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Previous evidences reported by us and by other authors revealed the presence of IgG in sera
of Schistosoma mansoni-infected patients to immunodominant anligens which are enzymes.
Besides their immunological interes! as possible inductors of protection, several of these enzyme
antigens might be also interesting markers of infection in antibody-detecting immunocapture
assays which use the intrinsic catalytic property of these antigens. It was thus thought important
to define some enzymatic and immunological characteristics of these molecules to better exploit
their use as anfigens. Four different enzymes from adult worms were partially characterized in
their biochemical properties and susceptibility to react with antibodies of infected patients,
namely alkaline phosphatase (AKP, Mg’*, pH 9.5), type I phosphodiesterase (PDE, pH 9.5),
cysteine proteinase (CP, dithiothreitol, pH 35.5) and N-acetyl-B-D-glucosaminidase (NAG, pH
5.5). The AKP and PDE are distinct tegumental membrane-bound enzymes whereas CP and
NAG are soluble acid enzymes. Anfibodies in infected human sera differed in their capacity to
react with and to inhibit these enzyme antigens. Possibly, the specificity of the antibodies related
fo the extent of homology between the parasite and the host enzyme might be in part responsible
for the above differences. The results are also discussed in view of the possible functional
importance of these enzymes.
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phosphodiesterase — cysteine proteinase — N-acetyl-f-D-glucosamintdase

An important part of the antibody response
aganst schistosomes is directed against released
excretory and secretory (ES) antigens (Lewis
& Strand, 1991). A certain proportion of ES
antigens have been found to be parasite en-
zymes (Cesan et al., 1987; Cesan, 1990).
Moreover, a few antigenic enzymes of Schis-
losoma mansoni have been used in experimen-
tal immunoprophylaxis studies (Bout et al.,
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nine (L-Phe), adenosine triphosphate (ATP), ethylene-
diaminetetraacetic acid (EDTA), sodium dodecyl sul-
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1978; Balloul et al.,, 1987) or as tools for
immunodiagnosis (Pujol et al., 1989; Chappell
et al., 1989, 1990).

Using an antibody-detecting solid phase
immunocapture assay that exploit the intrinsic
catalytic property of enzyme antigens, it was
shown previously that sera of most S. mansoni-
infected human individuals from venezuelan
endemic regions exhibit IgG antibodies against
the Alkaline Phosphatase (AKP) of adult worms
(Pujol et al., 1989).

The AKP of adult schistosomes 1s an inte-
gral membrane-bound glycoprotein that cata-
lyzes dephosphorylation of nucleotide and sugar
monophosphate esters. It has a tetrameric struc-
ture of molecular mass 260 kD (Cesari et al.,
1981, Payares et al., 1984) and has been visu-
alized with a specific anti-S. mansoni AKP
monoclonal antibody by immunofluorescence
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in the tegument of adult worms (Pujol et al.,
1990) where 1t might play an important role in
the nutntional exchanges of sugars, nucleoti-
des and phosphates (Cesani et al., 1981; Cesan,
1985). In vitro, the AKP has been found asso-
ctated with small vesicles shedded probably
from the tegumental surface of apparently
undamaged adult worms (Cegarra Casas, 1987);
possibly, this turnover mechanism might oper-
ate also in vivo and for this reason circulating
anti-AKP antibodies are found in infected hosts
(Pyjol et al., 1989).

Type I Phosphodiesterase (PDE) 1s another
integral glycoprotein component of the adult
worm tegumental surface membrane which
probably shares the same molecular microen-
vironment with AKP (Cesan et al.,, 1981; Pujol,
1985). Like AKP, this enzyme is also found in
vitro associated with small membranous
vesicles (Cegarra Casas, 1987); it 1s immuno-
genic 1n natural infections and of possible in-
terest for immunodiagnosis (Cesari et al,, 1987,
1991).

Soluble haemoglobin and protein-degrad-
ing cysteine proteinases (CP) have been sug-
gested to be present mn the intestine of adult
schistosomes (Dresden & Deelder, 1979; Chap-
pell & Dresden, 1986, 1987; Zerda et al., 1988).
Haemoglobinase and a cathepsin B similar to
the mammalian lysosomal cysteine proteinase
enter probably the host circulation upon peri-
odical regurgitation of the gut content by adults
(Lawrence, 1973; Chappell & Dresden, 1986;
Klinkert et al., 1989). These enzymes have
been shown to react by werstern blot, dot blot
and ELISA with sera from infected patients
and have been proposed as putative serodiag-
nostic reagents for the detection of schisto-
some nfections (Ruppel et al., 1985a, b; Klin-
kert et al., 1989; Chappell et al., 1989, 1990).

N-acetyl-B-D-glucosaminidase (NAG), a
soluble lysosomal enzyme 1n most specics, 1s
described here for the first time and, hke CP,
it 1s present in acid S. mansoni adult worm
extracts. This enzyme hydrolyzes substrates
containing 2-acetamido-2-deoxy-D-glucosami-
ne and its role in S. mansoni or in the host-
parasite relationship has to be yet investigated.
Preliminary evidences on its natural immuno-
genicity in some infected patients are forwarded
in this study.

The present work was devised to make a
comparative assessment of the human anti-
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parasite enzyme antibody responses to the
above four enzyme systems by using immuno-
capture assays similar to APIA and enzyme
inhibition assays in the presence of antibodies.
Results suggest the immunogenicity of these
enzymes in natural infections, confirm the
diagnostic potential of some of them, and show
the existence of individual differences 1n anti-
enzyme responses that may be genetically re-
stricted and possibly related to the degree of
homology between the parasite (non self) and
the host (self) enzymes. The study contributes
also to the knowledge of the anti-parasite
immune status in infected patients,

MATERIALS AND METHODS

Sera — A small group of 32 sera from S.
mansoni-infected venezuelan and another of
11 from S. mansoni-infected african patients
were used in the present study. The infected
patients from the venezuelan endemic region
exhibited low intensities of infection (less than
100 eggs/g faeces) and were all positive for
the circamoval precipitin (COP) test (data not
shown). The infected african patients were from
Mali and were found positive for S. mansoni
after rectal biopsy examination; sera from these
patients were kindly given to us by Dr D.
Richard-Lenoble, Department of Parasitology,
University of Tours, France. Ten negative
healthy patients from non endemic regions were
also included in this study.

Parasite extracts — Lyophilized adult worms
of the venezuelan JL S. mansoni strain were
homogenized with a teflon pestle in 0.5 M
sucrose, 1 mM MgCl, and 10 mM phosphate
buffer pH 7.2, The homogenate was centri-
fuged at 8 x 10° g-min at 4 °C. The soluble
fraction was processed for acid extraction as
described below, whereas the pellet was
resuspended in 1 mM MgCl, and 50 mM Tris/
HCI buffer pH 8.0, recentrifuged, resuspended
in the same buffer and recentrifuged under the
same conditions. Butanolic extract (BE) was
prepared essentially as described by Pujol et
al. (1989) by resuspending the pellet in a small
buffer volume and stirring for 15 min at 37 °C
with an equal volume of water-saturated n-
butanol. After centrifugation at 2 x 10° g-min
at 4 °C, the aqueous phase was recovered and
dialyzed against 50 mM tris/HCI buffer pH 7.2
containing 0.15 M NaCl (TBS) and 1 mM
MgCl,. After dialysis, membrane-derived gly-
coprotein components (alkaline phosphatase,
phosphodiesterase) were solubilized and stabi-




Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 87, Suppl. IV, 1992 57

lized by addition of 0.1% (w/v) Trniton X-100
and glycerol up to 20%. The soluble fraction
from the homogenate was dialyzed overnight
at 4 °C against 0.5 mM HgCl,, 1 mM EDTA
and 200 mM NaCl (Barrett & Kirschke, 1981;
Moreau et al., 1988). The precipitated proteins
were removed by centrifugation at 2 x 10° g-
min/4 °C and the acid extract (AE) containing
soluble enzymes (cysteine proteinases, N-
acetyl-f-D-glucosaminidase) conserved at —20
°C until use.

Protein assays — The protein content of
each parasite preparation was determined by
the Bradford methodology (1976) using the
Coomassie Plus Protein Assay Reagent of
Pierce (Rockford, IL, USA) and bovine serum
albumin as a standard.

Enzyme assays -~ End-point chromogenic
microassays (50 pul in wells of a microtiter
plate) were routinely conducted 1n triplicate at
37 °C as follows. For AKP, about 0.5-1.0 pug
of BE protein was assayed in 50 mM
diethanolamine buffer pH 9.5 containing 1 mM
MgCl,, 0.1 mM EDTA and 1 mM p-nitro-
phenyl phosphate. For type [ PDE, the BE was
incubated in the same buffer containing 1 mM
thymidine-5"-monophospho-p-nitropheny] ester.
Proteolytic activity was maximal by testing
0.5-1.0 pg of AE protein in S0 mM phosphate
buffer pH 5.5 in the presence of 2 mM
dithiothreitol (DTT) and 1 mM CBZ-Phe-Arg-
p-mtroanilide; cysteine proteimases (CP) respon-
sible for these activities were preactivated by
incubation (15 min at 0 °C) with DTT before
substrate addition. For NAG, AE was incu-
bated in 50 mM tris-maleate buffer pH 5.5 and
1 mM p-nitrophenyl N-acetyl-g§-D-glucosa-
minide. At the end of the incubation period,
AKP, PDE and NAG reactions were stopped
by adding 50 pl/well of 1 N NaOH; CP was
stopped by adding the same amount of 0.1 M
Na-chloroacetate 1n 0.1 M acetate buffer pH
4.0. The amounts of protein in the assays were
adjusted by dilution such that the absorbancy
at 405 nm of the released chromogens fell
within the linear range of the standard p-
nitrophenol and p-nitroaniline calibrating
curves. Products of reaction were measured 1n
a Titertek Multiskan MCC/340 MK II (Flow
Laboratories, VA, USA). One unit (U) of ac-
tivity was defined as the amount of enzyme
needed to liberate 1 umol of chromogen per
minute under the respective above assay con-
ditions,

Enzyme inhibition assays — The 1gG frac-
tion from various infected sera was obtained
by adding ammonium sulfate up to 33% satu-
ration to the sera, centrifuging at 2 x 10° g-
min at 4 °C and resuspending the pellet in
PBS at the original volume. Enzyme activities
were evaluated as described above in the
presence of 10% (v/v) seric IgG fraction
(about 30 pg of IgG protein in the assay).
Higher IgG concentrations were also tested 1n
AKP assays,

Parasite enzyme immunocapture assays —
Evaluation of circulating anti-enzyme antibod-
ies In chosen sera was done essentially with
the solid phase assay developed by Pyjol et al.
(1989) (Fig. 1). Briefly, Dynatech Immulon-2
microtiter plates were sensitized with 50 pl
(0.5 ug) of Protein A in 0.05 M carbonate-
bicarbonate buffer pH 9.6 per well; the wells
were then saturated for 30 min at 37 °C with
1% (w/v) casein in 0.1 M carbonate-bicarbon-
ate buffer pH 10.0. Immune and control sera
were diluted 1:100 in TBS and 50 yl added to
their respective wells so as to allow tmmobi-
lization of IgG by Protetn A. Washings of other
serum components (including host enzymes)
were done with TBS contamming 0.05% (v/v)
Tween 20 (TBS-Tween). Saturation of all an-
tibodies sites in the wells was done by incu-
bating with 50 ul/well excess crude parasite
antigen (BE for the alkaline activities, AE for
the acid ones). Removal of unbound antigens
was done by washing with TBS-Tween and
immunocaptured enzyme was revealed by add-
ing 50 pl/well of specific enzyme substrate
solution. When colour development was suffi-
ctently discriminative, 50 pl/well of cold wa-
ter was added to the wells and the plate read
at 405 nm 1in Multiskan. For each enzymatic
systm tested, an initial checkerboard experi-
ment was done to know optimal immunoassay
conditions and the minimal amount (in 50 pl/
well) of enzyme (mU/ml) needed to saturate
all specific antibody binding sites. At least 15
mU/ml were needed for the AKP immunoas-
say (APIA) and 30 mU/ml for the PDE on
(PDIA). CP and NAG immunoassays (CPIA,
NAGIA) were tried using 10-12 mU/ml. In all
the above assays, blank values obtained in the
absence of serum were substracted from all
the values and the serum sample exhibiting
immunocaptured enzyme activity higher than
the cut-off value (established by adding three
standard deviations to the mean activity shown
by control sera), was considered as positive.
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Immunocaptured CP was also detected by
a kinetic fluorescent assay in sensitized
Dynatech Microfluor B plates using 0.1 mM
CBZ-Phe-Arg-AMC 1n 0.1% Bnj and 50 mM
phosphate buffer pH 5.5; readings were done
at fixed time intervals up to 80 min in a
Microfluor reader (Dynatech, Alexandna, VA,
USA). A quantitative expression of the results
could be given by calculating the rate of fluo-
rescence increase since this parameter is di-
rectly related to the amount of enzyme cap-
tured. The rate was calculated by simple re-
gression and the amount of released fluores-
cence from a standard curve for AMC.

Statistical analysis — The data were evalu-
ated by simple regression analysis or ANOVA
non parametric analysis.

RESULTS

Immunocapture of S. mansoni alkaline
phosphohydrolases — A summary of some bio-
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chemical features of the S. manson Alkaline
Phosphatase (AKP) and Type I Phosphodies-
terase (PDE) activities are presented in Tables
I and II. They allow to characterize and to
distinguish between these two enzyme systems.

About 90% of the venezuelan S. mansoni-
infected patient sera tested were positive by
APIA (Fig. 2A), in agreement with what had
been reported previously (Pujol et al., 1989;
Cesari et al,, 1991); the APIA values of these
sera were significantly different from those
exhibited by the control sera. On the other
hand, about 7 out of the 11 african sera tested
were positive for APIA (Fig. 2A).

After APIA evaluation (1-2 h incubation
after substrate addition), the products of the
AKP reaction were washed away from the wells
and the chromogenic substrate for PDE added
(Fig. 1). PDIA needed about 10 h incubation
at 37 °C for colour development due to its
slower enzymatic reaction and to the lower

TABLE I

Summary of some biochemical features of adult Schistosoma mansoni Alkaline Phosphatase

stimulators: MgCl, (non essential activator), KCl, CsCl, glycerol, Triton X-100

260 kD (tetramer; active), 130 kD (dimer; active), 65 kD (4 equal inactive subunits)

membrane-bound integral glycoprotein, extractable with n-butanol, solubilized with 1%

Specificity catalyzes removal of phosphate from:
* nucleotides monophosphates (5'-AMP)
* phosphorylated sugars (G6P, GP)
* synthetic substrates (p-NPP, 4-MUP)
Effectors
inhibitors: L-Cys, L-Phe, ZnCl,, CaC 1, EDTA, ATP, molybdate
Molecular Mass
Other features
Triton X-100, thermostable
References

Emst, 1977; Cesari et al,, 1981; Payares et al., 1984; Cesari et al., in preparation

TABLE ]I

Summary of some biochemical features of adult Schistosorma mansoni Alkaline Type 1 Phosphodiesterase

Specificity
Effectors stimulators: MgCl,, CaCl,
inhibitors: L-Cys, SDS

Molecular Mass not yet known

Other features

catalyzes the hydrolysis of thymidine $'-monophosphate p-nitrophenyl ester

membrane-bound integral glycoprotein, extractable with n-butanol, solubilized with 1%

Triton X-100, thermostable, not recognized by the 2BSC7 anti-S. mansoni AKP monoclonal

antibody

References

Cesan et al., 1981; Cesari et al,, in preparation
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Fig. 1: parasite-enzyme immunocapture assay — 1.
Microtiter plate well coated with Protein A (0.5 pg/
well); 2. Immobilized I1gG from diluted (1:100) serum;
3. IgG-mediated 1mmunocapture of antigenic parasite
enzymes from crude extracts; 4. Evaluation of a first
enzymatic reaction upon addition of specific substrate
solution; 5. Subsequent evaluation of another enzymatic
reaction after washing and addition of a second specific
substrate solution.

amount of captured enzyme in the wells {Cesari
et al.,, 1981, 1987, 1991). About 87% of the
infected venczuelan patient sera showed defi-
nite presence of anti-PDE antibodies (Fig. 2B).
On the other hand, 6 out of the 11 african sera
were barcly positive for PDIA (Fig. 2B). The
PDIA values of the infected venezuelan pa-
tient sera were significantly different from those
exhibited by african and control paticnt sera
but no sigmficant differences were found be-
tween the latter two groups of sera.

Preliminary results with sera from patients
infected with other parasites (Plasmodium
Jalciparum, Leishmania mexicana, Toxoplasma
gondii, Toxocara canis, Ascaris lumbricoides,

Taenia solis) indicate that they are negative in
PDIA (data not shown).

A positive correlation (p = 0.01) was ob-
served between APIA and PDIA values: how-
ever, some individuals clearly exhibited low
ant1-AKP response and high anti-PDE response,
and viceversa (Fig. 3).

Immunocapture of S. mansoni acid hydro-
lases — A summary of some biochemical fea-
tures of the Cysteine Proteinase (CP) and N-
acetyl-B-D-glucosaminidase (NAG) activities
found in the AE preparation are presented in
Tables III and IV. The enzymes responsible
for CP activity (Table III) hydrolyzed chromo-
genic or fluorogenic synthetic peptides at the
carboxyl Arg; they required at least one more
aminoacid, preferably Phc between the C-ter-
minal Arg and the amino-blocking group (Table
[1I).

TABLE 1]

Summary of some biochemical features of adult Schistosoma mansoni Acid Cysteine Proteinase Activities

Specificity catalyzes the hydrolysis of CBZ-N-blocked synthctic peptides (endopeptidase)
Kinetics K., = 8.2 uM with CBZ-Phe-Arg-p-nitroanilide

Substrate specificity CBZ-Phe-Arg-denivatives > CBZ-Arg-Arg-derivatives

Effectors stimulators: L-Cys, dithiothreitol, Tween 20

inhibitors: HgCl,, heavy metals

Molecular Mass 56, 66 kD

Other features extractable under acid conditions with HgCl,

References Cesan et al., in preparation
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Fig. 2. parasite-enzyme immunocapture assays — 1-32: Schistosoma mansoni-infected venezuelan patients; 1'-11";
S. mansoni-infected african (Mali) patients. The cut-off in cach assay was established with 10 healthy donor patient
sera. (A) APIA, cut-off = 6.9 pmol/mn; (B) PDIA, cut-off = 0.5 pmol/min; (C) CPIA, cut-off = 0.27 pmol/min.

Immunocapture assays analogous to APIA
and PDIA were developed for CP (CPIA) and

NAG (NAGIA) to assess antibody response to
these enzymes in infected patients.

Detection of immunocaptured CP was dif-
ficult with the chromogenic substrate CBZ-

Phe-Arg-p-nitroanilide; the enzymatic reaction
signal was very weak. However, the activity
was clearly and rapidly seen with the
fluorogenic substrate CBZ-Phe-Arg-AMC (Fig.
2C). Most sera were apparently negative by
this test and no correlation could be found
with APIA or PDIA (data not shown). Evalu-



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 87, Suppl. 1V, 1992 61

TABLE IV

Summary of some biochemical features of adult Schistosoma mansoni acid N-Acetyl-f-D-glucosaminidase

Specificity
Kinetics
Effectors
inhtbitors: citrate
Molecular Mass not yet known

Other features

— e ]

catalyzes the hydrolysis of substrates containing 2-acetamido-2-deoxy-D-glucosamine
K., = 0.23 mM with p-nitrophenyl N-acetyl-B-D-glucosaminide

stimulators: Tween 20, no thiol or metal ion requirements so far demonstrated

extractable under acid conditions, thermosensitive

References Cesan et al., 1n preparation
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Inhibition assays ~ The IgG serum fractio 3 ]
from ten S. mansoni infected patients, tested at &

10% 1n the enzymatic assays, did not signifi-
cantly inhibit the AKP activity of the S.
mansoni JL. adult worms (Fig. 4A); higher IgG
concentrations (up to 50% in the assays) were
not inhibitory either (data not shown). On the
other hand, 7 out of 10 IgG fractions exhibited
mhibition on the PDE activity (Fig. 4B), 2/10
on the CP activity (Fig. 4C) and 4/10 on the
NAG activity (Fig. 4D). Few individuals had
simultaneous inhibition to more than one en-

Fig. 4: inhibition enzyme assays — Assays were per-
formed in the presence of 1gG fractions at 10% from 10
different venezuelan and african Schistosoma mansoni-
infected sera (patient sera number stated under each
histogram). (A) effect of IgG on AKP; (B) effect of IgG
on PDE; (C) effect of IgG on CP; (D) effect of 1gG on
NAG. Values are expressed as % residual activity rela-
tive to the mean activity obtained in the presence of
IgG fraction from normal sera.
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zyme (Fig. 4), Under the assay conditions used,
the different IgG preparations did not show
intrinsic AKP, PDE, CP or NAG activities (data
not shown). IgG fractions from normal human
sera did not significantly inhibit the above
parasite activities and the mean value obtained
with them was used as the 100% residual ac-
tivity control (straight lines seen in Fig. 4).
The degree of inhibition observed on PDE, CP
and NAG activities vanied among different
patients and never went to completion. No
definite enhancement of activity was appreci-
ated for the above activities in the presence of
the IgG preparations (Fig. 4).

DISCUSSION

Previously published results have shown
that about 93% of S. mansoni-infected
venezuelan patient sera possess anti-parasite
alkaline phosphatase (AKP) antibodies as
measured by the Alkaline Phosphatase Immu-
noassay (APIA). This parasite-enzyme immu-
nocapture assay exhibited a remarkable (100%)
specificity based on crossed studies with sera
from patients infected with other parasitic dis-
eases and other schistosome species (Pujol et
al., 1989; Cesarn et al., this symposium). The
anti-AKP response, as measured by APIA, did
not correlate with sex, age, the chinical status
of the patients or the intensity of the infection
(Pujol et al., 1989; Cesan et al,, 1991). Most
of the APIA-positive individuals exhibited a
low to moderate anti-AKP response, a few
exhibiting high anti-AKP response (Fig. 2A;
Pyjol et al., 1989; Cesan et al., 1991). It was
suggested that the individual genetic capacity
to recognize and to respond to the parasite
AKP seemed to play a role in this antigen-
antibody system (Pujol et al., 1989; Cesari et
al., 1991).

In the present work, APIA results were
obtained with a set of venezuelan sera differ-
ent to those used in previous publications (Pyjol
et al., 1989; Cesari et al., 1991) and they fur-
ther support our previous conclusions. Also,
for the first time, a few african (Mali) §.
mansoni-infected sera were tested by this as-
say (Fig. 2A); although the number of sera
tested was low and the number of sera found
positive were lower than expected as compared
to the venezuelan séra, there appears to exist,
‘however, cross-recognition of the south-
american JL S. mansoni AKP by some infected
african patient sera (Ihg. 2A).
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The IgG fraction from a limited number
(10) of venezuelan and african S. mansoni-
infected patient sera did not significantly in-
hibited the parasite AKP activity (Fig. 4A).
Preliminary surveys performed with a higher
number of sera from infected patients, confirm
that a significant human inhibitory response
against the S. mansoni AKP does not seem to
exist, suggesting that the corresponding
polyclonal antibody responses are probably
directed towards parasite-specific B cell en-
zyme epitopes other than those related to the
catalytic site. The inability of infected human
sera to inhibit the parasite AKP was not re-
lated to antibody titers since higher concentra-
tions of seric IgG 1n the assays did not signifi-
cantly alter the activity and, probably, it may
be related to the specificity of the antibodies.
Earlier results indicated that there was no cross-
reaction between the §. mansoni and the
CS57BL/6 liver or intestinal AKP (Pujol &
Cesari, 1990). However, the S. mansoni AKP
1s susceptible to be inhibited by L-Phe (Table
I) like mammalian intestinal AKPs (McComb
et al., 1979; Harnis, 1982), suggesting that they
probably share conserved regions for similar
functioning. Probably, the degree of conserved
functional homology existing between parasite
and host AKP may influence the production of
inhibitory and non inhibitory antibodies. Pre-
vious results have shown that purified IgG from
sera of chronically §. mansoni-infected CBA
mice significantly inhibited the parasite AKP
by up to 25% (Cesari et al., 1981) and that
sera from chronically infected C57BL/6 mice
were able to inhibit it by up to 35-40% (Pujol,
1989) suggesting that the host genetic back-
ground, related (or not) to enzyme homology,
1s probably affecting this anti-enzyme tmmune
response.

The antibody response to PDE, an enzyme
present also in BE, was analyzed in the same
well subsequent to APIA by washing away the
hydrolytic products of the AKP reaction and
by adding the appropnate enzyme substrate
solution. This was possible thanks to the avoid-
ance of enzyme-denaturing reagent to stop the
previous enzymatic reaction and to the inde-
pendency of enzyme-antibody-complex forma-
tion in the well (Fig. 1).

PDE is a molecule different from AKP
(Tables I, II) and affinity-purified AKP 1s
devoid of PDE activity (unpublished data). The
antl-PDE response, as measured by the Phos-
phodiesterase Immunoassay (PDIA; Fig. 2B),
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exhibited a certain degree of specificity and a
positive correlation with APIA (Fig. 3), the
two immunoassays detected more or less the
same positive patients (Figs 2A, 2B, 3); how-
ever, some individuals responded relatively
different to AKP and to PDE. This fact may
allow an increase in diagnostic sensitivity when,
for instance, negative or low APIA responders
become positive for PDIA or viceversa.,

Seven out of 10 IgG preparations from S.
mansoni-infected sera were able to inhibit the
PDE reaction at different degree of intensity;
in one case, inhibition reached 70% (Fig. 4B).
Interestingly, the IgG fraction from pooled sera
of experimentally infected CBA mice was not
able to inhibit this activity (unpublished obser-
vations). PDE seems, thus, more susceptible
than AKP to inhibition by human but not by
mouse antibodies, probably for the same rea-
sons discussed above in relation to the AKP
inhibition.

Haemoglobin degradation takes place in the
adult parasite gut thanks to the presence of
haemoglobinases and cathepsin B (Timms &
Bueding, 1959; Dresden & Deelder, 1979;
Senft et al., 1980; Ruppel et al., 1985a;
Lindquist et al., 1986; Chappell & Dresden,
1986; Bogitsh & Kirschner, 1986; Klinkert et
al., 1989). Cysteine Proteinases (CP) may thus
play a key survival role 1n the parasite nutri-
tion and an effective immune response against
them might have important implications in the
development of resistance to schistosomiasis,
The Cysteine Proteinase Immunoassay (CPIA)
was performed in short-term kinetic assays with
fluorescent substrate; few APIA- and/or PDIA-
positive patients were found positive by this
assay (Fig. 2C). This could be due to one or
several of the following reasons: a) a yet
unoptimised solid phase assay making the anti-
CP response to appear variable among indi-
viduals; b) weak IgG anti-CP response in in-
fected individuals, other 1sotypes being more
relevant to this response; ¢) predominant pres-
ence of anti-CP 1inhibitory antibodies; this is
unlikely since most IgG fractions from appar-
ently CPIA-negative S. mansoni-infected 1indi-
viduals (Fig. 2) were unable to inhibit the CP
activity (Fig. 4C); d) progressive CP-mediated
proteolysis of the immobilized IgG; e) a high
degree of homology between the parasite and
the individual host CP; f) high immunocapture
of CP by non specific antibodies in control
sera (low CPIA specificity) and, consequently,

clevated noise in these sera leading to a high
cut-off value; this reason may be particularly
relevant because of the low amounts of

immunocaptured CP in the CPIA (Fig. 20).

Conceming NAGIA, we have to wait re-
sults with the use of fluorescent substrate. In
inhibition assays, four infected subjects were
able to show anti-NAG 1nhibitory IgG response
(Fig. 4D). It 1s worth to mention that NAG
seems to play a major role 1n the regulation of
the immune response in staphylococcal infec-
tions by interfering with the functions of im-
munocompetent cells (Valisena et al., 1991).
Our preliminary results suggest that adult
worms and eggs possess significant amounts
of this enzyme; furthermore, prelimmnary ex-
periments also have shown that NAG from
eggs exhibits exactly the same pattern of inhi-
bition as NAG from adults using the same IgG
fractions. The immunity to NAG in natural
infections seems, thus, to be confirmed.

Inhibiting as well as non inhibiting anti-
enzyme antibodies are found in the same pa-
tient (Figs 2, 4), reflecting the presence of an
anti-parasite immune status. We do not know,
however, to what extent this immune status 1s
protective for the host. It might be protective
if the antibodies would impair or neutralize
the function of key parasite metabolic enzymes
and/or 1If they would trigger the antibody-de-
pendent effector mechanisms that have been
described to Kill parasites (Sher & Colley,
1989). For instance, the inhibition of the §.
mansoni 28 kDa glutathione S-transferase
(GST) activity by rat antibody reduces female
worm fecundity and egg viability and thus
disease pathology in experimental infections
(Xu et al., 1991) supporting the basis for an
anti-parasite vaccine. Consequently, the pro-
gressive antibody-mediated impairement of 1im-
portant parasite enzyme functions during in-
fection or after vaccination might be relevant
for the development of an anti-parasite im-
mune resistance.

We might expect that antibodies would not
be made against the active site regions of ho-
mologous parasite enzymes as they would rep-
resent self-epitopes. The catalytic site of en-
zymes 1§ considered to be conserved during
evolution and the presence of antibodies against
it appears to be unlikely. Thus, when parasite
enzyme functions are found more or less im-
paired by enzyme-inhibiting antibodies in in-
fected hosts, we might assume that the 1m-
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mune response 15 directed against non self,
parasite-specific epitopes related to the cata-
Iytic site; the enzyme under study may be spe-
cific for the parasite or may have a lower degree
of homology with its host counterpart. How-
ever, the possibility exists that homologous
parasite enzymes may induce an autoimmune
response in some individuals and this eventu-
ality should be carefully investigated for each
enzymatic system under study.

In conclusion, results reported here (Figs 2,
4) suggest that infected patients produce an
heterogeneous polyclonal antibody response
against enzyme antigens that vary quantita-
tively and qualitatively from one individual to
another and for a given enzyme antigen. In
different infected hosts the amount of enzymes
released from the worms may vary and cause
differences 1 the individual antibody response
to these enzymes. However, it seems quite
probable that the differences in recognition and/
or response may depend more on the indi-
vidual genetic background and the degree of
homology between host and parasite enzyme.

- The anti-enzyme response measured by
immunocapture assays (mostly due to non-in-
hibitory IgG antibodies) (Fig. 2) did not nec-
essarily match the pattern of the 1gG-mediated
inhibitory response (Figs 2, 4); however, the
information obtained by both methodologies
are complementary and they may contribute to
the understanding of immunity against para-
site enzyme antigens.

Studies on the structure of parasite enzymes
and on the mechanisms of induction of the
immune anti-enzyme responses may provide
new, potent and specific diagnostic and/or
vaccinating reagents as well as a better under-
standing of the host-parasite relationships, of
immunoresistance mechanisms, and result in
the development of new strategies for
immunoprotection or pharmacological attack.,
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