequence (tetR). The YFP gene was cut out of the ptubYFP/YFP-sagCAT
construct by Bglll and Avrll, and ligated between Bglil and Avrli site of the ptubCAT/GFP
construct replacing the CAT coding sequence. The tetR coding sequence was amplified
by PCR from E. coli Tn10 (Hillen, W. and Berens, C., Annu. Rev. Microbiol. 48: 345-369
(1994)) using the primers TETAVR5-FW (#3, SEQ ID NO: 7) and TETPST3-RV (#4, SEQ
ID NO: 8), digested by Avrll and Pstl, and ligated in the construct by exchanging GFP
coding sequence for the tetR coding sequence. The resulting plasmid was named
ptubYFP/TR.

Finally a CAT selection cassette was inserted upstream of the tub promoter, resulting in
the ptubYFP/TR-sagCAT plasmid. This was done by amplification of the CAT-cassette
from the ptubYFP/YFP-sagCAT construct mentioned before using the primers T3 (#5,
SEQ ID NO: 9) and SAG1/1634 RV (#6, SEQ ID NO: 10), digested with Hindlil and ligated
into the unique Hindlll site of the ptubYFP/TR construct.
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The construction of TubYFP/T R-sagCAT and its full sequence are presented in Figure 1.

Example 2

Determination of the start transcription site of the ribosomal protein gene S13 of
Toxoplasma gondii

In order to determine the start of transcription of the ribosomal protein gene S13, RNA
was isolated from Toxoplasma gondii RHAHXGPRT tachyzoites grown in Vero cells.
Using the GeneRacer® kit (Invitrogen) gene specific full-length cDNA was obtained from
the total RNA. With this kit an RNA oligo was ligated to the ends of full-length mRNA. After
reverse transcription by oligo dT had taken place, amplification by PCR with a GeneRacer
primer binding to the RNA oligo together with a gene specific primer resulted in a product.
Then the start of transcription (STS) could be determined. This was done for the
ribosomal protein gene S13 using the following primers: REV13A (#7, SEQ ID NO: 11)
and REV13B (#8, SEQ ID NO: 12). Primer #7 was used together with the GeneRacer
primer to get a product after which primer #8 was used for the nested PCR. The PCR
product showed three bands; two weak bands and a strong band. The band showing the
highest amount of product has been isolated and the STS was determined and indicated
as position 0. In Figure 3 A and 3 B, the STS is also represented in relation to the

startcodon.

Example 3

S13/LZ constructs
In order to test inducible expression by the tet repressor several reporter constructs were

made with the lacZ gene under control of the $13 promoter with or without the presence
of a single tetO site. First the plasmid S13/lacZ was made (see Figure 2 for the structure
and sequence of the final construct) and subsequently this plasmid was used to insert or
substitute sequences for a tetO site as described below.

The promoter region of $13 was amplified by PCR from the genomic DNA of the
Toxoplasma gondii RH/AHXGPRT strain with the primers S13PROMFUS FW (#9, SEQID
NO: 13) and S13PROMFUS RV (#10, SEQ ID NO: 14). The lacZ coding sequence was
amplified by PCR from the genomic DNA of BL.21 bacteria with the primers LACZ-AVRII
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FW #11, SEQ ID NO: 15) and LACZ-PSTI RV (#12, SEQ ID NO: 16). Subsequently the
S13 PCR product was digested by Hindlll and Xbal while the lacZ PCR product was
digested by Avrll and Pstl. The plasmid ptubYFP/Y FP-sagCAT was used to exchange the
ptubYFP part together with the CAT selection cassette for the $13 promoter part. The
remaining YFP gene was exchanged for the lacZ gene, resulting in S13/lacZ plasmid. The
S13/lacZ plasmid was used to insert or substitute sequences for a single tet operator
(tetO) site

(5'-TCCCTATCAGTGATAGAGATC-3) by site-directed mutagenesis. This was done
using the QuickChange® site-directed mutagenesis kit (Stratagene). The tetO was
inserted or substituted in the vicinity of the determined STS. The primers S13INSTETO+3
FW (#13, SEQ ID NO: 17) and S13INSTETO+3 RV (#14, SEQ ID NO: 18) were used to
insert a tetO site at position +3 related to STS, which is indicated as 0. The primers
S13SUBTETO-23 FW (#15, SEQ ID NO: 19) and S13SUBTETO-23 RV (#16, SEQ ID NO:
20) were used to substitute sequences for a tetO site between —43 and —23 related to
STS. These two constructs, S13instetO+3/lacZ and S13subtetO-23/lacZ together with the
S13/lacZ construct have been tested in the Toxoplasma gondii strains RHAHXGPRT,
REP1/2 (Meissner, M. et al., Nucleic Acids Research 29 (22), E115 (2001)) and
tubYFP/TR by a CPRG assay (Seeber, F. et al., Gene 169: 39-45 (1996)) in the absence
or presence of tetR and (anhydro)tetracycline.

The S13/lacZ construct is shown in Figure 2 and thé sites qf substitution or insertion of the

tet operator in the S13/lacZ construct are shown in Figure 3A.

L9/LZ constructs
tetO insertions / substitutions into the rp-L9 promoter are presented in Figure 3B

Example 4

Selection of stable transfectant Toxoplasma parasites carrying pTub-YFP-TR-sagCAT.
Electroporation of Toxoplasma parasites was done as described by Roos, D.S. et al.
(“Methods in Microbial Pathogenesis” In Methods in Cell Biology (1994), D.G. Russell,
editor).

Selection of the stable transfectants was done according to Kim, K., et al. (Science
262(5135): 911-4 (1993)).
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Electroporation of $13/LZ, S13i+3/lacZ and S13s-23/lacZ constructs was again done
according to Roos, D.S. et al. (1994, supra).

Results of Example 4

Determination of LacZ expression driven by an S13 promoter containing a single tet-
operator, electroporated into the tub-YFP-TR strain.

The following constructs héve been tested:

a) S13/LZ: This is the tub-YFP-TR transfectant Toxoplasma strain, transiently transfected
with the LacZ gene under the control of the $13 ribosomal protein gene promoter. There
is no tet-operator-site present in this construct.

b) S13i+3/lacZ: This is the tub-YFP-TR transfectant Toxoplasma strain, transiently
transfected with the LacZ gene under the control of the $13 ribosomal protein gene
promoter, which additionally carries a tet-operator-site inserted at site +3 relative to the
STS (see Figure 3A).

¢) S13s-23/lacZ: This is the tub-YFP-TR transfectant Toxoplasma strain, transiently
transfected with the LacZ gene under the control of the S13 ribosomal protein gene
promoter which additionally carries a tet-operator-site has been substituted at site -23

relative to the STS (see Figure 3A).

Similar constructs of tetO insertions/substitutions into rp-L9 promoters are presented in

Figure 3B.

As can be seen in Figure 4, tub-YFP-TR produces the same level of LacZ in both the

presence and absence of anhydro-tetracycline and tetracycline, as expected.

Transfection with construct S13i+3/lacZ results in the production of an amount of LacZin
the absence of anhydro-tetracycline and tetracycline, that is half the amount of LacZ
produced in the presence of anhydro-tetracycline and tetracycline.

This clearly shows the inducibility of LacZ-transcription in this strain.

Transfection with construct S13s-23/lacZ results in the production of an amount of LacZ in
the absence of anhydro-tetracycline and tetracycline, that is about 1/3 of the amount of
LacZ produced in the presence of anhydro-tetracycline and tetracycline.

This again clearly shows the inducibility of LacZ-transcription in this strain.
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These results moreover prove that the site at which the tet-operator site is located relative
to the STS, is not very critical. It additionally proves that the tet-operator site may be

introduced by both insertion and substitution.

CPRG-assay of transient transfectants electroporated with a construct comprising a LacZ
gene driven by an S13 promoter comprising a single tet-operator or a double tet-operator.
In this assay the following constructs were compared:

a) S13/L.Z as described above

b) $13s-23/lacZ(l) as described above (= S13s-23/lacZ)

¢) S13s-23/lacZ(ll) which equals S13s-23/lacZ except for the fact that an additional tet-
operator site has been cloned immediately downstream of the first tet-operator. The

construct was assembled using similar techniques as for $13s-23/lacZ(l).

As follows from Figure 5, both the synthetic tet-repressor gene (Meissner) mentioned
above and a fusion tet-repressor gene (tub-YFP-TR) according to the invention are
capable of blocking the transcription of LacZ in the absence of tetracycline. More
strikingly, it clearly follows that the blocking of expression is between 3 and 4 times better
when two adjacent tet-operator sites are used compared to the use of a single tet-

operator.

CPRG-assay of transient transfectants comparing LacZ expression in a strain comprising
the synthetic tet-repressor gene (Meissner) as described above, and a strain comprising a
fusion tet-repressor gene according to the invention.

As follows surprisingly from Figure 5, a fusion tet-repressor protein according to the
invention gives a significantly better blocking of the transcription of LacZ when compared
to the blocking found with synthetic tet-repressor protein (Meissner) as described above.
Also, surprisingly, a much better induction of LacZ transcription is found with a fusion tet-
repressor gene according to the invention when compared to the induction found with

synthetic tet-repressor gene (Meissner) mentioned above.
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Example 5

Insertion of tet operator elements in the ribosomal protein S13 locus using homologous
recombination with the hit-and-run mutagenesis procedure.

To integrate a tet operator site on the genome at a specific locus, in this.case the
ribosomal protein S13 locus (S13), homologous recombination is required. For
homologous recombination a large sequence part (in this case ~1200 bp) upstream and
downstream of the integration site is needed to obtain a homologous recombination
instead of a non-homologous recombination. As described by Donald et al. (Mol.
Biochem. Paras. 91: 295-305 (1998)), it is possible to integrate a sequence element at a
specific locus in two steps using the hypoxanthine-xanthine-guanine
phosphoribosyltransferase (HXGPRT) gene as a selection marker.

In detail, a transfected plasmid containing part of the S13 locus near the integration site,
which is preceded by an HXGPRT cassette will homologously recombine once with the
homologous genomic DNA S13 locus, creating a pseudodiploid type I or I (Figure 6). This
is performed under positive selection for HXGPRT by mycophenolic acid and xanthine as
described (Donald et al. 1998, supra). Subsequently the second homologous
recombination is selected with 6-thioxanthine against HXGPRT which results in loss of the
pseudodiploid and creation of a tachyzoite with or without a tet operator site integrated at
the S$13 locus (~1:1 ratio). This procedure is called hit-and-run mutagenesis.

To perform this procedure first a plasmid was made containing an HXGPRT selection
cassette under the control of a DHFR promoter. RNA was isolated from Toxoplasma
gondii RH tachyzoites. This RNA was used for making cDNA using SUPERSCRIPT™ li
RnaseH- Reverse Transcriptase (Gibco BRL) and standard molecular biological
procedures (Sambrook & Russell: “Molecular cloning: a laboratory manual” (2001), Cold
Spring Harbor Laboratory Press; ISBN: 0879695773). The HXGPRT coding sequence
was amplified from the T. gondii RH tachyzoites’ cDNA using primers HXGPRT/BGLII-FW
(SEQ ID NO: 28) and HXGPRT/PSTI-RV (SEQ ID NO: 29) and splice variant-l was
selected for further use (Donald et al., J. Biol. Chem. 271: 14010-14019 (1996)). Both the
PCR product and plasmid pdhfrCAT/GFP (Striepen, B. et al., Mol. Biochem. Paras. 92:
325-338 (1998)) were digested with Bglli and Psti after which the CAT/GFP coding
sequence was exchanged for the HXGPRT coding sequence, resulting in a dhfrHXGPRT
construct named pminiHXGPRT.

Subsequently a DNA part containing the area both upstream (~1200 bp) and downstream
(~1200 bp) of the tet operator integration site (-43/-23 relative to STS) was PCR amplified
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from genomic DNA of T. gondii RH tachyzoites using primers S13NOTI-FW (SEQ ID NO:
21) and S13SACI-RV (SEQ ID NO: 22). Both this PCR product and the pminiHXGPRT
were digested by Notl and Sacl after which the PCR product was ligated downstream of
the HXGPRT cassette. Finally, a tet operator was inserted with primer S13SUBTETO-
23FW (SEQ ID NO: 19) and primer S13SUBTETO-23RV (SEQ ID NO: 20) by substitution
using site-directed mutagenesis as described in Example 3, creating pS13s-
23/pminiHXGPRT.

Circular pS13s-23/pminiHXGPRT plasmid was electroporated as described previously
(Example 4) into RHAHXGPRT tachyzoites. After infection into Vero cell monolayers,
mycophenolic acid / xanthine selection was started as described by Donald et al. (1998,
supra).

After stable transfectants were generated according to Kim, K., et al. (Science 262 (5135):
911-4 (1993)), several clonal parasite lines were picked. Genomic DNA was isolated from
each of these clones. PCR analysis was performed on these genomic DNA samples to
check for the presence or absence of the pseudodiploid form in these transfectants using
the primers M13-REV (SEQ ID NO:23), S13CL FW3 (SEQ ID NO: 24), HRCHECK Il 5
813-FW (SEQ ID NO: 25), HRCHECK Il $13-RV (SEQ ID NO: 26), and T7 (SEQ ID NO:
27). Four clones (c4, ¢5, ¢6 and c9) were analysed in detail and the genomic DNA of the
strain RHAHXGPRT and of Vero cells was used as a negative control. Different primer
combinations (Figure 6) were used to amplify by PCR the genomic DNA of these samples,
these are listed as: 23/24, 25/26, 23/26, and 25/27, meaning the combination of primers of
SEQ ID NO: 23 and 24, etc.. Results are presented in Figure 7.

Primer combination 23/24 shows the presence of the plasmid in the different clones.
Primer M13-REV (SEQ ID NO: 23) anneals to the vector part which is absent in
untransfected parasites (RHAHXGPRT). All transfected clones show bands of the correct
size (2.8 kb), indicating that all stable transfectants have taken up the plasmid after
electroporation and kept it during selection. Subsequently, the primer combination 25/26
shows whether the pseudodiploid form is present in the clones. On the genome, both
primers are located upstream (primer HRCHECK Il 5 $13-FW (SEQ ID NO: 25)) or
downstream (primer HRCHECK 11 $13-RV (SEQ ID NO: 26)) of the $13 part present in
the vector. If the pseudodiploid is not present, the “wild type” 813 situation will be PCR
amplified which results in a product of ~2.6 kb as can be observed with clone c4 and the
wild type parasite RHAHXGPRT. This shows that clone c4 is a stable transfectant without
a pseudodiploid, suggesting that non-homblogous recombination occurred. The absence
of the 2.6 kb PCR product for the clones c5, ¢6 and c9 indicates that these clones do
contain the pseudodiploid form. In addition, a product of nearly 10 kb can be observed for
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clones ¢5 and c9, which is as expected when the pseudodiploid is present. No 10 kb
product was detectable for clone c6. The PCRs with primer combination 23/26 and primer
combination 25/27 were performed to demonstrate that the p13s-23/pminiHXGPRT vector
is juxtaposed at both sides by the $13 locus. Primer M13-REV (SEQ ID NO: 23) is located
in the vector sequence and primer HRCHECK 1l $13-RV (SEQ ID NO: 26) is located on
the genome downstream of the homologous S13 part of the vector. Primer T7 (SEQ ID
NO: 27) is located in the vector sequence and primer HRCHECK Il 5 813-FW (SEQ ID
NO: 25) is located on the genome upstream of the homologous S$13 part of the vector.

In the wild type situation the primer combination 23/27 does not anneal to DNA and for
that reason no PCR product can be amplified. In case of a pseudodiploid the primer
combination 23/26 results in a product of 4.6 kb and the combination 25/27 results in a
PCR product of 2.6 kb. The data presented in Figure 7 demonstrate that indeed the
positive clones show the right bands for both combinations whereas for the negative
samples no products were observed.

This PCR analysis is therefore used to verify that the homologous recombination into e.g.
the S13 locus by the hit-and-run mutagenesis procedure is performed successfully.
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Legend to the Figures.

Figure 1: Description of the TubYFP/TR-sagCAT construct:

Figure 1A: Full sequence: relevant regions are indicated below the sequence; restriction
enzyme recognition sites are indicated above the sequence,

Figure 1B: List of relevant features and regions of the TubYFP/TR-sagCAT construct,

Figure 1C: Graphical map of the TubYFP/T R-sagCAT construct.

Figure 2: Description of the $13/lacZ construct:
Figure 1A: Full sequence: relevant regions are indicated below the sequence; restriction

enzyme recognition sites are indicated above the sequence,
Figure 1B: List of relevant features and regions of the S13/lacZ construct,

Figure 1C: Graphical map of the S13/lacZ construct.

Figure 3:
Figure 3A: tetO insertions/substitutions in rp-S13 promoter:

Sequence of part of the ribosomal protein S13-promoter, also indicating the
site of the +3 insertion and the —23 substitution, relative to the STS. Also
indicated are the first three amino acids of the coding region.

Figure 3B: tetO insertions/substitutions in rp-L9 promoter:

Figure 4: Determination of the level of LacZ expression by tubYFP/TR stable transfectants
electroporated with the constructs S$13/LZ, S13i+3/lacZ and S13s-23/lacZ without
antibiotics, in the presence of 1 pg/ml anhydro-tetracycline (Atc) or in the presence of 1
ng/ml tetracycline (Tc). The OD is an indication for the level of LacZ expression. The
labels of the horizontal axis indicate that 1.25x10° tachyzoites were used (50 % of

originally made amount).

Figure 5: Determination of the LacZ expression level in different strains (RH, REP,
tubYFP/TR) electroporated with the constructs $13/L.Z, S13s-23/lacZ(l) and S13s-
23/lacZ(il) '

RH represents the strain without tet-repressor gene. REP represents the strain carrying
the synthetic tet-repressor gene (Meissner). TYT represents the strain carrying the fusion
tet-repressor gene (tub-YFP-TR). Equal amounts of cells have been used in these
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comparative experiments. Experiments have been done in the absence or presence of

tetracycline as indicated in the figure.
Figure 6: Formation of type | and Il pseudodiploid forms after first step of hit-and-run

mutagenesis:

Figure 7: PCR on genomic DNA of different clones to determine presence of
pseudodiploid forms
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Claims

1)

2)

3)

4) -

5)

6)

7)

8)

9)

10)

Attenuated live parasite of the phylum Apicomplexa or the family of
Trypanosomatidae, characterised in that said parasite comprises a ribosomal protein

gene under the control of an inducible promoter.

Attenuated live parasite according to claim 1, characterised in that said parasite

belongs to the Coccidia, the Piroplasmida or the Haemosporida.

Attenuated live parasite according to claim 2, characterised in that said parasite
belongs to the family of the Eimeridiidae, Cryptosporidiidae or Sarcocystidae.

Attenuated live parasite according to claim 3, characterised in that said parasite
belongs to the genus Eimeria, Cryptosporidium, Toxoplasma, Sarcocystis or

Neospora.

Attenuated live parasite according to claim 2, characterised in that said parasite
belongs to the family of the Babesiidae or the Theileriidae.

Attenuated live parasite according to claim 5, characterised in that said parasite

belongs to the genus Babesia or Theileria.

Attenuated live parasite according to claim 2, characterised in that said parasite

belongs to the genus Plasmodium.

Attenuated live parasite according to claim 1, characterised in that said parasite
belongs to the genus Trypanosoma or the genus Leishmania

Attenuated live parasite according to claims 1-8, characterised in that said inducible
promoter is based upon an operator site and a repressor protein capable of reversibly

binding said operator site.

Attenuated live parasite according to claims 1-9, characterised in that said inducible

promoter is inducible by antibiotics.
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11) Attenuated live parasite according to claim 10, characterised in that said inducible

promoter is inducible by tetracycline or anhydrotetracyclin, or a derivative thereof.

12) Attenuated live parasite according to claim 11, characterised in that a tetR-system is

used as the inducible promoter.

13) Attenuated live parasite according to claims 1-12, characterised in that said ribosomal

protein gene is the gene encoding L9, S3, plastid-S9 or S13, preferably L9, S3,
plastid-S9 or 813 of Toxoplasma gondil.

14) Attenuated live parasite according to claims 1-13 for use in a vaccine.

15)

16)

17)

18)

19)

Vaccine for combating parasitic infection characterised in that said vaccine comprises
a live attenuated parasite according to claims 1-13 and a pharmaceutically

acceptable carrier.

Use of an attenuated live parasite according to claims 1-13 for the manufacture of a
vaccine for combating infection caused by a parasite of the phylum Apicomplexa or

the family of Trypanosomatidae.

Method for the production of a vaccine according to claim 15, said method comprising
the mixing of a live attenuated parasite according to claims 1-13 and a

pharmaceutically acceptable carrier.

DNA-fragment encoding a tet-repressor fusion protein comprising the tet-repressor
protein and a heterologous protein or a part thereof, said heterologous protein or a
part thereof being fused to the N-terminal side of the tet-repressor protein, the
monomeric form of said fusion protein having a molecular weight of less than 60 kD
and being free of GPl-anchors, secretion/excretion signals and trans-membrane

regions.

Attenuated live parasite according to claims 1-13, characterised in that said parasite
comprises the tet-operator site and a DNA fragment encoding a tet-repressor fusion

protein according to claim 18.
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20) Attenuated live parasite according to claim 19, characterised in that said parasite

comprises two or more tet-operator sites.
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E T L R PTUBL. vttt e e i i aaan e >

3901 ttgttggaca gtagcgagct ctgggttaac cgcatattca ctaactggct ccgtectgtt

3961 gtcattagat actgaatcag gtaacgatac atgagcagca tcctcgtgtt ccaggcgeat
B it e ettt e 1) = R R >

4081 tggtagaggt gaaactgtcg acgtggatgc agctgeccetg cttagagtac ggacgaagtyg
D PTUBL. ittt eanceseaancaenanans >

4141 aatagctgcg tctgcatgaa caaggggctc tgaggeccgce tgtgatacga aaggtttgct
4201 ggctactgaa cataggtctc gcagtgcggg ggcatactce agtcggectt cacgaaactt
4261 cgtgaccagg cgatcaacaa goggegtcac gegagttaaa tccgtecaga gaaagccacce

E I T I PTUBL. vttt it e i >

4321 atagtgcacc atatactgcc ggcacatctt gctgaaagte gtggcgtgtc gatcagctaa
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gtccagtcat attgccatgc

tgagcagctc ttccagttcg

P PTUBL. .ottt ieieemmeen o mee e >

St e ettt e PTUBL. vt e vtercaensatacncsaenennes >

P R I I PTUBL. et cienenecennnonnaseas >

D R PTUBL. .ttt itnnn e nneneaneaas >

S PTUBL. . cevseeieinaem s >

S R PTUBL. .t vvinninineemc s naneens >

S R Lol 822 R R >

L o181 3 R I >

S PTUBL. .. vtivs e i insman e e >

actggagaat

b R

gaagtttcat

caagaaaaac

actgatcaaa

ctgegttgat cccaaacgta
........ PTUBL. i tvireetivnnnnnene e

agccagtgaa cagctgggggd

P R R PTUBL. it iieeee oo nansetonsennns >

T R PTUBL. .ttt i ieiiaiaiin e eemnene >

P R PTUBL. t ettt >

St et e e e e PTUBL. e v escmenaaassnseoonnenss >

ttttttotet

gatgaacttg

gcttattcat tttttcaagt cttgeccactg ggtggtggca
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ctctttgega gtctcgtaga

................... pTUBL

................... pTUB1

ctactcgttg geatttttte

gcegggatcea ctcteggeat

gaacaagcac

ttgaattcce

gttecgaggge

CDS........

cggcaacatc

CDS........

ggcegacaagd

CDS........

cggcagegtg

CDS........

gctgetgecee

CDS........

gaagcgcgat

CDS........

ggacgagctg
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tegttegeeg tcectgacga

agatctaaaa tggtgagcaa

>>.YFP CDS.>
>>>>

gagctggacg gcgacgtaaa

.......... YEP CDS . ittt vt i v nnnasnnesa>>

.................. TR CDS

.........
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7321 aggtttaaca acccgtaaac tcgcccagaa gctaggtgta gagcagccta cattgtattg

7381 gcatgtaaaa aataagcggg ctttgctega cgecttagec attgagatgt tagataggca
D ittt it e e TR CDS . vt i it teecenonsnsoennsornons >

7441 ccatactcac ttttgccctt tagaagggga aagctggcaa gattttttac gtaataacge
Bt e e a s e m e TR CDS .ttt i et eiiaseerensnaonsnsenn >

7501 taaaagtttt agatgtgctt tactaagtca tcgcgatgga gcaaaagtac atttaggtac
PN TR DS it e vt v s aananrsornseansraneas

7561 acggcctaca gaaaaacagt atgaaactct cgaaaatcaa ttagcectttt tatgccaaca
S P TR CDS .t e ittt tnenesocanoasosannsan >

7621 aggtttttca ctagagaatg cattatatgc actcagcgct gtggggcatt ttactttagg
> i e et e TR CDS....... e tecsesea s eanas >

7681 ttgcgtattg gaagatcaag agcatcaagt cgctaaagaa gaaagggaaa cacctactac

7741 tgatagtatg ccgccattat tacgacaagc tatcgaatta tttgatcacc aaggtgcaga
> ie et e TR CDS. ittt tie v mesenernaccanarorans >

7801 gccagectte ttattcggee ttgaattgat catatgcgga ttagaaaaac aacttaaatg
B i e e e e e TR CDS .ttt is et netenaaeaaananrsesns >

7861 tgaaagtggg tcttaactgc agcccacaga agctgccegt ctctegtttt cctetetttt
>....TR CDS....>>

7921 cggagggatc agggagagtg cctegggteg gagagagctg acgagggggt gccagagacc

7981 cctgtgtect ttatggaaga aaagggatga ctecttecatgt ggcatttcac acagtctcac

8041 ctcgecettgt tttetttttg tcaatcagaa cgaaagcgag ttgegggtga cgcagatgtg

8101 cgtgtatcca ctegtgaatg cgttatcgtt ctgtatgccg ctagagtgct ggactgttgc
B e e e DHER . ettt it aeanaanneananssnsen >

8161 tgtctgccca cgacagcaga caactttccet tctatgcact tgcaggatgg tgcagcgcaa

8221 acgacggaga gaaaggagca ccctctcagt ttccctacga tgtgctgtea gtttcgactce

8281 ttcaccgcga acgattggeg atacgtctcet gttgacttgt taggctccga ccacgaagct
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8341 cccttaacta rataagccge gacacctaag tgtacaccat ttgcagatcg ataatctgcg
B et ittt e i e DHER . ¢ttt e ivavennnscsssasansnnnaos >
8401 accgctgaat ccgtccagat cagtaaaacc gcaccaccta agtgtaaacc ttgtttaggt
B et e e et et DHER . ittt eiseennsenssnennosnenaas >
8461 cgataaaatg ctaccaaccc ccacccacaa tcgagccttg agcgtttctg cgcacgegtt
B it i et e e DHFR. v vttt et e e naaanosannanaansanes >
8521 ggcctacgtg acttgectgat gectgectcet ggccattcat gccagtcagt gegcataaaa
D ettt et e e e DHFR . o vt et eentararacsasnnnssaaness >
8581 atgtggacac agtcggttga caagtgttct ggcaggctac agtgacaccyg cggtgagggg
P T T T DHER . vttt vviennonsoanarossoosessses >
NotI
8641 gatccactag tctagagcgg ccgecaccge ggtggagetce caattcgeec tatagtgagt
S DHFR..... >>
<< . T7.0...<
8701 cgtattacge gcgctcactg gecgtcegttt tacaacgtcg tgactgggaa aaccctggcg
<..T7...<<
8761 ttacccaact taatcgcctt gcagcacatc cccetttege cagetggegt aatagcgaag
8821 aggcccgcac cgatcgccct tcccaacagt tgcgcagect gaatggcgaa tgggacgcgc
8881 cctgtagcgg cgcattaage gcggcegggty tggtggttac gegeagegtg accgctacac
8941 ttgccagcge cctagegece getccttteg ctttetteece ttcectttcte gecacgtteg
9001 ccggetttee ccgtcaagct ctaaatcggg ggctccettt agggttccga tttagtgett
9061 tacggcacct cgaccccaaa aaacttgatt agggtgatgg ttcacgtagt gggccatcgc
9121 cctgatagac ggtttttege cctttgacgt tggagtccac gttctttaat agtggactct
9181 tgttccaaac tggaacaaca ctcaacccta tcteggtcta ttettttgat ttataaggga
9241 ttttgccgat ttcggoctat tggttaaaaa atgagctgat ttaacaazaa tttaacgega
9301 attttaacaa aatattaacg cttacaattt ag
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Figure 1 B

TubYFP/TR-sagCAT

Molecule Features:

Type Start End Name Description

GENE 2172 2192 T3 T3 primer for sequencing

REGION 2271 2580 pSAG1 SAG1l 5' region including
promoter

REGION 2581 2583 SAGl ATG-I first ATG

GENE 2581 2634 SAG1l CDS SAGLl coding sequence

REGION 2632 2634 SAG1 ATG-II second ATG

GENE 2638 3294 CAT CDS chloramphenicol acetyl
transferase coding segquence

REGION 3295 3607 SAG1-I SAG1 3' untranslated region

REGION 3614 3747 SAG1-II repeated part of 3!
untranslated region used to
start tub promoter

REGION 3748 3799 vector part of unknown vector

REGION 3800 6520 pTUB1 TUBL1 5' region including
promoter

GENE 6530 7246 YFP CDS Yellow fluorescent protein
coding seguence

REGION 6530 6532 YFP ATG-I first ATG

GENE 7253 7876 TR CDS Tet repressor coding sequence

REGION 7253 7255 TR ATG-T first ATG

REGION 7886 8656 DHFR DHFR 3' untranslated region

GENE 8710 8690 C T7 T7 primer for sequencing
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Figure 1 C
Noti 8657
Pstl 7877
TRCDS
Avrll 7247 8000 Kpnl 2202
_ Hindlll
2000 T3 Psti2256
YFP CDS pSAG1
R
Pstl 6734
CAT CDS
Bglll 6521

SAG1-|

Hindlll

Llata%s)

ptubAYFPATR_sagCAT
9332 bp
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Figure 2 A
1 agcttccteg
61 atacggggac
121 gaaatggaaa
181 tcttgcgaat
241 ctcaacagcc
301 ctecttttget
361 ggaaagctcc
421 gagatgtgac
481 taaaaaatcg
541 tatgtcgttt
601 cgctagcaca
661 gtgctcccat
721 aacggaagct
781 ctatcctctg
841 acgtgcgagg

cagagattgt

12/28

cagtgcatga cacaaccgcg

actgagcgtc acaacagaag

aaaatttctt gaagaatttc

cacttecteca tcgtetgatt

ttctcggteg cttecttaaa

tcgtctcage cctcaccgte

acaggacttt gtttgcagat

ccgcetttaaa atttccattg

ccecgegagga attcecectet

aagtcccaag ctgctgetce

atgcttctga agtataccta

catacaagtc accaagcatg

ccectgttat tgcacactat

gggcacactg cagagaaact

acgcttttga aggaaaaagt

aaaagccggce

gcagatttgt
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Lo e 11T 3o =5 < R R >
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L el 1o} of X N R >
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atccaaccca ccgagttcte

tcgatcatcg ccttatctgt

agactcgcecge ggaggcaaga

catgcaattt gaacatcacg

tggcatgcag cgttgagect

cgagagagca acgcggcgct

gacgggttct ccecteaatt

tgcatgtgcea
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gcatctgecaa
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L o)l 1110 ) o = o >
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>>

>>
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taatgttgat gaaagctggc

tacaggaagg
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ccagacgega

LG e o e e s e s v nsoanconsoassnnussnns >

[ 2= Yo /2 >
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3901 attgacccta acgcctgggt cgaacgctgg aaggcggcgg gccattacca ggccgaagea
D eicsnessceneaoiaastseneaennans TLBCZ . ¢ ittt naaneen e >

3961 gcgttgttge agtgcacgge agatacactt gctgatgegg tgctgattac gaccgctcac
4021 gegtggeage atcaggggaa aaccttattt atcagccgga aaacctaccg gattgatggt
4081 agtggtcaaa tggcgattac cgttgatgtt gaagtggcga gcgatacacc gcatccggeg

B it e ettt et 'haCZ. v vnen.n R AR >
4141 cggattggcee tgaactgcca gctggcgcag gtagcagagce gggtaaactg gctcggatta
4201 gggccgcaag aaaactatce cgaccgectt actgcegect gttttgaccg ctgggatctg
4261 ccattgtcag acatgtatac cccgtacgtc ttcccegageg aaaacggtct gegetgeggg
4321 acgcgcgaat tgaattatgg cccacaccag tggcgeggeg acttccagtt caacatcage
B A et o oo

4441 ggcacatggc tgaatatcga cggtttccat atggggattg gtggegacga ctcctggagce

4501 ccgtcagtat cggeggaatt ccagctgagc gccggteget accattacca gttggtetgg
> e a et e e s L 1= X >

4561 tgtcaaaaat aactgcagcc cacagaagct gccegtctct cgttttccte tcttttegga

4621 gggatcaggg agagtgcctc gggtcggaga gagctgacga gggggtgcca gagacccctg
> et e ettt e DHFR v tvvninenreacnanenonnsnanny >
4681 tgtcctttat cgaagaaaag ggatgactct tcatgtggca tttcacacag tctcaccteg

4741 ccttgtttte tttttgtcaa tcagaacgaa agcgagttge gggtgacgca gatgtgegtg

4801 tatccactcg tgaatgegtt atcgttetgt atgccgectag agtgectggac tgttgetgte
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<<Ka v e s
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6841 ttattgctga taaatctgga gccggtgage gtgggtcteg cggtatcatt geagcactgg
P S22 T S >
6901 ggccagatgg taagccctce cgtategtag ttatctacac gacggggagt caggcaacta
T T PRSH .ttt it i it s s s i >
6961 tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag cattggtaac
I TN 2382 R I >
7021 tgtcagacca agtttactca tatatacttt agattgattt aaaacttcat ttttaattta
P PRSH . ittt ie it ii et >
7081 aaaggatcta ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt
T PRSH . ittt ittt iint e >
7141 tttegttcca ctgagegtca gacccegtag aaaagatcaa aggatcttet tgagatcctt
B Y PRS-+ . it et ittt tii i >
7201 tttttctgcg cgtaatctge tgettgcaaa caaaaaaacc accgctacca geggtggttt
> i e e et PRSH .t et ittt it >
7261 gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttce agcagagcgce
D ittt r e et PRSH. . i i i i e >
7321 agataccaaa tactgtcctt ctagtgtagce cgtagttagg ccaccactte aagaactctg
> ittt e e st PKSH . ittt ittt it i e s e >
7381 tagcaccgcce tacataccte gectctgctaa tcectgttace agtggetget gecagtggcg
T ) 205 L >
7441 ataagtcgtg tcttaccggg ttggactcaa gacgatagtt accggataag gcgcageggt
D R R I PRS+. oo i s e >
7501 cgggctgaac ggggggttcg tgcacacagc ccagcttgga gcgaacgace tacaccgaac
e PRSH .ttt et e >
7561 tgagatacct acagcgtgag ctatgagaaa gcgcecacget tceccgaaggg agaaaggcgg
e PRSH .t it iiiii i i iit it >
7621 acaggtatcc ggtaagcggce agggtcggaa caggagagceg cacgagggag cttccagggg
T T T PRSH . i i i e >
7681 gaaacgcctg gtatctttat agtcctgteg ggtttegeca cctetgactt gagegtcgat
> P T T PRSH. ittt i s i i s, >
7741 ttttgtgatg ctcgtcaggg gggcggagce tatggaaaaa cgccagcaac gceggectttt
D i iecteseteasenoatecen e saae PRS+ . it ittt ittt >
7801 tacggttect ggccttttge tggeccttttg ctcacatgtt ctttectgeg ttatcccctg
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7861 attctgtgga taaccgtatt accgectttg agtgagctga taccgctcge cgeagecgaa

7921 cgaccgageg cagcgagtca gtgagcgagg aagcggaaga gcgcccaata cgcaaaccgc

7981 ctctcoeecge gegttggecg attcattaat geagetggea cgacaggttt ccegactgga

8041 aagcgggcag tgagcgcaac gcaattaatg tgagttaget cactcattag gcaccccagg

8101 ctttacactt tatgcttceg getcgtatgt tgtgtggaat tgtgagcgga taacaattte

816l acacaggaaa cagctatgac catgattacg ccaagcgcge aattaaccct cactaaaggg

8221 aacaaaagct gggtaccggg cccccecteg aggtcgacgg tatcgata
>>
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Figure 2 B
Molecule: g13/lacZ, 8268 bps DNA Circular
Molecule Features:
Type Start End Name Description
REGION 1 1294 'promoter promoterregio
REGION 1295 1492 e exon 1
REGION 1453 1455 atg ATG start
GENE 1453 1492 cds gen
GENE 1495 4578 'LacZz LacZ gene from E.coli BL21
REGION 4582 5354 DHFR DHFR 3' untranslated region
GENE 5408 5388 C T7 T7 primer for sequencing
REGION 5408 8202 PKS+ pKS+ vector

GENE 8202 8222 T3 T3 primer for sequencing
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Figure2C

Hindlll
Kpnt 8232

'‘promoter

Notl 5355

Pstl 4573

S$13/lacZ
8268 bp
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Figure 5

CPRG assay after 1 day of incubation
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<110>

<120>

<130>

<150>
<151>

1/15

SEQUENCE LISTING
AKZO Nobel N.V.
live attenuated parasite vaccine
2002-017-EP

EP 02078953
2002-09-20

<160> 29

<170>

<210> 1
<211>
<212>
<213>

DNA
<400> 1

cctagttgtg
cacgcaatag
agtcgcacaa
cagtttettg
atctttgcta
aaacgcagtc
agctgagaaa
gaactataaa
atttgagaga
ccagttettg
tccagaggca
aggtgtttgt
gtgcactage
tgaaaaaacg
tcagaagaaa
agtggcgcga
agaagtcaag
ctttagaagc
gcttcgcaga

ccectgtegte

4834

ttecgcaacag
cggtcegeca
aagcagatac
acccattecgt
gcttcecget
acagagatac
gcaaattcac
acgtgaaaaa
aggttgcgag
gtctcccaga
aagccgecac
cgtcggaatg
g99999cg99g
gtgcaaaata
gtccgagaga
cgagtctgtce
acgcggacct
gcaggagtta
taggcaatat

gcceteatect

PatentIn version 3.2

Toxoplasma gondii

tacaccgtcce
agggtgcatt
tagagacaag
tagggtcggt
gcagacatga
gaagaaatca
tggcggtgca
cgtgecttee

gcagtaataa

acggggacag
ggaggaacgg
gtgccaagac
gtgcaaaagg
tggagcctta
acagaagaaa
tctcagacga
tgaggggggt
agagtcgagc
atectgectget

ttatctcegt

tgagtgagtc
tgtccacatc
gagagagtgce
ctcagccetec
aaggcagtgt
aagcccgtgg
aagagccaat
gagtctcgca
gggcagggga
gaccggacgce
aatccatgac
acaaaaaaag
gacgagtgtg
cgtggageeg
aacgagaaaa
gcttaccagt
ggacagcatg
ggcatggcag
gagggcctea

gtttgtctet

gagaacatca
gggatgcaca
ggcctaacca
ttcaggattt
cacgcataaa
aaagcgaacg
gaaatcaggg
aaggtgcgcea
gaggataaaa
ctgcaagggt
cgagtggaat
aaatgtttag
ctcagtggtt
cagggggcag
gtgatgggcg
gctgggcgga
atgaatcget
gacgaccagt
tttctggaga

tccagggcag

PCT/EP2003/010696
gagatgagca 60
gagtggcacg 120
gaattcgact 180
ccgtecaagac 240
gagccgattg 300
gctgggatgt 360
tcgegtagag 420
tcgatceccac 480
tcegatagac 540
ggatcacaac 600
tataacgaag 660
acgctcgact 720
cggaggtaac 580
aacagatgtc 840
actcatgcag 200
ggtaaaggaa 960
gatgtatgta 1020
tgtecctttat 1080
gttgecgttgt 1140

ccttetgact

1200



WO 2004/026903

accgcccaac
agccgtcaga
ggcaagagga
cagccatgaa
aagagccgcc
attatcgecec
tcgaaacgaa
cagcatatct
tatcgaaaaa
gttttecgtca
attcacgcag
ccgatagtga
gtattcctte
aaagtcactt
cgcgaacggce
ttatatacgg
aaagagcatg
ccagggtgeg
tggccteget
tttttteget
cgctecgteg
ggtaagtttc
gcttgatctt
tccecgecatgt
cgccegatga
tggaccccac
ggcggatcetg
gctgtgtctg

ggcgececttgt

gggecttectt
acgcttgccg
atggacgtca
aatgagcggc
ggacaccctg
ttcttagecaa
gacgccattt
tacgacgttt
cttgttagce
gttgtggegt
aaactgcatg
ggaaggaaaa
cacaaggtcg
tgcaccgtag
ttgccaacaa
aaggctttgce
cttgtcaagt
gggcaactaa
tcgecacaga
gtctttttgg
ccaccatgaa
tcgacctacg
tgagggagag
gttagatgtg
gcggaaaagt
tgaggaagcc
ggaggtgaag
ctctgegtea

tetttgttet

cttecggatte
cggcagaaaa
acaggctgat
cgagtttgca
cttctctttce
accttgagce
tttgtcteca
tgcggetgtte
ggatggtaaa
gctggcacac
tgcgectgegt
acggcteccag
agacaccgtce
attccacgtg
gaccaggcte
caggcgtatt
gcatgeggcece
gtggcectcte
cacttgtcga
cggtteecegt
gtctgtttat
agagggtgaa
ttgccagatt
tececgaccece
tttggaattc
gaacagcagc
aggcgcggaa
aaaatccgca

gcecgcecatcca

2/15

catttgagat
acacttaaag
tcataagtga
gaaacagaga
acagttcgta
gagttaccgg
ttgcacacgg
atcgctaaca
gagatgcaga
tcacgttttt
gtctegectg
caaaatgttg
gagtgtttte
ctccagegeg
gcgegececgg
ctggccgegt
atgtaggttg
ttcgegtegt
cgegteteag
ttccectega
gcectgtgaga
ctgcggagaa
ctgcggetece
gagggaagcg
aggccccgat
attttacaga
ccgtgttcecca
tgctttgttg

caacagtctg

agccgtagaa
ggcgtcacaa
cgctccecagt
aagaggtctg
ggtgccaaga
agaggttagc
acggaccgta
caccacaaag
aggcagtccg
ccagcegtcac
cctcaggatg
gttectatteg
cttcecggact
gctgtcaatt
cttttcacat
ggggtcgaaa
ctaggacccce
ctteggactg
ggagtctgag
ctgecgacte
ctatcaccat
gacgaatgaa
acagcccteg
atcgacacgce
gcgcaaagtg
tcttecgceccac
cttggetttt
tcattcaaag

acccgccaga

PCT/EP2003/010696
gcagaggaag 1260
gattgatata 1320
aagtggcgga 1380
catcctggeg 1440
ccaggaccaa 1500
cgaaaaagaa 1560
gcttgtctct 1620
agaaatggtt 1680
cagtaattcg 1740
atgctgectg 1800
ccettgtegg 1860
gcgagtgecg 1920
gaaccccgga 1980
ttecgacactg 2040
teeccgacgge 2100
gaaagtcgaa 2160
tgttaaattt 2220
ttetetgggt 2280
ccegttgtat 2340
tcecectetece 2400
ccetgeggga 2460
acattgcccce 2520
ttttttttcee 2580
tgggaaggaa 2640
gcaagtgtct 2700
tgaggagggg 2760
ctcegecatte 2820
aggtcatctg 2880
gaatacggtc 2940



WO 2004/026903

tgttctgtece

gecgtttttta
ctggaacagt
tctgecacteg
agacatagcg
catgtggaca
tcacggegtt
ttgatgtctce
ccgecactge
gtaattgtgt
atgggagcag
aatagacagg
tgtgtaggca
tgtttcaaga
cteggetgtyg
acggtggatg
cattccgeca
agatgtggta
agaacatgtt
atttteccat
tgggcgagga
caaacgtcaa
gtagaggcte
agttttggag
tctatgttgg
tggaagaaga
gacggtcgtt
gccacagatt
tgttaactge

attaacatgg

ggtgactggc

gtggaatttc
agattatgat
tttgtactac
tggaaaagta
agaccaccgg
gcgggggaaa
gcaaaaatgg
gtttgatget
gtttttgtac
ggggatattg
aattcgagag
ggtttctgta
tgtttgeate
tgcettetga
tgaagtecgcg
ccteectgte
tggaacctgce
cactggtgtg
caacgtgaac
gcgtgtgegg
ggatgaaatc
cgaggaactg
gtgcggaggc
tgtaattetg
gagaaactga
gtatactcat
tggaggtgag
caggtgagac

tttgtattet

gatggggaaa

tacattgtge
taggtagtgg
aacgaagttg
gaagacaggy
gcatatgctg
ggagtcgttg
gactggcacc
cgctaactgg
tctttetgtt
gagggcatat
cgaagctgte
gcgacgggag
cctctgagag
aagaaaatgt
ggtggtgact
gacatccaga
acagacctca
atgaagaagt
atcagcggca
atcgtcaaga
gcgctcactg
aaaaggggcg
agcaaggaag
tgtatgecctg
taacggtgga
ctcacgtggg
gtgtcttcat
acgttgtecga

tetgttetgt

3/15

tgggggaaac

aagcacacag
aacagggaga
ttgatgeget
ttgtatgcga
getgttgett
tagaaaccat
tgttgtectgt
gcagcgtcgt
tgagtttcat
gataagtgcc
tgaacagaga
tcgecaatgca
caatcgcttt
tgcatcecgtt
gtgaagggca
agaccaagtc
gectgeatceg
tccagtacaa
acggaactgt
tgctteceggg
gaactgacgt
tggtgtgceg
cgtatagatg
attgcgacgt
ccececgagage
cgagggggag
atcectgcatg
gccacaggta

atgcttetet

tgtgtegtea

aaggtgtcce
gegtetgttg
gacttgggtg
ggctetgtgt
caacacgctyg
agagagagtt
gtettegatt
gtacgtacag
caaagagggc
gectgtgtge
tctgecaggtt
gagtgcecget
ttgtectgtt
tgcggttttc
agtaggcgaa
tggaaaccga
cacgctgtgc
gatgegette
cgtegaaatc
agttaagtgc
cgagctegte
gtatgcgege
tgggecattta
gcccacaacc
gggattaccg
gtggtttgte
tgtgtectgca
tttttgtgta

tettecagegg

PCT/EP2003/010696
gcgagtgaag 3000
gtgctaatat 3060
tacatcactg 3120
tcgattgeat 3180
gcacctgttt 3240
ccgaaacatg 3300
gaggtagctc 3360
aacacgagcg 3420
ctcgaatagce 3480
cagccacaaa 3540
atacttctag 3600
ctggtttgac 3660
tggtattggt 3720
ttgcgtgtcet 3780
tgctgcagte 3840
atcacgcgtg 3900
ctgaaggtcg 3960
tctcacatca 4020
gtgtatgcac 4080
cgcaacttcet 4140
gagaaggcca 4200
tctegatcag 4260
atctaatatg 4320
tgaatgtgceca 4380
acctccaggt 4440
ggaactcteg 4500
cttegatgtt 4560
ccagcagata 4620
tctgeattge 4680
ctetcatceca 4740
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4/15

PCT/EP2003/010696

tcaatcgact ttggtcagga gaaaggatat ccgtaaattt ttggatggca tctacgtgte

agagaccagc actgtcgaac aggacgcgta aatg

<210> 2
<211l> 4338
<212> DNA
<213>

<220>
<221>
<222>
<223>

(565
n is

<220>
<221>
<222>
<223>

(625
nis

<220>
<221>
<222>
<223>

misc
(639
n is

<400> 2
atcgcatgac

tgtgaacagg
gtaaacaaag
ccacgtcaaa
ggtgaagaag
ggagtcgcceg
gagacaacgg
aatgatgcag
tttacacagt
cagcagtgtt
ccaaaagacg
tcatcacacg
tttacacaca
acactacata
tcgagaaacyg

aatctaacgg

misc_feature

) .. (566)
a, ¢, 9,

misc_feature

)..(626)
a, ¢, 9,

_feature
) ..(640)
a, ¢, g,
ctgatcacgce
tcagatcacc
aactggacag
cctcaccgat
gagagacaat
ccacaggaga
aaagaatgtce
actcgaagat
ccttaagttg
atgaatcggt
cttgtaaaca
tgacgttaaa
ccaggtgeecg
agctgtaaat
gaatatcaag

ttgectetgg

Toxoplasma gondii

or t

or t

or t

acggaaagaa
gaatcggacg
cagctaccgt
ctegeectcea
ttgcgtaagg
cgcgaactce
ctgacgagag
ctaacgccectce
agtgcatgag
tgcenntatt
ggatnntcca
aggcaccgtt
tagctgtega
gctcattcectg
aacacaggct

ccatttatgt

acgaatagte
atatatgcac
agctgtagac
taaagaggca
aggcgaagct
tcaaaaacgg
agttgcaaaa
gcaggtctca
aggctttgea
gaggcgtcetg
ttegaatgnn
aagcgcatga
tgaatgcgaa
tcattegttg
gtcaaaagac

gtttctegece

gccatttgaa
tgaaggcagce
ggacgcgact
tgtgggctgg
ttecgatttcc
acacggagaa
gaatgttgaa
acggttgetg
gctcaaggca
cgtctggtceg
gacagacagt
caaggaaagg
ttccagagtt
accgtgttta
accgcgaaac

tgtgeccttgt

gtgagatccg
ggagccagcet
tcgagagegt
gagatacagg
aggtgcgatt
gceetgtgea
caattaaagc
tgatcgececa
acgctgtaaa
gtcecatcaag
ttggcaactg
tcaccecgega
tttctcteeg
ctacggggaa
ctgettgegg

tcgetgcecaga

4800

4834

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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cacagcctga
tgtacaagcg
tcgactacga
tcgagatcga
ttgtttgggg
cagcaaaaca
accacgtcag
caggaacccec
gagacagcag
cagtttgcga
aactttgtcg
cagggagtca
agcgggacgg
aggcgggcag
cggctteggt
gaagcggccg
gtgaggcaac
gcgtegagaa
gtceccecttgea
tccgecagetg
catcttgttce
taaaccctgce
ctccactgag
gaaagaagcg
ggcaatggag
gcatacagaa
tgtggagccg
gactagagcc
cgcatggtaa

cgtggaatat

gtccgecageg
acagaagcgg
agttagagga
caatcgaaac
caccccgcect
gcatcgaggc
agcaaggaaa
ggtctaggac
actggeggtyg
tgttggaatt
ggccgaagtce
ggaaccatcg
gaaagaagcg
ctttectgeag
cccageaggt
gacaggcggg
tgaatggtcg
gaggcaagaa
gctgccgaaa
ctgtecgegtt
gcggaaagca
cggcaaccgce
atgcacacaa
gagccgcgga
caaaaaaatt
tcececctecceca
cggtgeecgte
gaaccaccgg
aactgagttce

cttaaatagt

aggtaaatac
attgacagag
caccagggtg
tcacttcact
ttgecttececce
cgtatgectce
tcaagactca
aactttgcta
ccagttcaaa
cctgtgacge
gtttttgtte
acggatggtc
gcagecttge
acgaacgcag
tgtcgegegt
atgcgtttga
gacgtgcgag
agggcaagct
agaagtccag
tcgegacctt
aggcattgat
gctgtecgegg
gtgaaaagag
gaggcgceccce
cctgectaga
tcgtgggtct
teggetttece
cgactccaat
tctaatccat

cgagcegetece

5/15

gaagaaaaac
gagagtgcgce
gcgaatgtgce
cgttaaacaa
acccatcgga
gaagaagtct
accaggtgta
gtgctgectea
tcaccactgc
acacactttg
tegtacgaag
gaaggaaaga
caagaacgtc
aacggagcag
cggegettee
agggaaatga
gcgtcggtee
ggcgcgacag
cagctgatge
ctgtaaaaaa
cgaccagtac
aaacatttcecc
aatcgtetge
cggacccgaa
ggagaatcge
gatgaaaaag
cgttggtcaa
aaaggggcct
ggcacacctc

agagtaccaa

ctgacgagct
gacggtgacg
caatacgcag
tcgagegttt
ttcageccege
ccaacctgcea
cagacaccgc
aaaggtggaa
ctgaagcgcg
gaacttgcct
acgaggagag
aaagagagct
gggtgtactg
ttttettecg
ggacgcttct
gtctgcetgt
ggatggacaa
ccacgcaact
tgcccaagag
ctcttggacg
gcttgcggaa
atcagcagtc
agtttccage
gcgggccgcea
cattcctggt
agaaaaggac
tgcagaagcg
tctactccat
ggaaaaacac

gctgcaatgce

PCT/EP2003/010696
ctgtcagatc 1020
agagtgagag 1080
cttgaaaggg 1140
gctgcaggtt 1200
agtactccac 1260
aaagaaaggc 1320
ataccgtege 1380
cggagaaggc 1440
gggaccgaga 1500
gaataatcag 1560
gaggcatatg 1620
gcegeecggga 1680
ccaccgaggg 1740
ctecttegact 1800
gcgtgtggaa 1860
ctgaaatcgc 1920
caaaagcgac 1980
ggcctgetgce 2040
tggecccaccce 2100
tgecggeegtyg 2160
cggagcaggc 2220
tegegttgac 2280
gatagcgcgce 2340
gagcgcgaga 2400
cacggtcact 2460
accattgtgg 2520
cgtecccecagt 2580
tcaggggtgt 2640
tactcacagt 2700
ccagctgect 2760
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ctecggacaac
actccagaac
gaacagtttc
gagacyagcc
agacacgacc
cagtcgegge
aggtaacatg
gggttcggtg
ctgcagtegg
tcegtgtecet
gtaaaggctg
aggtgacggc
cttegettcee
cactctcaag
ggggcaccceg
tgtgagaaac
tgcagegttc
cctagtcceag
tgcatecgcgg
ctggttetgg
catggtggat
atatecattgc
atgatttett
gaggcctegg
agcgaccgga
aggtcgagag
ggtagggtgc
<210> 3

<211> 3639

<212> DNA
<213>

accggtggac
atgcgaagga
tagagtatcc
tgtettegtt
caaagtagct
tacagcagtg
tgettgaagg
cagccttccea
aactgectte
tceettggtt
gtttcagcaa
ctggtctgeg
tagtgactgg
cattccatcce
gaaaaggtac
actgtcacga
acgcttttga
ctgtctgtca
tttcteceggt
aaagctgacg
tcataattgce
ggaggtaagc
acagcgtett
cgggcagtcet
actgcgacce
gaagaaattt

gtaggtca

taggcagcgce
tgtcactgtt
acgtggctcece
agaaacgctce
gatacggtga
ttttatgtac
gcggacttgg
tectgggetg
atagtceccte
gggaagcgat
acgggactct
gtcacagaag
gtggagagga
gagctacctg
tgacgagaga
ggactgcaat
ccggagagta
tcttctgaac
gtgcgegtgg
atcaacaaca
atcgcgecac
cacgttagcet
tecectacgttt
ggagcaatca
cctettegge

ggtcttcgga

Toxoplasma gondii

6/15

atcaaggaga
gatgcaaaat
aaaaagtaaa
gtgccgatga
ggaatgagca
atcctegttt
gtagaatggc
taatgtgtct
aacgcaacct
ggtttgcagg
cceceteggte
gatgtccttt
gtgaacccac
agcctggaac
atgetttcte
cttttcaggt
ccegtgatgt
gggagttagg
gcaggtctta
gagacgcagc
tcatggaact
agcttegggt
ttgettgect
tgcttgetgt
gagcaggttt

aggcgagaaa

caccccccag
cagggtactg
gtatggccce
cgtcagtgca
tgctgcecgat
tetttttatt
cctegaacgt
tgcgtatttt
gcatagcttt
agatgcagct
actcccaggg
cgaagatgca
agctctaggg
gcegecggaac
agaattgatc
gtatctttte
gacttgcggg
aagccgtaac
tgcaagggtt
cgactatctt
gcagctggag
gacagtcgat
tcgacatcag
cgctcgggag
tctgaccgta

gaaggaacag

PCT/EP2003/010696
aggeggectt 2820
accatcaagt 2880
acatcaaacc 2940
tgcacgetgce 3000
tcaaaatcgt 3060
caagaaaccc 3120
tggtgcecgag 3180
ctectgeggge 3240
accaggaatt 3300
gtgcaacact 3360
agtgtcggec 3420
gtccatgaaa 3480
acggatgcga 3540
agcttcteat 3600
cttcgecttce 3660
tgtacagctg 3720
ttgggtagag 3780
aactaatatg 3840
cggcttecce 3900
caagacaatc 3960
aatgaatttg 4020
atgtttecgeca 4080
gcccacgggg 4140
attgtgcgac 4200
gacgcaagga 4260
tacagcaaac 4320

4338
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<400> 3
cctegecagag

gggacgagga
ggaaaggacc
cgaatagagg
cagccgaata
ttgettcacg
gcteccgetg
gtgacttggg
aatcgaagtg
cgtttttacg
gcacatatgc
cccatteata
aagctagact
ctetgecttt
cgaggcgata
gaatccgaga
tgataatgca
gcgttttetg
cgagccacgg
agccgcaaac
gagcgtgggg
gectegeatt
aggtggctte
cgcgacagat
cgtcaccatg
gcgcagaaag
caagcttgeca
aaacgacgga

acgcgttete

attgtcagtg
aaacgactga
caagtaaaat
aatttcactt
aacggttcte
agccttegte
aaaaaacagg
gaagtcecget
cgtgcecege
gagaaaagtc
accagatgct
aaactcatac
actcccecceccect
tcectggggea
gcaaaacgct
gagggatcca
tgaactcgat
cgecggagact
gggecgceatge
ttttttggca
tgecegecgaga
tcctecgacgg
gtcaccggtt
cgagggcegtt
gggegcatgt
cccccgacat
aagaagggcc
gttgcecgegg

caggtcatcg

catgacacaa
gcgtcacaac
ttcttgaaga

cctecategte

ggtegettec

tcagcectcea
actttgtttg
ttaaaattte
gaggaattcc
ccaagctgcet
tctgaagtat
aagtcaccaa
gttattgcac
cactgcagag
tttgaaggaa
acccaccgag
catcgectta
¢gcgeggagyg
aatttgaaca
tgcagegttg
gagcaacgcg
gttctccect
tttctecteg
cteccgetece
acggtcctgg
ggctgaaaat
agacccceccte
ctgcggtetg

ggggaaaacg

7/15

ccgcegaaaag
agaagcagcc
atttcagege
tgatttatgce
ttaaactcta
ccgtectgag
cagattttca
cattgtttte
cctetgcaga
gctecttete
acctaaacgc
gcatgccata
actatcgaaa
aaactaccgt
aaagtcgaga
ttectetgeat
tctgtgtgca
caagacgaga
tcacgcaaaa
agcctgaget
gcgctacgeg
caattctctt
cgttegtget
accttgeggt
aaagggcatg
caagccegteg
ccaggtactt
gggaacaacg

ctcgegaate

ccggcagceeg
gagtaaacgg
aacaactctg
ttteatcatc
cttcagtagt
ttctgtcettt
tgtgtactgg
tcaaaatgaa
tttgttttge
taactagatg
accttgggaa
ccegtgagac
aggattccta
gcgegctace
aatcgacgac
gtgcagcatc
tgcattttcg
ctttetecte
tcccaaaacg
gcggtggggg
gcegacgggt
cctttetcetg
ccgetgtgtg
tcccaatttce
tctgecageg
gacgtcgaag
tcggcgggaa
gggaagtgca

ccagccccete

PCT/EP2003/010696
cggtaatacg 60
cgaaggaaat 120
cgggttettg 180
tgcegetcaa 240
tgaaactctt 300
gttgaggaaa 360
aaagtgagat 420
aagtctaaaa 480
atttatatgt 540
ttgaacgcta 600
caactgtgct 660
ataacaacgg 720
ggtttctate 780
tccecgacgtg 840
tgegtctett 900
tgcaagaacg 960
aaaaagaaag 1020
ttccaaactg 1080
ggtggggtgg 1140
cttttgtcge 1200
cttetgggaa 1260
cgtettecte 1320
teccggagtge 1380
gatttttetce 1440
ctcteecectg 1500
agcacattgce 1560
gaagggagaa 1620
caggaaaaat 1680
gactctecege 1740
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agttgttttt
tecteectece
gctegettge
cgcggggatg
gtgacttgcet
cgttectcecece
ggaacaacgc
tgggatccga
cactgaacgg
tgaggacgac
cgatccaatg
aggcaatttt
cgtctgtttt
cttacagatc
tggcaacaag
ctagtttcaa
gctcaagaag
gcctggatac
ttggagaagg
tetttgagaa
cctagatcag
ctcactgcaa
agctctcetge
tccagcaaag
acgttgctcet
aacggcgtcg
ctgtcagecg
gcgegtggaa
ccaagtgegt

ttttttcagg

cgcagtettt
tctgectgagt
ctcacagcecceg
ggctgaagca
cgaggaacca
cgcaaaacct
gttgtgttgt
gecggtcecgaa
ttegettete
atgttttttg
cggcgaaacce
ttcggaggtc
tccattctece
ggcgtcacac
atcctcegta
tcttctegag
gtctgggagt
ggtgtgaggg
aatgacgccg
agaacgtttt
tcgactegtt
cactgtctec
cgtegeecte
tggagttttt
cctetctecee
ctgteccttte
tecaagtgec
gcgactgttc
tttecgaggte

tcttgcececece

tecgecetegyg
ttteccgect
gacctctctg
acgaaacggg
aagaacggga
atccgcaaaa
ttgtgcatac
gacagtctct
ctgtgaaatc
tgaccgtggc
gggggagagt
aaatcacatc
acgttettcet
tgagagactce
tccteaaget
aacactggag
gaaaaacgaa
tagcgeettt
cgtecgtegeg
tcgegtttet
cttgaggagg
cttgaagaga
tccaacatgt
gtatgcgtge
aagtgtatgce
cttegtggeg
tgtctgacct
aagtcctcct
ctccagaccce

gagctgectg

8/15

accgttcage
ctectegtgte
ttgaccaaag
atggacgttt
acgagcggga
atgcctegtt
ctgactgaca
cggaaattcg
aacatggttt
geggeegtte
cattgcacac
tttcgagaag
tgctttitgge
ctteggagtg
ccaaggtagg
gggcggagat
cgcaaatgca
ggcaggagca
agggcgttct
ccgcagtgag
ctggectteg
tttagcgcag
caagaagcac
aatctatgca
tecteegegtt
aactcggtat
ctttectega
ctcatectgtt
ggcgccacca

aggacttgta

ggagatgggg

tcaaaaaagg
cgcececagteg
gtcggtttece
ggaagccggg
tcgecgaactg
cggteectgeg
cgagcggacc
cttgtgeagt
cgegteggeg
gatgaagtcg
tatgaatgca
tgcttgtget
ccgeaggtta
tttacgegtt
cggggcgeag
tggacgttgt
agtgtgaagt
ctgecttece
aggttcecctt
tcagtgtgte
atgctgattt
gttgecttgte
atcgagagcet
tettegtetg
tgtttctcaa
ctceegeatg
tctctaggtt
gtgttctecce

ctacttgatc

PCT/EP2003/010696
acgagaatcc 1800
ctgcagaaat 1860
ggatttcttg 1920
ccgetgtegt 1980
ggaaaatttg 2040
tggacggggg 2100
cgtgggtggce 2160
tactgttgtt 2220
ttaccgaaag 2280
gcaaaccgga 2340
cgaacgacca 2400
tgtggaaggt 2460
tectetggega 2520
aatccgtcac 2580
aagggaaaca 2640
ctcecttecag 2700
atatatgtat 2760
ttgegtetgt 2820
ggtitctectgt 2880
cgaagaggca 2940
tgctgecttet 3000
tectggegtte 3060
tcectetttg 3120
tgctgaageg 3180
gttaaaaaga 3240
atccgatcta 3300
cacatttaga 3360
ctgaagagcg 3420
gactgttctt 3480

aagaaagccg

3540
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PCT/EP2003/010696

tgagegtgeg aaagcacttg gagagaaaca ggaaggacaa ggacgccaag ttcegtetga

ttcttgttga gtctcgaatt caccgtcttg ctegetaca

<210> 4

<211> 2748
<212> DNA
<213>

<400> 4
ctgcegette

acgaatgagc
tcgtacacct
actcagggca
gttgctctct
aaaaggttgg
gcaacccteg
ccgeccagagce
cgtacacgaa
ttettttgte
cgcgaagcetc
cttgttaacg
ggctcggggt
gggcccacag
tcgatgtaat
gggacccete
agataggtgt
gggacaaggc
ctcecctegga
gtccagcatg
gggaaacagyg
gacacagttc
tcecgeactgce
ccagttggca

gtctgcagtc

cttaacctcet
tgaccacttt
tcactgtact
gaggagaagg
tceccaacct
ctaccaagcce
accgcaccgce
ttcecactgtt
tgtccagcac
tgctttctgt
taategccta
tctetaggtt
tcactacgtt
catataaccc
tcectcecaat
ttgggtatge
ctgctgtage
ggttgccceg
ggctcctett
gacgaaaagc
ggatttttgt
tcatccectgt
attgctetct
gattgaagca

tgactcttcce

Toxoplasma gondii

ggaaggggtt
tcctgeatte
cacacccgaa
tgaacatgcc
agatgaaatg
cacatttggt
tgtcgegggyg
ctgacgagta
cagcaagctg
ttttgetgeg
catcccactce
taaagggttt
acaaggaata
ctececggaggce
agccccgage
ccggacagat
ggtgcgcttt
atggatggat
gtggggcacg
agtgggggag
cacgacgage
tttgtccaag
tgagggagaa
gtctacggga

gtattggagc

gaagcttttt
gctggcectg
aacttcagaa
ttccccaatt
aaaccactcg
aagcactctg
tctegacgte
catggatgca
catcacttca
agactgaccy
cttcttecaga
gtgcaccgag
aacaactaac
ttgtattcca
gyatgtcate
gcgecagtga
tttgtgttgce
ggcaaaacca
gcgeatgece
actcccagag
tgtttgtcca
atggcgtega
aaggcecgccg
agatgcacgg

acgcgatgtc

cgcactgaaa
taccggcege
gtcgggettt
ttgececgeag
atcagccatg
gaagatgcgg
gtcecgegtta
ataagcaagt
atcgettggt
agcacgaagce
aatggcaggg
ccgatcacgt
gcacaatcct
gctatcgaaa
tacaagtggc
gatctttaac
atgcatgcat
ctgtgetgea
cagcacaacg
gaaagcgttg
cttttgtgag
ccggcecaacgt
tgaaaacatg
tttaatcatt

tcgttgegtg

cgcgagagac
attctctact
gctgcaggcg
tttgcetegg
tatttececege
cgccacggaa
acatgatgtc
cgtctecact
agcccaacgce
ttacacgaaa
aagctacact
tacggacacg
ggttacattc
aaaaagcaat
agccttggta
ctecegegtaa
caagctggcce
ggcagcagcc
tagcggectt
ccatgcaaag
gtggtaattt
aaggggattc
ctgttctcea
gttgaatttc

tgaaatcgta

3600

3639

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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ctgtctggat
ggtaccaaat
gcgtggagac
tggttccact
tgcegtetge
ctcaatgagt
gtgactceca
gacaagggaa
ccecgactegg
caggcagaat
ggtgtectec
tattgtatga
gtatcttegce
cgctcagegt
ctegaagatg
attattaagc
gcagtgtatg
cgcatgaccc
tggatcccaa
gtccaatgta
gtgcgtgacc
<210> 5

<211> 31

<212> DNA
<213>

<220>
<223>

<400> 5

ctctttgagt
gcttgtttac
tgttaaatca
ccegtegtga
agacttgcaa
tcectetectg
tccgcacaga
ggcgtatecg
ttgagctcectt
cgttgcggta
gccacatcat
ggtaacttga
cggacttttt
gccaagagca
ttecgtcgace
ctcagttacg
tgtgtttttt
ggagggcaaa
gccagagatc
atgagtgatt

gtggagcage

Artificial

primer: SAG3-FW

gaagaacacg
atatttgect
acaaccgcetce
gcagggaacg
aaagagaaag
cacactgtcc
gatcatcatc
cgaattgacg
cgccgagegt
caagcttcta
ggagtccgga
atttagagtg
tcttttecagg
tgaagttcaa
aagcaatccg
tagtaaaggg
ttgcagggtg
cgtggcceeg
cecegttgtge
cgtgegtgac

cgcttaacga

10/15

cggcaggccg
tgtcgagttce
ggagatattg
catggtggge
ttegtcaagg
gaggatgggt
cgcgccacca
teggtegtte
gtggagaacc
aaggggcttg
gctaaaggtg
tgaacaaaaa
ttgcgaggtce
ggatggttac
cteggtgeaa
caatttgtgt
ttcttggtgt
cgaacccgcet
agcctgagga
tgttgattta

aattcgcatg

cgataagctt cgaatctetg aacggatgtg t

<210> 6
<211> 33
«<212> DNA
<213>

Artificial

cagttttttt
ttttgcatgce
tgcgeggcecce
ttttgtggcet
atggtgtctt
actcgggagt
ggactaggga
agaagcgatt
gtggtctgtg
cagtcagacg
agtgctgaca
gcattagtcg
gtcgtgtecg
ctgatctcta
cttegacaag
aggagctagt
tagagtcaag
gceggatact
gatggacgag
tgggaggagg

ctectteg

PCT/EP2003/010696
gcagggcectt 1560
ttttagatat 1620
agcaatgctc 1680
tectgtgtgta 1740
ccaggcggag 1800
tgaagtcecgt 1860
agtgcteggce 1920
cggettegeg 1980
cgccatggea 2040
cgectgetat 2100
aagtgccatg 2160
actgtcacac 2220
gtaaacttcg 2280
ctggagagce 2340
taagtttcaa 2400
atgtacagag 2460
atcatgctge 2520
attatcgtga 2580
ggagtgcteg 2640
gtgtccacat 2700

2748
31
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<220>
<223> primer: TUB5-RV

<400> 6
cgagatctgg gaattcaaga aaaaatgcca acg

<210> 7
<211> 30
<212> DNA

<213> Artificial

<220>
<223> primer: TETAVR5-FW

<400> 7
cgatcctagg atgtctagat tagataaaag

<210> 8
<211> 33
<212> DNA

<213> Artificial

<220>
<223> primer: TETPST3-RV

<400> 8
cgtctgecagt taagacccac tttcacattt aag

<210> 9
<211> 21
<212> DNA

<213> Artificial

<220>
<223> primer: T3

<400> 9
attaaccctc actaaaggga a

<210> 10
<211> 31
<212> DNA

<213> Artificial

<220>
<223> primer: SAGL/1634-RV

<400> 10
cgataagett tcggggggge aagaattgtg t

<210> 11
<211> 27
<212> DNA

<213> Artificial

PCT/EP2003/010696

33

30

33

21

31



WO 2004/026903
12/15

<220>
<223> primer: REV 13A

<400> 11
gcgcceccatg gtgacggaga aaaatcg

<210> 12
<211ls 27
<212> DNA

<213> Artificial

<220>

<223> primer: REV 13B (nested primer)

<400> 12
gggaaccgca aggtgggagc ggagaac

<210> 13
<211> 30
<212> DNA

<213> Artificial

<220>
<223> primer: S13PROMFUS FW

) <400> 13
gcataagctt cctegcagag attgtcecagtg

<210> 14
<211> 31
<212> DNA

<213> Artificial

<220>
<223> primer: S13PROMFUS RV

<400> 14
gcattctaga ggcagacatg ccctttccag g

<210> 15

<211l> 33

<212> DNA

<213> Artificial

<220>
<223> primer: LACZ-AVRII FW

<400> 15
cgatcctagg atgaccatga ttacggattc act

<210> 16
<211> 31
<212> DNA

<213> Artificial

PCT/EP2003/010696

27

27

30

31

33
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<220>
<223> primer: LACZ-PSTI RV
<400> 16
cgatctgecag ttatttttga caccagacca a 31
<210> 17
<211> 50
<212> DNA
<213> Artificial
<220>
<223> primer: S13INSTETO+3FW
<400> 17
ggttcteccee tcaatcecta tcagtgatag agatctcectet tectttetet 50
<210> 18
<211> 50
<212> DNA
<213> Artificial
<220>
<223> primer: S13INSTETO+3RV
<400> 18
agagaaagga agagagatct ctatcactga tagggattga ggggagaacc 50
<210> 19
<211> 51
<212> DNA
<213> Artificial
<220>
<223> primer: S13SUBTETO-23FW
<400> 19
ctacgeggce gacggtccct atcagtgata gagatcttec tcgacgggtt c 51
<210> 20
<211> 51
<212> DNA
<213> Artificial
<220>
<223> primer: S13SUBTETO-23RV
<400> 20
gaacccgteg aggaagatct ctatcactga tagggaccgt cggecgcgta g 51
<210> 21
<211l> 32
<212> DNA

<213> Artificial
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<220>
<223>

<400>

14/15

primer: S13NOTI-FW

21

cgatgecggce gegtcagtge atgacacaac cg

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

<220>
<223>

<400>

22

32

DNA
Artificial

primer: S13SACI-RV

22

gctagagete ctgtaagtecg ccagagaage ac

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

<220>
<223>

<400>

23

23

DNA
Artificial

primer: M13-REV

23

aacagctatg accatgatta cgc

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

<220>
<223>

<400>

24

20

DNA
Artificial

primer: S13CL FW3

24

cgatagtgtg caataacagg

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

<220>
<223>

<400>

25

21

DNA
Artificial

primer: HRCHECK II 5 S13-FW

25

gtcgagtect gtaggttcat c

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

26

21

DNA
Artificial

PCT/EP2003/010696

32

32

23

20

21
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<220>
<223> primer: HRCHECK II S13-RV

<400> 26
ctccgaagga gtctectcagt g

<210> 27

<211> 17

<212> DNA

<213> Artificial

<220>
<223> primer: T7

<400> 27
aatacgactc actatag

<210> 28
<211> 32
<212> DNA

<213> Artificial

<220>
<223> primer: HXGPRT/BGLII-FW

<400> 28
cgatagatct aaaatggcgt ccaaacccat tg

<210> 29

<211l> 31

<212> DNA

<213> Artificial

<220>
<223> primer: HXGPRT/PSTI-RV

<400> 29
cgatctgcag ttacttctcg aactttttge g

PCT/EP2003/010696

21

17

32

31
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