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egnancy indu@isg aceninune response protective against infection
5 caused by Toxoplasma gondii and to the cloning and

expressing of a gene encoding the said protein. The
inventibn further relates to novel vaccines and novel in-
vitro diagnostic methods and kits comprising the said
protein and to their use.

10 _
Toxoplasma gondii is an ubiquitous obligate intracellular

# protozoan parasite which infects mammals and birds.
Although toxoplasmosis is generally clinically asymptomatic
in healthy individuals, it may cause severe complications in

15 pregnant women and immunocompromised patients. If primary

infection occurs during pregnancy, transplacental
transmission can lead to abortion or neonatal malformations
[for reviews see Remington and Kréhenbuhl, 1982; Hughes,
1985]. 1In AIDS patients, Toxoplasma is recognized as a

20 major opportunistic pathogen. In such immunodeficient
individuals, rupture of cysts which persist in the tissues
of the host after a primary infection and release of
proliferative forms of the parasite may cause severe

qP disseminated toxoplasmosis and/or encephalitis. 1In

25 approximately 30 percent of Toxoplasma-antibody-positive

| patients with AIDS, toxoplasmic encephalitis will develop
due to reactivation of their latent infection. Thus, about
25 percent of pétients with AIDS in Belgium, France, and
Germany and 5 to 10 percent of such patients in the United

30 States will contract toxoplasmic encephalitis (McCabe and
Remington, 1988).

The fetus and the newborn are very sensitive to
toxoplasmosis. Infection of the mother during pregnancy and
35 transmission to the fetus can lead to miscarriage, birth of

abnormal children (especially with ocular and cerebral
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Besides its negative impact on human health, the parasite is
also detrimental in sheep and pig farming since abortions
resulting from the infection lead to relatively important

10 economic losses [Beverley, 1976]. A vaccine for controlling

this infectious agent would be of great value and the

‘?’ feasibility of its development is suggested by the fact that

primary infection with Toxoplasma results in specific and

long-lasting immunity against reinfection [Remington and

15 Krahenbuhl, 1982]. However, no effective and safe vaccine
is currently available against toxoplasmosis. The best
available vaccine candidate is a temperature- sensitive
mutant of the highly virulent RH strain (Pfefferkorn and
Pfefferkorn, 1976). This mutant, named ts-4, is currently

; 20 being tested in animals as a live vaccine (Waldeland and

% Frenkel, 1983, Waldeland et al., 1983, Frenkel and

Escajadillo, 1987). However, this potential vaccine has two

main drawbacks.

[ 25 First because it is derived from a highly virulent strain,
the possibility of reversion has to be taken into account in
the evaluation of safety.

Second and more importéntly, because this vaccine consists
30 of the live tachyzoite form of the parasite which is very
unstable in an extracellular environment, the lack of
stability of the vaccine preparation will hamper its
distribution and administration. Thus, a safer sub—ﬁnit
vaccine is clearly needed.
35

In response to infection, immunocompetent hosts mount an

immune response, the humoral component of
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i'nce aboihife@tion to host: women showing serological evidence of
previous infection before the beginning of pregnancy are at

5 no risks of transmitting toxoplasmosis to their fetus.

The immune response against T. gondii involves both humoral
and cellular components [Remington and Krahenbuhl, 1982].
However, in-vitro and in-vivo studies have indicated that

10 cell-mediated immunity plays an essential role in protection
and have identified interferon-gamma (IFN-gamma) as the
_ major mediator of resistance [Frenkel, 1967; Nathan et al.,

‘#’ 1984; Pfefferkorn, 1984; Sethi et al., 1985; Suzuki and
Remington, 1988, Suzuki et al., 1988, 1989; Suzuki and

15 Remington, 1990]. :

When cell-mediated immunity is essential for protection, as
it is the case in toxoplasmosis, the identification of
pathogen antigen(s) involved in the activation of the

20 protective immune mechanism must be done at the T-cell
level. During the last five years, the need for better
prophylactic means to control tuberculosis and leprosy, two

bacterial-borne infectious diseases in which protective

qh immunity is also cell-mediated, stimulated the development
25 of new strategies and techniques to identify T-cell

f antigens. One of them is the so-called "T-cell blot
technique" in which antigens of the pathogen are
size-fractionated in a denaturing polyacrylamide gel,
blotted to nitrocellulose and then tested for reactivity

30 with T-cells of immune or vaccinated subjects [Lamb and
Young, 1987]. Another approach makes use of antigens of the

pathogen cloned and expressed in E. coli, which are also
tested for their T-cell reactivity [Mustafa et al. 1986].

However, in this latter approach, the tested antigen had
35 been previously identified and selected with mouse
monoclonal antibodies. The main limitation of this strategy

is that human T-cells may not necessarily react with the




resulting fromthe infection lead to relatively inportant econom c | osses

[ Beverl ey, 1976]. A vaccine for controlling this infectious agent woul d be
of great value and the feasibility of its devel opnent is suggested by the
fact that primary infection with Toxoplasma results in specific a

| ong-l asting i munity agai nst reinfecti‘on [ Renmi ngton and Krahenbuhl,” 1982].

However, no _effective and safe v | | rent ai | nst:
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two main gr%¥%%g%%sly undetected mycobacterial antigen [Mustafa et

al., 1988]. However, this method becomes impractical in the

case of more complex organisms.

As described herein, we show that T-cell antigens of
10 eukaryotic pathogens can be identified through cloning of
their cDNA in a bacterial expression wvector (Agtll),
screening the obtained library with a pool of sera from
immune subjects, and testing the whole set of
antibody-preselected recombinant antigens in the form of
15 crude lysates for reactivity with a T-cell clone (TLC)

derived from an immune subject.

Using this approach we have identified a 54-kDa antigen of
T. gondii recognized by a human TLC which is of potential
20 value as a vaccine against infection caused by T. gondii.

Where reference is made to a 54-kDa antigen or protein it
should be understood to be to an approximately 54-kDa
J. protein as determined by Western blotting as herein

25 described.

To assist in understanding the invention reference is made

to the Figures hereinbelow in which:

30 Fiqure 1 shows the sequencing strategy for a cDNA clone
known as Tg34. The map of the restriction sites of the Tg34
EcoRI insert used for the construction of unidirectional
deletion clones in pBluescript KSt and the localization of
the sequences corresponding to the synthesized internal

35 oligonucleotide primers (®) are shown. The arrows represent
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First becauselﬁlgshée‘snska!eémédﬂlaédaom a highly virulent strain, the possibility

of reversion h I nto account in the evaluation of safety.
Second and nor
tachyzoite for

because this vaccine consists of the live
_ te which |s very unstable in an ext q Il ul ar

enV|aonnent, the | ack of stability of the vacci ne preparation mn?? %gnper
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| mmune respdmnsgs.t he hunoral conponent of which underlies - 3-

Fiqure 2 shows the nucleotide and deduced amino acid

5 sequence of the Tg34 cDNA clone. The sense strand sequence
and the deduced amino acid sequence of the single long open
reading frame (1620 bp) are displayed. The stop codon is
boxed. Sequences predicted to fold as transmembrane helices
are underlined and a potential signal sequence cleavage site

10 is shown as an open triangle.

The present invention provides a 54-kDa protein which is

jlliﬁ'

reactive with antibodies raised against the recombinant

protein having the sequence shown in Figure 2 or reactive
15 with antibodies obtained by absorption from human serum on

the recombinant protein shown in Figure 2, and immunogenic

derivatives (including mutants) thereof.

It will be understood that the 54-kDa protein according to

20 the invention is purified and or synthetic material and does
not encompass the ‘natural’ 54-kDa of T. gondii. Preferably
the 54-kDa antigen is over 60% pure, more preferably over
70% typically 80-100% especially 90-100% pure.

25 The term "immunogenic derivative" encompasses any molecule

such as a truncated or other derivative of the protein which
| retains the ability to induce an immune response to the

protein following internal administration to a human or to
an animal or which retains the ability to react with

30 antibodies present in the sera or other biological samples
of Toxoplasma gondii-infected humans or animals. Such other
derivatives can be prepared by the addition, deletion,
substitution, or rearrangement of amino acids or by chemical
modifications thereof.

35
Immunogenic fragments of the protein, which may be useful in

the preparation of subunit vaccines or diagnostic tests, may
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The immunogenic derivative of the invention can be a hybrid,
that is, a fusion polypeptide containing additional
sequences which can carry one or more epitopes for other T.
gondii immunogens, or other non-T. gondii immunogens.
Alternatively, the immunogenic derivative of the invention
can be fused to a cérrier polypeptide which has
immunostimulating properties, as in the case of an adjuvant,
or which otherwise enhances the immune response to the 54-
kDa protein or derivative thereof, or which is useful in
expressing, purifying or formulating the 54-kDa protein or
derivative thereof.

The invention also extends to the 54-kDa protein or
immunogenic derivative thereof when chemically conjugated to
a macromolecule using a conventional linking agent such as
glutaraldehyde (Geerlings et al, (1988) J. Immunol. Methods,
106, 239-244).

A further aspect of the invention provides a process for the
preparation of the 54-kDa protein or an immunogenic
derivative thereof according to the invention, which process
comprises expressing DNA encoding said protein or derivative
thereof in a recombinant host cell and recovering the
product, and thereafter, optionally, preparing a derivative
thereof.

A DNA molecule comprising such coding sequence forms a
further aspect of the invention and can be synthesized by
standard DNA synthesis techniques, such as by enzymatic
ligation as described by D.M. Roberts et al in Biochemistry
1985, 24, 5090-5098, by chemical synthesis, by in vitro
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t the T-cell Ie Iast five years, the need for better
rophyl actic nea ubercuIQ?ls and | eprosy, two bacteré {5 borne
nf ecti ous dlseases |n mhlch protective' imunity is also ceII-ned|5$

tinmul ated the develo nt_of new strategies a1 entlfy
-cel | anBPFIFRt I P YRFRehF ISt Phe 35 IFe&Qd%ﬁﬁﬁ %gﬁo§§ﬁ%&ﬁ%?que in
i ch ant icgeniefudde pat hogen are size-fractionated in a denaturing
ol yacryl am de gel, blotted to nitrocellulose and then tested for
eactivity with T-cells of imrune or vacci nated subjects [Lanb and Young,
987] . Ag@ﬂyymaﬁmﬁ(pﬁiym§$£5aw36noéfanNAgmag tfe tdeerpiatchoysnh b qnkdrand
Xpresse :
P dglng a(ﬁﬁA g%ﬂ§ﬁ%9£§éaé38h as DNA polymerase I (Klenow
fragment) in an appropriate buffer containing the nucleoside
triphosphates dATP, dCTP, dGTP and dTTP as required at a

temperature of 10°-37°C, generally in a volume of 50ul or

t is the case in toxo I the I dentification of pathogen antigen(s)
nvol ved in the e protective i mune nechani sm nust be done

less. Enzymatic ligation of DNA fragments may be carried
10 out using a DNA ligase such as T4 DNA ligase in an
appropriate buffer, such as 0.05M Tris (pH 7.4), 0.01M

‘h. MgClz, 0.01M dithiothreitol, 1mM spermidine, 1lmM ATP and

0.1mg/ml bovine serum albumin, at a temperature of 4%c to

ambient, generally in a volume of 50ul or less. The

15 chemical synthesis of the DNA polymer or fragments may be
carried out by conventional phosphotriester, phosphite or
phosphoramidite chemistry, using solid phase techniques such
as those described in ‘Chemical and Enzymatic Synthesis of
Gene Fragments - A Laboratory Manual’ (ed. H.G. Gassen and

20 A. Lang), Verlag Chemie, Weinheim (1982),o0r in other

R e B e et aTe e e

scientific publications, for example M.J. Gait, H.W.D.
Matthes, M. Singh, B.S. Sproat, and R.C. Titmas, Nucleic
Acids Research, 1982, 10, 6243; B.S. Sproat and W.

‘.‘b Bannwarth, Tetrahedron Letters, 1983, 24, 5771; M.D.

25 Matteucci and M.H Caruthers, Tetrahedron Letters, 1980, 21,
719; M.D. Matteucci and M.H. Caruthers, Journal of the
American Chemical Society, 1981, 103, 3185; S.P. Adams et
al., Journal of the American Chemical Society,13983, 105,
661; N.D. Sinha, J. Biernat, J. McMannus, and H. Koester,

30 Nucleic Acids Research, 1984, 12, 4539; and H.W.D. Matthes
et al., EMBO Journal, 1984, 3, 801.

Alternatively, the coding sequence can be derived from T.
gondii mRNA, using known techniques (e.g. reverse
35 transcription of mRNA to generate a complementary cDNA

strand), and commercially available cDNA kits.
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tested for their T-cell reactivity [Mustafa et al. 1986]. However, in this
| att er approach, the tested antigen had been previously identified and

sel ected with nouse nonocl onal antibodies. The nain limtation of this
strategy is that human T-cells nmay not-&wecessarily react with theB3123.-
sane antlggn as do a limted subset of nouse antibodies. To overcone this
probl em dReappvERdiqhviet idly 1iBited peoFBeorPredsitidadit dimcdmsedol e

library fQeqiRadd,Vidut Widida&s! A1t! ﬁ@féc%és%@&‘iﬁ%d £ tald @edgae
i dentification of a prevjously undetected nmycobacteriral antigen [ Mustafa et

al ., 1988Prot&iay &L ari et dERn be caREsvakpracthesecitn tarq;edescrlbed
above.

Accordingly the invention provides a recombinant DNA
molecule comprising:

(a) at least a portion of a DNA sequence represented
10 by the sequence shown in Figure 2;

i“. (b) a DNA sequence which is degenerate as a result of
the genetic code to the above sequence; or

15 (c) a DNA sequence which hybridises under stringent
conditions to the complementary sequence of the above

sequence;

the said recombinant DNA molecule encoding a protein:

20
(i) capable of being recognised by antibodies in the
sera or other biological samples of T.gondii infected
humans and animals; or
| 2y (11) capaple vi raising ancipodies iuv.iuwiilg 1lLNTErNEL

administration to a human or animal.

The invention also provides a recombinant DNA molecule
comprising the complementary sequence of the sequence
30 defined under (a) (b) or (c) above.

The invention also relates to nucleic acids comprising
nucleotide sequences which hybridize with the above
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case of nore conplex organisns. As described herein, we show that T-cel

antigens of eukaryotic pathogens ‘can be identified through cloning of their

cDNA in a bacterial expression vector ([err]gtll), screening the obtained

library with a pool of sera fromimune _subjects, and testing the mhoég set
e

of anti body-presel ected reconbi nant aan@ens in the-form of crude P?% S

Usi ng ¢ i st Shel RucieBlial Batehicds SHaAE e PR fTr iRy §eRanbeRt
recogni zedhpyradhaabhoml Condiighions :of potential value as a vaccine agai nst
o prot e n TYBERaEYat ol ARk anl Yl B RS T B Fr el e R o1 ot el n
as det er mi aedtagnyesbenh bl st SSRE ASIRB e 0.18 M NaCl, 0.01 M sodium
5 phosphate, 0.001 ethylenedinitrilo tetraacetic acid pH 7.7),
0.1% bovine serum albumin, 0.1% Ficoll, 0.1%
' polyvinylpyrrolidone, 0.5% sodium dodecylsulfate and about
0.1 mg/ml sheared denatured salmon sperm DNA,
-wash medium: a preferred wash medium contains about 1 x
10 SSPE, 0.1 sodium dodecylsulfate,
-hybridization temperature (HT) and wash temperature (WT)

b for the nucleic acids of the invention are HT = WT = 65°C.
These temperatures are to be considered as approximately %
5°cC.

15 It is also to be noted that in the above defined nucleic
acids, as well as in the hereafter defined nucleic acids,
the nucleotide sequences which are brought into play are
such that T can be replaced by U.

20 DNA-which encodes mutants of the 54-kDa protein may be
prepared by site-directed mutagenesis of the c¢cDNA which
codes for the 54-kDa protein by conventional methods such as
those described by G. Winter et al in Nature 1982, 299,

,‘) 756-758 or by Zoller and Smith 1982; Nucl. Acids Res., 10,
25 6487-6500, or deletion mutagenesis such as described by Chan
and Smith in Nucl. Acids Res., 1984, 12, 2407-2419 or by G.

Winter et al in Biochem. Soc. Trans., 1984, 12, 224-225.

The process of the invention may be performed by

30 conventional recombinant techniques such as described in
Maniatis et. al., Molecular Cloning - A Laboratory Manual;
Cold Spring Harbor, 1982-1989.

In particular, the process may comprise the steps of:
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described. To assi st
t he Figures hereinbel ow in which:

i n understanding the invention reference is nade to
Figure 1 shows the sequencing strategy

for a cDNA clone known as Tg34. The map of the restricti.on sites of the

Tg34 EcoRlI insert used for the constru;%lon of unidirectional
clones in pBluescript KS + and the |oc

shown.

cor respondi ng 40 tjaeegxgmgsazwp%&tc%%&a%
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onucleotl
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nucl eoti de s readi wgstor capable, in a host cell,
polymer comprising a nucleotide sequence that
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25
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35

del e o,

|zat|on of the sequences

adreBRrgpeigh ) *°

of expressing a DNA

encodes said 54-kDa protein or an immunogenic

derivative thereof;

ii) transforming a host cell with said wvector:

iii) culturing said transformed host cell under

conditions permitting expression of said DNA

polymer to produce said

iv) recovering said protein.

The term ’'transforming’ is used herein to mean the
introduction of foreign DNA into a host cell by.
transformation, transfection or infection with an

appropriate plasmid or viral vector using e.g.

protein;

and

conventional

techniques as described in Genetic Engineering; Eds. S.M.

Kingsman and A.J. Kingsman; Blackwell Scientific
Publications; Oxford, England, 1988.

The term

’transformed’

or 'transformant’ will hereafter apply to the resulting host

cell containing and expressing the foreign gene of interest.

The expression vector is novel and also forms part of the

invention.

The replicable expression vector may be prepared in

accordance with the invention, by cleaving a vector

compatible with the host cell to provide a linear DNA

segment having an intact replicon,

and combining said linear

segment with one or more DNA molecules which, together with

said linear segment encode the desired product,

DNA polymer encoding the S54-kDa protein,

thereof, under ligating conditions.

such as the

or fragments
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Figure 2 shows the nucl eotide and deduced am no acid sequence of the Tg34
cDNA clone. The sense strand sequence and the deduced am no aci d sequence
of the single |ong open reading frame (1620 bp) are displayed. The stop
codon i s boxed. Sequences predicted to %old as transnenbrane heli He
underlined and a potential signal sequ% ce cleavage site i s shown as “an

open triapgl.e. ' r a b4-k S
reactive %ﬂyg'a£?§%2%§§3ﬂ$5$@%§qgggpﬁgt8¥%g8?@88n8|n2%59%$%?%?%%ﬂ%8?ﬁ% t he
sequence shostriuctBioguref Xhe veckerveasi dasameidbodi es obt ai ned by
absorption from human serum on the reconbi nant protein shown in Figure 2,

and i nmunogeni ¢ derivatives (including nutants) thereof. It wll be
under st oo@hehghotilee £ RECiDOrW bl dee oddtagmioedhdn paatt bon the hasti ed

and or %ygéﬁﬁﬁ'%dT@ﬂﬂﬂé§ ﬁg"LfEEEEyotic or eukaryotic. Suitable
vectors include plasmids, bacteriophages, cosmids and

recombinant wviruses.

The preparation of the replicable expression vector may be
10 carried out conventionally with appropriate enzymes for

restriction, polymerisation and ligation of the DNA, by
qﬁ. procedures described in, for example, Maniatis et al cited

above,

15 The recombinant host cell is prepared, in accordance with
the invention, by transforming a host cell with a replicable
expression vector of the invention under transforming
conditions. Suitable transforming conditions are
conventional and are described in, for example, Maniatis et

20 al cited above, or ’‘DNA Cloning’’ Vol. II, D.M. Glover ed.,
IRL Press Ltd, 1985.

The choice of transforming conditions is determined by the
jh' host cell. Thus, a bacterial host such as E. coli may be

25 treated with a solution of CaCl, (Cohen et al, Proc. Nat.
Acad. Sci., 1973, 62, 2110) or with a solution comprising a
mixture of RbC], MnClz, potassium acetate and glycerol, and
then with 3-[N-morpholino]-propane-sulphonic acid, RbCl and
glycerol. Mammalian cells in culture may be transformed by

30 calcium co-precipitation of the vector DNA onto the cells.

The invention also extends to a host cell transfo:med with a

replicable expression vector of the invention.

Culturing the transformed host cell under conditions

35 permitting expression of the DNA polymér is carried out
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not enconpasah%g IR BbUn®eplaced- kDa of T. gondii. Preferably the 54-kDa
antigen is ove re preferably over 0@6typical|y 80- 100%
especially QO-B E&“M’M term "i mmunogeni ¢ derivative" enconpasses any
nmol ecul e such

or ot her gsilvatlve of the protein mhhgg
retains the ability to induce an i mun esponse to the proteln fo aPng
I nternal adm.nistr ?unan r tqQ_an aninal or h refains th
ablllty1x993%ﬁﬂt%§%%fg%tl%%d 82°pH ?gnﬁﬁ’ %ﬁﬁ@?%ﬁ' ﬂ%fa%f8I%5l
sanpl es ohﬁﬂnaﬂmwmnalgmndgf'|oleededbbuﬁansmmusynpﬁéfEréhby ﬁhbetell
derivatives, c e d th % |t|o del etion, substitution,
rearranger?esnt ucﬁgfré)é]o‘pg%? SQ%F %§t 91 ‘fl%tataf o‘?‘n%m??l’é?g‘dfe
| munogenibe¥owgh®?ts of the protein, mhlch may be useful in the
ﬁreparatgon of subunit vaccines or diagnostic tests, nmay
The product is recovered by conventional méthods.according
to the host cell. Thus, where the host cell is bacterial,
such as E. coli it may be lysed physically, chemically or
enzymatically and the protein product isolated from the
10 resulting lysate. Where the host cell is mammalian, the
product may generally be isolated from the nutrient medium

- or from cell free extracts. Conventional protein isolation
techniques include selective precipitation, absorption
chromatography, and affinity chromatography including a

15 monoclonal antibody-éffinity column.

Preferably, the host cell is E. coli. Alternatively, the
expression may be carried out in insect cells using a
suitable vector such as the Baculovirus.

20 T
The novel protein of the invention may also be expressed in

yeast cells.

5*5 The vaccine of the invention comprises an immunoprotective
25 amount of the 54-kDa protein or an immunogenic derivative

thereof according to the invention. The term
/f* immunoprotective’’ réfers to the amount necessary to
elicit an immune response against a subsequent T. gondii
challenge such that disease is averted or mitigated, and/or

30 transmision of the disease is blocked or delayed. In the
vaccine of the invention, an aqueous solution of the protein
can be used directly. Alternatively, the protein, with or
without prior lyophilization, can be mixed or absorbed with

any of the various known adjuvants. Such adjuvants include,

35 but are not limited to, aluminium hydroxide, muramyl

dipeptide and saponins such as Quil A. As a further




r
-6- be prepared by expression of the appropriate gene fragnents or by
peptide synthesis, for exanple using the Merrifield synthesis (The
Peptides, Vol 2., Academ c Press, NY, page 3). The i munogenic derivative
of the invention can be a hybrid, thajsis, a fusion polypeptide gppigg ning
addg;ional sequences whi ch can carry one or nore epitopes for other T.
gondii i é?*gg n ogen I el t he
|mrunoge%‘|§£c%ﬁl e(rg"l atlve 0 J“h‘gé)l nt}e%%ﬁt%é}ﬁngéﬂf gg gnf?ptg%cl%%ﬁde/r v

pol ypept wd&hiii otiarepantiiies isudhtasgl ppopenmeses, Iasviel @fetd®e of an

adJuvantexemplary alternative, the protein can be conjugated to an

immunostimulating macromolecule, such as killed Bordetella

5 or a tetanus toxoid.

Vaccine preparation is generally described in New Trends and

Developments in Vaccines, Voller et al. (eds.), University

Park Press, Baltimore, Maryland, 1978. Encapsulation within
10 liposomes is described by Fullerton, US Patent 4,235,877.
Conjugation of proteins to macromolecules is disclosed, for
example, by Likhite, US Patent 4,372,945 and Armor et al.,
H US Patent 4,474,757,

15 Use of Quil A is disclosed by Dalsgaard et al., Acta Vet
Scand, 18:349 (1977).

The amount of the protein of the present invention present
in each vaccine dose is selected as an amount which induces
20 an immunoprotective response without significant, adverse
side effects in typical vaccines. Such amount will vary
depending upon which specific immunogen is employed and
whether or not the vaccine is adjuvanted. Generally, it is
$ expected that each dose will comprise 1-1000 ug of protein,
25 preferably 1-200 Mg. An optimal amount for a particular

vaccine can be ascertained by standard studies involving
observation of antibody titres and other responses in
subjects. Following an initial vaccination, subjects will
preferably receive a boost in about 4 weeks, followed by
30 repeated boosts every six months for as long as a risk of

infection exists.

A further aspect of the invention provides a method of
preventing T. gondii infections in humans, or preventing
35 congenital transmission in humans or animals, which method
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'or whi ch g hef i B&ﬂ&%ﬁ&g& the i mune response to the 54- kDa protein or
derivatiwve rch I's useful in expressing, purifying or
fornulatlng otein or derivative thereof. The invention al so
ext ends to teln or inmunogeni c derivative thereof when
chemical ly conjugated to a macronol eculé@-usi ng a conventional |inkB3k2agent
such as gl utargl dehyde (CGeerlings et al, (1988) J. Imunol. Methods, 106,
b39- 244) | CRMAFASRS alipRIskrring ‘Fﬂv%nFPBﬁeEFO\‘/’lrdé‘éué‘adr deesiesdr t he
repar at i @hedledharb4minsyoh 8641 Dy aBrkBRYRA0AMMEed ¥ Al & 4 has gof
éccordlng to the I nvention, which process coggrlses expressi ng DNA encodi ng
bai d pr ot EFREEUAN iqr %‘W%Hl’é‘bﬁieﬁ‘hcad?éééf Evgntthegsofoelqr A 2

ecover i ngalckan® dHidccordhndereath efhe ORhBRRLY,. Preparing a derivative

5
The invention also relates to a process for detecting in-

vitro antibodies related to Toxoplasma in a human or animal

biological sample liable to contain them, this process

comprising

10 - incubating the biological sample, liable to contain
antibodies against the parasite, with a suitable amount of
i'i the 54-kDa protein or of an immunogenic derivative thereof
r according to the invention under conditions which allow the

formation of an antigen-antibody complex and
15 - the in-vitro detection of the antigen-antibody complex

which may be formed.

Preferably, the biological medium is constituted by human
serum.

20
The detection can be carried out according to any classical

process.

lﬁ By way of example a preferred méthod brings into play an

25 immunoenzymatic process according to ELISA technique as
‘described for example by Engvall, E. and Perlmann, P.,
Immunochemistry, 8:871-874, or radioimmunological or

immunofluorescent or immunochemiluminescent techniques or
the equivalent ones.
30
Such a method for detecting in-vitro antibodies related to
toxoplasmosis comprises for instance the following steps:
- deposit of determined amounts of the S54-kDa protein or of
an immunogenic derivative thereof according to the invention
35 in the wells of a titration microplate, generally.this PO

i . | THis brecs S BEEN |
amount will comprise 0.1 to 1 pug of protein. ! ) L8 b




»

t hereof . A DNA nol ecul e conprising such codi ng sequence forns a further
aspect of the invention and can be synthesized by standard DNA synthesis
techni ques, such as by enzymatic ligation as described by D.M Roberts et
al in Biochem stry 1985, 24, 5090-5098, by chemical synthesis, by in vitro
-7- enzymatic polynerlzatlon or by a“ééﬁblnatlon of these techn| 25

Enzymati c polynerisation of DNA ma % be_carried out in Vlt usj
pol yner as€ s RIS O Ive? a8l Vkﬂéﬁoﬂffﬂ&&ﬁﬁﬂ%lQQ1 é%n? bie

buf fer cort@d Wi ddicdlcsansideto be tested,
~ incubation of the microplate,

- repeated rinsing of the microplate,

5 - .introduction into the wells of the microplate of labelled
antibodies against the immunoglobulins of the animal species
from which the biological sample was derived,
~ the labelling of these antibodies being carried out by
means of an enzyme which is selected from among the ones

10 which are able to hydrolyze a substrate and modify the
absorption or emission of light by this latter at least at a

“i given ﬁavelength,
-~ detection and quantification by comparing with a control

standard of the amount of hydrolysed substrate.

15
The invention also relates to a method for the in-vitro
diagnosis of toxoplasmosis, including congenital
toxoplasmosis, in a patient liable to be infected by
Toxoplasma gondii comprising:

20 -— contacting a biological sample taken from a patient with
the 54-kDa protein of the invention or a derivative thereof
according to the invention, under conditions enabling an in-

vitro immunological reaction between said protein or

*5_ immunogenic derivative and the antibodies which are possibly
1 25 present in the biological sample and

- the in-vitro detection of the antigen-antibody complex
which has possibly been formed.

To carry out the in-vitro diagnostic method for
30 toxoplasmosis in a patient liable to be infected by
Toxoplasma gondii, the following items or kit can be used,

said items or kit comprising:
- the 54-kDa protein or an immunogenic derivative according

to the inventicn,
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tri phosphat es dATP, dCTP, dGIP and dTTP as required at a tenperature of
10[err]-37[err]C, generally in a volune of 50[err]l or less. Enzymatic
ligation of DNA fragnents nmay be carried out using a DNA |igase such as T4
DNA [igase in an appropriate buffer, Z ch as 0.05M Tris (pH 7.4),g8; H4M
MGl [err], 0.01Mdithiothreitol, 1M %ermdlne 1mM ATP and O 1ng/ m

bovi ne Sgru?ﬁ%&;A%%]f°fum€k§§@¥%;ﬁéﬂismog %k& Hﬁ; éﬁg% , generally in

a vol unme of em caFFs theS|s DNA pol ymer or
fragnentimm@ndﬂpgxnalexbamniQW toneequirenal phosphotrlester phosphite or

h h d h

oscri bed | SIS ARt indy! 80 SO HoPBR0 Bnke St (LTS, P LAy
LaboratocpmﬁmHKHthehiha$(DeiﬂsBEﬂdanedAbYL&h@)lmmnﬂQkP e, Wi nhei m
(1982), or Jnotdler Sl tddSnPyPlbfiehi ARy 0N BARI dlanf@idy H WD.

physico-chemical measurement methods, such as those known in

the art.

The examples which follow are illustrative but not limiting

10 of the invention.
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Matthes, M Singh, B.S. Sproat, and R C. Titmas, Nucleic Acids Research,
1982, 10, 6243; B.S. Sproat and W Bannwarth, Tetrahedron Letters, 1983,
24, 5771; M D. Matteucci and MH Caruthers, Tetrahedron Letters, 1980, 21
719; M D. Matteucci and M H Caruthers, Journal of the American Ch gi%%
Soci ety, 1981, 103, 3185; S.P. Adans etL &T., Journal of the Aneric§ 1
Chem cal _fé§é¥$$283 105, 661; N.D. Slnha J. Biernat, J. McMannus, and
H. Koester Aci ds Research, 1984, 12, 4539; and H WD. Matthes et
al ., EMBO Journal, 1984, 3, 801. Alternatlvely, t he codi ng sequence can be
~derived fromT. ggr techni ques (e.g. reverse
transcri ption of HRRE Fefrere | ementary cDNA strand), and
comrercially available cDNA klts

i

% 5 A.1. Reagents and cell culture medium

Bovine serum albumin (BSA), polyoxyethylenesorbitan
monolaurate (Tween 20), diaminobenzidine, nitro blue
tetrazolium, and 5-bromo-4-chloro-3-indolyl-phosphate were

10 obtained from Sigma (St. Louis, MO, USA).
Isopropyl-P-thiogalactopyranoside (IPTG),
; anti-B-galactosidase monoclonal antibody (MAb) and E. coli

? strains Y1090(r-) and Y1089(r-) were purchased from Promega
(Leiden, The Netherlands). EcoRI linker (d5’-CCGAATTCGG-3’')

15 was from Bethesda Research Laboratories (BRL, Gaithersburg,
MD, USA). T4 DNA ligase and T4 DNA polymerase were from
Boehringer Mannheim (Brussels, Belgium). Restriction
enzymes were from Boehringer Mannheim or New England Biolabs
(Beverly, MA, USA) and were used according to the

20 manufacturer’s recommendations. Reagents for cell culture
were obtained from Sigma, Flow Laboratories (Brussels,
Belgium) or GIBCO (Ghent, Belgium). Fetal bovine serum was
purchased from Sera Lab (Crawley Down, Sussex, Engiand).

ﬁ Anti-~HLA-DR (clone L243), anti-Leu-10 (anti-HLA-DQ, clone

| 25 SK10), and anti-HLA-DP (clone B7/21) MAbs were obtained in

purified form from Becton Dickinson (Erembodegem, Belgium).

For inhibition experiments, they were dialyzed extensively
against RPMI culture medium to eliminate sodium azide and
sterile filtered.

30
A.2. Parasites and antigens

The RH [Sabin, 1941] and Wiktor (Francois et al., 1963]
strains of T. gondii were maintained by serial passage in
35 the peritoneal cavity of Swiss mice and tachyzoites were
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-8- The invention is not limted to the specifically disclosed sequence,
but includes all nolecules coding for the 54-kDa protein or an inmunogenic
derivative thereof, as described above. Accordingly the invention provides
a reconbi nant DNA nDIecuIe conpri sing_ a) at |east a portion of

sequence represented by the sequence s%omn in Figure 2; (b) a DNA sequence

whi ch is HE A B | Chfﬁ&g gér%gﬁéb‘i ‘Z:%Qﬁ d??é’v&s ce,

or (c) a sequence S un strlnge t con lons 10 t e
conpl ementiar-widm dic AT icdR ggge@ Monkey Kidney Cells (AGMK cells,

Flow Laboratories) as described by Hughes et al. (1984).
Briefly, 3 x 107 freshly obtained tachyzoites were used to

2 culture

5 inject a confluent culture of AGMK cells in a 150cm
flask. Two days later, virtually all the host cells had
lysed and the tachyzoites were harvested, washed 3 x with

PBS and stored at -80°C.

10 The Gangji strain was isolated in 1984 at the Pasteur
Institute of Brabant from the placenta of a woman who

seroconverted during pregnancy. This strain induces a
chronic infection in the mouse and has been maintained by
passage of brain suspension from chronically infected mice
15 into the peritoneum of fresh mice at one-year intervals.
Gangji strain tachyzoites were collected from the peritoneal
cavity of mice infected 6-8 days earlier with a
cyst-containing brain suspension and treated with cortisone
[De Meuter et _al., 1975]. After washing, tachyzoites were
20 stored at -80°C until use. The soluble fraction of the
sonicates of tachyzoites (F3) and of peritoneal exudate of

control uninfected mice was prepared as described below.

A.3 Preparation of soluble antigenic fraction F3

2 x 10° purified RH tachyzoites were suspended in 10ml of
PBS pH 7.2 + 5 mM PMSF, sonicated on ice for 5 min at 50 W
(Labsonic 2000, Braun) and centrifuged at 100,000 g at
4-10°C for 40 min. The supernatant was saved and the pellet
30 was resuspended by sonication in 10ml of PBS pH 7.2. After
centrifugation for 30’ at 100,000 g, the supernatant was
pooled with that obtained after the first centrifugation.
This pool was named F3. Protein concentration in F3 was
determined by the Bradford method (Protein aésay, Bio-Rad,
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sequence; the said reconbi nant DNA nol ecul e encoding a protein: (i) -capable
of being recognised by antibodies in the sera or other biological sanples
of T.gondii infected humans and aninmals; or (ii) capable of raising

anti bodi es foll owi ng internal adninispg%%lon to a human or animal. g3hec
hvention al so provides a reconbi nant nol ecul e conprising the

[
cpnpl enentﬁ‘gﬁ(cﬁégueﬁﬁﬁ)ofﬁtsh% Seg e%csesq:q |d8dy under (a) (b) or (c) above.
The invention alsb relafe$ to°nucl ei ¢ aci ds conpri sing nucl eotide sequences
whi ch hybridize with the above _

A.4. Immune sera and antibodies

5 Sera from chronically infected/immune subjects were selected

among samples referred to the Pasteur Institute of Brabant

for diagnostic purposes. These sera were tested by the

modified Sabin-Feldman dye test [Lelong and Desmonts, 1951]

é and by indirect immunofluorescence with apti-human

10 IgM-labelled antibody [Remington et al., 1968]. A pool was
made up of sera containing high titers of anti-T.gondii IgG
and no detectable IgM. A pool of sera of Balb/c mice
chronically infected with the virulent Wiktor strain as

described below was also used in some experiments. Both

15 sera were depleted of anti-E. coli antibodies by passage
through a CNBr-activated sepharose column (Pharmacia,
Uppsala, Sweden) to which a mixture of lysates of induced
¥1089(Lgtll) lysogen and Y1090 had been bound following the
manufacturer’s recommendations. The IgG fraction was then

20 isolated from the pre-absorbed sera by DEAE Affi-gel Blue
gel column chromatography (Bio—-Rad, Richmond, CA, USA)
following the manufacturer’s instructions. Aliquots of the

IgG preparations were stored at -20°C until use.

25 A.5. Infection of mice

Balb/c mice were injected i.p. with 5 x 104 tachyzoites of
the virulent Wiktor strain. They were given trimethoprim
1.6 mg/ml-sulfamethoxazol 8 mg/ml in drinking water for two
30 weeks and 80 ug trimethroprim-400 pg sulfamethoxazol i.p.
twice a day from.day 12 to day 18. 2 of 7 mice survived the
infection. Mouse No.l was then boosted with the following

doses of F3: 2ug i.p. at day 39, 100 pg i.p. at day 42 and
100 pug i.v. at day 43. Mouse No.2 was boosted with 1 ug F3
35 i.p. on day 270 and 50 g F3 i.p. and 50 pg F3 i.v. on day
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-9- nmentioned nucl eoti de sequences under the folloiwng stringent
hybri di zation conditions: -hybridization nmedium a preferred hybridization
medi um contai ns about 5 x SSPE (SSPE = 0.18 M NaCdl, 0.01 M sodium
phosphate, 0.001 ethylenedinitrilo tetr cetlc aci d pH 7.7), 0.1% Raybre

serum al bumin, 0.1% Ficoll, 0.1% pol yvinyl pyrrolidone, 0 5% sodi um
dOdeCy|SU|iﬁ%e ag8rabQute0cd17RY a éE?ﬁgl
-wash medium a preferreg ﬁash ﬁggFigﬁbéﬁg%?ﬁE%%% ?7 PE 0. 19§§d|um

dodecyl sul fate, -hybridization tenperature (HT) and mash tenperature (W)

for the nuglelc agkdiadlohgr BuentehAr eol'éfoa Q{% lg?iéaflseligese

tenperatures are T0 be considered as rTC. _
| (PBMC) |

5
PBMC were isolated from heparinized blood of healthy donors
by Ficoll-Paque (Pharmacia, Uppsala, Sweden) in accordance
with the manufacturers’ instructions. Cells were washed
with Hanks’ Balanced salt solution (HBSS) before further

10 processing. For stimulation of the clones and their use as
antigen presenting cells (APC) in proliferation assays,

lri cells were irradiated (3000 rad, 60co irradiator) and

cryopreserved until use.

15 A.7. T-cell clones

The isolation and characterization of the human TLC specific
for T. gondii is described below. They were derived from a
chronically infected/immune donor whose seroconversion had

20 occurred at least one year before the beginning of the
study.

A.8. Isolation of human T-cell clones

25 1ml PBMC (1 = 106 cells/ml) was stimulated in-vitro with 30
Kg/ml of the antigen F3 in a 24-well tissue culture plate
(Costar, Cambridge, MA, USA) and incubated at 37°C in a
humidified atmosphere containing 5% CO, in air. Seven days
later, after washing, 105 cells were restimulated with 5 x

30 105 fresh autologous irradiated PBMC, 30 pg/ml of F3, and 5
U/ml of recombinant IL-2 (rIL-2, Boehringer, Mannheim, FRG)

in 1ml of medium in 24-well plates. On day 7, blasts were
recovered by Ficoll-Paque and cloned by limiting dilution
(20 cells/well) in a final volume of 200{l of medium in

e
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't is also to be noted that in the above defined nucleic acids, as well as
In the hereafter defined nucleic acids, the nucleotide sequences which are
brought into play are such that T can be replaced by U DNA which encodes
mut ants of the 54-kDa protein may be prepared by site-directed nmuta sis
of the cDNA which codes for the 54-kDa2irotein by conventional ﬁgag such
as those described by G Wnter et al in Nature 1982, 29 75 ? Sr by
Zol ler and®@&iehl 1682yS NIEPStAR) dénRebe, PrEsemsy-S500 VP F of Hhin

mut agenesnamu@ft@ér dsﬁeawaeugyﬂaal%%asfﬁéﬁt ' m@@%el%/ﬁélﬁm F3984,
12, 2407-2419 or Zb o @n er in Biochem Soc.

224-225. THD p ﬂaéogﬁx)@m éﬁrﬁﬁyaﬁ@dp&meﬁrr%o f%%%%Z‘ﬁ?Hai

rieconbi narg h{@&m;ﬁy&&ﬁeghﬁls (BBRCT 1hado v MR Atdsostk - selutidhl ecul ar
oning - aporatory Manual

5 provided by the manufacturer [Pharmacial). One week later,
medium was changed and rIL-2 was added. This step was
repeated every 4 days thereafter. After 2 weeks, growing
clones were screened and transfered to 24-well plates
together with either autologous irradiated PBMC + F3 or

10 allogeneic irradiated PBMC + PHA.

* A.9. Maintenance of T-cell clones

The TLC have been maintained in long term culture by

15 stimulation every 2-3 weeks in the presence of allogeneic
irradiated PBMC, 1% (v:v) phytohemagglutinin, M form (PHA,
GIBCO) and 5 U/ml recombinant IL-2 (rIL-2, Boehringer
Mannheim) in RPMI 1640 medium supplemented with L-glutamine
(2 mM), sodium pyruvate (1 mM), non-essential amino acids

20 (0.1 mM), HEPES (15 mM), B-mercaptoethanol (5 x 10-° M),
penicillin-streptomycin (50 IU/ml), and 10% fetal bovine
serum. After 4 days, T-cells were washed and supplied with
rIL-2 (5 U/ml). rIL-2 was added every 4 days. For
proliferation assays, T-cells were used at least one week

25 after restimulation and 4 days after the last rIL-2
addition.

A.10. B-lymphoblastoid cell lines (B-LCL)

30 The B-LCL DOC3, JAH, MS7, P5493, RAG and HID were obtained
from the European Collection of Animal Cell Cultures (ECACC,
Porton Down, Salisbury, UK); J1066 and J929 were obtained
from the European Collection for_Biomedical Research (ECBR,
Istituto Nazionale per la Ricerca sul Cancro, Genova,

35 Italy). The autologous B-LCL was isolated as previously
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Cold Spring Har ora Q %cetd89. In particular, the process may conprise the
steps of: Ths She arlng a replicable or integrating expression
vect or cap mu “M cell, of expressing a DNA pol yner conprising a

nucleotlde encodes sai d 54-kDa protein or an inmmunogenic
derivative thereof; ii) transfornmng a-2®t cell with said vector; B3125
iii)culturing said transforned host cell under conditions pern1tg|ng
expr essi on AFSEEIRPONReAE Y@t 2d.pr 9868 -saBdiefinot @BMCahd x 10

cells/2004l) were incubated in culture medium containing 30%
(v:v) of B 95-8 cell line supernatant for 24 h in 96 well U-
bottomed culture plates. The medium was then replaced by
fresh medium and after 2 - 3 weeks growing cultures were
pooled and further expanded. Cells were irradiated (5000

U
[¢,]

rad) and cryopreserved until their use as antigen-presenting
cells (APC).

10 A.11. Cell proliferation assay

lﬁi Twenty-thousand T-cells from the clone were incubated with

‘ the appropriate concentration of antigen or antigen-bearing
nitrocellulose particles in the presence of either 10°

15 cryopreserved PBMC, or 2 x 104 cryopreserved B-LCL in

96-well flat bottom plates, in a total volume of 200ul for
72 hrs. When autologous PBMC were not available any more,
PBMC, from an allogeneic donor, selected for their ability
to present antigen to TLC 32 were used. The cells were

* 20 pulsed with 1 puCi of [3H]Thymidine (Amersham, Brussels,
Belgium) for the last 18-20 h of culture and harvested onto
glass-fiber filters with an automatic cell harvester.
[3H]thymidine incorporation was assessed by liquid

‘*’ scintillation spectroscopy.
25
A.12. Construction of T. gondii cDNA library in Agtll

vector

Total RNA was extracted from T. gondii tachyzoites (Wiktor
30 strain) grown in AGMK cells according to the method

described by Johnson et _al. [1986]. Poly(A)+ RNA was

purified by affinity chromatography on an oligo (dT)

cellulose column (Boehringer Mannheim) and
ethanol-precipitated as described by Maniatis et al. [1982].
35 cDNA was synthesized using an Amersham cDNA synthesis kit.

The first strand was synthesized using reverse transcriptase

THIS Si
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Iv) recovering said protein. The term'transform ng'

the introduction of foreign DNA into a host cel

is used herein to nean
by transformation,

transfection or infection with an - appropriate plasmd or viral vector
using e.g. conventional techniques as described in Genetic Engineering,
Eds. S.M Kingsman and A J. Ki ngsman, ~“BBackwel | SCI entific Publi c%#%@

xford, England, 1988. The term'transforned or

her eaf t er a&shIQL %I {HD) (REIMeT ng Fast SeEPRdc sHTrane M Sary

"transfor

&ghﬁﬁﬁiﬁ#g t he

foreign gens R ANHSE 68tand fm&xl%f?ﬁégaséeqt QGulbd d30\eR1d émﬂ.’ﬁliéro, for s

part of the invention. The replicab

expr essi on vector

accor dancé 243 t Wq?ﬁ/e?ﬂ?bﬁlc%}l%!‘eaﬂlﬁg CRNRe 26T

host cel | EQRY Qvdtdy Padd NEB¥okd¥a) according to Huynh et al.

RS Wk Lhe |

[1985]

5 and blunted with T4 DNA polymerase in standard conditions
[Maniatis et al., 1982]. DNA was purified by phenol-CHClgy

extraction and ethanol-precipitated. EcoRI linker

phosphorylation and ligation to cDNA, digestion with EcoRI,

size fractionation on Bio-Gel A-50m (Bio-Rad) column and

: 10 ligation with Agtll vector arms (Promega) were carried out
5 according to Huynh et al. [1985]. After incubation with
|hp packaging extracts (Promega), the resulting phage particles

15 manufacturer’s recommendations.

A.13. Immunoscreening

The procedure was adapted from Huynh et al.
20 Y1090 (r-) bacteria were infected and grown as described

| were used to infect E. coli Y1090 (r-); plaques containing

recombinant phages were identified according to the

except that soft agarose-culture medium was used instead of

: soft agar-medium. Dry nitrocellulose membranes (Hybond-C,
* Amersham) previously saturated in 10 mM IPTG were overlayed
3

on each plate and incubated for 3.5 h at 37%c.
25 membranes were removed, rinsed with washing buffer (10 mM
Tris-HC1 pH 8.0, 150 mM NaCl, 0.05% (v:v) Tween 20)

The

and

incubated for 2 h at room temperature (RT) in incubation
buffer (1% BSA in washing buffer). They were then rinsed

Promega, 1/5000 dilution, 2 h, RT), (b)

30 human or mouse IgG (15 pg/ml or 10 pg/ml,
The membranes were washed extensively and developed with one

of the following reagent systems: (a) alkaline

once and incubated (4 h or overnight) with anti-T. gondii
respectively).

phosphatase-labelled goat anti-mouse immunoglobulin (GAM-AP,

biotinylated sheep

IR
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35 anti-human immunoglobulin (Amersham, 1/1000 dilution, 2 h,
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W; nt having an intact replicon, and conblnln sai d Ilnear segnent mnth
zhgngr nor e D%A-nnlecules mﬁich, t oget her wi t HS eplagedrent encode
t he desired product, such as the DNA pol yner e ' kEa protein,
or fragments thereof, under |igating condltlon DNA pol yner
may be prefornmed or forned during the €»pgstruction of the vector %125

desired. The chaice of vector will be determned in part by the host I,

whi ch may BE’pr@R&#?UﬁﬁbbWr&QnamQﬂumdln{hﬂdﬁ&ﬁépéﬁskﬂaﬁsénﬁkéd%th% ”‘ds’

bact eri ophagmp1e&OJAMeTsRAGH, rq9%®%'H¥Yu‘”éﬁFeis J?glpreParatlon of
replicable exgre55|on vect of
mixture of mouse MAbs against human kappa and lambda

immunoglobulin light chains (0.2 Hg/ml or 1/12000 ascite
5 dilution, 2 h, RT), followed by GAM-AP (1/5000, 2 h, RT).
All antibody dilutions were done in incubation buffer.

After extensive washing, pefoxidase activity was detected
with 0.2 mg/ml diaminobenzidine, 0.02% H505, 100 mM Tris-HC1
PH 7.6, and alkaline phosphatase activity was detected with
10 0.33 mg/ml nitro blue tetrazolium, 0.165 mg/ml
S-bromo-4~chloro-3- indolyl-phosphate, 100 mM NaCl, 5 mM
& MgCl,, 100 mM Tris-HCl1l pH9.5. The reaction was stopped by
V extensive washing with H,0 (peroxidase) or 10 mM EDTA
(alkaline phosphatase).
15
A.l14. Preparation of crude lysate from Agtll lysogen

Lysogens were prepared by infection of E. coli Y1089 (r-)
with Agtll recombinants from the cDNA librar§'and crude

20 lysates were prepared from these lysogens after induction
with IPTG essentially as described by Huynh et al. ([1985].
The cell pellet was resuspended in 1/25 of the original

i culture volume in phosphate buffered saline PH 7.2 and

lk immediately frozen in liquid nitrogen. After thawing, lysis

25 was completed by sonication at 4°C and the extract was
centrifuged (10 min, 10000 g). For use in T-cell
proliferation assay, the supernatant was sterile filtered
through a 0.2-um pore membrane and protein content was
determined by the Bradford method (Bio-Rad protein assay)

30 using BSA as standard. Aliquot§'were stored at -80°C until
use.

A.15. Sodium dodecylsulfate~polyvacrylamide gel
electrophoresis (SDS-PAGE) and Western blot.
35

SDS-PAGE was carried out in the discontinuous system

described by Laemmli [1970]. Electrophoresis was run

e
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!%;ried out conventionally with appropriate enzynmes for restriction

pol ynmeri sation and |igation of the DNA, by procedures described in, for
exanpl e, Maniatis et al cited above. The reconbi nant host cell is prepared,
in accordance with the invention, by transform ng a host cell wth_a
replicabl e expression vector of the i m&ation under transforning B3125
condi tions. SUII$£|G transform ng conditions are nventlo al gjare

descri bed SYEFRHILEXURARE CRAREaNLs corrantei ¢y BAPng'

Vol . 11, RHénGraykededor LRh ®iesS LicthantdP.ofl mes mlmei@)‘ iaanmﬁorm' ng
condltlons I S deterntged bﬁ éhs host cell.” Thus, a bacteri al Post such as
E| coli mEl¥RIReLNELRSY P ol uPFakednsCHE TR T ARTARTP S ToPm

Nat. Acad.sE®islaB9gel €8. a2alfroeelWulilbst TRInBrLe CORI R NE) ain the

. 5 same buffer containing 20% (vol/vol) methanol, in an
electrophoretic transfer chamber (Hoefer Scientific
Instruments, San Francisco, CA, USA) at 4°C (2 h, 100V).
After transfer, the membrane was blocked by incubation with
1% BSA or 5% dried skimmed milk in washing buffer (2 h, RT).

10 Conditions for incubation with anti-T. gondii antibody and

labelled second antibody were as described for the

immunoscreehing. Anti-T. gondii human IgG were used at 10
W' pg/ml, anti-T. gondii mouse IgG at 5 Hg/ml, and GAM-AP at a

1/10000 dilution. Protein molecular weight standards

15 (myosin H-chain (200-kDa), phosphorylase b (97.4-kDa),

bovine serum albumin (68-kDa), ovalbumin (43-kDa) carbonic

anhydrase (29-kDa), PB-lactoglobulin (18.4-kDa) and lysozyme

(14.3-kDa) were obtained from BRL.

20 A.16. Preparation of antigen-bearing nitrocellulose
particles

5 The preparation of nitrocellulose particles was carried out
‘* as previously described [Abou-Zeid et al., 1987]. After
25 SDS—-PAGE and electrotransfer, the nitrocellulose sheet was
washed in phosphate-buffered saline for 30 min at RT. The
position of molecular weight standards and the distribution
of antigens were identified by Ponceau Red staining of
vertical strips excised at the edges of the nitrocellulose
30 sheet. The 60-mm-wide membrane containing the blotted
material was divided in 3-mm-high horizontal strips.
Positive and negative controls were prepared by dotting 25
Hg of total soluble antigen onto a 20 mm? nitrocellulose
circle. Each horizontal strip or three circles were

35 transferred to a sterile tube, dissolved in 1 ml of
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;TFture of Rod, Md[err], potassiumacetate and glycerol, and then with
3- [ N-nor phol i no] - pr opane- sul phoni ¢ aci d, Rbd and gl ycerol. Mammalian cells
in culture may be transfornmed by calciumco-precipitation of the vector DNA
onto the cells. The invention also extends to a host cell transforned wth
a replicable expression vector of the—pguention. Culturing the tr&&%r ned
host cell under conditions permtting expression of the DNA polyner is
carried Oa&methyl%ulwwlmé&éw, E’érxd@ﬁadtbeﬂerrmanﬁ(dr: apshpincubahadt i s

Lo o8 e s oL i oh F i, B EPISYY R Rl odiiing
nitrocellulose
particles were precipitated with ah equal volume of

5 carbonate-bicarbonate buffer (50 mM, pH 9.5) added dropwise
with vigorous vortexing. The particles were washed two
times with Hanks’ Balanced Salt Solution (GIBCO) and finally
resuspended in 1.5 ml of culture medium. They were stored
at -20°C until use. For proliferation assays, pa}ticles

10 were used at a final dilution of 1/10.

.i' A.17. Affinity purification of recombinant antigen-specific
] antibodies

15 Polyclonal antibodies specific for recombinant fusion
protein were isolated from the IgG of the pool of human
immune sera essentially as described by Prince at al.
[1989]. A sample of lysogen lysate containing 1 mg total
protein was electrophoresed in a 1.5 x 120-mm-section 7.5%

. 20 polyacrylamide SDS-preparative gel and electrotransferred to
nitrocellulose. After blocking, the membrane was incubated
with anti-T. gondii human IgG (10 pg/ml in incubation

i buffer, overnight, 4°C) and washed extensively. Vertical

.? 3-mm-wide strips were cut on both edges of the

25 nitrocellulose sheet and incubated sequentially with
1abelled second antibody and the chromogenic substrate in
order to localize the reactive recombinant fusion protein.
An horizontal strip containing this protein and bound
antibodies was excised from the remaining central part of

30 the nitrocellulose sheet and eluted in 0.2 M glycine-HCl pH

2.5 for 15 min at RT. The eluate was neutralized by
addition of a pretitrated volume of 2 M Tris and diluted in
incubation buffer containing 0.1% NaNgj.
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el ow 45[err]C. The product is recovered by conventional nethods a
o the host.cell. Thus, where the host cell is bacterial, such as E. =
it -may be |ysed physically, chemcally or enzymatically and the protei
roduct isolated fromthe resulting |ysate. Wiere the host cell is
mral i an, the product nmay generally be-pgal ated fromthe nutrient rggyégn
or fromcell free extracts. Conventional protein isolation techniques

i ncl ude sel &tlidve RldaignucleonidabsenphesiscRhaMbagisapiencdndy affinity
chromat ogr aphy i ncludi ng a nonocl onal antibody affinity colum. Preferably,
the host cell is E. coli. Alternatively, the expression nmay be carried out
in insect c@hles alsigonuclkestiide weed oasspehimagst ke rBacynvtgsised sy naye!

protein of QoMU dBe 2! 3O 05a CXR §58531L0e 8400 DNA synthesizer
5 (New Brunswick Scientific Co., Edison, NJ, USA). Phage DNa

was purified using Lambdasorb (Promega) according to the
manufacturer’s protocol and digested with EcoRI. The EcoRI
insert of the recombinant phage was isolated by agarose gel
electrophoresis, and subcloned into the EcoRI site of

10 pBluescript kst phagemid véctor (Stratagene, La Jolla, CA,
USA) using standard techniques (Maniatis et al., 1982).
Double-stranded plasmid DNA was sequenced by the chain
termination method [Sanger et al., 1977] using T7 DNA
polymerase (Pharmacia) and one of the following commercial

15 primers: M13(-20) universal, M13 reverse, SKl7-mer or

j KS17-mer (Stratagene), or synthesized internal primers.

Example 1

20 a) Proliferative response of human PBMC to a soluble
fraction
of T. gondii (F3)

‘t Tachyzoites of the RH strain of T. gondii were sonicated,

25 centrifuged (105 g), and the soluble fraction (F3) used in a
S5-day proliferation assay of PMBC from seropositive or
seronegative individuals. In preliminary experiments, we
found that lymphocytes from four seropositive donors were
able to proliferate in response to the F3 while the

30 lymphocytes of two éeronegative individuals did not. The
PBMC from all six donors responded to the polyclonal
activator concanovalin A. Lymphocytes from a seropositive
individual proliferated in a dose-dependent manner in the
presence of F3, with the maximum response obtained with 25

35 ug/ml of antigen. No stimulation was observed in the case
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JLast cells. The vaccine of the invention conprises an inmmunoprotective
amount of the 54-kDa protein or an imunogenic derivative thereof according
to)the invention. The term''imunoprotective'' refers to the anount
necessary to elicit an i nmmune response ggai nst a subsequent T. gogg
chal I enge such that disease is avértedéﬁlrﬁtigated and/ or trans é#gﬁ of
t he di sease_i s bl ocked or del,ayed gﬁ:v CED lﬁﬁ i nvention

aqueous soP it FoRSHPIEHB bVStéP 13&HW§; (j{g: éﬁ ?ernatlvely, t he
protein, wédlicentrathons pested)yophilization, can be mi xed or absorbed

wi th any of the various known adjuvants. Such adjuvants include, but are
not limted to, alum nium hydroxide, nmuranyl dipeptide and saponins such as
Qi |l A Asas thettbechyzoites used were obtained from the peritoneal

5 cavity of mice, a check was made to ensure that the
lymphocyte proliferation was not due to contaminating mouse
proteins. To this end, peritoneal proteins and cells from
non-infected control mice were obtained by injection of PBS
in the peritoneal cavity. The recovered suspension was

i 10 subjected to a cycle of sonication and centrifugation

following the same protocol as for the F3 preparation (see
Materials and Methods). The resulting preparation was
tested in a proliferation assay using PBMC from a
seropositive donor. The results indicated that the

15 proliferation observed using the F3 is specific for T.
gondii antigens since no response was observed when the

extract of mice peritoneal proteins was used.

b) Generation of human T-cell clones specific for T.
20 gondii '

A T-cell line was derived from the PBMC of a chronically
infected donor by stimulation with F3 and was cloned by
‘% limiting dilution. A total of three cloning experiments was

25 carried out. In the first two experiments, we used
autologous irradiated PBMC + F3 + IL-2 for stimulation of
T-cell growth and obtained a total of 18 clones with a
probability of monoclonality of 86% and 81%, respectively,
as determined by the Poisson distribution. Five of the

30 clones stoppéd'to grow. In the third cloning experiment, we
used allogeneic irradiated PBMC + PHA and IL-2. Five clones
were recovered with a probability of monoclonality >90%.
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!53 exenpl ary alternative, the protein can bermyshapHsBRéErREplatedhi N
mcroparticles such as |iposonmes. In yet anothe ernative, the
pr@el n can be conjugated to an i mmunostinul ati t Bglmmjllmi such as

ki Il ed Bordetella or a tetanus toxoid. Vaccine gener
described in New Trends and Devel opnent39tn Vacci nes, Voller et aI 1@%% ),
Uni versity Park Press, Baltlnnre Nhryland 1978 Encapsulatl%n mﬁthln

| i posomes F$ descBE 2 3gand

pr ot ei ns tghgﬁggggglecules S dlsclosed for exanple,rby Li khite, US Patent
4,372,945 an rnmor et al., US Patent 4,474, 757.

ﬂ-n

The 18 clones obtained in the three cloning experiments were
S analyzed for their specificity to the antigen F3 in a
proliferation assay and for expression of the cell surface
markers CD4 and CD8. The results of the proliferation assay
allowed us to classify the clones in three different groups.
The first group consists of 12 clones specific for the
10 antigen F3 and all belonging to the CD4 subset. The clones
: proliferated in the presence of the F3, but not in its
* absence or in the presence of proteins from peritoneal
' cavity of normal mouse (MPP). In this group, some clones
responded strongly to the F3 (clones 32 and 29B), while
15 others responded less well (clones 35 and 216).

In the second group, we classified two clones that responded
weakly to the antigen as compared with the response of the
clones ‘of the first group, and one clone that did not
20 respond (clone 34). Two of the clones belong to the CD4,
and one to the CD8 subset. The low response to the F3 is
due to an absence of IL-2 production since the addition of
_ " this lymphokine in the proliferation assay overcomes the
‘B unresponsiveness. The presence of IL-2 alone was either
25 insufficient to induce proliferation (ciones 27 and 215), or
only able to induce weak proiiferation (clone 34).
Furthermore, the inability of these clones to produce IL-2
was confirmed (see below).

30 The third group contains three clones, the specificity of
which towards T. gondii could not be demonstrated in the
proliferation assay.

d) Production of IFN-Y and IL-2
35

Because IFN-Y and IL-2 have an important protection role in

resistance against Toxoplasma infection, we test
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e of Quil Ais disclosed by Dal sgaard et al., Acta Vet Scand, 18: 349
(L977). The anount of the protein of the present invention present in each
szcine dose is selected as an anmount whi ch i nduces an i mmunoprotective

ponse wi thout significant, adverse side effects in typical vaccines.
Such amount will vary dependi ng upon wW8gh specific i mmunogen is eBplLadyed
and whet her or not the vaccine is adjuvanted. Generally, it is expected
t hat eachahﬁ&nwyI¢fcﬂh¢rF3espe¢®ﬁ®c[Ethgkﬁcxuanﬂun mmmdw¢abt¥e§ezoo

[ste;:\]dgr dAthiﬂl'gEg éﬁgﬁ% ,\Q/ﬁénf Résgr va 15’? anteblcegtecﬁﬁ:ﬁcba]?r ese§$1%§ %ﬁg?ﬁgz >
réesponses were ubpernd sin théoaupgraatlamtts alf Voo nzlidorees cnby ecwsthi | |
Diers S\ E A Ry S8R e 7 mh LIS L e °EE8! S
5 No IL-2 activity was detected in the control supernatants,
suggesting that the IL-2 was produced by the clones in
response to the Ag. The production of IFN-Y by the clones
after stimulation with the antigen was also determined. The
clones produced very heterogeneous levels of the lymphokine:
10 some clones. released insignificant amounts of IFN-Y (<10
; IU/ml; clones 215, 27, 21, 1G5, 2E3, 29B) as compared with
# baseline values (5 IU/ml produced by the APC alone). Clone
' 32 produced the highest amount of the lymphokine (1400
IU/ml) while the other clones produced intermediate levels
15 (20-200 IU/ml). When no antigen was added, no IFN-Y was
detected suggesting that IFN-Y was produced in response to
the antigen F3. Since some of the clones were not able to
produce IL-2 upon stimulation or were unable to proliferate
in the absence of exogenous IL-2, we also collected
20 supernatants of the clones after stimulation with the
antigen in the presence of exogenous IL-2 and quantified the
IFN-Y present. The presence of exogenous IL-2 enhanced the
production of the IFN-Y by most of the clones. Clones 32
Q and 27 did not show such enhancement. Some clones which
25 failed to produce IFN-Y in response to Ag alone, produced
significant levels of IFN-Y upon addition of IL-2 (clones
21, 29B, 2E3, 215).

e) Cross-reactivity of the T-cell clones
30
We investigated a possible Toxoplasma strain specificity of

7 T-cell clones by comparing their response to the RH strain
with that observed using the also virulent Wiktor strain in
a proliferation assay. The 7 clones, originally isolated

35 with the RH strain, cross-reacted with the Wiktor strain.
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'nf ection exists. A further aspect of the invgatd anyREM G4 Met hod of

mrevenping T. gondii infections in humans, or ongeni t al
transmssion in humans or animals, which net hoFu ﬂ mﬂ{lﬂ rises
adimnistering to a subject or aninmal 1 in need nogeni cal |l y

effective amount protein or of an i mugegenic derivative thereof, B3128 a
vacci ne |n-accordapce mﬁth Fhe i nvention. The invention also relates to a
process }‘Qh_ féi%e_e:tasjlw: ldfldlldn_ié)s ao1 6 bandeg9B¢| abedppretieddleasma in a human
or ani ma ialo ' i
’ dt:).ffer InCc:ae wsaasrrpnoet:eI agoégwégncggéa{zaot g%@ai‘h@' %l&r Ci%esc%ses of
the 5 other clones (32, 2G8, 35, 2E3 and 31) a significantly

lower response was observed against the Wiktor strain.

Example 2

a) Response of T-cell clone 32 to different T. gondii

strains
10 .
, It has been found that the CD4% CD8™ T. gondii-specific
,CQ human T-cell clone 32 (TLC 32) defines an epitope common to
the RH and Wiktor strains of T. gondii. However, these two
strains are highly virulent to mice and do not form tissue
15 cysts. In order to test the presence of the TLC 32-defined
epitope in a strain more representative of isolates from
naturally infected humans which are generally of low
virulence to mice and cyst-forming, a soluble antigenic
fraction (F3) was prepared from tachyzoites of the Gangji
20 strain grown in cortisone-treated mice and tested in a
proliferation assay. It was found that TLC 32 proliferated
in response to antigen prepared from the three strains (RH,
Wiktor, and Gangji) confirming that the TLC 32-defined
epitope is conserved among T. gondii strains independently
25 of their phenotype. A weaker response observed with the

ol

Gangji strain could be due to a lower relative concentration
of the antigen in this strain.

b) Antigen recognition by T-cell clone 32 is
30 HLA-DPw4-restricted

MHC restriction of TLC 32 reactivity was studied using MAbs
directed to monomorphic determinants of class I and class II
HLA gene products. As shown in Table I, the proliferative
35 response of TLC 32 to the antigen in the presence of
autologous B-LCL as APC was inhibited by anti-HLA-DP MAb
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mmunogeni ¢ derivative thereof according to t der conditions
ich allow the formation of an antigen- antlb the i n- V|tro
detection of the antigen-anti body comB2x mhlch nay be formed. Pr Iy,
the. bi ol ogi cal mediumis constituted by human serum The det ection can be
carri ed 0(!89%ctnhdibmglbn)alay1dclt@sa da s gpomcestenBybyagnbi -HlampRe MAD

preferred %h RLi |nto o] rding to
ELI SA tecﬁﬁ? én3§£&gg§Plbed o%xkggﬁﬁﬁﬂﬂgqﬁﬂﬁgva%%fvga gggﬁPgﬁ%ﬁann P.
anti-HLA-DQ MAb, with an anti-HLA class I MAb, or with
unrelated MAbs of the same subclass. The absence of
s inhibition of the PHA-induced T-cell proliferation by the

nprising -~ incubating the biol ogical sanple I a fakai n anti bodi es
ainst the parasite, with a suitabl e anount ﬁ Qifil rotein or of an

MAbs excludes the possibility of an unspecific toxic effect
of the antibody preparations. From these results, it can be
concluded that antigen presentation to TLC 32 is
DP-restricted; the partial inhibition observed with the
10 anti-DR MAb.could be due to a cross-reaction of this MAb
: with the DP molecules. The identification of the DP allele
!‘ able to present antigen to TLC 32 was carried out using a
T panel of HLA-typed B-LCL as APC. The results shown in Table
II clearly indicate that the antigen is recognized in
15 association with DPw4.

Example 3

Cloning, expression, and identification of the T. gondii
20 antigen defined by T-cell clone 32

In order to identify the parasite antigen reactive with TLC
, 32, a T. gondii cDNA library was prepared in the
§ cloning/expression vector Agtll and individual recombinant
25 antigens isolated from this library were tested for their
reactivity with TLC 32. cDNA was synthesized from 5 Hg
poly(A)+ RNA purified from in vitro grown Wiktor strain
tachyzoites and cloned in the Agtll vector yielding a
library of 4.9 x 102 independent phages, 87% of which were
30 recombinants as determined by white/blue screening. Three
hundred thousand phages of this library were plated and
duplicate nitrocellulose membranes containing replicas of
the plaques were screened either with a pool of immune human
1gG or IgG of mice experimentally infected with the Wiktor
35 T. gondii strain. One hundred and ninety-six plaques were

| immunodetected; among them, 62 produced antigens reactive
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I nochem stry, 8:871-874, or radi oi nmunol ogi cal or i nmunofl| uorescent or

I Munochem | um ' nescent techni ques or the equival ent ones. Such a . nethod for
detecting in-vitro antibodies related to toxopl asnosis conprises for

i nstance the follow ng steps: - dep03|é of determ ned anmounts of t - kDa
protein or of an inmmunogenic derivativ 3ther eof according to the invention

01 to 1 N §B Fkierd, 14EefGeeflTORAT, wl el bR et o °°
i ncreasi ngndl |98 irsecttdd tdrel piwityi ché manrphe antUesEEmMBd,Three (Tg44

to Tg46), four (Tg40 to Tg43), and 37 (Tgl to Tg32 and Tg34

to Tg38) recombinant phages reacting with mouse, human, or

5 both antisera, respectively, were plaque-purified, and Y1089

lysogens corresponding to each of these recombinants were

isolated. Western blot analysis of soluble extracts of

induced cultures of these lysogens showed that all but three

of them produced recombinant fusion proteins reactive with

10 murine or human anti-T. gondii antiserum. The Mr.of these

fusion proteins were between 120 * 5-kDa and 190 + 5-kDa

‘& depending on the recombinant protein, indicating that the

. cloned éDNA had a coding capacity for a polypeptide with an
approximate Mr between 5 and 65-kDa taking into account of

15 Mr of 115-kDa for the P-galactosidase portion of the fusion
protein. These fusion proteins were also recognized by a
monoclonal antibody against B-galactosidase. Two
recombinant clones (Tg7 and Tgl7) expressed an antigen of
unexpectedly low Mr (100-kDa and S57-kDa respectively)

20 recognized by anti-T. gondii serum but not by
anti-Pf-galactosidase antibody. Recombinant Tg45 did not
express any immunologically detectable material. Crude

i lysates of the 44 recombinant lysogens were tested for their
g’ ability to induce proliferation of TLC 32. As shown in

25 Table III, a significant proliferation of TLC 32 was
observed in the presence of recombinant Tg34 lysogen lysate.
Some proliferation was also observed in the presence of
recombinant Tg28 lysate but its activity could. not be
reproduced in a separate experiment. Agtll vector lysogen

30 and the other recombinants did noﬁ display any stimulating
activity on TLC 32. The response of TLC 32 to recombinant
Tg34 is specific and dose-dependent. Moreover, the
possibility that recombinant Tg34 could act as a nonspecific
mitogen is excluded by the fact that it had no stimulatory

35 activity on two other T. gondii specific TLC.
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- !ncubation of the mcroplate, - repeated rinsing of the mcroplate, -
inﬁroductron into the wells of the mcroplate of |abelled antibodies

agai nst the i munogl obulins of the aninal species fromwhich the biol ogical
sanpl e was derived, - the labelling of _these antibodi es being carr'ft? ut
by neans of an enzyne which is sel ect &d¥rom anong the ones whi chéa gbl e
to hydrolyze a substrate and nodify the absorption or em ssion of |ight by
this latter at |least at a given wavel ength, - detection and quantification
by conpar i@ wedctai ey ref BLans2ardioh the frgadtctbshiyidsa Vsl aubstrat e.

{oxop! as AL A TE SRF R eat £oR88PRs o8 Sonei Rl HLHS 2bi e 10
be infected-dnell blot" technique. Total lysate of the Tg34 or the
5 Agtll lysogen was fractionated by SDS-PAGE and transferred
to nitrocellulose. Horizontal strips of the membrane were
converted into antigen-bearing nitrocellulose particles and
tested with TLC 32 in a proliferation assay. As expected,
TLC 32 showed a peak of response with the fraction
10, containing proteins of approximate Mr between 160 and 175-
kDa and corresponding to the recombinant fusion protein
‘ - Tg34. In addition, a strong proliferation was also observed
‘ with fractions containing antigens of 38 to 65-kDa, which
could correspond to proteolytic degradation products of the
15 recombinant antigen. No proliferation was observed with any
of the fractions from the Agtll vector lysogen.

Example 4

20 Molecular mass of the T. gondii antigen encoded by clone
Tg34

_ Antibodies specific for recombinant antigen Tg34 were
% isolated from anti-T. gondii human immune IgG by affinity on
25 nitrocellulose blotted recombinant antigen. These
monospecific antibodies were used to detect the
corresponding T. gondii antigen on a Western-blot of total
parasite lysate. Affinity-selected antibodies against:
recombinant Tg34 were found to react with a parasite antigen
30 of Mr 54-kDa. Wéak reaction was also observed with parasite
components of Mr 59 and 66-kDa. The 54-kDa band was one of
the major bands recognized by the original pool of human
immune IgG. No reaction was observed with the control
antibodies eluted from the blot of Agtll vector lysogen.
35 None of the antibodies reacted with the control blot of AGMK
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Toxopl asma gondii conprising: - contacting a biological sanple taken froma
patient with the 54-kDa protein of the invention or a derivative thereof
according to the invention, under conditions enabling an in- vitro

i mrunol ogi cal reaction betmeen said prqQtein or imrunogenic derivq%§ % and

t he anti bodi es which are possibly pre§ nt in the biological sanpl %.%

the in-vitr t he, anti ntlbody conpl ex whi ch has possibly
been forﬁ%&ﬁjggg éiggo °Yh§h?n99? 8|agnost|c nmet hod for toxoplasnosis

in a patient liable to be infected by Toxoplasna gondii, the follow ng
o, o g et e B bR B0k BT B gl e
corresponding to recombinant Tg34, the antigenic component
5 of T. gondii reacting with TLC 32 was directly identified by
the ’/T-cell blot’’ technique. Nitrocellulose particles
bearing size-fractionated antigens of T. gondii tachyzoites
were tested in a proliferation assay with TLC 32. A major
peak of proliferation with antigens of Mr 48-55-kDa was
10 observed, tailing off in a higher Mr fraction (55-62-kDa).
No proliferation was observed with any of the fractions from
’ control uninfected AGMK cells. These results thus confirm
' those obtained with the Tg34-specific antibodies.

15 Example 5

DNA_sequence of clone Tg34 and deduced amino acid sequence

The EcoRI insert (t 1800 bp) of recombinant Tg34 was
20 subcloned into the EcoRI site of pBluescript KS * vector and
* characterized by digestion with several restriction enzymes.
Unidirectional deletion clones were constructed and specific
internal oligonucleotides were synthesized in order to
‘ obtain the full nucleotide sequence of the 1802 bp EcoRI
25 fragment. This sequence contains a single long open reading
frame of 1620 bp in frame with B-galactosidase. The
sequence of the EcoRI linker used for cDNA cloning is found
at the 5’/ end of the coding strand but not at the 3’ end
suggesting that the 3’ end EcoRI site is probably an
30 internal site of the Toxoplasma gene. The polypeptide
encoded by this ORF has a calculated mass of 61.5-kDa
yielding a P-galactosidase fusion protein of calculated mass
176.5-kDa, in agreement with the experimentally determined
Mr (175 * S-kDa). The first ATG codon is found at
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1!&6- - reagents for nmaking a nediUn1appropriate for the immnol ogi cal

reaction

t.o occur, - reagents enabling detection of the antigen-anti body

conpl ex whi ch has been produced by the inmmnol ogi cal reaction, said

reagents
net hods,

containing a |l abel detectable by physico-chem cal neasurenent
such as those known in the argg-The exanpl es which fol | oB3W25

i llustrative but not limting of the invention.

10

15

20

25

30

35

nucleotide position 574 and is not surrounded by sequences
fulfilling the criteria for initiation of translation
[Kozak, 1986]. The ATG initiation codon of the Toxoplasma
gene is thus probably located upstream of the sequence
present in the Tg34 cDNA clone. However, as mentioned
above, this clone has a coding capacity for a polypeptide of
Mr (61.5-kDa) larger than the corresponding mature
Toxoplasma polypeptide (54-kDa). The missing amino-terminal
residues thus probably belong to a pre/pro region. Indeed,
analysis of the amino acid sequence by the methods of
Eisenberg et al. [1984], Klein et_al. ([1985], and Rao and
Argos [1986] based on amino acid hydrophobicity, predicts
two membrane—associated regions (from residue 9 to 25 and
from residue 464 to 485). The former region also displays
significant homology with eukaryotic signal sequences
suggesting a potential signal sequence cleavage site between
residues 25 and 26 [von Heijne, 1986). The classification
of the second hydrophobic region as transmembranar
[Eisenberg et al., 1984] suggests a possible membrane

localization of the identified antigen. Finally, neither
the DNA sequence nor the deduced amino acid sequence display
any significant homology with the sequences of databanks
(Genbank, release 61.0; PIR, release 21.0) or the seven T,
gondii genes or gene fragments already reported [Burg et
al., 1988; Nagel and Boothroyd, 1988; Burg et al., 1989;.
Cesbron-Delauw et al., 1989; Johnson et al., 1989; Prince et
al., 1989].

Example 6

Expression in E. coli using the pIGALl2 vector

All standard techniques were performed as described in
Maniatis et _al. (1982).
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-1¥- Exanples A MATERI ALS AND METHODS 5 aﬁmﬁm@edand cel |
cufture nedi um-Bovi ne serum al bum n (BSA), po rbitan
gnol aur ate (Tween 20), diam nobenzidine, nitr Wm: um and
Prono- 4- chl or o- 3-i ndol yl - phosphat e were obt (St. LOUIS
MO, USA). Isopropyl-[err]- thlogalactopﬁﬂan05|de (I PTG,

anti-[err]-gal actosidase nonocl onal antibody (MAb) and E. col i stralns
Y1090( r - ) Yestor:odive JUaqwee f mcﬁag@dDNAoﬁerpé@@n(chbumL%é aman

e ) b0 Todon (o SRANIEEESA, it gt gpararcr
pol yrer as&ojaie faford0ul for 4 h at 37°C. One ul (24 unlts) of calf
intestine alkaline phosphatase (CIAP) was then added and the
5 reaction was allowed to proceed for 30 min at 37°C. After a
further addition of 1 MUl (24units of CIAP and incubation at
37°C for 30 min, the reaction mixture was incubated at 65°C
for 10 min, extracted twice with phenol-chloroform-
isoamylalcohol (25:24:1,v:v:v), twice with diethylether,
10 after which the DNA was ethanol-precipitated in the presence
of 2.5M ammonium acetate (overnight, 4°C). The DNA was
t collected by centrifugation, the pellet was rinsed with 70%
ethanol in water, recovered by centrifugation, dried and
resuspended in 25ul of TE buffer (10mM Tris-HCl, 1 mM EDTA,
15 pH 8).

Insert: Five pg of purified DNA from plasmid pBluescriptKS+-
Tg34 (plasmid resulting from the insertion of the Tg34 cDNA
clone in the EcoRI site of pBluescriptkSt, as described in

20 A.18 supra) was digested with 30 units EcoRI in a total
volume of SO0ul for 3h at 37°C. The reaction mixture was
incubated at 65°C for 10 min and loaded on a 1.4%.agarose
gel. After electrophoresis, the DNA fragment with a length

§ of approximately 1800bp was extracted from the agarose,

25 purified by two extractions with phenol-chloroform-
isoamylalcool, two extractions with diethylether, and
adsorption on silica matrix (Geneclean, BIO 101 Inc., La
Jolla, CA) according to the manufacturer’s instructions.
The DNA was fiﬁally recovered in 20yl of H,0 and quantified

30 by agarose gel electrophoresis, ethidium bromide-staining,
and comparison with a standard DNA preparation.

pIGAL12Tg34: One hundred and fifty ng of vector and 50 ng

of insert were incubated in the presence of 1 unit T4 DNA
35 ligase in a final wvolume of 15Ul of ligation buffer (50mM
Tris-HCl, 10mM MgCl,, 1 mM dithiothreitol, 1 mM adenosine
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‘30ehri nger Mannhei m (Brussels, Belgiun). Restriction enzynes were from
Boehri nger Mannhei m or New Engl and Bi ol abs (Beverly, MA, USA) and were used
agcording to the manufacturer's recommendati ons. Reagents for cell culture
wer e obtai ned from Signa, Flow Laboratories (Brussels, Belgium or G BCO
(Ghent, Belgium. Fetal bovine serumoags. purchased from Sera Lab BEL28/ ey
Down, Sussex, England). Anti-HLA-DR (clone L243), anti-Leu-10 (anti-HLA-DQ
cl one SKHYiphosplate; Hi- DP5 | cboaenBgh2l atMVAS oer eaftdni irecubat poni fi ed

Lorm oA ek 85000 (FERTRIeIeTL B0 OO L
el i m nat ecxsexe formzl Gepuhndf stempeteht! tenad fhoh E. ReolhsidtesabmdDBbt i gens
The RH|1%H¥&E 55%g5)af?sggéﬁo%oLFﬁﬁgggiidﬁbdﬁ:’ é%gﬁgration of
5 competent cells and transformation was performed as
described by Maniatis et _al. (1982). Cells were plated on
ampicillin~-containing selection medium and grown at 37°C.
Plasmid DNA was prepared and analyzed by agarose gel
~ electrophoresis after digestion with restriction enzymes as
10 described by Maniatis et al. (1982).

‘} Induction of recombinant fusion protein expression: E. coli
MC1061 (ATCC 53338) carrying the plasmid pCI857 (Remaut et
al., 1981) cells were made competent and transformed with

15 plasmid pIGALl12Tg34 or the control plasmid pIGALl2 as
described by Maniatis et al. (1982). Cells were plated on

ampicillin-containing selection medium and grown at 28°C.
An overnight culture at 28°C of one of the transformants in
LB medium (Maniatis et al., 1982) containing 50ug/ml

20 ampicillin was used to inoculate a fresh culture in the same
medium. The culture was incubated at 28°C with vigorous
shaking until the optical density, measured at 590 nm,
reached a value of 0.2 (1-cm long optical path). The

) temperature of the culture was then rapidly-raised to 42°C

25 with vigorous shaking. Samples were drawn at various time
intervals. Cells were rapidly collected by centrifugation
(12000 g, 30 s) and resuspended in SDS-sample buffer (62 mM
Tris-HCl1l, 5% mercaptoethanol, 10% glycerol, 2.5% SDS, 0.005%
bromophenol blue, pH 6.8). Samples were incubated for 5 min

30 in a boiling water bath, chilled and kept frozen at -20°C
until analysis by SDS-PAGE and Western blot.
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strains of T. %t ai ned by serial passage in 35 the peritonea
.cavity of Sm | l yzoites were -18- either collected fromthe
per toneal avi grown in-vitro in African G een Mnkey Kidney

Cel'l s (AGNK cells, Flow Laboratories) as described by Hughes et aléﬁ{%ﬁ§4)
Briefly, 3 x 10[err] freshly obtained rd8hyzoites were used to inj
confluent cul ture of Ae In a, 150cn{err] culture fI. .

| ater, vir EER A3elr ' 4iaH8inkg j (=2
harvested washed 3 X mnth PBS and stored at -80[err]C The Gangjl strain

was |solated in 1984 at the Pasteur
The EcoRI insert of recombinant Tg34 was inserted in the

EcoRI site of the expression vector pIGALl12. Clones

5 containing the insert in the correct orientation with
respect to expression were selected according to the results
of restriction enzyme analysis with BamHI and BglI. The
resulting recombinant plasmid (pIGAL12Tg34) encodes a fusion
polypeptide consisting of 49 amino acid encoded by the

10 plasmid vector at its amino-terminus and the amino acid
sequence encoded by clone Tg34 and displayed in Figure 2 at

& its carboxy-terminus. The expression of this fusion

polypeptide is under the control of the Py promoter of phage
lambda. When E. coli strain MCl061 carrying both plasmid

15 pIGAL12Tg34 and plasmid pCI857 that codes for a
thermosensitive repressor of phage lambda Pp promoter were
incubated at 42°C, the repressor was inactivated, and
expression of the fusion polypeptide occurred. Samples of
the bacterial culture taken at several time intervals (1 to

20 5 hours) after shifting the temperature to 42°C were
analyzed by SDS-gel electrophoresis, Western blot and
immunodetection with a pool of sera of Toxoplasma-infected
individuals. A major immunoreactive protein with an

Q apparent molecular mass of 77-kDa was observed in samples of

25 bacteria carrying the recombinant plasmid pIGAL12Tg34 but
not in bacteria carrying the vector piGALl2. Other
immunologically reactive bands of lower molecular mass (70
to 43-kDa) were also observed. in extracts of bacteria
carrying pIGAL12Tg34; they probably correspond to

30 proteolytic degradation products of the recombinant fusion
polypeptide. Expression of the fusion polypeptide could
also be detected by Western blot using a monoclonal antibody
directed to an epitope present on the amino acid sequence of
the fusion polypeptide encoded by the expression vector

35 pIGAL12. These results indicate that the coding information
of clone Tg34 can be expression in E. coli and that the
resulting recombinant fusion protein is reactive with sera

of Toxoplasma-infected individuals.
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Institute of Brabant fromthe placenta of a woman who seroconverted during
pregnancy.* This*strain induces a chronic infection in the nouse and has
bepn nmai ntai ned by passage of brain suspension fromchronically infected
mce into the peritoneumof fresh mce at one-year intervals. Gangli rain
tachyzoites were collected fron1the|uﬁ4aneal cavity of mce infeé?ég 6- 8
days earlier with a cyst-containing brain suspension and treated with
cortisone [De Meuter et al., 1975]. After washing, tachyzoites were stored
at -80[err]C until use. The soluble fraction of the sonicates of
tachyzoiteg égg) and of peritoneal exudate of control uninfected mce was
pr epar ed | bed below. A 3 Preparation of soluble antigenic
fraction F3 2 x 10[err] purified RH tachyzoites were suspended in 10m of
PBS pH 75%begkgkgPg§FbrgRQ%%%g%QV%nfégigggéE%%H{nglfocfgne 32 by

anti~HLA class II monoclonal antibodies.

[3H] thymidine incorporation (cpm)

10
MAb ' F3 PHA
% None 19038 £ 1982 25671 £ 1246
anti-DR ' 9480 * 3146 (51) 27367 £ 383 (-6)
15 anti-DP 2240 £ 116 (89) 24148 * 3482 ( 6)
anti-DQ 18895 £ 4410 ( 0) 26251 £ 380 (-2)

T cells (2 x 104/well) were stimulated with F3 (3pg/ml) or

20 PHA (1%, v:v) in the presence of cryopreserved autologous
irradiated B-LCL (2 x 10%/well). Anti-MHC Class II Mabs
were added at a final concentration of 3.1lpg/ml.
Proliferation was assessed three days later by [3H]

g thymidine incorporation. Results are mean * SD of

25 triplicates. Percentage of inhibition relative to the

control without MAb is indicated in parentheses.
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(Labsoni ¢ 2000, Braun) and centrifuged at 100,000 g at 4-10[err]C for 40

nin. The supernatant was saved and the pellet was resuspended by sonication
10m of PBS pH 7.2. After centrifugation for 30" at 100,000 g, the
stpernat ant was pooled with that obtained after the first centrif

This pool was named F3. Protein concenttation in F3 was detern1ne%%a?§rme

Br adf ord nethod &Proteln assay, Bio-Rad, -19- Munchen, FRG, using BSA

as standaZABLE_ZI | nmune sera and antibodies Sera from chronical ly

|nfected/|nnune subj ects were sel ected anong sanples referred to the

Pasteur Institute of Brabant
HLA-DP restriction of T-cell clone 32

S [3H] thymidine incorporation (cpm)
B-LCL (APC) DPw F3 -
Autologous  ND? 16854 * 487 1002 + 489

10 DOC3 . 1,4 8961 + 303 907 *+ 148
JAH 3,4 9914 + 642 1042 + 348

Q MS7 4,5 16541 +669 1279 £ 158
P5493 1,3 1202 * 138 1757 + 132
RAG 2,4 13239 + 815 677 £ 104

15 HID 2,5 953 * 50 757 £ 210
J1066 1,5 1151 + 232 1530 * 250
J929 4,6 . 19396 % 231 2816 £ 69

20 T cells (2 x 104/well) were incubated with or without F3
(10pg/ml) in the presence of cryopreserved irradiated B-LCL
(2 x 104/well), either autologous or from a panel of HLA-
typed cells. Proliferation was assessed as described in
$ Table I. Results are mean = SD of triplicates. Values
25 corresponding to significant proliferation are underlined.
AND: not determined.
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for diagnostic purposes. These sera were tested by the nodified
Sabi n- Fel dnan dye test [Lel ong and Desnonts, 1951] and by indirect

i nrunof | uorescence with anti-human | gW 1| abel |l ed antibody [Remi ngton et al.,
1968]. A pool was nmade up of sera containing high titers of anti-'% i

| gG and no detectable IgM A pool of 58R3 of Balb/c mice chronical éﬁﬁgj
infected with the virulent Wktor strain as described bel ow was al so used
in some experinments. Both sera were depleted of anti-E. coli antibodies by
passage tTABLEN ITICNBr- acti vat ed sepharose col umm (Pharmaci a, Uppsal a,
Sweden) to which a m xture of |ysates of induced Y1089(Lgtll) |ysogen and
Y1090 had been bound follow ng the manufacturer's reconmendations. The |9G
fracti on Rasliilferatdicdmtef T+oeil helpne- ABsdnbedspenseby DA WFinant Bl ue

ool col g AR U Yerd S QifPls s & CRPRY o6y USA

Protein concentration (ug/ml)

Lysate 0.03 0.3 _ 3
10 Agtll . 2380 £ 1215 1400 * 521 915 + 216
Tg34 1175 £ 277 1065 £ 269 11725 65
. Tg28 4288 * 543 2490 % 2556 4977+ 2696
All others < 2250 <1722 < 1991
15 T. gondii F3 (30 ug/ml): 31742 *+ 2297
None 818 * 37

T cells (2 x 104/well) were incubated with serial dilutions
20 of lysogen crude lysates or T. gondii F3 in the presence of
autologous irradiated B-LCL (5 x 104/we11). Proliferation
was assessed as described in Table I. Results are expressed

in cpm and are the means * SD of triplicates.
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follow ng the manufacturer's instructions. Aliquots of the IgG preparations
wefe stored at -20[err]C until use. 25 A 5. I nfection of mce Balb/c mce
meie injected i.p. with 5 x 10[err] tachyzoites of the virulent Wktor
strain. They were given trinethoprim 1. $ nmg/ m - sul f amet hoxazol 8 ng/zilag n
drinking water for two weeks and 80 [er ?g trimethroprim 400 [err]g

squanethoggEQk hc@s tw ce a day fromday 12 to day 18. 2 of 7 mce
n.

survived t Mouse No. 1 was then boosted with the foll ow ng
doses of F3: 2[err]g I.p. at day 39, 100 [err]qg [err] at day 42 and

100 [orr) gt S0es g BEndeisl Wilnigrela e e o
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Boothroyd, J.C. (1988) J. Immunol. 141, 3584-3591.
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-20- 274. Sera were collected at day 46 and 2y sh&FRAHein@pbcedA. 6.
| so] ati on of peripheral blood nononuclear cells re isol ated
- fro}n heparini zed bl ood of healthy donors by Fic lﬁmﬂl maci a,
Uppsal a, Sweden) in accordance with the nanufac tions, (%gls
were washed with Hanks' Bal anced salt s#fution (HBSS) before furthd3
processing.. _For stinulation of the clones and their use as.an |ge§%

d (3000

pr esent i ngJOBRSSNYY ABEM im TN erSti MCRRAYE, Eeplsaﬂérga

rad, [err] Gaggronadiedeorgs,arnd s+2p/ eserved until use. T-cel | cl ones
The isol atign ,and_character,j zation of ynman TLC sgggl r, T. gondi
i s descri b&dei&oR. - THEP ddfin e r% 3si, C. ) BlOC im.
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chronically infected/i mune donor whose seroconversion had occurred at

| egst one year before the beginning of the study. A 8. | sol ati on of human
el | clones 1m PBMC (1 x 10[err] cells/m) was stinmulated in-vitro with

30 [err]g/m of the antigen F3 in a 24-well tissue culture plate (g§§5gr,

Canbri dge, MA, USA) and incubated at 37% 7!1 Cin a humdified atno ere

Coll o wer RSNG| 208, " phoRESERRERAL ¢ Mty (9%, of "tilfndlogl g o

30 [err] g/mmah FBfeabiod, Uédis.oNaheuaml ﬂ!a.nI ldn@ Q’rRet::RlyBOBhJI- nger,
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-21- 96-well trays (Costar) in the presence of 5 Um of rlL-2 and either
autologow§3#3 hted PBMC (10[err] cells/well) + F3 (30 [err]g/m) or
aliogeneic irradiated PBMC (10[err] cetis/well) + phytohaemaggiutinin (PHA,
1/100 v/v of stock solution provided by the manufacturer [ PhEhisgBhét Hjs)Beed Replaced
week later, nmedium was changed and rlL-2 was added. This step t
every 4 dg%a—%%reafter. After 2 weeks, grow ng clones were S*Wﬂmmgmﬂﬂl

trsgffered to 24-well plates together with either .autol ogous
PBMC + F3 or allogeneic irradi P + . : Mai nt enance of T-cel
cl ones The TLC have been nainb%k% 3 sis ail}nsgulture by

5 1. A recombinant DNA molecule comprising:

(a) at least a portion of a DNA sequence represented
by the sequence shown in Figure 2;

10 (b) a DNA sequence which is degenerate as a result of
the génetic code to the above sequence; Or

‘: (c) a DNA sequence which hybridises under stringent
conditions to the complementary sequence of the above
15 sequence;

the said recombinant DNA molecule encoding a protein:

(i) capable of being recognised by antibodies in the
20 sera or other biological samples of T.gondii infected

humans and animals; or

(ii) capable of raising antibodies following internal
administration to a human or animal.

2. A recombinant DNA molecule comprising the
complementary sequence of the DNA molecule claimed in
claim 1.

30 3. | A :ecombinant vector comprising a DNA according to
claim 1 or claim 2.

4, A fecombinant vector as claimed in claim 3 which

encodes an antigen of T. gondii approximately 54-kDa
35 in size as determined by Western blotting.

I —————
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stimul ati on every 2-3 weeks in the presence of al F‘qmﬁ“ismm lacetded PBMC,
1% (v:v) pMBA glutlnln Mform (PHA, G BCO a I nant
IL-2 (rlL-2, Boehringer Mannheim in F@%@ 1640 ned d with

L-glutam ne (2 nﬁo sodiun1pyruvate (1 mMVM, non-essential am no acids (0.1

mv), HEPES (15 rca han 5 x 1

penicillin=strep Wcﬁecn %% 15/0 Pe?’ggtk %cwsréirlu t,ﬁ tClal
days, T-cells mer%om&iﬂmimnﬁ.suppl [ ed with riL-2 (5 U/rﬂ) riL-2 was added
every 4 days. For proliferation assays, T-cells were used at | east one week
after restimulation and 4 days after the last rlL-2 addition. A 10.

B- 1 ynphobl &t 0i d A @drified giet€in dtepBisThgDaE3 ledhl, aVPortHIORE RAG

and H D vgre obtgihed [70m 1 hey UL 0eR0. CRhLGE! "9l B WiRldn QU tures

( ECACC,
protein is:
(i) capable of being recognised by antibodies in the
sera or other biological samples of T. gondii infected
10 humans and animals; or '
(1ii) capable of raising antibodies following internal
" administration to a human or animal.

15 7. A brotein as claimed in claim 6 which is approximately
54-kDa in size as determined by Western blotting.

8. A vaccine composition against T. gondii infection
comprising an immunoprotective amount of a protein as
20 claimed in claim 6 or claim 7 together with a
pharmaceutically acceptable carrier.

9. A method of detecting antibodies directed against a
T. gondii antigen comprising:

»

25
(a) incubating a sample suspected of containing anti-
T. gondii antibodies with a protein according to claim
6 or claim 7 as probe antigen; and

30 (b) detecting the antibody - antigen complex

containing the probe antigen.

10. A test kit for detection of antibodies in a human or
animal liable to be infected by T. gondii comprising:
35 A

RN A -
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Porton Down, Salisbury, UK); J1066 and J929 were obtained fromthe European
Col | ecti on B3#28/6kedi cal Research (ECBR Istituto Nazionale per la Ricerca
sul :Cancro, Genova, lItaly). The autol ogags B-LCL was isol ated as previously
-22- described (Roder et al., 1986). Briefly, PBMC (5 x 10[err]

| '1's/ 200 I ' bated i |t di tai niNg: 3090 (y: f B
958 col | 11 e Lubbl naf aRESFBE 2R ROER 10 fy IS Lmbt 1 et bl  r &5 pl &t os.

The medi um was t hpnobepdatédehy fresh nediumand after 2 - 3 weeks grow ng
cultures were pooled and further expanded. Cells were irradiated (5000 rad)
and cryopreserved until their use as antigen-presenting

(b) means for detecting an antigen-antibody complex

5 | containing the probe antigen.

11. A monoclonal antibody directed against an epitope of a
protein according to claim 6 or claim 7.

10 12. A monoclonal antibody as claimed in claim 11 for use
in therapy.

'E 13. A test kit for detection of a T. gondii antigen in a
sample suspected of containing the said antigen
15 comprising:

(a) a monoclonal antibody according to claim 12 as
probe antibody; and

20 (b) means for detecting an antigen-antibody complex
containing the probe antibody.

14. A method for producing a T. gondii antigen comprising
incubating a host cell according to claim S5 under
!& 25 conditions which allow expression of said antigen.

15. A method of treating or preventing T. gondii
infections in humans and animals which comprises
administering to a human or animal in need thereof an

30 effective amount of a vaccine composition according to
.
claim 8. —
heet Has Been Replaced
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cells (APC). A 11. Cell proliferation assay Twenty-thousand T-cells from
the cl one were-incubated with the appropriate concentration of antigen or
arjigen-bearing nitrocellulose particles in the presence of either 10[err]
cryopreserved PBMC, or 2 x 10[err] cryopreserved B-LCL in 96-well flat
bottom pgagege iin a total volunme of 200[err]l for 72 hrs. Wen autol ogous
PBMC were-Tiot—avai | abl e any nore, PBMC, from an all ogenei c donor, selected
for their ability to present antigen to TLC 32 were used. The cells were
pulsed with 1 pC of [[err]H Thym di ne (Arersham Brussels, Belgium for
the last 18-20 h of culture and rvested onto glass-fiber filters with an

automatic cell harvester. [[err]H thym dine incorporatiogEsgg assessed by
liquid scintillation spectroscopy. i a
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A 12.

cel)s

. Construgction of T. gondii cDN&/I3| brary in [err]gtll vector Total RNA
way, extELIE

romT. gondii tachyzoites (Wktor strain) grown in AGWK

according to the nethod described by Johnson et al 1986(} PoI y(A)
RNA mmmwcsséanwﬂﬁmwmmbgeaEﬁﬁTGﬁT&?C&'ﬁm TGS
col um (Boehring& WMNanfhein) SndvetRandl -

Mani atis et al

-23-
121

181

181
541
601
661
721
a1
841
901
961
021

081

1982 DNA th d
syné he§¢§TR'FF-'TT‘13L¥?’ﬂé|G§t‘\C vvas 'E]%?géhz Satdd] an $§&§% ri ptase
an.&_.oEL.gE(_de_&_l_&J-—lH

%_s’éco\ﬁd 9t r @nd Sad S)th h‘é

‘CACTGGCAGAACTCGGAAGCCGCTGTTAGTGTCCGGCCGCCGGGAGGCGCGTCCCCTAGA

H W Q N S E A A V S V R P P G G A S P R

CATTTCCACAGCCCAATTGAGCCAGTAGCATTTATTGATGGGGAGCACGTTGAAGACAAG
H FH S P I E P V A F I DG E H V E DK

CATGGAGGCTCATGGCTGGAGCAGGAAGCGGCCGAGGAAGTGA&CCCCTTACTGAACAGC
H G G S WL E Q E A A E EV T UPULIUL N S

CACACAGAGACCCCGACACAGTCCCCCAGTGCTTTTAGAAGGTTACTCAGGCGTTTGCGT
H T ETTU?PTQS P S A F RRUILUL®RIRILR

TTTTGGCGACGTGGGAGGACAGGCGGATCHGATGGCGGAGGAGAACCACCGCAGACGCCT
F W RRGRTGGS DG G GEUPUPQ TP

CGCCCTTCCCTACCGACCCGACTGTTTCAGCATTTGCGGCGTGCGGCAGCAGCAATTCCC
R P S L P T R L F Q H#H L R R A A A A I P

GCGGCGGCATCTAGATTICTTTAGGAGATTTCGACGAGTCCAAGAACCTGTATTCCCTCCC
A A A S R F F R RFWRIRV Q E P V F P P

GACGAGTTTCCGGAGGATGTCGACACGAACCCTATGTATTTCCGCGGTACGGATCCTGGA
D E F P E DV DT NWPMYVFRGTUD P G

GACGTCGTCATTGAGGAGCTGTTCAATCGTATACCGGAAACAAGCGTATGGAATGAGAAC
D v.v I E E L F N R I P E T S V W N E N

GAACGCGTCCTGTCGAACGCCAACCATCTAGTGTCCACAGCATTGTGGCGTAATGAGCAG
E R VL S N A N HL V S T A L W R NUZE Q

AGCTTCCGCGTGGAGTCGGAGCTGGGCGAGCGTCCAAGGACGCTAGTCAGAGGCCCAGTG
S F RV E S EL GEURUPIRTULV RGP V

CTCCGCGACGACGGCTCGTATATCTGTCTCGAGGCGACCGACCAGGAGACAGGAGAACCA
L R DDGsS Y I CL EATDSGQETGE P

CTTGAGGTGCACGTTCCATATTTCACGGAACGGCCGCCTTCCAACGCGATCAAGCAGTTG
L E VvV H V P Y F T E R P P S N A I K QO L

. AGCGAGCAGGTGCTGCGCCTACGCTTGCTACGAGGCATCAAAAACCAGAGGCAAGCCAAG

S EQ VL R L R L L R G I KNGIRUOSATK

GCGTATCTCAGATTTATATTCCCCATCGATTTGGTGAAGGACCCAAAGAAAAGGAAGATG
A Y L R F I F P I D L V X D P K K R K M

ATCCGGGTTCGCTTAGATGAGAGGGATATGTGGGTCTTGAGCAGATTCTTTCTGTATCCC
I R vV R L D E. R D MW V L S R F F L Y P

CGAATGCAGAGTAACCTTCATATTCTTGGAGACGTCCTACTGAGTCATTCCTCAACACAC
R M Q S N L HI L G D VL L. .S B S S T H

Rl
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usj RNAse and pol ynmer ase | [é!& er and Hof frman, 1983]. After
pu§§qﬂfat30§f°‘fhénﬂfﬂll\ was net hyl ated with EcoRl net hyI ase (Pronega)

acgording to Huynh et al. [1985] and blunted with T4 DNAcquTé%/Fnerase in
st¥h M@@@ﬂmcGW@ﬁ@CFmGCalQ@ﬂG%GCTQBQQ TTDNﬁC\W@é\';H\ﬂq

phenol KCHEI [ Brr V¥ e#t r &t ifon Randk et®anbl - Br e&i pR aled. I EJORIL | |’hkeﬂ

phosphoryl ati on and ation to cDNA di estlon W th EcoRlI. size

Fr3E(AGRET FGRGSRCB‘MGélCTAlQSQﬁﬁﬁ'B%C AT ECPAGTCARE ARG G e 001t
vect orSarks @pr 8meda) Gede darrBed®ouP afcoldi Mg o Mhyrh &t 1985] .

After & tion Wth packagi 8 d hage
A L AR S e
regp %B@E&b%%i'rdécll%GAddHH"FF&E&EEE&E&GAGACTACAGCGGAACGAATGCTCccc

vV S P I G R G F A P P E T T AEIRMIUL P

[

81 TACCGCCAGCACCACCCAACGCTGATGACATTTCCGTTTGATACATGGACATTGGGGTTG
Y R Q H H P T L M TV F P F D T W TUL G L

41 GCGATCTACTGGATTTGGTGCGCCGATTTGCCCAATACCGAGGACGCGGAGCTAGGCGGA
A I Y W I W C A DL P NTE DA AUEUL G G

01 ATTGAATGGATCTATCGACGCTGCAAGAATATCCCACAGCCAGTCAGAGCTTTGCTTGAG
I EW I Y RRUCIKMNTIWUPGOQU PV RA ATIL L E

61 GGATTCTTGCGATACTCGAAAGAGGATCGGGCTCCTCCCATTGCAAGCCATGGAGACTTC
G F L R Y S K E DRAUPUPIASHGTDF

21 [TGEGTACGAGCAACTGCGCACAGAGCTATCAGCCGTTTTGCCCCTGTATCAAACTGATGG
81 AGAACCGGCATGAGAGGGTGGCGCGCCACCATCGGGAACATCTCAGCCGGACGAAGCTGG

41 AGCCGCTGAGGCGGTTACGGCAATCTAGAACCTCGAGGAGGGGCCAGCGATGAGCTTGAA
01 TTC

—*___#__~_~—_____~
eet Has Been Replaced
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The procedure was adapted from Huynh et al. [1985]. Y1090(r-) bacteria were
i nfect ed anB33RSWiRbss descri bed except that soft agarose-culture nmedi um was
used instead of soft agar-medium Dry nityocellul ose menbranes (Hybond-C,
Aner shan) previously saturated in 10 nM I'PTG were overl ayed on each plate
and incubated for 3.5 h at 37[err]C. The nenbranes were renoved, rinsed
wi t h washi négﬁﬁ&é&(lo mMV Tris-HC1 pH 8.0, 150 mM Nadl, 0.05% (v:v) Tween
20) and incubated for 2 h at roomtenperature (RT) in incubation buffer (1%

BSA in washing buffer). They were then rinsed ponce and i ncubated (4 h or
overnight) with anti-T. gondii hun&fé]?—"&l—f&%%?e‘?%%e(15 [err]g/m or 10
[err]g/ M, respectively). The nenbranes were washed extensively and
Covel oned st Bygitdly Yt k] L0, SA080L RUGHETS (RheAMRY WRsgn of
54-kDa (as determined by Western blotting) is provided which
is reactive with antibodies raised against a recombinant
protein obtained by expression of a defined T. gondii cDNA
(Figure 2) in a host cell; also provided are immunogenic
10 fragments of the 54-kDa antigen. Recombinant DNA encoding
the 54-kDa antigen, host cells for expression of such DNA, a
vaccine for treating or preventing toxoplasmosis infection
‘j—, in humans and animals, and test kits for detection of
T. gondii antigen or antibody are also described.
15
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Pronmega, 1/5000 dilution, 2 h, RT), (b) biotinylated shee
I munogl obul i n (Amersham 1/1000 dilution, 2 h, - 24-
st rept avi di n- bi oti n- peroxi dase pre-forned conpl ex (Anmersh .
dilution, 45 min, RT), (c) a mxture of nouse MAbs agai nst humam kagpdsshd
| anbda i munogl obulin |ight chains (0.2 [ggg]g/n1 or 1/12 Ojascite
dilution, 2 h, )' fol |l owed by GAM AP (1/5000, 2 h, antipbody

dilutions wer ncuba | O0¢ buf X

per oxi dase ac(ﬁos ﬂk‘ﬂé’&?@?é&i"é‘d g"?'ﬁﬁ}'ﬁge& éﬁ Ao ég}w ) 1(3. 02%
H202, 100 mM Tri s- HG pH 7.6, and alkallne phosphat ase activity was

det ect ed W thrhis invention relates to a novel protein capable of

inducing an immune response protective against infection
caused by Toxoplasma gondii and to the cloning and
expressing of a gene encoding the said protein. The
invention further relates to novel vaccines and novel in-
vitro diagnostic methods and kits comprising the said
protein and to their use.

Toxoplasma gondii is an ubiquitous obligate intracellular
protozoan parasite which infects mammals and birds. _
Although toxoplasmosis is generally clinically asymptomatic
in healthy individuals, it may cause severe complications in
pregnant women and immunocompromised patients. If primary
infection occurs during pregnancy, transplacental
transmission can lead to abortion or neonatal malformations
[for reviews see Remington and Krahenbuhl, 1982; Hughes,
1985). 1In AIDS patients, Toxoplasma is recognized as a
major opportunistic pathogen. In such immunodeficient
individuals, rupture of cysts which persist in the tissues
of the host after a primary infection and release of
proliferative forms of the barasite may cause severe
disseminated toxoplasmosis and/or encephalitis. 1In
approximately 30 percent of Toxoplasma-antibody-positive
patients with AIDS, toxoplasmic encephalitis will develop
due to reactivation of their latent infection. Thus, about
25 percent of patients with AIDS in Belgium, France, and
Germany and 5 to 10 percent of such patients in the United
States will contract toxoplasmic encephalitis (McCabe and
Remington, 1988).

The fetus and the newborn are very sensitive to
toxoplasmosis. Infection of the mother during pregnancy and
transmission to the fetus can lead to miscarriage, birth of

abnormal children (especially with ocular and cerebral



0.33 ng/mM nitro blue tetrazolium 0.165 ng/m 5-brono-4-chlo Gﬁ?&igg
i ndol'yl - phosphate, 100 mM NaCl, 5 mM MyCl [err], 100 mM Tris-

nmM EDTA (al kal i ne phosphat ase). A. 14. Prggaratlon of crude
[err]gtll | ysogen Lysogens were prepared y infection of E.

br epat od 1 SREARESS o Jodus T ARRARRRS bh Do FHRT el LESRLER, BT S
L o 2 e R e it T
Elfe t OaF :
|nned|atelymFP5? itro 7 T was SConpl et ed
by soni cati 0n9&t o4 erewbdrarsd arte afdriattedasitkncongegétall0 nmin, 10000 g).

For use in Zo%%Hlasmosxs.

Besides its negative impact on human health, the parasite is
also detrimental in sheep and pig farming since abortions
resulting from the infection lead to relatively important
economic losses [Beverley, 1976]). A vaccine for controlling
this infectious agent would be of great value and the
feasibility of its development is suggested by the fact that
primary infection with Toxoplasma results in specific and
long-lasting immunity against reinfection [Remington and

" Krahenbuhl, 1982]. However, no effective and safe vaccine
is currently available against toxoplasmosis. The best
available vaccine candidate is a temperature- sensitive
mutant of the highly wvirulent RH strain (Pfefferkorn and
Pfefferkorn, 1976). This mutant, named ts-4, is currently

7. being tested in animals as a live vaccine (Waldeland and
Frenkel, 1983, Waldeland et al., 1983, Frenkel and
Escajadillo, 1987). However, this potential vaccine has two

main drawbacks.

7 First because it is derived from a highly virulent strain,
the possibility of reversion has to be taken into account in
the evaluation of safety.

Second and more importantly, because this vaccine consists
of the live tachyzoite form of the parasite which is very
unstable in an extracellular environment, the lack of
stability of the vaccine preparation will hamper its
distribution and administration. Thus, a safer sub-unit

vaccine is clearly needed.

In response to infection, immunocompetent hosts mount an

immune response, the humoral component of which underlies




proliferation assay, the supernatant was sterile filtered thr

0.2-[err] mpore nenbrane and protein content was determ ned b,

nmet hod (Bi o-Rad protein assay) using BSA as standard. Aliquotfs

at -80[err]C until use. A 15. Sodiun1dode§xlsulfate-polyacryla
t.

el ectrophoresis (SDS-PAGE) and Western bi SDS- PAGE was carllried out ia

t he disconti u m i _ éﬁﬂq' & RHOE ESTSTHAS.
run - 25- g\}}gr ﬁ‘%ﬁtﬁ td%n er%%(r)anl?sgn ecal]?lr en d’zélx%ﬁjgn%%se%;&iéqlﬁggggls was
t hen washed fimmupeh reispondeciddspesuifess pratectian against subsequent

infection to host: women showing serological evidence of
previous infection before the beginning of pregnancy are at

no risks of transmitting toxoplasmosis to their fetus.

The immune response against T. gondii involves both humoral
and cellular compdnents [Remington and Krahenbuhl, 1982].
However, in-vitro and in-vivo studies have indicated that
cell-mediated immunity plays an essential role in protection
and have identified interferon-gamma (IFN-gamma) as the
major mediator of resistance {[Frenkel, 1967; Nathan et al.,
1984; Pfefferkorn, 1984; Sethi et al., 1985; Suzuki and
Remington, 1988, Suzuki et al., 1988, 1983; Suzuki and
Remington, 1990].

When cell-mediated immunity is essential for protection, as
it is the case in toxoplasmosis, the identification of
pathogen antigen(s) involved in the activation of the

* protective immune mechanism must be done at the T-cell
level. During the last five years, the need for better
prophylactic means to control tuberculosis and leprosy, two
bacterial-borne infectious diseases in which protective
immunity is also cell-mediated, stimulated the development
of new strategies and techniques to identify T-cell
antigens. One of them is the so-called "T-cell blot
technique™ in which antigens of the pathogen are
size-fractionated in a denaturing polyacrylamide gel,
blotted to nitrocellulose and then tested for reactivity
with T-cells of immune or vaccinated subjects [Lamb and
Young, 1987]. Another approach makes use of antigens of the
pathogen cloned and expressed in E. coli, which are also
tested for their T-cell reactivity [Mustafa et al. 1986].
However, in this latter approach, the tested antigen had

.) been previously identified and selected with mouse
monoclonal antibodies. The main limitation of this strategy

is that human T-cells may not necessarily react with the



glycine buffer pH 8.3. Proteins were transferred fromthe S S ¢ ol ;
ni.trocel | ul ose nenbrane (Hybond c) in the sane buffer contajnin 0%@ T
(vol /vol) nmethanol, in an el ectrophoretic- transfer chanber 2%% T !
Scientific Instruments, San Francisco, CA USA) at 4[err]C | 24—100\). i |
After transfer, the nembrane was bl ocked _hy_ incubation witH 1% BSA or 5%
dried ski mred nllk'Tn washi ng buffer (2 h,” RT). Conditions! tjion ?

with anti-T b I t scripged ™
for the |m*ruf? %Q%te %%E/ C?dFda %lé‘%un&n Ggaeﬂpgggée%{:%aalég 8
[err]g/m, anNerEomgomhnslnnﬂhiQQMEQn %PE!#&?@/h$V°éﬁ§nQAﬁPAP1§B ROPA0000

di | ution. g&é ta R ffn S LBvie OwK@N
phosphorylase br% qﬁﬁgﬁﬁ;gﬁvﬁﬂe éérun1a buﬁ§%9 £0r r@?é oga

(43-kDa) ~car Boced lasiyphess vy RraRgseq e2pq - ?h%:?'ﬁ@‘lioﬁnﬁ hde%lilssé)mé’n&f
| ysozyne a previously undetected mycobacterial antigen [Mustafa et

al., 1988). However, this method becomes impractical in the

case of more complex organisms.

As described herein, we show that T-cell antigens of

. eukaryotic pathogens can be identified through cloning of
their cDNA in a bacterial expression vector (Agtll),
screening the obtained library with'a pool of sera from
immune subjects, and testing the whole set of
antibody-preselected recombinant antigens in the-form of
crude lysates for reactivity with a T-cell clone (TLC)

derived from an immune subject.

Using this approach we have identified a 54-kDa antigen of
T. gondii recognized by a human TLC which is of potential
value as a vaccine against infection caused by T. gondii.

Where reference is made to a 54-kDa antigen or protein it
should be understood to be to an approximately 54-kDa
protein as determined by Western blotting as herein
described.

To assist in understanding the invention reference is made
to the Figures hereinbelow in which:

Fiqure 1 shows the sequencing strategy for a cDNA clone
known as Tg34. The map of the restriction sites of the Tg34
EcoRI insert used for the construction of unidirectional
deletion clones in pBluescript KST and the localization of
the sequences corresponding to the synthesized internal

55 oligonucleotide primers ( ) are shown. The arrows represent



(14. 3-kDa) were obtained fromBRL. A 16. Preparation of a
niktrocel l ul ose particles The preparation of nitrocellul ose
carried out as previously described [ Abou-Zeid et al., 198
SDS- PACE and el ectrotransfer, the nitrocedlul ose sheet was
phosphat e- buffered saline for 30 mn at . The position
vei ght st andafls HELK "endi @1 FeBELbRN0 8 tAB! hieNecwaLR |
Ponceau Red staining of vertical strips excised at the edges of th& ™ wmm.
nitrocel | ul FEAENFES- The 60- mm wi de nenbr ane containing the blotted

material was divided in 3-nmhigh horizontal strips. Positive and negative

controls were prepared by dotting 25 [err]g of total solyble antjigen onto a
20 mierr] @Aﬂﬂi&ﬂ?Lﬁ?@%ﬁcF?%I%?CE§ELlﬂﬁrgEQn9§P“§FFiﬁminq circles
wer e : sequence of the Tg34 cDNA clone. The sense strand sequence

and the deduced amino acid sequence of the single long open
reading frame (1620 bp) are displayed. The stop codon is
boxed. Sequences predicted to fold as transmembrane helices
are underlined and a potential signal sequence cleavage site

is shown as an open triangle.

The present invention provides a 54-kDa protein which is
reactive with antibodies raised against the recombinant
protein having the sequence shown in Figure 2 or reactive
with antibodies obtained by absorption from human serum on
the recombinant protein shown in Figure 2, and immunogenic:
derivatives (including mutants) thereof.

‘"It will be understood that the 54-kDa protein according to
the invention is purified and or synthetic material and does
not encompass the ‘natural’ 54-kDa of T. gondii. Preferably
the 54~-kDa antigen is over 60% pure, more preferably over
70% typically 80-100% especially 90-100% pure.

The term "immunogenic derivative" encompasses any molecule
such as a truncated or other derivative of the protein which
retains the ability to induce an immune response to the
protein following internal administration to a human or to
an animal or which retains the ability to react with
antibodies present in the sera or other biological samples
of Toxoplasma gondii-infected humans or animals. Such other

derivatives can be prepared by the addition, deletion,
substitution, or rearrangement of amino  -acids or by chemical
modifications thereof.

Immunogenic fragments of the protein, which may be useful in

the preparation of subunit vaccines or diagnostic tests, may
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cles were

transferred to a sterile tube, dissolved in 1 m of - 26-
di nmet hyl sul f oxi de (Merck, Darnstadt, Germany), and incubate
ensure sterility of the sanples. Antigen-bearing nitrocellu
were precipitated with an equal vol une of carbonate-bicarbon
mv| pH 9.5) added dropwi se with vigorous=$0rtexing. The part
washed two tines wth Hanks' Bal anced Salt Sol ution GIBCE% nd flnollu srenemeee)
resuspended P& Breparesf byupxpressdan At Hhe IRPEORY IR neZéf@QWFB s

until use. Fgg gz%éfae&ate' YnRReIS, [FYY itAfperesiseotié Retiriflield

dilution of 1/1
synthesxs (The Peptides, Vol 2., Academic Press, NY, page

3).

The immunogeniﬁ derivative of the invention can be a hybrid,
that is, a fusion polypeptide containing additional
sequences which can carry one or more epitopes for other I.
gondii immunogens, or other non-T. gondii immunogens.
Alternatively, the immunogenic derivative of the invention
can be fused to a carrier polypeptide which has
immunostimulating properties, as in the case of an adjuvant,
or which otherwise enhances the immune response to the 54-
kDa protein or derivative thereof, or which is useful in
expressing, purifying or formulating the 54-kDa protein or
derivative thereof.

The invention also extends to the 54-kDa protein or
immunogenic derivative thereof when chemically conjugated to
a macromolecule using a conventional linking agent such as
glutaraldehyde (Geerlings et al, (1988) J. Immunol. Methods,
106, 239-244).

A further aspect of the invention provides a process for the
.¢ preparation of the 54-kDa protein or an immunogenic

derivative thereof according to the invention, which process

comprises expressing DNA encoding said protein or derivative

thereof in a recombinant host cell and recovering the

product, and thereafter, optionally, preparing a derivative
.. thereof.

A DNA molecule comprising such coding sequence forms a
further aspect of the invention and can be synthesized by
standard DNA synthesis techniques, such as by enzymatic

" ligation as described by D.M. Roberts et al in Biochemistry
1985, 24, 5090-5098, by chemical synthesis, by in vitro



i nECFrLAuEcie !l Wit d
A 17. Affinity purification of reconbinant antigen-specific nqsbodles

Pol ycl onal anti bodi es specific for reconbi nant fusion protei r@ 3 $6Fa Rald
fromthe 1gG of the pool of human i mrune sera essentially as ldescribed hy
Prince at al. [1989]. A sanple of |ysogen |ysate containingi{l ng total
protein was el ectrophoresed in a 1.5 x 1267mm section 7. 5% pgl yacryl am de

SDS- preparative gel and el ectrotransferred to nitrocellul ose. After
bl ocki ng, theemzymathe naéymﬁggbaté@nm1Q¥aﬁﬁ|a'F°%ﬁﬁﬁﬁtlﬂnnaﬁ thesel10

[err]g/mM |n *QgﬁRféﬁ buffer, overnight, 4[err]C) and washed extensively.
Vertical 3- frips were cut on both edges of the nitrocellul ose
sheet and i ncubat ed sequentially with |abelled second anti body and the

chr fmogem C SERSYRAL Ecl BoRURREikatiReAld e DN tdPasd | ¥erieeaNBLRalh fusiron
protein

using a DNA polymerase such as DNA polymerase I (Klenow
fragment) in an appropriate buffer containing the nucleoside
triphosphates dATP, dCTP, dGTP and dTTP as required at a
temperature of 10°-37°C, generally in a volume of 50ul or
less. Enzymatic ligation of DNA fragments may be carried
out using a DNA ligase such as T4 DNA ligase in an
appropriate buffer, such as 0.05M Tris (pH 7.4), 0.01M
MgCl,, 0.01M dithiothreitol, 1lmM spermidine, iImM ATP and
0.1mg/ml bovine serum albumin, at a temperature of 4°C to
ambient, generally in a volume of 50Ul or less.- The

. chemical synthesis of the DNA polymer or fragments may be
carried out by conventional phosphotriester, phosphite or
phosphoramidite chemistry, using solid phase techniques such
as those described in ’Chemical and Enzymatic Synthesis of
Gene Fragments - A Laboratory Manual’ (ed. H.G. Gassen and
A. Lang), Verlag Chemie, Weinheim (1982),o0r in other
scientific publications, for example M.J. Gait, H.W.D.
Matthes, M. Singh, B.S. Sproat, and R.C. Titmas, Nucleic
Acids Research, 1982, 10, 6243; B.S. Sproat and W.
Bannwarth, Tetrahedron Letters, 1983, 24, 5771; M.D.

" Matteucci and M.H Caruthers, Tetrahedron Letters, 1980, 21,
719; M.D. Matteucci and M.H. Caruthers, Journal of the
American Chemical Society, 1981, 103, 3185; S.P. Adams et
al., Journal of the American Chemical Society,1983, 103,
661; N.D. Sinha, J. Biernat, J. McMannus, and H. Koester,
Nucleic Acids Research, 1984, 12, 4539; and H.W.D. Matthes
et al., EMBO Journal, 1984, 3, 801l.

Alternatively, the coding sequence can be derived from T.
gondii mRNA, using known techniques (e.g. reverse

‘ transcription of mRNA to generate a complementary cDNA
strand), and commercially available cDNA kits.
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An horizontal strip containing this protein and bound anti bo
excised fromthe remaining central part of the nitrocellul os heet W gan
eluted in 0.2 Mglycine-HO pH 2.5 for 15 min at RT. The eludtd wg M5 =7
neutralized by addition of a pretitrated volume of 2 M Tris gndidiluted-is
i ncubati on buffer containing 0.1% NaN[err]=8- -27- A 18. :Jigonucleotide

r R

synthesi s and DNA séquenci ng The ol igonucl eotides used as p : -
synt hesi sed byfhehdnprenpion cis rnest timyeefonoi Rhg Sperdid caddy MOugclosed

synt hesi zer (NewnRIARS Wk Schethdbscalr. mokdbto8s NodiHGAforPhare SaNADES
purified using Lanbdasorb (Pronmega) according to the ,
protein or an immunogenic derivative thereof, as described

above.

Accordingly the invention provides a recombinant DNA
molecule comprising:

(a) at least a portion of a DNA sequence represented
by the sequence shown in Figure 2;

(b} a DNA sequence which is degenerate as a result of
the genetic code to the above sequence; or

(c) a DNA sequence which hybridises under stringent
conditions to the complementary sequence of the above
sequence;

the said recombinant DNA molecule encoding a protein:

(i) capable of being recognised by antibodies in the
sera or other biological samples of T.gondii infected
humans and animals; or

5 (ii) capable of raising antibodies following internal
administration to a human or animal.

The invention also provides a recombinant DNA molecule
comprising the complementary sequence of the sequence
defined under (a) (b) or (c) above.-

The invention also relates to nucleic acids comprising
nucleotide sequences which hybridize with the above



manuf acturer's protocol and digested with EcoRI. The EcoRl i
reconbi nant phage was isol ated by agarose gel el ectrophoresig,
Subcl oned into the EcoRl site of pBluescript KS+ phagem d vdgct
(Stratagene, La Jolla, CA USA) using stangard t echni ques ( '
1982). Doubl e-stranded plasm d DNA was seq enced by the cha n termn

the Tol | owl ngehaned Pupieaies” spareas et HTRE 3he R 157
or KS17-mer (&ymﬁidgﬁaﬁionotoawﬂtﬁ@mszed internal primers. Exanple 1 a)
T o Ve s BSEPRRERL PRl 0 AL SIS AEAL 2 O Tnedl
contains about 5 x SSPE (SSPE = 0.18 M NaCl, 0.01 M sodium
. phosphate, 0.001 ethylenedinitrilo tetraacetic acid pH 7.7),
0.1% bovine serum albumin, 0.1% Ficoll, 0.1%
polyvinylpyrrolidone, 0.5% sodium dodecylsulfate and about
0.1 mg/ml sheared denatured salmon sperm DNA,
- -wash medium: a preferred wash medium contains about 1 x
SSPE, 0.1 sodium dodecylsulfate,
-hybridization temperature (HT) and wash temperature (WT)
for the nucleic acids of the invention are HT = WT = 65°C.
These temperatures are to be considered as approximately *
5°cC. .
It is also to be noted that in the above defined nucleic
acids, as well as in the hereafter defined nucleic acids,
the nucleotide sequences which are brought into play are
such that T can be replaced by U.

- DNA which encodes mutants of the 54-kDa protein may be
prepared by site-directed mutagenesis of the cDNA which
codes fof the 54-kDa protein by conventional methods such as
those described by G. Winter et al in Nature 1982, 299,
756-758 or by Zoller and Smith 1982; Nucl. Acids Res., 10,

: 6487-6500, or deletion mutagenesis such as described by Chan
and Smith in Nucl. Acids Res., 1984, 12, 2407-2419 or by G.
Winter et al in Biochem. Soc. Trans., 1984, 12, 224-225.

The process of the invention may be performed by
conventional recombinant techniques such as described in
Maniatis et. al., Molecular Cloning - A Laboratory Manual;
Cold Spring Harbor, 1982-1989.

In particular, the process may comprise the steps of:



centrifuged (10[err] g), and the soluble fraction (F3) used in g;g HMENT S”rﬁT
proliferation assay of PMBC from seropositive or seronegative i ndi vi diars=——
I'n prelimnary experinments, we found that |ynphocytes from foyr o rans mee
seroposi.tive donors were able to proliferate in response to the |[F3 while ;
t he | ynphocytes of two seronegative indiwxyals did not. The|PBMC fromall ™™
si x donors responded to the polyclonal activator concanovalin{A
Lynphocyt es fron1a)sepm@panmngaarnhp&xhabl@rorliatagedtnngaedosesaessndent
manner in the presenc . F | r 0

[err]g/mM of antigen. %e%ctfors cn;ﬁél{l an J\'/\rg?o séerdzr:vggE ?ﬁ Q&g&-@%@l\ﬂgt% %%A

polymer comprising a nucleotide sequence that

encodes said 54-kDa protein or an immunogenic
derivative thereof;

ii) transforming a host cell with said wvector;

iii) culturing said transformed host cell under
conditions permitting expression of said DNA
polymer to produce said protein; and

iv) recovering said protein.
The term ‘transforming’ is used herein to mean the
introduction of foreign DNA into a host cell by
transformation, transfection or infection with an -
appropriate plasmid or viral vector using e.g. conventional
techniques as described in Genetic Engineering; Eds. S.M.
Kingsman and A.J. Kingsman; Blackwell Scientific
Publications; Oxford, England, 1988. The term ’‘transformed’
or ‘transformant’ will hereafter apply to the resulting host
cell containing and expressing the foreign gene of interest.

The expression vector is novel and also forms part of the

invention.

The replicable expression vector may be prepared in
accordance with the invention, by cleaving a vector
compatible with the host cell to provide a linear DNA
segment having an intact replicon, and combining said linear
segment with one or more DNA molecules which, together with
said linear segment encode the desired product, such as the
DNA polymer encoding the 54-kDa protein, or fragments
- thereof, under ligating conditions.



of a seronegative individual (SI <2 for all F3 concentrations tested). As
the tachyzoites used were obtained fromthe peritoneal cavity of mce, a
theck was nade to ensure that the |ynphocyte proliferation was not due to
contami nating nouse proteins. To this eng,j.peritoneal proteins and cells
fromnon-infected control mce were obtalned by injection of PBS in the

peri t oneal Gﬁ-ﬁié,v EHODNACONEYREr SHAREBSI e\t medd|caC fSkiidd sy ing Ehe
an

soni cat i on centrifugation follow ng the sane protocol as for the F3
preparatlonQgﬂﬁimnﬁ%#¢%l%faﬁHeNKFHGB§) aPh8esSdL®%-i ng preparati on was
tested in a proliferation assay using PBMC from a seropositive donor. The -

results indicated that the rollfer n observed using the E3 i ecific

for T. gondiTheyfheefR QF n¥ CFBrrEESE g@ Hesed &aﬂﬁF HRY En8PEESL
cell, which may be prokaryotic or eukaryotic. Suitable
vectors include plasmids, bacteriophages, cosmids and

recombinant viruses.

The preparation of the replicable expression vector may be
carried out conventionally with appropriate enzymes for
restriction, polymerisation and ligation of the DNA, by
procedures described in, for example, Maniatis et al cited
above.
The recombinant host cell is prepared, in accord;nce with
the invention, by transforming a host cell with a replicable
expression vector of the invention under transforming
conditions. Suitable transforming conditions are
conventional and are described in, for example, Maniatis et
+ al cited above, or ’’DNA Cloning’’ Vol. II, D.M. Glover ed.,
IRL Press Ltd, 1985.

The choice of transforming conditions is determined by the
host cell. Thus, a bacterial host such as E. coli may be

. treated with a solution of CaCl, (Cohen g;'g;, Proc. Nat.
Acad. Sci., 1973, 69, 2110) or with a solution comprising a
mixture of RbC1l, MnCl,, potassium acetate and glycerol, and
then with 3-[N-morpholino]-propane-sulphonic acid, RbCl and
glycercl. Mammalian cells in culture may be transformed by
calcium co-precipitation of the vector DNA onto the cells.
The invention also extends to a host cell transformed with a
replicable expression vector of the invention.

'Culturing the transformed host cell under conditions
permitting expression of the DNA polymer is carried out



extract of mce peritoneal proteins was used. b) Generati of GFHUMBM-= -~
T-cell clones specific for T. gondii A T-cell line was derived froq;gh@gh 997
PBMC of a chronically infected donor by stinmulation with F3 an \\/as.cl()“'r"l"'g()f“‘3
by limting dilution. Atotal of three cloning experinents was|{carrTed ottt
In the first two experiments, we used autpbogous irradiated P + F3 + b
IL-2 for stinulation of T-cell gromh and obtained a total of 18 clrones i

with a probabi] QfodPNAF) el ddycPip88% ANdr8i Yexhrphest MaslinridSet al
det er mi ned by {he Poi sson “di

istribution. Five of the clones sg @o t 0_Qr.ow.
In the thirdagidori’BiPexpaningt’ GktedeaPAYEogelBEE: | PF&%P&F 3 P% Ly .
ggg(y' L-2. Fi Vg Gupas e f18CAYeF Ben i dfd acelehabil aty aot empecaltaral ity
0
below 45°C.

The product is recovered by conventional methods according
to the host cell. Thus, where the host cell is bacterial,
such as E. coli it may be lysed physically, chemically or
enzymatically and the protein product isolated from the

. resulting lysate. Where the host cell is mammalian, the
product may generally be isolated from the nutrient medium
or from cell free extracts. Conventional protein isolation
techniques include selective precipitation, ébsorption
chromatography, and affinity chromatography including a

- monoclonal antibody affinity column.

Preferably, the host cell is E. coli. Alternatively, the
expression may be carried out in insect cells using a

suitable vector such as the Baculovirus.

The novel protein of the invention may also be expressed in

yeast éells.

The vaccine of the invention comprises an immunoprotective
smount of the 54-kDa protein or an immunogenic derivative
tliereof according to the invention. The term
’’ immunoprotective’’ refers to the amount necessary to
elicit an immune response against a subsequent T. gondii
challenge such that disease is averted or mitigated, and/or
. transmision of the disease is blocked or delayed. In the
vaccine of the invention, an aqueous solution of the protein
can be used directly. Alternatively, the protein, with or
without prior lyophilization, can be mixed or absorbed with
any of the various known adjuvants. Such adjuvants include,
but are not limited to, aluminium hydroxide, muramyl
dipeptide and saponins such as Quil A. As a further



-29- ©) Response of the T-cell clones to F3 an faL@{EPDAOWW’ES EET
The 18 clones obtained in the three cloning experi ments were
their specificity to the antigen F3 in a proliferation assay a d f
expression of the cell surface markers CD4zand CD8. The resujt
proliferation assay allowed us to classify the clones in thrge

groups. The {llesk Wﬁl&ma{ﬁr@f éi?e%faééiﬁpéﬁhf be Ewcép&ladﬁécgen F3 _
and all belonging to’'the CD4 subset. he clones proliferated =

presence of WAEDRRD MHRroRArticles %m%%néé LiPPEOMES - pré@bMﬁ§(ﬁn?ﬁQﬂ%lns
from peritongilenpAdrly Dftd¥HAB vaPUusiKe (PFEteihNchi Hedlc¥ffudetitd A OGS

immunostimulating macromolecule, such as killed Bordetella

or a tetanus toxoid.

Vaccine preparation is generally described in New Trends and

Developments in Vaccines, Voller et al. (eds.), University
Park Press, Baltimore, Maryland, 1978. Encapsulation within
liposomes-is described by Fullerton, US Patent 4,235,877.
Conjugation of proteins to macromolecules is disclosed, for
example, by Likhite, US Patent 4,372,945 and Armor et al.,
US Patent 4,474,757.

Use of Quil A is disclosed by Dalsgaard et al., Act Vet
Scand, 18:349 (1977).

The amount of the protein of the present invention present
in each vaccine dose is selected as an amount which induces
an immunoprotective response without significant, adverse
side effects in typical vaccines. Such amount will vary
depending upon which specific immunogen is employed and
whether or not the vaccine is adjuvanted. Generally, it is
expected that each dose will comprise 1-1000 pg of protein, .
» preferably 1-200 pug. An optimal amount for a particular
vaccine can be ascertained by standard studies involving
observation of antibody titres and other responses in
subjects. Following an initial wvaccination, subjects will
preferably receive a boost in about 4 weeks, followed by
repeated boosts every six months for as long as a risk of

infection exists.

A further aspect of the invention provides a method of
preventing T. gondii infections in humans, or preventing
35 congenital transmission in humans or animals, which method




responded strongly to the F3 (clones 32 and 29B), while ot §¥§§ﬁg§pendedm"_m
| ess well (clones 35 and 216). In the second group, we cla iR IR 2o b £7

¢l ones that responded weakly to the antigen as conpared wi | hftHe response..
of the clones of the first group, and one g{one that did
34). Two of the clones belong to the CD4, and one to the

| ow response LonbbEsEd hamdHEstBraRcARILRC R jddr Dubr
addition of thrs lynphokine in the praqliferatiaon assaé q¥

unr esponsi verieBgredficapr é8BHRRISR1ILRIL Y, 8 Ffe Sy %i

i nduce prolifgratb@n b8 8BCaNn2ImAciodkh)ic Werdat ikl elerdatiucer vetika
proliferation (clone 34). Furthernore, the inability of these clones to

produce |L-2 VRAGCEBAf LRNBACPEEANGS Hith YR Y Jp contains three
cl ones, the specificity of

The invention also relates to a process for detecting in-
vitro antibodies related to Toxoplasma in a human or animal
biological sample liable to contain them, this process
comprising '

- incubating the biological sample, liable to contain
antibodies against the parasite, with a suitable amount of
the 54-kDa protein or of an immunogenic derivative thereof
according to the invention under conditions which allow the
formation of an antigen-antibody complex and

-- the in-vitro detection of the antigen-antibod& complex

which may be formed.

Preferably, the biological medium is constituted by human

serxum.

The detection can be carried out according to any classical

process.

By way of example a preferred method'brings into play an
immunoenzymatic process according to ELISA technique as
described for example by Engvall, E. and Perlmann, P.,
Immunochemistry, 8:871-874, or radioimmunological or
immunofluorescent or immunochemiluminescent techniques or
the equivalent ones.

Such a method for detecting in-vitro antibodies related to

toxoplasmosis comprises for instance the following steps:

- deposit of determined amounts of the 54-kDa protein or of

an immunogenic derivative thereof according to the invention
" in the wells of a titration microplate, generally this

amount will comprise 0.1 to 1 pg of protein.



mhlch towards T. gondi i coul d not be denonstrated in the proji

assay. d)

an inportant protection role in resistance agai nst Toxopl as

tested the

clones to pro u |ynphokines upon Ag stimulation. Detectable | s of

wer e found Iu th ﬁ‘ok. RE: ({atoqft ?,a; éay@ &éprgsofnmcrwagan@' 1 utd dild

t he hi ghest
t he control

>
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Production of IFN-[err] and IL-2 Because |FN-yja dBlg- -[23 :blaV@;
nf ecti on, e
REPLACEMENT SHEET -30- abilijty of the F3-speciffic T-ce

-2 activity was detected in

§ hmg;gqm;al sample to be tested,

- incubation of the microplate,

- repeated rinsing of the microplate,

- introduction into the wells of the microplate of labelled
antibodies against the immunoglobulins of the animal species
from which the biological sample was derived,

- the labelling of these antibodies being carried out by
means of an enzyme which is selected frdm among the ones
which are able to hydrolyze a substrate and modify the
ébsorption or emission of light by this latter at least at a
given wavelength,

- detection and quantification by comparing with a control
standard of the amount of hydrolysed substrate. _

The invention also relates to a method for the in-vitro
diagnosis of toxoplasmosis, including congenital
toxoplasmosis, in a patient liable to be infected by

Toxoplasma gondii comprising:

© - contacting a biological sample taken from a patient with

the 54-kDa protein of the invention or a derivative thereof
according to the invention, under conditions enabling an in-
vitro immunological reaction between said protein or
immunogenic derivative and the antibodies which are possibly
present in the biological sample and

- the in-vitro detection of the antigen-antibody complex
which has possibly been formed.

To carry out the in-vitro diagnostic method for
zoxoplasmosis in a patient liable to be infected by
Toxoplasma gondii, the following items or kit can be used,

said items or kit comprising:
- the 54-kDa protein or an immunogenic derivative according
to the invention, '




suggesting that the IL-2 was produced by the clones in response to the Ag.
The production of IFN-[err] by the clones after stinmulation with the
antigen was al so determ ned. The cl ones produced very heterogeneous | evels
of the | ynphoki ne: some clones rel eased ijg-gni ficant anounts of IFN-[err]
(<10 TU m; clones 215, 27, 21, 1G5, 2E3, 29B) as conpared with baseline
val ues (5 | U gugylipes byrthakdRE al mealumCapperopit igrted ived thee hi ghest

amount of the | ynphokipe (1400 |W m ) while the other clones produced
i nt er nedi atell“@}g{)%lc(gz’ﬁﬁazgor??fhf'?? ?:9\}'18ﬁcﬁ5’anti gen was added, no

| FN-[err] was- deteaderit SUaggasling tbaectEdn| efr Eheasanrighrceaht ¥bedsponse -

to the antigen F3. Since sone of the_clan re [ s ce IL-2
upon st i mul atSEPIH® \kg?’ec%n%%?eLFSinSf)lgP gégt Y, ﬁ%%elqﬁ@e%goé%# exogenous
IL-2, we al sqeandtiant cdssipersagaents cbntbéndhgnes lahesh datientabierdwith
the physico-chemical measurement methods, such as those known in

the art.

The examples which follow are illustrative but not limiting
of the invention.



antigen in the presence of exogenous |IL-2 and quantified thefl
present. The presence of exogenous |L-2 enhanced the producti{o
I'FN-y by nost of the clones. Clones 32 and 27 did not show suc
enhancenment. Sonme clones which failed to-ameduce IFN-[err] ijn res
Ag al one, produced significant |levels of IFN-y upon additio
(clones 21, mm@;‘%‘[ 215). e) Cross-reactivity of the T-cell
i nvestigated a possible Toxoplasma strain specificity of 7 T-cell clones by
conparing their response to the RH strain with that observed using the al so
virul ent Wkear straMANTERIALSIANDf MEZHODS assay. The 7 clones, originally

I solated 35 with the RH strain, cross-reacted with the Wktor strain

s A.l. Reagents and cell culture medium

Bovine serum albumin (BSA), polyoxyethylenesorbitan
monolaurate (Tween 20), diaminobenzidine, nitro blue
tetrazolium, and 5-bromo—44chloro-3—indolyl-phosphate were
obtained from Sigma (St. Louis, MO, USA).
Isopropyl-f-thiogalactopyranoside (IPTG),
anti-B-galactosidase monoclonal antibody (MAb) and E. coli
strains Y1090 (r-) and Y1089(r-) were purchased from Promega
(Leiden, The Netherlands). EcoRI linker (d5‘-CCGAATTCGG-3’)
was from Bethesda Research Laboratories (BRL, Géithersburg,
MD, USA). T4 DNA ligase and T4 DNA polymerase were from
Boehringer Mannheim (Brussels, Belgium). Restriction
enzymes were from Boehringer Mannheim or New England Biolabs
(Beverly, MA, USA) and were used according to the
manufacturer’s recommendations. Reagents for cell culture

" were obtained from Sigma, Flow Laboratories (Brussels,
Belgium) or GIBCO (Ghent, Belgium). Fetal bovine serum was
purchased from Sera Lab (Crawley Down, Sussex, England).
Anti-HLA-DR (clone L243), anti-Leu-10 (anti-HLA-DQ, clone

© SK10), and anti-HLA-DP (clone B7/21) MAbs were obtained in
purified form from Becton Dickinson (Erembodegem, Belgium).
For inhibition experiments, they were dialyzed extensively
against RPMI culture medium to éliminate sodium azide and
sterile-filtered.

A.2. Parasites and antigens

The RH [Sabin, 1941] and Wiktor (Francois et al., 1963]
strains of T. gondii were maintained by serial passage in
35 the peritoneal cavity of Swiss mice and tachyzoites were



-31- In the cases of clones 216 and 29B, no appreci abl e differleREBLAGIMENT SHECT
noted between the two strains the 5 other clones (32, 2G3, 35, 2ES—and~31)

a significantly | ower response was observed agai nst the WKktor| sfraimnssa 297
Exanple 2 a) Response of T-cell clone-B#-to different T. gondi 1 'strains
It has been found that the CD4[err] CD8[err] T. gondii-specifijc homan

T-cel |l clone 82thékCcdl)ledebidndsom tde tpepd toomamh cavite &F hqubktgrown
strains of T.,gondii., h | NSs 15

m ce and do -?%-t-ﬁ% E@Qﬁﬁ%}?@%’ (Eﬁ'%r‘la&lwal 2?{ oqfle%% h%eggir'yésg%ce o?gl g
32-defined epFloweLahozatsbries)mase desmsidead Dy \Hugiies set azks (L 864) .

Briefly, 3 x 107 freshly obtained tachyzoites were used to
2

‘TLC

inject a confluent culture of AGMK cells in a 150cm? culture
flask. Two days later, wvirtually all the host cells had
lysed and the tachyzoites were harvested, washed 3 x with

PBS and stored at -80°C.

. The Gangji strain was isolated in 1984 at the Pasteur
Institute of Brabant from the placenta ¢of a woman who
seroconverted during pregnancy. This strain induces a
chronic infection in the mouse and has been maintained by
passage of brain suspension from chronically infected mice
into the peritoneum of fresh mice at one-year intervals.
Gangji strain tachyzoites were collected from the peritoneal
cavity of mice infected 6-8 days earlier with a
cyst-containing brain suspension and treated with cortisone
[De Meuter et al., 1975]. After washing, tachyzoites were

stored at -80°C until use. The soluble fraction of the
sonicates of tachyzoites (F3) and of peritoneal exudate of
control uninfected mice was prepared as described below.

A.3 Preparation of soluble antigenic fraction F3

2 x 102 purified RH tachyzoites were suspended ih 10ml of
PBS pH 7.2 + 5 mM PMSF, sonicated on ice for 5 min at 50 W
(Labsonic 2000, Braun) and centrifuged at 100,000 g at .
4-10°C for 40 min. The supernatant was saved and the pellet

* was resuspended by sonication in 10ml of PBS pH 7.2. After
centrifugation for 30’ at 100,000 g, the supernatant was
pooled with that obtained after the first centrifugation.
This pool was named F3. Protein concentration in F3 was
determined by the Bradford method (Protein assay, Bib-Rad,
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naturally infected humans which are generally of |ow virul enge [
cyst-formng, a soluble antigenic fraction (F3) was prepared fdo?
tachyzoites of the Gangji strain grown in cortisone-treated fn Y]
in a proliferation assay. It was found t#g:'ﬂi:BZ prolifer
to antigen prepared fromthe three strains (RH, WKktor, and JGngji)
confirm ng t 2- e pit.0 served ano
strains i ndepen(ﬁé}?'l hL&T;?f hggéhghgﬁg‘t atge@?:gn\?\igg‘ggr response observed WT
the Gangji strain could be due to a lower relative concentration of the

antigen in thigs st rFﬁk#EE ) : igﬁﬁik%g%?tion by T-cell clone 32 is .
HLA- DPwW4-r es bete Q sera g4 reactivity was studi ed using
MAbs directed to nononorphic determ nants of class | and class |

Sera from chronically infected/immune subjects were selected
among samples referred to the Pasteur Institute of Brabant

dp%éS?eﬁ
response

for diagnostic purposes. These sera were tested by the
modified Sabin-Feldman dye test [Lelong and Desmonts, 1951]
and by indirect immunofluorescence with anti-human
IgM-labelled antibody [Remington'gg al., 1968]. A pool was
made up of sera containing high titers of anti-T.gondii IgG
and no detectable IgM. A pool of sera of Balb/c mice
chronically infected with the virulent Wiktor strain as
described below was also used in some'experiment§. Both
sera were depleted of anti-E. coli antibodies by passage
through a CNBr-activated sepharose column (Pharmacia,
Uppsala, Sweden) to which a mixture of lysates of induced
Y1089 (Lgtll) lysogen and Y1090 had been bound following the
manufacturer’s recommendations. The IgG fraction was then
isolated from the pre-absorbed sera by DEAE Affi-gel Blue
gel column chromatography (Bio—-Rad, Richmond, CA, USA)
following the manufacturer’s instructions. Aliquots of the
1gG preparations were stored at -20°C until use.

25 A.5. Infection of mice

Balb/c mice were injected i.p. with 5 x 104 tachyzoites of
the virulent Wiktor strain. They were given trimethoprim
1.6 mg/ml-sulfamethoxazol 8 mg/ml in drinking water for two
+ weeks and 80 png trimethroprim-400 pg sulfamethoxazol i.p.
twice a day from day 12 to day 18. 2 of 7 mice survived the
infection. Mouse No.l was then boosted with the following
doses of F3: 2ug i.p. at day 39, 100 ug i.-.. 2t day 42 and
100 pg i.v. at day 43. Mouse No.2 wa< “.«.~.ed with 1 pg F3
i.p. on day 270 and 50 pg F3 i.p. and 50 gg F3 i.v. on day



HLA gene products. As shown in Table |, the proliferative res oRsFuQﬁmILC
32 to the antigen in the presence of autologous B-LCL as APC hireed
by anti-HLA- DP MAb -32- (89% inhibition) and to a | esser exten by ARt
-HLA-DR MAb (51% i nhibition). No inhibithgh was observed withfthet 3 #m reas
anti-HLA-DQ MAb, with an anti-HLA class I MAb, or with unrel o

the same subglass.gabhe iseEsL Déct&di St theyp 26 hha BAA- ired
prollferatlon by the MAbs excludes the possibility of an uns

effect of the antibody preparations. Fromthese results, it can be .

concl uded t hatg ant i g ¥ 856 fipepipReTaC B2obd mononuclear cells
(PBMC)

PBMC were isolated from heparinized blood of healthy donors
by Ficoll-Paque (Pharmacia, Uppsala, Sweden) in accordance
with the manufacturers’ instructions. Cells were washed
with Hanks’ Balanced salt solution (HBSS) before further

. processing. For stimulation of the clones and their use as
antigen presenting cells (APC) in proliferation assays,
cells were irradiated (3000 rad, 60co irradiator) and

cryopreserved until use.
A.7. T-cell clones

The isolation and characterization of the human TLC specific
for T. gondii is described below. They were derived from a
chronically infected/immune donor whose seroconversion had

" occurred at least one year before the beginning of the
study.

A.8. Isolation of human T-cell clones

.: 1ml PBMC (1 x 10% cells/ml) was stimulated in-vitro with 30
pg/ml of the antigen F3 in a 24-well tissue culture plate
(Costar, Cambridge, MA, USA) and incubated at 37°C in a
humidified atmosphere containing 5% CO, in air. Seven days
later, after washing, 105 cells were restimulated with 5 k
105 fresh autologous irradiated PBMC, 30 pg/ml of F3, and S5
U/ml of recombinant IL-2 (rIL-2, Boehringer, Mannheim, FRG)
in 1ml of medium in 24-well plates. On day 7, blasts were
recovered by Ficoll-Paque and cloned by limiting dilution
(20 cells/well) in a final volume of 2004l of medium in

J\_,
.



DP-restricted; the partial inhibition observed with the anti-DR MAb coul d
be due to a cross-reaction of this MAb wth the DP nol ecul es. The
i"dentification of the DP allele able to present antigen to TLC 32 was
carried out using a panel of HLA-typed B—# L as APC. The results shown in
Table Il clearly indicate that the antigeh’is recognized in assoCiation

w th DPwA4. 3,00 %FBress C L.
gondi i antigéﬁﬂggﬁllnga % 'rll&(?eﬁ (,)I orf{eq%&eag’g %@?Eték ?B}l tfﬁlte}%&ar asite
anti gen reacahdeeitherTaftd2ogouE igoratiiatdiPBMOr 410 maslpsép@déd|ﬁ1ﬁ3m
cl oni ng/ expr [ tar e C bn 1 e391S + -
| sol at ed froﬁ??hﬁglﬁﬁgrgfyE%éﬁ?%ﬁégéiyﬁfgﬁﬁ%é%#aéggét?SPtye%}t%?¥%% 32
cDNA was synphytpheembgghus indny |PHA, 1/100 v/v of stock solution
. provided by the manufacturer [Pharmacia]). One week later,
medium was changed and rIL-2 was added. This step was
repeated every 4 days thereafter. After 2 weeks, growing
clones were screened and transfered to 24-well plates
together with either autologous irradiated PBMC + F3 or
allogeneic irradiated PBMC + PHA.

A.9. Maintenance of T-cell clones

The TLC have been maintained in long term culture by
stimulation every 2-3 weeks in the presence of allogeneic
irradiated PBMC, 1% (v:v) phytohemagglutinin, M form (PHA,
GIBCO) and 5 U/ml recombinant IL-2 (rIL-2, Boehringer
Mannheim) in RPMI 1640 medium supplemented with L-glutamine
(2 mM), sodium pyruvate (1 mM), non-essential amino acids
(0.1 mM), HEPES (15 mM), P-mercaptoethanol (5 x 10-° M),
penicillin-streptomycin (50 IU/ml), and 10% fetal bovine
serum. After 4 days, T-cells were washed and supplied with
rIL~2 (5 U/ml). rIL-2 was added every 4 days. For
proliferation assays, T-cells were used at least one week

. after restimulation and 4 days after the last rIL-2
addition.

A.10. B-lymphoblastoid cell lines (B-LCL)

. The B-LCL DOC3, JAH, MS7, P5493, RAG and HID were obtained
from the European Collection of Animal Cell Cultures (ECACC,
Porton bown, Salisbury, UK); J1066 and J929 were obtained
from the European Collection for Biomedical Research (ECBR,
Istituto Nazionale per la Ricerca sul Cancro, Genova,
Italy). The autologous B-LCL was isolated as previously
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bottomed culture plates. The medium was then replaced by
. fresh medium and after 2 - 3 weeks growing cultures were
pooled and further expanded. Cells were irradiated (5000
rad) and cryopreserved until their use as antigen-presenting

cells (APC).

. A.11. Cell proliferation assay

Twenty-thousand T-cells from the clone were incubated with
the appropriate concentration of anﬁigen or antigen-bearing
nitrocellulose particles in the presence of either 10°
cryopreserved PBMC, or 2 X 104 cryopreserved B-LCL in
96-well flat bottom plates, in a total volume of 200pl for
72 hrs. When autologous PBMC were not available any more,

PBMC, from an allogeneic donor, selected for their ability
to present antigen to TLC 32 were used. The cells were
:} noulsed with 1 uCi of [3H]Thymidine (Amersham, Brussels,

- Belgium) for the last 18-20 h of culture and harvested onto
glass-fiber filters with an automatic cell harvester.
[3H]thymidine incorporation was assessed by liquid
scintillation spectroscopy.

A.12. Construction of T. gondii cDNA library in Agtll

vector

Total RNA was extracted from T. gondii tachyzoites (Wiktor
strain) grown in AGMK cells according to the method
described by Johnson et al. [1986]. Poly(A)¥ RNA was
purified by affinity chromatography on an oligo (dT)
cellulose column (Boehringer Mannheim) and
ethanol-précipitated as described by Maniatis et al. [1982].
© cDNA was synthesized using an Amersham cDNA synthesis kit.
The first strand was synthesized using reverse transcriptase



REPLACEMENT g
: i
i QohtMpr =3

t acel | Ul ose
expected, TLC

protein expressed in T934 | ysogen was confirned by the "T-cél
techni que. Total |ysate of the Tg34 or the [err]gtll | ysogen
fracti onated by SDS-PACGE and transferred to nitrocell ul ose.
strips of the nmenbrane were converted intg,antigen-bearing
particles and tested with TLC 32 in a proftferation assay.

32 showed a K nSe. s\ t r | PLR4G N8 B
appr oxi nat e ﬁféb%?§géga?20§§ﬁ € S-HEE% anéhggrggspond?ng to the
reconbi nant ®sEngnREAsecHn ang3PNA palanerase b bEwbherpAbrli HefamPon was
al so observegoyhih TARELEORR AN Al LA GhadOmbengTakBa, wikhch

coul d correspond to proteolytic degradation products of the reconbi nant

antigen. NE®RLj methyilasend® romegale RGFAFAERG ©P HEu¥nh, &8t2dns flXdfPihe
[err]gtll veghQrpilyardaNwibn@M &Mk polymerase in standard conditions

[Maniatis et al., 1982]. DNA was purified by phenol-CHClj
extraction and ethanol-precipitated. EcoRI linker

phosphorylation and ligation to cDNA, digestion with EcoRI,
size fractionation on Bio-Gel A-50m (Bio—-Rad) column and
ligation with Agtll vector arms (Promega) were carried out
according to Huynh et al. [1985]. After incubation with
packaging extracts (Promega), the resulting phage particles
were used to infect E. coli Y1090(r-); plagques containing
recombinant phages were identified according to Ehe
manufacturer’s recommendations.

A.13. Immunoscreening

- The procedure was adapted from Huynh et al. [1985].

) Y1090 (r-) bacteria were infected and grown as described
except that soft agarose-culture medium was used instead of
soft agar-medium. Dry nitrocellulose membranes (Hybond-C,
Amersham) previously saturated in 10 mM IPTG were overlayed
on each plate and incubated for 3.5 h at 37°C. The
membranes were removed, rinsed with washing buffer (10 mM
Tris-HC1l pH 8.0, 150 mM NaCl, 0.05% (v:v) Tween 20) and
incubated for 2 h at room temperature (RT) in incubation

-

buffer (1% BSA in washing buffer). They were then rinsed
once and incubated (4 h or overnight) with anti-T. gondii

. human or mouse IgG (15 pug/ml or 10 pg/ml, respectively).
The membranes were washed extensively and developed with one
of the following reagent systems: (a) -alkaline
phosphatase-labelled goat anti-mouse immunoglobulin (GAM-AP,
Promega, 1/5000 dilution, 2 h, RT), (b) biotinylated sheep

; anti-human immunoglobulin (Amersham, 1/1000 dilution, 2 h,
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blot of AGWK gi1ytion, 2 h, RT), followed by GAM-AP (1/5000, 2 h, RT).

All antibody dilutions were done in incubation buffer.

After extensive washing, peroxidase activity was detected
with 0.2 mg/ml diaminocbenzidine, 0.02% Hy,0,, 100 mM Tris-HC1l
pH 7.6, and alkaline phosphatase activity was detected with

. 0.33 mg/ml nitro blue tetrazolium, 0.165 mg/ml
S-bromo-4-chloro-3- indolyl-phosphate, 100 mM NaCl, 5 mM
MgCl,, 100 mM Tris-HCl1 pH9.5. The reaction was stopped by
extensive washing with H,0 (peroxidase) or 10 mM EDTA
(alkaline phosphatase).

A.l14. Preparation of crude lysate from Agtll lysogen

Lysogens were prepared by infection of E. coli Y1089 (r-)
with Agtll recombinants from the cDNA library and crude
lysates were prepared from these lysogens after induction
with IPTG essentially as described by Huynh et al. [1985].
The cell pellet was resuspended in 1/25 of- the original
culture volume in phosphate'buffered saline pH 7.2 and
immediately frozen in liquid nitrogen. After thawing, lysis

. was completed by sonication at 4°C and the extract was
centrifuged (10 min, 10000 g). For use in T-cell
proliferation assay, the supernatant was sterile filtered
through a 0.2-um pore membrane and protein content was
determined by the Bradford method (Bio-Rad protein assay)

* using BSA as standard. Aliquots were stored at -80°C until
use.

A.15. Sodium dodecylsulfate-polyacrvlamide gel
electrophoresis (SDS-PAGE) and Western blot.

SDS-PAGE was carried out in the discontinuous system

described by Laemmli [1970). Electrophoresis was run
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same buffer containing 20% (vol/vol) methanol, in an
electrophoretic transfer chamber (Hoefer Scientific
Instruments, San Francisco, CA, USRA) at 4°C (2 h, 100V).
After transfer, the membrane was blocked by incubation with
1% BSA or 5% dried skimmed milk in washing buffer (2 h, RT).
Conditions for incubation with anti-T. gondii antibody and
labelled second antibody were as described for the
immunoscreening. Anti-T. gondii human IgG were used at 10
Hg/ml, anti-T. gondii mouse IgG at 5 pg/ml, and GAM~AP at a
1/10000 dilution. Protein molecular weight stangards
(myosin H-chain (200-kDa), phosphorylase b (97.4-kDa),
bovine serum albumin (68-kDa), ovalbumin (43-kDa) carbonic
anhydrase (29-kDa), P-lactoglobulin (18.4-kDa) and lysozyme
(14.3-kDa) were obtained from BRL.

A.l16. Preparation of antigen-bearing nitrocellulose
particles

The preparation of nitrocellulose particles was carried out
as previously described [Abou-Zeid et _al., 1987]. After
SDS-PAGE and electrotransfer, the nitrocellulose sheet was
washed in phosphate-buffered saline for 30 min at RT. The
position of molecular weight standards and the distribution
of antigens were identified by Ponceau Red staining of
vertical strips excised at the edges of the nitrocellulose

.v sheet. The 60-mm-wide membrane containing the blotted
material was divided in 3-mm-high horizontal strips.
Positive and negative controls were prepared by détting 25
Hg of total soluble antigen onto a 20 mm? nitrocellulose
circle. Each horizontal strip or three circles were

.7 transferred to a sterile tube, dissolved in 1 ml of



dependi ng on the reconbi nant protein, indicating that the cloned cDNA had a
coding capacity for a polypeptide with an approximate M between 5 and
65-kDa taking into account of M of 115-kDa for the [err]-gal actosi dase
portion of the fusion protein. These fusizg- proteins were al so recogni zed.
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in the presesaebohatecbibarbohate3buffeayetbl yedt eH 9.5) added dropwise
with vigorous vortexing. The particles were washed two
times with Hanks’ Balanced Salt Solution (GIBCO) and finally
resuspended in 1.5 ml of culture medium. They were stored
at -20°C until use. For proliferation assays, particles

were used at a final dilution of 1/10.

A.17. Affinity purification of recombinant antigen-specific
antibodies

i Polyclonal antibodies specific for recombinant fusion
protein were isolated from the IgG of the pool of human
immune sera essentially as described by Prince at al.
[1989]. A sample of lysogen lysate containing 1 mg total
protein was electrophoresed in a 1.5 x 120-mm-section 7.5%
polyacrylamide SDS-preparative gel and electrotransferred to

P, }

nitrocellulose. After blocking, the membrane was incubated
with anti-T. gondii human IgG (10 pg/ml in incubation
buffer, overnight, 4°C) and washed extensively. Vertical
3-mm-wide strips were cut on both edges of the
nitrocellulose sheet and incubated sequentially with
labelled second antibody and the chromogenic substrate in
order to localize the reactive recombinant fusion protein.
An horizontal strip containing this protein and bound
antibodies was excised from the remaining central part of
the nitrocellulose sheet and eluted in 0.2 M glycine-HCl pH
2.5 for 15 min at RT. The eluate was neutralized by
addition of a pretitrated volume of 2 M Tris and diluted in
incubation buffer containing 0.1% NaNs;.



Some proliferation was al so observed in the presence of reconbi
| ysate but its activity could not be reproduced in a separate e pBEPn@nRﬁn,
[err]gtll vector |ysogen and the other reconbinants did not displ -

stinulating activity on TLC 32. The respopse of TLC 32 to reco
Is specific and dose-dependent. Mreover, the possibility that
Tg34 coul d agtigs apn9esRee1cot ibd HeSs £X CAnkdlepiny séheha
no stimulatory activity on two other T. C ]
used to grow the parasite. As a further confirmation of the M o

gondi i anti geRe oligonucleotides used as primers were synthesised by the -
phosphite~triester method in a Cyclone 8400 DNA synthesizer
(New Brunswick Scientific Co., Edison, NJ, USA). Phage DNA
was purified using Lambdasorb (Promega) according to the

manufacturer’s protocol and digested with EcoRI. The EcoRI
insert of the recombinant phage was isolated by agarose gel
' electrophoresis, and subcloned into the EcoRI site of
pBluescript kst phagemid vector (Stratagene, La Jolla, Ca,
USA) using standard techniques (Maniatis et al., 1982).
Double-stranded plasmid DNA was sequenced by the chain
termination method [Sanger et al., 1977] using T7 DNA
polymerase (Pharmacia) and one of the following gommercial
primers: M13(-20) universal, Ml3 reverse, SKl7-mer or
KS1l7-mer (Stratagene), or synthesized internal primers.

Example 1

a) Proliferative response of human PBMC to a soluble
fraction

of T. gondii (F3)

Tachyzoites of the RH strain of T. gondii were sonicated,
centrifuged (105 g), and the soluble fraction (F3) used in a
5-day proliferation assay of PMBC from seropositive or
seronegative individuals. 1In preliminary experiments, we
found that lymphocytes from four seropositive donors were
able to proliferate in response to the F3 while the
lymphocytes of two seronegative individuals did not. The
PBMC from all six donors responded to the polyclonal
activator concanovalin A. Lymphocytes from a seropositive
individual proliferated in a dose-dependent manner in the
presence of F3, with the maximum response obtained with 25
33 pg/ml of antigen. No stimulation was observed in the case



correspondi ng to reconbi nant Tg34, the antigenic conponent of Tf :gor
reacting with TLC 32 was directly identified by the '' T-cell Jot”
technique. Nitrocellul ose particles bearing size-fractionated
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lymphocyte proliferation was not due to contaminating mouse

proteins. To this end, peritoneal proteins and cells from
non-infected control mice were obtained by injection of PBS
in the peritoneal cavity. The recovered suspension was
subjected to a cycle of sonication and centrifugation
following the same protocol as for the F3 preparation (see
Materials and Methods). The resulting preparation was
tested in a proliferation assay using PBMC from a
seropositive donor. The results indicated that the
proliferation observed using the F3 is specific for T.
gondii antigens since no response was observed when the

extract of mice peritoneal proteins was used.

b) Generation of human T-cell clones specific for T.
gondii

A T-cell line was derived from the PBMC of a chronically
infected donor by stimulation with F3 and was cloned by
limiting dilution. A total of three cloning experiments was
carried out. In the first two experiments, we used
autologous irradiated PBMC + F3 + IL-2 for stimulation of
T-cell growth and obtained a total of 18 clones with a .
probability of monoclonality of 86% and 81%, respectively,
as determined by the Poisson distribution. Five of the

. clones stopped to grow. In the third cloning experiment, we
used allogeneic irradiated PBMC + PHA and IL-2. Five clones
were recovered with a probability of monoclonality >90%.
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analyzed for their specificity to the antigen F3 in a
proliferation assay. and for expression of the cell surface
markers CD4 and CD8. The results of the proliferation assay

allowed us to classify the clones in three different groups.

The first group consists of 12 clones specific for the
artigen F3 and all belonging to the CD4 subset. The clones
proliferated in the presence of the F3, but not in its
absence or in the presence of proteins from peritoneal
cavity of normal mouse (MPP). In this group, some clones
responded strongly to the F3 (clones 32 and 29B), while

. others responded less well (clones 35 and 216).'

In the second group, we classified two clones that responded
weakly to the antigen as compared with the response of the
clones of the first group, and one clone that did not

zv respond (clone 34). Two of the clones belong to the CD4,
and one to the CD8 subset. The low response to the F3 is
due to an absence of IL-2 production since the addition of
this lymphokine in the proliferation assay overcomes the
unresponsiveness. The presence of IL-2 alone was either

+ insufficient to induce proliferation (clones 27 and 215), or
only able to induce weak proliferation (clone 34).
Furthermore, the inability of these clones to produce IL-2
was confirmed (see below).

The third group contains three clones, the specificity of
which towards T. gondii could not be demonstrated in the

proliferation assay.

d) Production of IEN-Y and IL-2

Because IFN-Y and IL-2 have an important protection role in

resistance against Toxoplasma infection, we tested the
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No IL-2 activity was detected in the control supernatants,
suggesting that the IL-2 was produced by the clones in
response to the Ag. The production of IFN-yY by the clones
after stimulation with the antigen was also determined. The
clones produced very heterogeneocus levels of the lymphokine:
some clones released insignificant amounts of IFN-y (<10
IU/ml; clones 215, 27, 21, 1G5, 2E3, 29B) as compared with
baseline values (5 IU/ml produced by the APC alone). Clone
32 produced the highest amount of the lymphokine (1400
IU/ml) while the other clones produced intermediate levels
(20-200 IU/ml). When no antigen was added, no IFN-Y was
detected suggesting that IFN-Y was produced in response to
the antigen F3. Since some of the clones were not able to
produce IL-2 upon stimulation or were unable to proliferate
in the absence of exogenous IL-2, we also collected

.. supernatants of the clones after stimulation with the
antigen in the presence of exogenous IL-Z and quantified the
IFN-Y present. The presence of exogenous IL-2 enhanced the
production of the IFN-Y by most of the clones. Clones 32
and 27 did not show such enhancement. Some clones which
failed to produce IFN-Y in response to Ag alone, produced
significant levels of IFN-Y upon addition of IL-2 (clones
21, 29B, 2E3, 215).

e) Cross-reactivity of the T-cell clones

We investigated a possible Toxoplasma strain specificity of
7 T-cell clones by comparing their response to the RH strain
with that observed using the also virulent Wiktor strain in
a proliferation assay. The 7 clones, originally isolated

35 with the RH strain, cross-reacted with the Wiktor strain.
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Example 2
a) Response of T-cell clone 32 to different T. gondii
strains

It has been found that the CD4% CD8~ T. gondii-specific
human T-cell clone 32 (TLC 32) defines an epitope common to
the RH and Wiktor strains of I. gondii. However, these two
strains are highly virulent to mice and do not form tissue
cysts. In order to test the presence of the TLC 32-defined
epitope in a strain more representative of isolateé from
naturally infected humans which are generally of low
virulence to mice and cyst-forming, a soluble antigenic
'fraction (F3) was prepared from tachyzoites of the Gangji

' strain grown in cortisone-treated mice and tested in a
proliferation assay. It was found that TLC 32 proliferated
in response to antigen prepared from the three strains (RH,
Wiktor, and Gangji) confirming that the TLC 32-defined
epitope is conserved among T. gondii strains independently

.- of their phenotype. A weaker response observed with the

Gangji strain could be due to a lower relative concentration
of the antigen in this strain.

b) Antigen recognition by T-cell clone 32 is
« HLA-DPwd-restricted

MHC restriction of TLC 32 reactivity was studied using MAbs
directed to monomorphic determinants of class I and class II
HLA gene products. As shown in Table I, the proliferative
response of TLC 32 to the antigen in the presence of
autologous B-LCL as APC was inhibited by anti-HLA-DP Mab
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unrelated MAbs of the same subclass. The absence of

inhibition of the PHA-induced T-cell proliferation by the
MAbs excludes the possibility of an unspecific toxic effect
of the antibody preparations. From these results, it can be
concluded that antigen presentation to TLC 32 is
DP-restricted; the partial inhibition observed with the

» anti-DR MAb could be due to a cross-reaction of this MAb
with the DP molecules. The identification of the DP allele
able to present antigen to TLC 32 was carried out using a
panel of HLA~typed B-LCL as APC. The results shown in Table
II clearly indicate that the antigen is recognized in

association with DPw4.

Example 3

Cloning, expression, and identification of the T. gondii
antigen defined by T-cell clone 32

In order to identify the parasite antigen reactive with TLC
32, a T. gondii cDNA library was prepared in the
cloning/expression vector Agtll and individual recombinant
antigens isolated from this library were tested for their
reactivity with TLC 32. cDNA was synthesized from 5 ug
poly(A)+ RNA purified from in vitro grown Wiktor strain
tachyzoites and cloned in the Agtll vector yielding a
libréry of 4.9 x 10° independent phages, 87% of which were
recombinants as determined by white/blue screening. Three
hundred thousand phages of this library were plated and
duplicate nitrocellulose membranes containing replicas of
the plagques were screened either with a pool of immune human
IgG or IgG of mice experimentally infected with the Wiktor
" T. gondii strain. One hundred and ninety-six plaques were
immunodetected; among them, 62 produced antigens reactive



i soanyl al cohol (25:24:1,v:v:v), twice with diethylether, after - which e
DNA was et hanol -precipitated in the presence of g.SNIannDni ﬁﬁ%@%@@%ﬂ@FSHEET
(overnlght, 4[err] Q). The DNA was col | ected by centrifugatidn, the pell et
was rinsed with 70% ethanol in water, recgyered by centrifudat of,3 ¢tA%®T?
and resuspended in 25[err]l of TE buffer ?10nNITris-HC1, 1 EDTA, _pH 8).
Insert: Five [err]g of purified DNA fromplasm d pBl uescriptfKS[err]- Tg34
(plasmd resulting fromthe insertign of g |

_ _ m | [ the Tgl4 c claq LN e ECcoRl
site of pBl usths igRadlisrigy @S H%§c??bgathntBF1§‘§BE§§f°ﬁé gested W th
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m xture was incubated at er ot 10, m n_and | . A%
agarose gel . "M1q8lleRAQY OHRFRRIGUSE herrgﬁﬂ&f ﬁX&ﬁEﬁt Ofi Fg’eaqug}ﬁqgﬁ%no”?]el ’
appr oxi mat el Y A300bR, sWferedsict edct ionmted bgasDSePAGE and transferred
to nitrocellulose. Horizontal strips of the membrane were

converted into antigen-bearing nitrocellulose particles and
tested with TLC 32 in a proliferation assay. As expected,
TLC 32 showed a peak of response with the fraction
containing proteins of approximate Mr between 160 and 175~
kDa and corresponding to the recombinant fusion protein
Tg34. In addition, a strong proliferation was alsoc observed
with fractions containing antigens of 38 to 65-kDa, which
could correspond to proteolytic degradation products of the
%+ recombinant antigen. No proliferation was observed with any

of the fractions from the Agtll vector lysogen.

Example 4

Molecular mass of the T. gondii antigen encoded by clone
Tg34

Antibodies specific for recombinant antigen Tg34 were
isolated from anti-T. gondii human immune IgG by affinity on
nitrocellulose blotted recombinant antigen. These
monospecific antibodies were used to detect the
corresponding T. gondii antigen on a Western-blot of total
parasite lysate. Affinity-selected antibodies against
recombinant Tg34 were found to react with a parasite antigen
of Mr 54-kDa. Weak reaction was also observed with parasite
components of Mr 59 and 66-kDa. The 54-kDa band was one of
the major bands recognized by the original pool of human
immune IgG. No reaction was observed with the control
antibodies eluted from the blot of Agtll vector lysogen.
None of the antibodies reacted with the control blot of AGMK -



purified by two extractions with phenol -chloroform isoanyla
extractions with diethylether, and adsorption on silica matr
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to Tg38) recombinant phages reacting with mouse, human, or
both antisera, respectively, were plaque-purified, and Y1089
lysogens corresponding to each of these recombinants were
isolated. Western blot analysis of soluble extracts of
induced cultures of these lysogené showed that all but three
of them produced recombinant fusion proteins reactive with
murine or human anti-T. gondii antiserum. The Mr of these
fusion proteins were between 120 * 5-kDa and 190 * 5-kDa
depending on the recombinant protein, indicating that the
cloned cDNA had a coding capacity for a polypeptide with'an
approximate Mr between 5 and 65-kDa taking into account of

v Mr of 115-kDa for the P-galactosidase portion of the fusion

protein. These fusion proteins were also recognized by a
monoclonal antibody against P-galactosidase. Twé
recombinant clones (Tg7 and Tgl7) expressed an antigen of
unexpectedly low Mr (100-kDa and 57-kDa respectively)
recognized by anti-T. gondii serum but not by
anti-B-galactosidase antibody. Recombinant Tg45 did not
express any immunologically detectable material. Crude
lysates of the 44 recombinant lysogens were tested for their
ability to induce proliferation of TLC 32. As shown in

! Table III, a significant proliferation of TLC 32 was

observed in_the presence of recombinant Tg34 lysogen lysate.
Some proliferation was also observed in the presence of
recombinant Tg28 lysate but its activity could not be
reproduced in a separate experiment. 4il1 vector lysogen
and the other recombinants did not display any stimulating
activity on TLC 32. The response of TLC 32 to recombinant
Tg34 is specific and dose-dependent. Moreover, the
possibility that recombinant Tg34 could act as a nonséecific
mitogen is excluded by the fact that it had no stimulatory
activity on two other T. gondii specific TLC.
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with restriction enzymes as described by Maniatis et al. (1

pH 7.5) overnlght at 14[err]C Af ter incubat j-er—at

5[err]l of reaction mx was used to transforn11.(ﬂEﬂhﬁﬁEWENT é HEET
conpet ent cells fromE coli strain DH (ATCC 33849) |ysoge
| anbda. Preparation of conpetent cells and gransfornatlon
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and transf or "EETRESROPLADG ¢ IreRombiantTg3E, coher BRtABSRHCY COMBRNEI ts
described by Jenipat gdngli j8lreddA8e] wied | froes2 $h3tQdreRtly identified by

the ’’T-cell blot’’ technique. Nitrocellulose particles
bearing size-fractionated antigens of T. gondii tachyzoites
were tested in a proliferation assay with TLC 32. A major
peak of proliferation with antigens of Mr 48-55-kDa was

{ observed, tailing off in a higher Mr fraction (55-62-kDa).

No proliferation was observed with any of the fractions from
control uninfected AGMK cells. These results thus confirm
those obtained with the Tg34-specific antibodies.

-

Example 5

DNA §equence'o§,chne Tg34 and deduced amino acid sequence

The EcoRI insert (£ 1800 bp) of recombinant Tg34 was
subcloned into the EcoRI site of pBluescript KS * vector and
characterized by digestion with several restriction enzymes.
Unidirectional deletion clones were constructed and specific
internal oligonucleotides were synthesized in order to
obtain the full nucleotide sequence of the 1802 bp EcoRI
fragment. This sequence contains a single long open reading
frame of 1620 bp in frame with P-galactosidase. The
sequence of the EcoRI linker used for cDNA cloning is found
at the 5’ end of the coding strand but not at the 3’ end .
suggesting that the 3’ end EcoRI site is probably an

+ internal site of the Toxoplasma gene. The polypeptide

encoded by this ORF has a calculated mass of 61.5-~kDa
yielding a P-galactosidase fusion protein of calculated mass
176.5-kDa, in agreement with the experimentally determined
Mr (175 * 5-kDa). The fir«- ATG codon is found at



anpicillin-containing selection nediumand grown at 28[err]C. An overni ght
culture at 28[err]C of one of the transformants in LB nmedium (Maniatis et

al., 1982) containing 50[err]g/m anpicillin was used to inoculate a fresh
culture in the sane nedium The culture wag-i ncubated at 28[err]C with

vi gorous shaking until the optical density, nmeasured at 590 nm reached a

val ue of 0.2 fuklusd g PPséichon psvh) andhést aopesatrmonndfed iy @equensess

t hen rap|dlyﬁﬁ§€¥1 to 4 err &%é?e rgorggﬁlgg %Bn%f %&gmg%%\gg dr awn

at various ti y CO Iected y centri gatlon
(12000 g, 30[$bzﬂkirbﬁmependnuelhTSDSnsampteobutb@pn(@Z retaeT
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frozen at - 2@{rersdr® uin ithanByy4i sDE} SDSnPAGEHSWE VESst & menfiioned
above, this clone has a coding capacity for a polypeptide of
Mr (61.5-kDa) larger than the corresponding mature
Toxoplasma polypeptide (54-kDa). The missing amino-terminal
residues thus probably belong to a pre/pro region. Indeed,
analysis of the amino acid sequence by the methods of
Eisenberg et al. [1984], Klein et al. [1985], and Rao and
Argos [1986] based on amino acid hydrophobicity, predicts

two membrane-associated regions (from-residue 9 to 25 and
from residue 464 to 485). The former region also displays
significant homology with eukaryotic signal sequences
suggesting a potential signal sequence cleavage site between
residues 25 and 26 [von Heijne, 1986). The classification
of the second hydrophobic region as transmembranar
[Eisenberg et al., 1984] suggests a possible membrane

localization of the identified antigen. Finally, neither
the DNA sequence nor the deduced amino acid sequence display
any significant homology with the sequences of databanks
(Genbank, release 61.0; PIR, release 21.0) or the seven T.
gondii genes or gene fragments already reported [Burg et
al., 1988; Nagel and Boothroyd, 1988; Burg et al., 1989;
Cesbron—Delauw et al., 1989; Johnson et _al., 1989; Prince g;
al., 1989].

Example 6

Expression in E. coli using the pIGALl2 vector

All standard techniques were performed as described in
Maniatis et_al. (1982).
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-39- Expression of clone Tg34 in E. coli using the pl GAL12 v§§?§ﬁ8§ﬁ§§TE§85&T§
I nsert of reconbinant Tg34 was inserted in the EcoRl site 3f t he expressioT

vector plGAL12. Clones containing the insert in the correc rifb@t B2bonn? |
W th respect to expression were sel ected_ ggordrng to the feqults of :
restriction enzyne analysis with BanH and'Bgll. The resul'{ing reconbinant

p| asm d (p| 34)..enc i eptLi.de s tp%mﬁm— I
aci d encodege—%rr%eégg S %‘Ilgls%mﬁg;e\?’e% o#si aff?c?ghg% ﬁ%{){aef’?ngﬁﬁlgaand .the amno dg“gT“"d""’
sequence enceticdlhy dI990 Wea dirgestedl wield BA PRitpeEgoRI jifns a total

carboxy-term aygneTde Po1CFYOM H 441 §74¢ES1 OBne p1 (24 units) of calf

intestine alkaline phosphatase (CIAP) was then added and the

. reaction was allowed to proceed for 30 min at 37°C. After a
further addition of 1 Ml (24units of CI..P and incubation at
37°C for 30 min, the reaction mixture was incubated at 65°C
for 10 min, extracted twice with phenol-chloroform-
isoamylalcohol (25:24:1,v:v:v), twice with diethylether,

. after which the DNA was ethanol-precipitated in the presence
of 2.5M ammonium acetate (overnight, 4°é). The DNA was
collected by centrifugation, the pellet was rinsed with 70%

Q.

|

ethanol in water, recovered by centrifugation, dried and
resuspended in 251 of TE buffer (10mM Tris—HCl,_l mM EDTA,
PH 8).

Insert: Five pug of purified DNA from plasmid pBluescriptKS'*'-~
Tg34 (plasmid resulting from the insertion of the Tg34 cDNA
clone in the EcoRI site of pBluescriptKS+, as described in

o A.18 supra) was digested with 30 units EcoRI in a total
volume of 50ul for 3h at 37°C. The reaction mixture was
incubated at 65°C for 10 min and loaded on a 1.4% agarose
gel. After electrophoresis, the DNA fragment with a length
of approximately 1800bp was extracted from the agarose,

- purified by two extractions with phenol-chloroform-
isoamylalcool, two extractions with diethylether, and
adsorption on silica matrix (Geneclean, BIO 101 Inc., La
Jolla, CA) according to the manufacturer’s instructions.
The DNA was finally recovered in 204l of H,0 and quantified

+ by agarose gel electrophoresis, ethidium bromide-staining,

-and comparison with a standard DNA preparation.

pIGAL12Tg34: One hundred and fifty ng of vector and 50 ng
of insert were incubated in the presence of 1 unit T4 DNA
ligase in a final volume of 15Ul of ligation buffer (50mM
Tris-HC1l, 10mM MgCl,, 1 mM dithiothreitol, 1 mM adenosine
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pol ypeptide is under the control of the P[err] pronoter of pk

pCl 857 that codes for a thernpsensitive repressor of phage |3nijdefj B[ ¥PR] ¥
"pronoter were incubated at 42[err]C, the_ggpressor was inactijvgted, and

. age Ianﬁdazf SHE! E"
When E. coli strain MCL061 carrying both plasm d pl GAL12Tg34 {arfd pIa“M“H“f“': ]

expression of the fusion polypeptide occurred. Sanples of. th¢ bacterial

culture taken ? tlrl;@ 7 ngpraaégnightoaﬁ hetics) aftes dohe
t enperature to err mere anal SDS- el ectrophoresis, Wstern
bl oF and | Ao de (e 16 Ry pYET OF SERGE SPNTBAB,FASTRSER: S oo

i ndi vi dual s. ¢ /AdJ@d¥n | TEOI0 SACEbitSeBENt cEELLE! irom BopabA! stvladeniDal
mass of 77- kDa was observed In sa es ﬁf bacteri,a caé he reconbi nant
pl asni d pl GALBERBBIRAAINoLYFPEPR T B Eﬁ?rg ’ﬁ‘édﬁhe éé’@?"%l fzé) Qt her
i mrunol ogi caldgmganit e PESdsn@f t tanefommbheiohawasaperfedmed a
described by Maniatis et al. (1982). Cells were plated on
ampicillin-containing selection medium and grown at 37°cC.
Plasmid DNA was prepared and analyzed by agarose gel
electrophoresis after digestion with restriction enzymes as
described by Maniatis et al. (1982).

Induction of recombinant fusion protein expression: E. coli
MCl061 (ATCC 53338) carrying the plasmid pCI857 (Remaut et

al., 1981) cells were made competent and transformed with
plasmid pIGAL12Tg34 or the control plasmid pIGAﬁiZ as
Jdescribed by Maniatis et al. (1982). Cells were plated on
ampicillin-containing selection medium and grown at 28°C.
An overnight culture at 28°C of one of the transformants in
LB medium (Maniatis et _al., 1982) containing 50ug/ml

. ampicillin was used to inoculate a fresh culture in the same
medium. The culture was incubated at 28°C with wvigorous

shaking until the optical density, measured at 590 nm,
reached a value of 0.2 (1-cm long optical path). The
temperature of the culture was then rapidly raised to 42°C
with vigordus shaking. Samples were drawn at various time
intervals. Cells were rapidly collected by centrifugation
(12000 g, 30 s) and resuspended in SDS-sample buffer (62 mM
Tris-HCl, 5% mercaptoethanol, 10% glycerol, 2.5% SDS, 0.005%
bromophenol blue, pH 6.8). Samples were incubated for 5 min
~in a boiling water bath, chilled and kept frozen at -20°C
until analysis by SDS-PAGE and Western blot.




r'econbi nant fusion pol ypeptide. Expression of the fusion
al so be detected by Western blot using a ppgocl onal anti bgdyk-gi ,
epi tope present on the am no acid sequence of the fusion jpol ypeptide
encoded by the expression vector plGAL12. These results H —cat.e _f hat the
coding information of clone Tg34 can be expression in E. coli and tha Lo
resul ting reconbinant fusion protein is reactive with sera -40- TABLE

ITABLE I

Blocking of proliferative response of T-cell clone 32 by
anti-HLA class II monoclonal antibodies.

[3H] thymidine incorporation (cpm)

MADb F3 PHA

None 19038 + 1982 25671 + 1246

anti-DR 9480 + 3146 (51) 27367 £ 383 (-6)
anti-DP 2240 £ 116 (89) 24148 * 3482 ( 6)
anti-DQ 18895 + 4410 ( 0) 26251 = 380 (-2)

T cells (2 x 104/we11) were stimulated with F3 (3ug/ml) or
PHA (1%, v:v) in the presence of cryopreserved autologous
irradiated B-LCL (2 x 104/well). Anti-MHC Class II Mabs
were added at a final concentration of 3.1lpg/ml. '
Proliferation was assessed three days later by [3H]
thymidine incorporation. Results are mean * SD of
triplicates. Percentage of inhibition relative to the
control without MAb is indicated in parentheses.



Bl ocking of proliferative response of T-cell cldne 32 by anti -
nonocl onal anti bodies. [[err]H] thynldlne I ncorporation (cpm

F3 | PHA None 19038 1982
1246 anti - DR 9480 3146 (51) 7367 383 (-6) ant
2240 116 (89) 24148 3482 ( 6) anti-D&” 18895 44

380 (-2) T C%J|S 2 x 10[err]/well) were stinulated with F3 (3[erT (
PHA (1% v:vLﬁé&é#%;pwesence of cryopreserved autol ogous irradiated B-LCC”
(2 x 104/ well). Anti-MHC Cass Il Mabs were added at a final concentration

of 3.1[err]g/m. Prolif tian was. as essed e y ekob err -
t hym di ne i ncorporati on: hf € LY 52 %e££ent£5l of

inhibition relative to the

1o [3H] thymidine incorporation (cpm)
B-LCL (APC) DPw F3 ;Eﬁ_. -
Autologous  ND? 16854 + 487 1002 * 489

1. DOC3 1,4 8961 + 303 907 + 148

" JaH 3,4 9914 + 642 1042 + 348
MS7 4,5 16541 +669 1279 + 158
P5493 1,3 1202 + 138 1757 + 132

 RAG 2,4 13239 + 815 677 + 104
4: HID 2,5 953 + 50 757 + 210
J1066 1,5 1151 + 232 1530 + 250
J929 4,6 19396 + 231 2816 £ 69

. T cells (2 x 104/well) were incubated with or without F3
(10pg/ml) in the presence of cryopreserved irradiated B-LCL
(2 x 104/well), either autologous or from a panel of HLA-
typed cells. -Proliferation was assessed as described in
Table I. Results are mean * SD of triplicates. Values
corresponding to significant proliferation are underlined.
3ND: not determined.



control w thout MAb is indicated in parentheses. -41- TABLE Il HLA-DP
restriction of T-cell clone 32 [[err]H thymdine incorporation (cpm B-LCL

( APC) DPw F3 Aut ol ogous ND[ err] 16854 487 1002 489
1 DOC3 1,4 8961 [err] 303 =-42- 907 148 JAH 3,4
9914 642 1042 348 Ms7 4,5 16541 669 1279 158
P5493 1,3 - 1202 138 1757 132 RAG 2,4

13239 815 TABL§7fiIlo4

Proliferation of T-cell clone 32 in response to recombinant

T. gondii antigens expressed in E. coli

Protein concentration /ml
Lysate 0.03 0.3 3
Agtll 2380 + 1215 1400 £ 521 915 £ 216
Tg34 1175 * 277 1065 * 269 11725+ 65
Tg28 4288 * 543 2490 X 2556 4977t 2696
All others < 2250 < 1722 < 1991

T. gondii F3 (30 pg/ml): 31742 * 2297
None 818 + 37

T cells (2 x 104/well) were incubated with serial dilutions
of lysogen crude lySates or T. gondii F3 in phe5bresence of
autologous irradiated B-LCL (5 x 104/well);_.Proliferation
was assessed as described in Table I. Results are expressed

in cpm and are the means * SD of triplicates.
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5 1.

A recombinant DNA molecule comprising:

(a) at least a portion of a DNA sequence represented

by the sequence shown in Figure 2;

(b) a DNA sequence which is degenerate as a result of

the genetic code to the above sequence; or

(c) a DNA sequence which hybridises under stringent

conditions to the complementary sequence of the above

sequence;
the said recombinant DNA molecule encoding a protein:

(i) capable of .being recognised by antibodies in the
sera or other biological samples of T.gondii infected
humans and animals; or

(ii) capable of raising antibodies following internal

administration to a human or animal.

A recombinant DNA molecule comprising the
complementary sequence of the DNA molecule claimed in
claim 1. .

A recombinant vector comprising a DNA according to

claim 1 or claim 2.

A recombinant vector as claimed in claim 3 which
encodes an antigen of T. gondii approximately 54-kDa
in size as determined by Western blotting.
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6. A purified protein comprising at least a portion of
the amino acid sequence shown in Figure 2; which

protein is:

(i) capable of being recognised by antibodies in the
sera or other biological samples of T. gondii infected
humans and animals; or

(ii) éapable of raising antibodies following internal

administration to a human or animal.

3. A protein as claimed in claim 6 which is approximately
54-kDa in size as determined by Western blotting.

8. A vaccine_composition against T. gondii infection
comprising an immunoprotective amount of a protein as
1 claimed in claim 6 or claim:-7 together with a
pharmaceutically acceptable carrier.

9. A method of detecting antibodies directed against a
'T. gondii antigen comprising:

(a) incubafing a sample suspected of containing anti-
T. gondii antibodies with a protein according to claim
6 or claim 7 as probe antigen; and

(b) detecting the antibody - antigen complex

containing the probe antigen.

10. A test kit for detection of antibodies in a human or

animal liable to be infected by T. gondii comprising:
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(b) means for detecting an antigen-antibody complex

containing the probe antigen.

A monoclonal antibody directed against an epitope of a
protein according to claim 6 or claim 7.

A monoclonal antibody as claimed in claim 11 for use

in therapy.

A test kit for detection of a T. gondii antigen in a
sample suspected of containing the said antigen

comprising:

(2a) a monoclonal antibody according to claim 12 as
probe antibody; and

(b) means for detecting an antigen-antibody complex
containing the probe antibody.

A method for producing a T. gondii antigen comprising
incubating a host cell according to claim 5 under

conditions which allow expression of said antigen.

A method of treating or preventing T. gondii
infections in humans and animals which comprises _
administering to a human or animal in need thereof an
effective amount of a vaccine composition according to
claim 8.
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Abstract

A purified antigen of T. gondii having a molecular
weight of 54-KDa (as determined by Western blotting)

"is provided which is reactive with antibodies raised

against a recombinant protein obtained by expression
of a defined T. gondii cDNA (Figure 2.) in a host
cell; also provided are immunogenic fragments of the
54-KDa antigen. Recombinant DNA encoding the 54-KDa
antogen, host cells for expression of such DNA, a
vaccine for treating or preventing toxoplasmosis
infection in human and animals, and test kits for
detection of T. gondii antigen or antibody are also
described.

Figure 2
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1 GAATTCGGGGAAAACTGTGCGTCGGTCAGATCATCGTCGTGTCTTATCTGGCTAGCTGCC
E N C A 8 V R § S§ S €C L XY W L A A

61 GCATTCTTTGTTTCGGCACTTGGCCACGTACAGCAAGGCGCTGGCGTTGTGCGGCCTCGC
A F F VS A LGVE V.0 Q GA GV V R P R

121 CACTGGCAGAACTCGGAAGCCGCTGTTAGTGTCCGGCCGCCGGGAGGCGCGTCCCCTAGA
H WQNTGSTEU AU AV VTSV RUZPUPGTGA AS P R

181 CATTTCCACAGCCCAATTGAGCCAGTAGCATTTATTGATGGGGAGCACGTTGAAGACAAG
H F H §S P I E P V. A F I D G E B® V E D K

241 CATGGAGGCTCATGGCTGGAGCAGGAAGCGGCCGAGGAAGTGACCCCCTTACTGAACAGC
H G G S WL E Q E A A E E VTP L L N S

301 CACACAGAGACCCCGACACAGTCCCCCAGTGCTTTTAGAAGGTTACTCAGGCGTTTGCGT
H T E T P T Q S P S A FRRUIL-L R R L R

361 TTTTGGCGACGTGGGAGGACAGGCGGATCAGAfGGCGGAGGAGAACCACCGCAGACGCCT
F W R R G R TG G SsS b G G G E P P Q T P

42]1 CGCCCTTCCCTACCGACCCGACTGTTTCAGCATTTGCGGCGTGCGGCAGCAGCAATTCCC
R P 8§ L P TR UL F Q HL R R A AU ASAIIUP

481 GCGGCGGCATCTAGATTCTTTAGGAGATTTCGACGAGTCCAAGAARCCTGTATTCCCTCCC
A A A S R F-F R RVFRIZRV QEUPV F P P

541 GACGAGTTTCCGGAGGATGTCGACACGAACCCTATGTATTTCCGCGGTACGGATCCTGGA
D E F P E DV D T NUP MY FRGTTD P G

601 GACGTCGTCATTGAGGAGCTGTTCAATCGTATACCGGAAACAAGCGTATGGAATGAGAAC
D vv I E EL F NR I P ETS V WNZE N

661 GAACGCGTCCTGTCGAACGCCAACCATCTAGTGTCCACAGCATTGTGGCGTAATGAGCAG
E RV L S N A NUHUL V S T AL WU RNUNE Q

721 AGCTTCCGCGTGGAGTCGGAGCTGGGCGAGCGTCCAAGGACGCTAGTCAGAGGCCCAGTG
S FRYV E S EL GERUPU RTULUV VRGP V

781 CTCCGCGACGACGGCTCGTATATCTGTCTCGAGGCGACCGACCAGGAGACAGGAGAACCA
L R D DG S Y I CLEW AT DTG GOTETTGTE P

841 CTTGAGGTGCACGTTCCATATTTCACGGAACGGCCGCCTTCCAACGCGATCAAGCAGTTG
L EV AV P Y FTEU RUPUP SN ZATIIKUGQOQL

Fig.'2
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(b) a DNA sequence which is degenerat egs a result of th
t he above sequence; or (c) a DNA sequetice which hybri di
stringent conditions to the- conplenentary sequence of the above
the said reconbinant DNA nol ecul e encoding a protein conpyfising at
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901 AGCGAGCAGGTGCTGCGCCTACGCTTGCTACGAGGCATCAARAACCAGAGGCAAGCCAAC
S EQ VL RULIRUILIIUILURGTII KNI GOGI RGN ATK

961 GCGTATCTCAGATTTATATTCCCCATCGATTTGGTGAAGGACCCAAAGAAAAGGAAGATC
A Y L R F I F P I DL V K DUP I KU KR K M

1021 ATCCGGGTTCGCTTAGATGAGAGGGATATGTGGGTCTTGAGCAGATTCTTTCTGTATCCC
I R VvV R L D E R D MWV DL S RVF F L Y P

1081 CGAATGCAGAGTAACCTTCATATTCTTGGAGACGTCCTACTGAGTCATTCCTCAACACAC
R M Q S N L E I L G D V L L s B 8§ 8§ T H

1141 AAGTCCCTCGTGCACCACGCTCGGTTGCAGCTCACGCTTCAGCTCATAAGGTTGGCCGCG
K § L v H H A RL QUL TULOOTULIRTILAA

1201 AGTCTCCAGCACTATGGCCTTGTGCATGCCGATTTTCAAGTCAGGAATATCCTGTTAGAC
S L Q B Y G L V HAUDVFOQV R-NI L L D

1261 CAGCGTGGTGGCGTGTTTTTGACCGGCTTTGAACATCTGGTGCGAGACGGCGCCAGTGCG
Q R G G V F L T G F E HUL UV RD G A S A

1321 GTGTCGCCCATCGGTCGAGGATTTGCCCCGCCGGAGACTACAGCGGAACGAATGCTCCCC
vV § P I GR G F A P P E TTOAEUZRMTIULUP

1381 TACCGCCAGCACCACCCAACGCTGATGACATTTCCGTTTGATACATGGACATTGGGGTTG
Y R Q H H P T L MTVF P F DT WTTUYL G L

1441 GCGATCTACTGGATTTGGTGCGCCGATTTGCCCAATACCGAGGACGCGGAGCTAGGCGGA
A I Y W I W C A DL P NTETDA ALETLG G

1501 ATTGAATGGATCTATCGACGCTGCAAGAATATCCCACAGCCAGTCAGAGCTTTGCTTGAG
I EW I Y RRCI KNTIU®POQZPUVI RATLTLE

1561 GGATTCTTGCGATACTCGAAAGAGGATCGGGCTCCTCCCATTGCAAGCCATGGAGACTTC
G F L R Y S K E DR AUZPUPTIA ASU HTGTDF

1621 [TGAGTACGAGCAACTGCGCACAGAGCTATCAGCCGTTTTGCCCCTGTATCARACTGATGG
1681 AGARCCGGCATGAGAGGGTGGCGCGCCACCATCGGGAACATCTCAGCCGGACGAAGCTGG
1741 AGCCGCTGAGGCGGTTACGGCAATCTAGAACCTCGAGGAGGGGCCAGCGATGAGCTTGAA

1801 TTC

Fig.2



portion of the amino acid sequence shown in Figure 2; qr REPEAGRMEAHSHEET n
n

which is reactive with anti bodi es rai sed against the rdgc N “prover
havi ng the sequence shown in Figure 2 or reactive wth jantipodifés ¢¥aijned
by absorption from human serum on the reconbi nant protgin showmn in Figyre

2; or an immunogenic derivative thereofj whi ch proteinjor munogent c
derivative thereof is: (i) capabl e of %éing recogni sgd by T. gondi

ey nEkbPEULEEN Bl U3 NS Gole A%, UDOULMNG SOHD SECRLLT FOREEE

i nfected h . Of rarslng antl bodl es
following internal adm nistration to a human or animal. (iii) not an

acut e- phasensPEebREC i AQERR! 3F G RARMHANANL2 Tg34 Ard€CcDnbepead DAAcrel ecul e
conpri sing_the_conpl enentary sequence of the DNA(§g¢ﬁ$ule | ai med in claim
1. 3. AEEQRE B RANP fv EBL0 L XPFRFSLOGM LN BES hg $0°%f8im 1 or
Caim 2. ?contaEniﬁgoﬁhénaﬁ%e!QCH@rt&% origest i o {éat at Bonhvtbhencodes an
antigen o

respect to expression were selected according to the results
of restriction eanme analysis with BamHI and BglI. The
resulting recombinant plasmid (pIGAL12Tg34) encodes a fusion
polypeptide consisting of 49 amino acid encoded by the
. plasmid vector at its amino-terminus and the amino acid
sequence encoded by clone Tg34 and displayed in Figure 2 at
its carboxy-terminus. The ekpression of this fusion
polypeptide is under the control of th_e.PR promoter of phage
lambda. When E. coli strain MC1l061 carrying both plasmid
PIGAL12Tg34 and plasmid pCI857 that codes for a
thermosensitive repressor of phage lambda Pp promoter were
incubated at 42°C, the repressor was inactiwvated, and
expression of the fusion polypeptide occurred. Samples of
tha bacterial culture taken at several time intervals (1 to
" 5 hours) after shifting the temperature to 42°C were
analyzed by SDS-~gel electrophoresis, Western blot and
immunodetection with a pool of sera of Toxoplasma—infectéd
individuals. :A major immunoreactive protein with an
apparent molecular mass of 77-kDa was observed in samples of
bacteria carrying the recombinant plasmid pIGAL12Tg34 but
not in bacteria carrying the vector pIGALl2. Other |
immunologically reactive bands of lower molecular mass (70
to 43-kDa) were also observed in extracts of bacteria
carrying pIGAL12Tg34; they probably correspond to .
proteolytic degradation products of the recombinant fusion
polypeptide. Expression of the fusion polypeptide could
also be detected by Western blot using a monoclonal antibody
directed to an epitope present on the amino acid sequence of
the fusion polypeptide encoded by the expression vector
pIGALl12. These results indicate that the coding information
of clone T934 can be expression in E. coli and that the
resulting recombinant fusion protein is reactive with sera



T.Gondi i approxi mtely 54-kDa in.size ag)_. tegpimned by W i 5]
JA host cel | -t_ransfqrrreid ‘by a vectot acc r%’?nﬁomo aim3 O'MQPM&EQT %Eg
A method for -producing a T.gondii antig ' jQFSJ» i ncubgt | 1 CEl.
according to Claim5 under conditions V\h%ﬂg I %w jgbr eski pnéo @%%WEET
antigen. 7. A vaccine conposition against T.gondii infecti®er-sonprising janf’
i mmunoprot ective anount of a protein obtai#@ble by the nethod of Caimé6
together with a pharmaceutically acceptable carrier. 8. et+hod—of
detecting anti bodies directed against a T. gondii antigen conprising: (a)
I ncubati ng | e suspected of containing anti T.gondii antibodies with a
protein obtainable by the nmethod of Caim?7 as probe antigen; and (b)

detecting the antibody -. antigen c ex_cont.ai ning the probe antigen. 9.
A test kit fgr def\erEF%BHm&f“g B’G&QBL" ¢ H%an or animal liable to be
i nfected by , '

(a) at least a portion of a DN A sequence represented by the sequence shown
in Figure 2; '

(b) aDNA sequéncé which is degenerate as a result of the genetic code to the
above sequence; or |

© aDNA séqucncc which hybridises under stringent conditions to the-
complementary sc_:qﬁence of the above sequence;

the said recombinant DNA molecule encoding a protein comprising at least a
portion of the amino acid sequence shown in Figure 2; or a 54-kDA protein
which is reactive with antbodies raised against the recombinant protein having
the sequence shown in Figure 2 or reacdve with antibodies obtained by absorption
from human serum on the recombinant protein shown in Figure 2; or an
immunogenic derivative thersof; which protein or immunogenic derivatdve

- thereof is: '

@ ~ capable of being recognised by T.gondii specific antibodies in the sera
or other biological samples of T.gondii infected humans and animals; or

(1) capable of raising antdbodies following internal administration to a human
or animal.

(1) ot an acute-phase-specific Toxoplasma antigen.

* A recombinant DNA molecule comprising the complementary sequence of the
DNA molecule claimed in claim 1.

(93]

A recombinant vector comprising a DN A according to Claim 1 or Claim 2.

A recombinant vector as claimed in Claim 3 which encodes an antigen of
T.gondii approximately 54-kDa in size as determined by Westem blotting.

A host cell ransformed by a vector according to Claim 3 or Claim 4.
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T.doAdii conprising: (a) a prote| n -obt ai nabl e by the net hod of daim 6 as
probe antigen; (b) = neans for detecting an antigen-antibody @@ A -

contai ning the probe antigen. 10. A nonoclonal antibody rﬁ@ﬁ-

an. epitope of a protein obtdinable by the nmethod of da ACEMENT SHEET
nonocl onal antibody as clainmed in Caim for use in ther T2 At

kit for detection of a T.gondii antigen in a sanple susp c[eg pfcronegg n
the said antigen conprising: (a) a nonocl onal anti body| agcording to CHi
11 as probe antibody; and 48 (b) means for detecting an '
anti gen-anti body conpl ex containing the probe

6. - A method for producing a T.gondii antigen comprising incubating a host ceut
according to Claim 5 under conditions which allow expression of said antigen.

7. A vaccine compositon against T.gondii infectdon comprising an
immunoprotective amount of a protein obtainable by the method of Claim 6
together with a pharmaceutically acceptable carrier.

o 8. A method of detecting andbodies directed against 2 T.gondii antigen comprising:

(a)  incubating a sample suspected of containing and T.gondii antdbodies with
a protein obtainable by the method of Claim 7 as probe andgen; and

® detecting the antibody - antigen complex containing the probe antigen.

9. A test kit for detection of antibodies in a human or animal liable to be infected by |
- T.gondii comprising:

()  aprotein obtainable by the method of Claim 6 as probe antigen;

(b) means for detecting an anugen—anubody complex containing the probe
N antigen.

10. - A monoclonal antibody directed against an epitope of a protein obtainable by the
- method of Claim 6

11. A monoclonal antibody as claimed in Claim 10 for use in therapy.

12. A test kit for detection of a T.gondii antdgen in a sample suspected of containing
the said antigen comprising:

(2) a monoclonal antibody according to Claim II as probe antibody; and

A
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(b)  means for detecting an antigen-antibody complex co'ntaining the probe’
antibody:. ' '
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