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Chapter 10 

Schistosoma mansoni circulating anodic antigen but not 
circulating cathodic antigen interacts w ith complement 

component C 1 q 

Abstract 

Adult schistosome parasites, living in the blood vessels of their mammal ian hosts, 

protect themselves against immune damage in a variety of ways . In addition to 

the tegument, also the intestinal epithelium of the blood-feeding worms is 

permanently exposed to both the innate and the acquired immune system. In t his 

study, we investigated whether the S chistosoma gut -associated antigens CAA 

and CCA (circulating anodic antigen and circulating cathodic antigen, 

respectively), which are excreted in relatively large quantities into the host's 

circulation, might play a role in evading complement attack. Of several 

complem ent components tested, only purified C1 q showed significant binding to 

CAA, a negatively charged highly glycosylated glycoprotein. CCA, also highly 
glycosylated, but neutral or slightly positively charged, did not bind to C1 q . CAA 

bound only to the collagen - like stalks of C1 q and not to the globular heads. No 

detectable interaction of CAA with precursor human C1 was found and CAA did 

not induce activation of C1 in whole human serum as assessed by consumption 

of hemolytic C4 activity . Also CAA could not induce activation of precursor C1 in 
vitro. These results suggest that CAA behaves like a receptor for C1 q, and might 

be involved in protecting the vulnerable schistosome gut against 

complement-mediated attack. 

Introduction 

Schistosomiasis is characterized by the persistence of adult Schistosoma worms 

in the portal and mesenteric veins of humans and various mammalian spec ies . 

Althoug h the parasites, living in the blood-stream, are permanently exposed to 
the host ' s immune attack, they may be able to persist for up to 40 years in the 
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host [2 ]. The schistosom e is capable of surv iving the sig nif icant immune response 
mounted against it by eff icient immune evasion strategies, e.g. acq uisition of host 
antigens [6 ,22], shedding of tegument antigens [30,36], and abundant exp ression 
of detoxifying and repa ir enzymes [2 6]. While immediately after transformation 
t he schistosomu la are highly sensitive to complement-med iated immune damage, 
they develop an alm ost complete resistance wit hin a few hours [25]. This is due 
to a rapid re lease of complement-activating substances (p rimarily t he glycocalyx) 

[ 18 ] and expression of complement - regulatory proteins on t heir surface [22,25]. 

As schist osomes feed on blood, the epithelium of the gut is in principle exposed 

t o all components and cel ls of the immune system present in t he peripheral blood. 

Lysis of cells by oesophagea l gland excret ions [2 3 ] and acidification of t he gut 
compartment [33] may prevent immune da mage. However, the complement 
sy stem may still exert its funct ion and cause membrane destruction. Antigens 
orig inat ing f rom t he schistosome gut were shown to cause complement 
consumpt ion in the absence of spec ific antibody [ 1,3 7], although the activation 
pat hw ay (classical or alternative) could not be identif ied . Furthermore it has been 

shown that young schistosornes are able t o incorporate decay -accelerating factor 
[22], a regulator of comp lem ent act ivation both in t he classical pathway as well 

as in t he amplification sequence. 

In a prev ious study biochemica lly purified antigens were used t o study interaction 
w ith t he complem ent syst em [37 ]. However, with regard to the schistosome 

ci rculating anod ic and cathod ic antigen (CAA and CCA), considerable Mr and 
charge heterogeneity [5, 14,28] may have complicated t he purification. Since 
then, M cAb sp ec ific for CAA and CCA have become available and were used to 

immunopurif y and specifically detect the antig ens. The present study was 
undertaken to determine whether these major gut-associat ed antigens CAA and 

CCA, which are excreted int o the host's ci rculat ion together w ith undigested food 
pa rti cl es, may play a role in regulat ing compl ement activation with in the 
schistosome gut or directly around the para site. 

Materials and Methods 

Parasites and antigens 

Schistosoma mansoni adult worms (Puert o Rico strain) were collected by perfusion of 
golden hamsters 7 weeks after infection with 1,500 cercariae. Homogenized adult worm 
antigen (AWA) and a TCA-solu ble (7.5 % w /v) fraction of AWA (AWA- TCA) were 
prepared as previously described [13). CAA and CCA were purified from a 40% 
ammoniumsulfate supernatant preparat ion of AWA using Protein A-based immunoaffinity 
columns prepared as described by Sisson and Castor [34]. using mouse McAb 
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51-4G5 - A (lgG3, anti-CAA) and 54- 5C 1 0-A (lgG3, anti-CCA) as capture antibody . 

During the purification procedure, the purity of the antigens was checked by ELISA 
[ 10, 12] and expressed as percentage of AWA-TCA which was used as reference. On 
average A WA-TCA comprises 2.5% CAA and 3% CCA, as assessed in several 

immunopurified preparations . 

Buffers 

(i) Gvs+ + is isotonic VBS (5 mM diethylbarbiturate, 0.15 M NaCI, pH 7 .5 ), containing 

0.1% gelatin , 0. 5 mM MgCI 2 , and 0.15 mM CaCI 2; (ii) EDTA-GVB + + is 8.6 mM EDTA in 
Gvs++; (iii) Gvs++_Tw or EDTA-Gvs++_Tw is Gvs++ or EDTA- Gvs++ with 0 .1% 

Tween-20; (iv) MgEGTA-GVB+ +-Tw is Gvs+ +-Tw in which Ca + + is chelated using 

MgEGTA in a final concentration of 5 mM MgCI 2 and 10 mM EGTA in e.g. GVB+ +-Tw to 
study alternative pathway activation; (v) DGVB + + consists of one part GVB + + and one 

part D5W+ +, which is 5 % dextrose in water (w /v) with 0.5 mM MgCI 2, and 0 .15 mM 

CaCI 2 • 

Purification of complement components 

Complement components were purified as already described: precursor C 1 [ 1 51. C 1 q, 
C 1 q-heads, and C 1 q-stalks [9]. C3 [8]. C3b [8]. C4 [ 15]. factor B [ 17]. factor H [8], and 
factor I [ 16]. 

EL/SA 

EL/SA with coated schistosome antigens 
Standard ELISA methods were used to test binding of schistosome anti gens to 

complem ent components . Attachment of C 1 q, C3, C4, or factor H to plates coated with 

different antigen preparations was detected using horseradish perox idase 

(HRP)-conjugated antibody against the individual complement components [9 , 15]. 

ELISA-plates (Maxisorp, 1\Junc, Denmark) were coated wi th a concentration series of 

antigen in PBS. A fter blocking with BSA (0. 5% in PBS) the plates were incubated w ith 

various solutions as a compl em ent source: to study binding of C 1 q, 2% normal human 

serum (NHS) in EDTA-GVB + +-Tw or 10 ,ug /ml puri fi ed C 1 q in GVB + +-Tw w as used, to 

study bind ing of C3 or C4, 0. 5 % NHS in Gvs + +-Tw fo r classi cal path w ay m edi ated 

reaction s or 5% NHS in M gEGTA - GV B+ +-Tw for alternati ve pathway m edia ted rea ctions 
was used, t o study bind ing of factor H, 5% NHS in MgEGTA - GVs ++_Tw wa s used. 

Complement component specif ic HRP-conjugates were d iluted in GVB+ +, and ca lor 
development w as perfo rmed by ad ding a - phenyl enediam ine (stopped by H2S04 ) . 

Incubation steps were 1 h at 37 ° C, wi th the except ion of the coat ing and post coati ng 
which was 15 min at 37 °C while shaking [27]. 

EL/SA with coated complem ent comp onents 

A s only v ery w eak bind ing cou ld be dem onstrated , the ELISA was reversed : at t achment 

of schistosome ant igens to plates coated w ith purified complement components C 1 q, 
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C3b , fact ors 8, H, and I was detected using an t i- CA A and anti-CCA McAb. 
ELI SA-plates were coated with t he complement components at 5 jlg/m l (except factor H 
w hich w as coat ed at 2 .5 ,ug/ml) in 0 .1 M ca rbonate buffer, pH 9 .6 . After blocking wi t h 
1% BSA, the pl ates w ere incubated with different schistosome antigen preparat ions in 
dilution series in VBS at half-ionic strength, and bound anti gen was detect ed using either 
un conjugated McAb and anti-mouse HRP- conjugates, o r biotinylated M cAb and 
HRP-streptavidin . Color development wa s by 3, 3' ,5 ,5 ' -tetramethyl - benzidine and 
absorbance measured at 6 30 nm. As a positive control, A W A - TCA w as directly coated 
ont o the plates. Incubation steps were 15 m in at 37 ° C while sh aking [27]. 

EL/SA with coated C 1 q fragments 
C1 q , C 1 q - heads, C1 q-stalks, and BSA as a nega t ive control, w ere dissolved in PBS at 

concentrations of 20, 5 and 1.2 5 Jlg/ml, and coated onto ELISA- plates. Next, the plates 
were rea ct ed with 10 Jlg /ml AWA - TCA in PBS wi t h 0. 3 % (v/v) Tween - 20. After 
w ashing, bound ant igen was detected using anti - CAA and anti-CCA McAb, similar to 
the procedure described in the above section. Absorbances were corrected for 
ba ckground using t he absorbance of w ell s w hich contained bu ffer only . 

lnh ibi tion - ELISA with C 1 q or collagen t yp e I 
In order t o study w hether t he bind ing of antigen t o coat ed C 1 q could be inhibited by 

so luble C1 q or coll agen type I (a gift of Dr. J.R .O. Hanemaayer), t he antigen was mixed 
w ith t he inhibitors in checkerboard dilution series an d incubated on C1 q - coated and 

BSA-postcoated plat es. Bound antigen w as again detect ed using M cAb and 
HRP- conjugates . 

PEG p recipitation of antigen - C 1 q complexes 

Th e pro cedure as described by Lacl ette et al. [241 was adapted. Poly - propylene react ion 
tu bes we re pre - coated w ith GVB + + to prevent non-specif ic st icking of C 1 q. To 50 ,ul of 

purified human C 1 q in DGVB + + (containing 0, 2, and 10 JIQ/ml ) an equal volume of the 
part ly purified Schis tosoma mansoni A W A - TCA (contain ing both CAA and CCA) in 
Gvs ++ (cont ain ing 0 , 4, and 20 JIQ/ml) w as added . This mixt ure was incubated for 

30 min at 3 7 ° C w ith occasion al shaking. PEG-6000 (Merck, Munchen , FRG ) was added 
in f inal con centra t ions of 0, 1, 3, and 5% (w /v ), and t he mixtures w ere incubated for 30 
m in at 4° C. Tubes were centri fuged for 5 m in at 15 000 x g an d supernatants collected . 

The pellets w ere wa shed once with 150 Jll of a solut ion w ith the appropriate PEG 
concentration in DGVB + + /GV B+ +, an d fi nally take n up in 150 Jl l o f GVB + +. Supernatants 

were t ested f or Schis tosoma circulati ng antigens in an antigen ca pt ure ELJSA routinely 
used in our laboratory [1 0, 12]. Final concentrations of CAA and CCA w ere calculated 

using an AWA- TCA sta ndard curve and assuming that AWA - TCA consists for 2.5% of 
CAA an d for 3 % of CCA. 

Assessment of binding of C1q and C 1 to CA A in a hemolytic assay 

Microt iter wells w ere coat ed w ith various concent rations o f AWA - TCA, CAA, or BSA for 
1 h at room t emperature in PBS, and w ashed. Subsequent ly 1 Jig of C 1 q (20 hemolytic 
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units) was ad ded to each well in 100 Jil DGvs++ and incubated for 1 hat 37°C . After 

washing the wells twice with DGVB + +, 1 x1 0 7 antibody -coated E (EA) containing a 

dilution of 1 /50 of C 1 q - deficient serum was added to each well and assessed for C 1 q 

hemolytic activity. Appropriate reagent blanks and 100% input of EA were included in 

each experiment. After incubation for 60 min at 37 °C the degree of lysis was determined 

and expressed as units/m I (Z) [ 15). 

Binding of C 1 to antigen-coated wells was determined in a similar fashion. In short , after 

antigen coating, or coating of the wells with aggregated human lgG (AlgG, 1 Jlg/ml), 10 

units of precursor C 1 was added to each well in 100 Jil DGVB + +, incubated for 30 m in at 

0°C, washed and assessed for bound C 1 using EA and C 1 q-deficient serum . 

Activation of C1 by CAA 

Activation of C 1 by antigen or AlgG was assessed as follows: antigen or A lgG coated 

wells were incubated with 10 U/ml of precursor C1 at 0 ° C for 1 h. washed and 
subsequently incubated with 1 unit of hemolytically active C4 in 100 Jil DG V B + + for 60 

min at 37 ° C. Thereafter 100 Jil EA containing a 1/75 dilution of C4-deficient guinea p ig 

serum was added and residual C4 hemolytic activity was determined. 

Results 

Specific binding of CAA to C 1 q 

Only very weak binding of the complement components C 1 q, C3, C4 , or factor H 

to antigen - coated plates was observed with the unpurif ied or partly puri fi ed A W A 

and AWA- TCA preparations, while plates coated with the affinity-purif ied CAA 

and CCA showed no binding. Addition of low concentrat ions of human serum 
albumin t o increase the coating density of the p redominantl y carbohydrate 

antigens had only marginal effect. Indirect coating of the antigens using F(a b ' ) 2 

fragments of the CAA - and CCA-specific McAb was also ineffective. However, 

when t he ELl SA was reversed and the complement proteins (C 1 q, C3 b, f actor H, 
factor I, factor 8) were used as coating, significant binding of CAA to C1 q was 

shown (Fig. 1) . To inhibit this binding, CAA was mixed with soluble C 1 q and 

incubated on C1 q-coated plates . As is shown in Fig. 2, binding of CAA was 

inhibited by C1 q - concentrations higher than 0.5 ,ug /ml. CCA also bound to the 

C 1 q-coated plates, but less reproducibly and to a m inor extent and could not or 

only wea kly be inhibited by soluble C1 q (data not shown). Collagen type I al so 
inhibited binding of CAA to C1 q- coated plates in a dose- dependent way but at 

much higher concentrations as compared with C1 q, as shown in Fig. 3. 
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Figure 1. Binding of Schistosoma mansoni CAA to complement components in 
ELISA . Plates were coated with complement components and incubated with 
increasing concentrat ions of AWA - TCA, or, as a posi tive control, coated with 
AWA-TCA alone. Bound CAA w as detected using CAA- specific McAb. Bars 
rep resent coatings as given in t he figu re. 
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Figure 2. Inhibition by soluble C1q of the binding of CAA to C1q - coated plates. 
Cl q-coated plates were incubated with solutions of Cl q mixed with CAA, both in 
increasing concentrations, after which detection of bound CAA was performed 
using CAA-specific McAbs. Solid, w hite and hatched bars represent different 
concentrations of CAA: 1 .ug/ml, 0 .1 JiQ/ml, and 10 ng/ml, respectively . 

CAA specifica lly bound t o the co llagen- like stalks and not to the globu la r heads 
of C1 q, as demonstrated in Fig . 4A. CCA- bind ing was less specif ic and appeared 
to be to t he C1 q - heads on ly (Fig. 48} . 
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Figure 3 . Inhibition by soluble collagen t ype 1 of the binding of CAA to C1 q - coated 
plates . Cl q - coated plates were incubated with solut ions of collagen mixed w ith 
CAA, both in increasing concentrat ions, after which detection of bound CAA was 
performed using CAA- specific McAbs. Solid , w hite and hatched bars represent 
different concentrations of CAA: 500 ng/ml. 50 ng/ml. and 5 ng/ml, respectively . 

Table 1. Binding of C1 and C1q to Schistosoma mansoni AWA- TCA, CAA and 
controls BSA and AlgG, determined in a C1 q hemolytic assay . 

Coat ing C 1 - bound (Z) C 1 q- bound (Z) 
(tJg/ml ) 

AWA- TCA 50 0 . 17 0 .23 
25 0 . 11 0 . 14 
12.5 0.02 0 .07 

CAA 50 0 .21 1.30 
25 0. 18 0 .70 
12.5 0 .02 0 .40 

BSA 50 0 .1 5 0.15 
2 5 0 .07 0 .11 
12.5 0 .11 0.08 

A lgG 50 0. 90 1.87 

To assess in a more sensitive assay whether CAA also bound precursor C1 and 

C1 q, ELl SA wells were coated with AWA - TCA , CA A, BSA or AlgG, washed and 
interact ed w ith C1 q or C1 . There was a dose-dependent binding of C1 q to CAA 
w hile very little binding of precursor C1 w as observed (Tabl e 1 ). 
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Figure 4 . Binding of Schistosoma mansoni CAA (A) and CCA (8) to C1 q fragments 
in ELISA. Plates were coated with C1 q, BSA or C1 q fragments in different 
concentrations and incubated w ith AWA-TCA, which contains both CAA and CCA. 
Bound schistosome antigens were detected using CAA- and CCA-specific McAb. 
Bars represent coatings as given in the legend . 

Soluble complex formation of CAA and C 1 q 

To demonstrate active formation of soluble complexes of C1 q and CAA a 
binding assay was performed based on the selective precipitation of complexed 
but not free CAA and C1 q by PEG. Precipitation of CAA was increased with 
increasing concentrations of both C 1 q and PEG (Fig. 5A). CCA solubility was 
neither affected by the presence of C1q nor by that of PEG (Fig. 58). 
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Figu re 5. Binding of Schistosoma mansoni CAA (panel A) and CCA (panel B) to C1 q. 
Soluble complexes were precipitated with increasing concentrations of PEG . White, 
hatched and solid bars represent 0 %, 3 %, and 5 % PEG-6000 as indicated . Tot al 
CA A (A ) or CCA (8) was detected by ELISA in PEG supernatants (lef t panels) and 
PEG pellets (right panels). 
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Lack of activation of C 1 by CAA 

To fi nd out whether CAA w as able to activat e precursor C1, wells coated with the 
above mentioned antigens w ere first incubated with precursor C 1, washed and 
subsequently incubated with C4. While A lgG caused a dose- dependent 
co nsumption of C4, neither CAA, AWA - TCA or BSA induced any activation of 
precursor C1 (Fig. 6). 

I .. AlgG 

::::-12.5 ~ ~ BSA 
E_ 
C) ~ CAA 
:1 -c: w;a AWA-TCA 
0 - 25 I ea ... -c: 
~ 
(.) 

c: 

~ 0 50 (..) 
~ 
~ 

0 10 20 30 40 50 60 70 80 90 100 

% consumption of C4 

Figure 6. Activation of precursor Cl by Schistosoma mansoni antigen preparations . 
Aggregated human lgG (A igG) w as used as positive control. Bars represent antigens 
as given in the legend. 

Discussion 

Act ivation of complement or bind ing of complement components by different 
schist osoma! life-stages or antigen preparations has been reported 
[1, 18,24,2 5,32,37]. Early w ork of Cap ron and coll eagues who investigated 
compl ement consumption by who le w orm antigens (AWA) and excretory and 
secretory antigens (ESA) showed t hat complement consumption was two times 
higher for ESA than for AWA when tested in the same concentration [32]. They 
also demonstrated that ESA directly f ixed C1 q to a similar extent as AWA and 
that this C 1 q binding capacity was predom inantly present in the low Mr ( < 20 
kDa ) fract ion [31 ]. Van Egmond et al. [37 ] confirmed complement consumption 
by ESA but they f ound it to be less efficient than by AWA. These authors also 
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report complement consumption by diff erent antigen preparations, including the 
gut - associated antigen CAA (70 Kda) and CCA (40 Kda). Since their study, 
however, novel and more sensitive techniques have established that the antigen 
preparations used before were not entirely pure, which may have obscured the 
results [4,35]. Using McAb to specifically and sensit ively detect and purify CAA 
and CCA we demonstrated soluble complex formation of C1 q and CAA, but not 
of C1 q and CCA. However, in contrast to Van Egmond et al. [37), the 
immunopurified CAA and partly purified CCA which was present in AWA-TCA 
did not show complement consumption in a C4 hemolytic assay. This difference 

might be due to impurities in the antigen preparations which were used by Van 
Egmond et al. The finding that CAA binds to C 1 q accords with the observations 
that polyanions bind strongly to C 1 q and may activate C 1 [7] . In the present 
investigation, however, binding of CAA to C 1 q did not lead to activation of C 1. 

Using purif ied C1 q fragments in ELISA, it is proven that the interaction of C1 q 
with CAA occurs via the collagen-like stalks of C1 q. This is confirmed by the 
inhibition of C 1 q-CAA complex formation by relatively large amounts of collagen 
type I. The experiment with C1 q fragments also showed that the (variab le) 
binding of CCA to C 1 q appears to be via the C 1 q-heads. 

Ouassi et al. 1 98 1 [29] demonstrated that schistosomula can activate 
complement through the classical pathway in the presence of lgG, but not 
through binding of immune complexes. it appeared that lgG peptides result ing 
from lgG hydrolysis by schistosomula proteases are able to initiate complement 
activation and cause depletion of C1, C2, and C4. The possibility of a direct 
action of schistosomula released products on complement depletion was 
excluded. Indeed, the present study also shows that the excreted products CAA 
and CCA do not have a direct influence on complement depletion, but that, 
however, active complex formation of CAA and C 1 q occurs. 

As shown in Fig. 1, CAA bound very efficiently to C1q-coated plates. The lower 
detection limit as expressed in concentration AWA-TCA (which contains 2. 5% 

CAA) is comparable with the antigen capture ELISA which is routinely operated in 
our laboratory for detection of circulating CAA. This may imply that the affinity of 
the binding of CAA to C 1 q is similar to the (high) affinity of the binding to the 
McAb that is used in the antigen capture ELISA. lt has already been described by 
Cooper [7] that the affinity of complexes of C 1 q with polyions may be 
comparable with the affinity between antigen and antibody in immune complexes. 

In several Eli SA experiments anti-CAA McAb always clearly showed reactivity, 
while the positive reaction which anti-CCA McAb detected varied between 
different assays . This might be due to variability in different preparations of C1 q, 

antigen and McAb. Furthermore, within our laboratory it is a generally observed 

phenomenon that anti-CCA McAb also cross-react to some extent with CAA 

(unpublished data). Thus, CAA which bound to coated C1 q may, t o a minor 
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extent, also be detected by anti -CCA McAb . However, in Fig. 4 it is shown that 
CCA, as det ected by ant i- CCA M cAb , bound t o intact C 1 q and to t he globular 
heads of C1 q on ly, wh ile CAA only bound to C1 q and C1 q - stalks. This indicates 
that the interact ion of CCA w ith C 1 q might not only be expla ined by M cAb 
cross - reactivi t y . T he PEG precipi t ation experiment show ed t hat no formation of 
soluble CCA- C 1 q complexes occurred. 

CAA may serve to bi nd C 1 q away f rom the vul nerable schistosome gut 
endothelium, like 0-polysaccharides on the surfa ce of some bacteria (Salmonella, 
Pseudomonas) activate the complement distant f rom the organ ism 's outer 
membrane [19]. As CAA is an excretory antigen and can be detected in the 
ci rculation of t he host [ 1 0, 12] it is theoret ically possible that CAA is the 
causative agent of t he marked ly depressed complement act ivity w hi ch is 
observ ed in serum of inf ect ed mice 3 - 6 w eeks aft er infect ion [3] . On the other 
hand, chron ic schistosomiasis patient s do not show a dramatic activat ion of the 
co mplement syst em [20]. A specifi c and significant C1 q deficiency in 
schistosomiasis patients has t o our kno w ledge not yet been reported. On t he 
basis of our studies it is not to be expected that the presence of CAA is related to 
decreased levels of C1 q, as the serum C1 q concent rati on (1 00 ,ug /ml) is ± 100 
tim es the maximal reported co ncentration of CAA in the circulation ( 1 ,ug/ml, as 
cal culated from the highest CAA ti t res observed in studies of e.g. Deelder et al. 
[ 12] ). M oreover, due to the presence of numerous inf lammation react ions around 
schist osome eggs, increased production of C1 q may occur. However, CAA is 
expressed and released by the microvi lli of the syncytium lining the schist osome 
gut [11], which undoubtedly leads to high local concentrations and would allow 
binding of all the C 1 q present. 

The observation that CAA binds to C 1 q via the collagen part but not to precursor 
C 1 suggests that CAA acts as a C 1 q receptor, and thereby may interfere with the 
binding of C1 q immune complexes wit h C1 q receptor - containing cells such as 
monocytes, neutrophils and platel ets [7]. Following binding of C1 q to C1 q 
receptors induces antibody- independent cell ular cytotoxici t y by va rious effector 
cells [21 ]. Therefo re, comp lement activity as well as complement- mediated 
cellular activity following binding of C 1 q to immune complexes present in the 
schistosome gut may be inhibited after binding of CAA to C1 q or C1 q-containing 
complexes. 

Active formation of soluble complexes co nsisting of CAA and C 1 q was clearly 
demonstrated (Fig. 5 ). Detection of C1 q simult aneous with detection of CAA and 
CCA in the PEG supernatants and pellets indicated that C 1 q precipitation 
increased with increasing concent rations of AWA - TCA containing the circulating 
antigens CAA and CCA (data not shown). The relatively low pH present in the 
schistosome gut (pH = 5 to 6 [33 ]) does not significantly inhibit the binding of 
CAA to C1 q as was tested in ELl SA using buffers of different pH (unpubl ished 
data). In summary, we conclude that CAA can form complexes with so luble C1 q 
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which do not lead to complement activation. The interaction of CAA with C1 q 

shows sim ilarities with the C 1 q recept or-C 1 q intera ction. Therefore it may be 
hypothesized that CAA plays a role in protecting the vulnerable schistosome gut 
against complement or complement-mediated attack. 
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