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Chapter 7 

The immunologically reactive 0-linked polysaccharide 
chains derived from circulating cathodic antigen isolated 
from the human blood fluke Schistosoma mansoni have 

Lewis x as repeating unit 

Abstract 

The gut-associated excretory antigen circulating cathodic antigen (CCA) was 
isolated by immunoaffinity chromatography from adult Schistosoma mansoni 
worms, which were collected from infected golden hamsters. This antigen is 
probably involved in protection of the schistosome gut and is increasingly used 
in highly sensitive and specific immunodiagnostic assays. Amino acid analysis 
before and after alkaline borohydride treatment of CCA and monosaccharide 
analysis indicated that CCA is 0-glycosylated mostly via GaiNAc-Thr. After 

reductive alkaline treatment, the 0-linked carbohydrate chains were fractionated 
by gel-permeation chromatography, followed by normal-phase HPLC on 

liChrosorb-NH2 . Carbohydrate-positive fractions were investigated by 

one-dimensional and two-dimensional 1H-NMR spectroscopy, fast atom 

bombardment mass spectrometry and collision-induced-dissociation tandem 

mass spectrometry. The analyses showed that the low molecular mass 0-linked 
oligosaccharide alditols (the minor fraction) consist of disaccharides to 
hexasaccharides having the GaiP(1-3)GaiNAc-OL core in common. The major 
carbohydrate fraction comprises a population of polysaccharides, containing 
Lewis x repeating units (-3)GaiP(1-4)[Fuca(1-3)]GicNAcP(1-). CCA-specific 
monoclonal antibodies and lgM antibodies in patient sera recognized the 
fucosylated 0-linked carbohydrate antigenic structures. Since CCA evokes a 
strong lgM antibody response and carbohydrate structures containing repeating 
Lewis x units are found on circulating neutrophils, it is proposed that the 
antigenic poly-Lewis x polysaccharide of CCA is involved in the induction of 

auto-immunity against granulocytes, resulting in the mild to moderate 

neutropenia observed during schistosome infection. 
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Introduction 

Schistosomia sis is a parasitic disease caused by blood flukes of the genus 
Schistosoma, afflicting about 200 million individuals in the tropics. Antigen 
analysis plays an essential role in elucid at ing the immunological and 
immunopat hological interactions between Schistosoma mansoni and its host. 
Despite the apparent importance of the carbohydrate moieties of the various 
antigens involved in these interactions [20 , 22,41 ,48], characterization of the 
primary structures has been hampered due to the avai lab ility of only limited 
amounts of parasite antigen. Studies have been performed using either indirect 
methods apply ing McAbs which recognize epitopes present on different 
schistosome life-stages or other antigens [31 ,32], or metabol ically radio -labeled 
carbohydrate structures o f adu lt worms [49-52,66, 67 ] . 

In schistosom iasis, there is a strong humoral immune res ponse of the host 
di rected against tegument antigens [3 6, 5 5,59 , 70, 77] but also against antigens 
originating from the schistosome gut [9, 19,4 7, 54, 60]. Gut- assoc iated antigens 
are regu larly released by the schistosome into the ci rcu lation of the host, when 
the paras ite regurgitates the undigested contents of the gut . In this context, the 
detection of the gut-associated antigens circulat ing cathodic antigen (CCA) and 
circu lating anodic antigen (CAA) is increasingly used in seroepidemiology for 
spec ific immunodiagnosis of active schistosomiasis [ 13-1 6, 76] . Moreover, CCA 
seems to be particularly useful as target antigen in specif ic antibody- detecting 
ELl SA or ELl SA-type assays [20,56,57, 73] . The immunoreactive part of both 
antigens is thought to be located in the glycoconjugate glycans, as indicated by 
the observed stabi lity of the antigen when treated with protein - denaturing 
agents, and the reduction of antigen1c1ty after periodate treatment 
([7 ,8, 12, 19,47,48] and unpublished resu lts) . A nti gen levels in sera o f 
schistosomiasis patients may increase to phy siologically significant 
concent rations (e .g. for CAA from 0.3 pg/ml t o 1 pg/ml, [33, 74] ). 

A lthough seve ral su ggestions have been made for the function of CCA and /or 
CA A none of t hese has been experimentally ver ified. As the origin of these 
predominantly carbohydrate antigens is the gut of the parasite, it is obvious to 
propose a role in protect ion of t he luminal surface of the schistosome gut 
[8,46]. Deelder et al. [20], after having demonstrated that the predominant lgM 
response against gut - associated antigens in humans was directed against CCA, 
reported the possibility of modulation of t he host 's immune response by evoking 
blocking antibodies. Complement activation was shown by Van Egmond et al. 
[75], using partly purified CCA preparat ions. In general, identification of the 
primary structure of these antigens would allow more detailed functional 
analyses, which would ultimate ly lead to a better understanding of the 
host- parasite interaction. 
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Previously , the purification, immunochemical and biochemical characterization of 

an antigen w hich is assumed to be for the most part identical to CCA have been 
described [8]. Although it was shown that this antigen contained 0-linked 

carbohydrate chains, primary structures were not presented and a direct 
connection of these carbohydrate moieties with antigenicity was not 

demonstrated. In this study we present the primary structure of t he m ajor 

antigenic 0 -li nked carbohydrate chains in immunopuri f ied S. m ansoni CCA. 

Materials and Methods 

Isolation of antigens 

Adult Schistosoma mansoni worms (Puert o Rico st ra in) w ere co llected from golden 
hamsters by perfusion of the hepatic portal system w ith a balanced sa lt solut ion, seven 
wee ks after infection w ith 1 500 cerca riae. A trich loroacet ic acid (TCA)- soluble (7 .5 % 
mass/vol.) fract ion of hom ogenized adult w orm antigen (AWA- TCA) was prepared as 
described [ 17], and used as a refe rence ant igen pre paration, shown to contain 3 % CCA 
as determined using the immunopurified preparation discussed in this paper . 

Washed and lyophilized worms (8 g) were homogenized in NaCI /P, (3 .5 mM KH 2P0 4 , 

32 mM Na 2HP04 , pH 7.8, 0 .15 M NaCI). The suspension was centrifuged at 
25 000 x g for 20 min at 4 ° C, and (NH4 ) 2S0 4 was added to the supernat ant to a final 
concentration of 40 % (mass/vol. ). A fter centrifugation of the obtained suspension for 
20 min at 10 000 x g and 4 ° C, the pellet was w ashed twice with 40 % (mass/vol.) 
(NH 4 ) 2S04 • The collected supernatant was pooled and partly desalted in an Amicon 
(Am icon Corporation) concentration cell, using a PM 10 f ilter. The preparation was 
dialyzed against water for 2 days at 4 ° C, and the non-dialyza ble material was 
lyophilized, yielding 2 g of sol id mat erial, including a sediment which had been formed 
during the dialysis. A turbid solution of the lyophilizate in water was centrifuged for 20 
min at 10 000 x g and 4°C, and the pel let was washed twice with water. The 
CCA-containing supernatants were pooled and buffered by addition of Tris and NaCI to 
final concentrations of 0.1 M and 0 .1 5 M, respectively, pH 7 .6 . 

CCA was further purified on protein- A-based immunoaffinity columns [61 L using as 
capturing antibody murine McAb 54-5C10-A (lgG3, CCA- specific, as determined by 
immunoelectrophoresis against AWA-TCA and immunofluorescence on adult 
S. mansoni worms [14, 19]) . Bound CCA was eluted with 75 mM Hepes/NaOH buffer, 
pH 7 .2, containing 25 % (mass/vol.) ethylene glycol and 3.0 M MgCI 2 [71]. The CCA 
solution was dialyzed under pressure against water, and desalted by chromatography on 
a column (2.6 cm x 35 cm) of Bio- Gel P-2 (Bio- Rad), eluted with water, after which 

the CCA- containing void volume fraction was lyophilized. 
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During t he isolat ion, the purity of the antigen w as checked by ELISA and expressed as 
percentage of the refe rence antigen preparation A WA- TCA. 

Enzyme-linked immunosorben t assays 

The ant igen- capture ELISA was performed essentially as described [141 w ith some 
minor alterat ions. Among t hese are the use of a rapid shaking incubator system [451 
allow ing incubations to be shortened to 1 5 min and a simplification of the buffer syst em 
using NaCI /P/ 0 .3% Tween- 20 (PT) . Briefly, the antigen was captured in various 
concentrations onto McAb 54- 5C1 0-A- coated ELISA- plates (Maxisorp , Nunc) and 
detected using biotin- labeled McAb 8 .3C 10 (I gM, CCA- specific, characterized in a 
similar way as for McAb 54- 5C 1 0 - A ). After incubation w ith a streptavidin- alkaline 
phosphatase conjug ate (Oakopatts) , calor w as developed using p - nitrophenylphosphate 
as a substrata and absorbances were measured at 405 nm. The relat ive CCA 
concent ration was read against a st andard curve of AWA-TCA . 

Generally, in the ELl SA described below , incubat ions w ere performed for 15 min in a 
shaking incubator at 37 °C, unless ot herwise st ated. For direct antigen detection, 
dif ferent antigen preparations (AWA - TCA, purified and/or alkaline-borohydride- treated 
CCA) in NaCI/P1 were coated in various concent rat ions (dilution series) onto the 
ELISA- plate. A f t er thorough w ashing w ith a 20- fold diluted NaCI/P; (which was 
performed between all subsequent st eps w it hout further mentioning) , the antigen was 
det ected using an appropriate dilut ion of bioti n- labeled McA b 8 .3C1 0 in PT , after which 
conjugate and substrata incubat ions w ere perf ormed as described above . In the ELISA 
for the determinat ion of t he periodate sensitiv ity of epitopes recognized by different 
anti - CCA McAbs (specif ic ied as descri bed above f or 54- 5C 1 0 - A and 8 .3C 1 0), after 
periodate t reatment and blocking of the plates, McAb solut ions (5 J.Jg /ml in PT) were 
incubated followed by ra bbit ant i- mouse immunoglobulins conjugated with horseradish 
per ox id ase (Oakopatt s). lmmunobi li zed enzym e w as quantif ied using 
3,3' ,5 ,5 ' -tetramethylbenzidi ne ((Me 2 NH 2C6H2 -) 2 ) as substrata, wit h detection at 630 
nm [26]. In the ELI SA for t he determination whether various McAbs and /or lectins 
bound t o CCA, purified CCA was coat ed in a ten-fold dilut ion series in NaCI/P, starting 
at 2 J.Jg/m l. A fter blocking w ith 0 . 1% BSA in NaCI/P;. m ouse McAb or biotinylated lectin 
solutions in PT were incubated at the following concentrat ions: McAb anti - CD15 (lgM , 
DAKO C3D- 1, Code no. M 733, dialysed culture supernatant, Dakopatts) at 2 J.Jg /ml , 
McA b anti - carcinoembryonic antigen (lgG 1, DA KO A5B7, Code no. M773, dialysed 
culture supernatant, Dakopatts) at 0.5 J.Jg/ml, McA b 8 .3C10 (see above, lgM, 
hydroxyapati t e-purified from mouse ascit ic flui d) at 1 pg /ml, McAb 54- 5C 1 0 - A (see 
above, lgG3, protein A- purifi ed from mouse ascitic fluid) at 1 p g/ml, Ulex europaeus 
I- biotin (Catalog no. BA - 220 1, known com bining ol igosaccharide Fuc(a1 - 2)Gai(,81 - 4) 
GicNAc, E- Y Laboratories) at 5 J.Jg /ml, and Lotus tetragonolobus agglut inin- biotin 
(Catalog no. BA -1 60 1, known combining oli gosaccharide Fuc(a1 - 2)Gai(,81 - 4) 
[Fuc(a1- 3) ]- GicNAc, E- Y Laboratories) at 5 J.Jg/ml. Bound McA bs and lect in- biotin 
conjugates were detected as above by respect ively rabbit ant i - mouse immunoglobulins 
conjugated with horseradish peroxidase (Oa kopatts) and streptavidin- horseradish 
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peroxidase c onjugate (Dakopatts). Calor was developed using (Me 2 NH2C6 H 2 - ) 2 substrate 
and absorbances were measured at 630 nm. 

To determine whether CCA could be recognized by anti-i or anti-1 antibodies, purif ied 

CCA was coated (2 .5 tJg/ml) directly on the ELISA-plates followed by post-coating 

with 0.3% BSA in NaCI/P;. The plates were then incubated shaking for 60 mi n at 4 ° C 

(as these antibodies react in the cold) with dilution series of two anti - i and t wo anti-1 

antisera (kindly provided by the Central Laboratory of Blood Transfusion, Am sterdam, 

The Netherlands; these sera contain lgM anti - i or anti- 1 antibod ies as determined by 
erythroc yte agglutination assays). Positive and negative control sera were incubated at 
3 7 °C in a 1/200 dilution. Bound antibodies were detected using peroxidase conjugated 
F(ab') 2 fragm ents of rabbit anti-human lgM antibodies (Dakopatts ). Calor was 

developed using (Me 2 NH2C6 H2-) 2 as substrate and absorbances measured at 630 nm. 

To account for aspecific binding of serum antibodies, the absorbances of well s w ithout 

CCA were su btracted. 

To study inhibit ion of an anti-CCA McAb by specif ic trisa ccharides, biot in -labeled 

McAb 8.3C 10 w as prior incubated with solutions in water (8 0 tJI) cont aining 

respectively no trisaccharide, 5 Jig of Lewis x (Lex) trisaccharide (Gai,B( 1-4)[Fuca(1- 3)]
Gici\1Ac,B-O- Ethyl) [2] or 5 Jig of a mod if ied Lex in which Gal is replaced by GaiNAc 
(GaiN Ac,B( 1-4)[Fuca( 1- 3)]GicNAc,B-0-Methyl) [2]. Bound McAb was detecte d using 
streptavid in- peroxidase conjugate and (Me 2NH 2C6 H 2 - ) 2 substra te. A s the amount of 

purified CCA w as limited, lower amounts of CCA were coated as a positive cont rol for 
inhibition. 

Liberation and isolation of the 0-linked carbohydrate chains 

A soluti on of 6 mg CCA in 6 ml 0 .1 M NaOH, containing 1 M NaBH4 , was incubated for 

1 6 h at 40 ° C under nitrogen. Then the solution was adjusted to pH 6 .0 with form ic 

acid, and f ra ctionated on a column (2.2 cm x 135 cm) of Bio-Gel P-6, eluted with 25 

mM NH4 HC0 3 at a flow rate of 22 ml/h. The carbohydrate-containing fracti on, elut ing 

after the void volume, was lyophilized and loaded onto a c olum n (0.9 cm x 155 cm) of 
Bio-Gel P-2, eluted with water at a flow rate of 11 ml/h. In each case, runs were 

monitored by detection at 205 nm. 

Subfractionati on of oligosaccharide alditols by HPLC was carried out on a 10 Jim 

LiChrosorb-NH 2 column (0.46 cm x 25 cm, Chrompack, The Netherlands) in a Kratos 

Spectroflow 400 system, monitored at 205 nm. Elutions were carried out isocratically 

with a mixture of 31 .3% water/68. 7% acetonitrile (by vol.) for 1 0 m in, followed by a 
linear gradient to a mixture of 39.4% water/60.6% acetonitrile (by vol.) in 35 min, at a 
flow rate of 1 20 ml/h and at ambient temperature. 
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Monosaccharide anal ysis 

Monosaccharide analysis of 100 j.Jg purified CCA w as carried out [29] by GLC of 
trimethylsi lylated methyl glycosides, which were prepared by methanolysis ( 1 .0 M 
methanolic HCI, 24 h, 85 ° C), ra- N- acetylat ion, and trimethylsilylation. 

Mild periodate oxidation 

Periodate sensitivity of the epitopes recognized by several anti - CCA McAbs was 
evaluat ed according to Woodward et al. [81]. In brief, antigen samples , immobilized on 
an ELISA plate (Maxisorp, Nunc), were treated with a concentration series of sodium 
metaperiodate (0 - 20 mM Na10 4 in 50 mM sodium acetate, pH 4.5) in the dark. After 
blocking the aldehyde groups with 1% glycine to prevent non- specific cross- linking of 
antibody to antigen, the plate was further processed as described for the ELISA for 
antigen detection (see above) . A decrease in binding by CCA- recognizing McAbs was 
expressed as a percentage of the background-corrected absorbance of the wells 
w ithout periodate. 

Defucosylation using mild acid hydrolysis 

AWA- TCA (containing CCA) was hydrolyzed in 0.1 M TCA for 1 h at 1 00°C [64], 
neutralized with 0.4 M NaOH, and tested in antigen-capture ELISA (see above) . 

Amino acid analysis 

Samples of 100 j.Jg material were hydrolyzed with 6 .0 M HCI for 22 h at 11 0°C under 
nitrogen. Amino acid analyses were performed on an LKB 41 51 Alpha Plus Amino Acid 
Ana lyzer, using a five-buffer lithium citrate system [ 11 ] . 

500-MHz and 600- MHz 1 H- NMR spectroscopy 

Carbohydrate samples were repeatedly exchanged in 99.8% 2H20 (MSD Isotopes) at 
p2H 7 with intermediate lyophilization. Finally, they were dissolved in 99 .96% 2H20 
{78] . The 500-MHz and 600- MHz one-dimensional and two- dimensional 1 H- NMR 
spectra were recorded on Bruker AMX-500 and AMXT - 600 spectrometers (Bijvoet 
Center, Department of NMR-spectroscopy, Utrecht University), at a probe temperature 
of 300 K, unless indicated otherwise. Chemical shifts are expressed relative to internal 
acetone (6 = 2 .225 ppm). In the case of two-dimensional NMR experiments, data sets 
of 512 x 2048 points were recorded at 500-MHz, or otherwise indicated . The 1 H0 2H 
signal was presaturated for 1 s during the relaxation delay. Phase-sensitive handl ing of 
the data in the t, dimension became possible by the time-proportional phase increment 
method 140]. The time domain data of the scalar shift correlated spectroscopy (COSY) , 
homonuclear Hartmann- Hahn (HOHAHA) , and nuclear Overhauser enhancement 
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spectroscopy (NOESY) experiment s w ere zero-filled to 1024 x 2048 data matrices 
prior to multiplication with a squared-bell function, phase shifted by ff/3. 

Two-dimensional HOHAHA spectra were recorded using MLEV -1 7 mixi ng sequences of 
1 20 ms [ 1,39 1 at 300 K (fraction P) and at 315 K (fraction 01 ). Spin-lock 
field-strength corresponding to 90° 1 H pulse-widths of 27 .8 JlS and 27 .5 JlS were 
applied to fracti ons P and 01, respectively. In t he case of P, the data matrix 
represented a spectra l w idt h of 4 505 Hz in each dimension, and in the case of 01 this 
was 4033 Hz in each dimension . 

The t wo-d imensional NOESY [28 ] spectrum of P w as recorded w ith a m ixing time of 
75 ms. This rela tively short m ixing time w as ch osen to prevent spin - diffusion as a 
resu lt of molecular rotational correlation times (re ), which were expected t o be relatively 
long. The data set represented a spect ral width of 4032 Hz in each dimension. 

The double- quantum- filtered 1H- 1 H t w o- dimensional COSY spectrum of P of 
4 50 x 2048 data points w as obtained as described [58], using a spectral width of 
4032 Hz in each dimension. 

Gas chromatography- mass spectrometry (GC- MS) 

Trimethylsilylated monosaccharide derivatives, obtained from the methanolyzed fraction 
P, were analyzed by GC - MS, using a JEOL JMS-AX505W mass spectrometer (Bijvoet 
Center, Department of Mass Spectrometry, Utrecht University) fitted with a Hewlett 
Packard 5890 gas chromatograph using an on-column injector and helium as the carrier 
gas . The derivatives were separated on an SE-54 column (30 m x 0.25 mm, Alltech) 
with the following temperature program : holding at 90 ° C for 3 min, then increasing at 
40 ° C/min to 130°C, and hold ing for 2 min, then increasing at 4 ° C/m in to 200 ° C and 
holding for 1 5 m in. Mass spectra w ere obtained using electron ionization and were 

recorded using linear scanning from m/z 50-800 at an accelerat ing voltage of 3 kV. 

Mass spectrometry 

Positive- ion fast atom bombardment mass spectrometry (FAB-MS) of underivatized or 
permethylated carbohydrate samples was performed using MS 1 of a JEOL 
JMS-SX/SX 1 02A tandem mass spectrometer (Bijvoet Center , Department of Mass 
Spectrometry, Utrecht University), using 6 kV or 10 kV accelerating voltage. The FAB 
gun was operated at an emission current of 10 mA, with Xe as bombarding gas. The 
spectra were scanned at a speed of 30 s for the full mass range specified by the 
accelerating voltage used , and were recorded and averaged on a Hewlett Packard 
HP9000 data system operating JEOL complement software. Collision - induced
dissociation tandem mass spectra (CID-MS/MS) were obtained on the same instrument 

using 10 kV accelerating voltage with He as t he collision gas at a pressure sufficient to 

reduce the parent ion to one third of its original intensity. 
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Table 1. Summary of ions observed , with t heir assign ments, on FAB- MS and 
CID- MS/MS analysis of permethy lated carbohydrate - containing fractions 
isolated after reductive P -elimination of CCA. 

Sample Ion Assignment 

M + H + CID- MS/MS fragment 

m/z 

011 961 M+ H + for Hex2HexNAc2-0L 

013 961 (major) M + H + for Hex2HexNAc2 - 0L 
1410 (minor) M + H+ for Hex3HexNAc3 - 0L 
1206 (trace) M + H + for Hex2HexNAc3 - 0L 

669 Hex- HexNAc- Hex + 
464 Hex- HexNAc + 
432 ,a-elimination of MeOH from mlz 464 

014 1165 M + H + for Hex3HexNAc2 -0L 
(major) 702 HO- Hex-HexNAc-OL generated by ,8-cleavage 

I 
Hex 

668 Hex-HexNAc-Hex + 
498 HO- HexNAc- OL generated by .B-cleavage 

l 
Hex 

464 Hex- HexN Ac + 
432 ,a-elimination of MeOH from m/z 464 

961 1 M + H + for Hex2HexNAc2- 0 L 
(major) 668 Hex-HexNAc- Hex + 

464 Hex- HexNAc + 
432 ,8-elimination of MeOH from m/z 464 
294 HO- HexNAc- OL generated by ,8-cleavage 

1410 M + H + for Hex3HexNAc3 -0L 
(less 464 Hex-HexNAc + 

intense) 431 .a-elimination of MeOH from m/z 464 

1206 M + H + for Hex2HexNAc3 - OL 

1135 M + H + for Deoxyhex 1 Hex2HexNAc2 - OL 
638 Hex-HexN Ac + 

I Deoxyhex 
432 .B-elimination of Deoxyhex from C- 3 of HexNAc 
294 HO-HexNAc- OL generated by ,8- cleavage 

0 15 1410 M + H + for Hex3HexNAc3- 0L 
668 Hex- HexNAc- Hex + 
464 Hex- HexNAc + 
432 ,a-elimination of MeOH from m/z 464 



7. Schistosoma mansoni CCA contains Lewis x as repeating unit 127 

p 432 ,a-elimination of M eOH from m/z 464 and/or 
Deoxyhex f rom m/z 638 

464 Hex-HexNAc + 
638 Hex-HexNAc+ 

I Deoxyhex 
881 /)'-elimination of MeOH from mlz 913 and /or 

Deoxyhex f rom m/z 1 087 
913 Hex-HexNAc-Hex-HexNAc + 

(minor) 
1055 ,a-elimination of M eOH from m/z 1 087 and/or 

Deoxyhex f rom ml z 1 26 1 
1087 Deoxyhex ,Hex2HexNAc2 + 
1261 Deoxyhex 2 Hex 2HexNAc 2 + 
1504 /3-elimination of MeOH from m/z 1 536 and/or 

Deoxyhex f rom ml z 1710 
1536 Deoxyhex 1 Hex3HexNAc3 + 
(very 

minor) 
1678 /3- elimination of M eOH from m/z 1710 and/or 

Deoxyhex from m/z 1 884 
1710 Deoxyhex 2 Hex3HexNAc 3 + 
1884 Deoxyhex3 Hex3 HexNAc3 + 
2333 Deoxyhex3 Hex4 HexNAc4 + 
2507 Deoxyhex4 Hex4 HexNA c4 + 
2956 Deoxyhex4 Hex5 HexNAc5 + 

Results 

Charac teriza tion of intact CCA 

Starting from 8 g d ried S. mansoni worm-pairs, the immunoaffin ity-based 
isolation procedure yielded 6 mg purified CCA, which is about 50% of t he tota l 
amount detectable by ELISA in the starting preparation. During the puri f ication 
procedure it was found that CCA, but not CAA, dissolved in water. This 
phenomenon was used to achieve an initial separation of these two related 
antigens which are otherwise difficult to separate due to their similar 
characteristics and the presence of cross-reacting determinants on both 
antigens. This cross - reactivity would have led to a contamination of CAA in the 
immunopurified CCA-preparation. Monosaccharide composition analysis of the 
intact CCA sample revealed the presence of Fuc, Gal, Man, Glci\JAc, GaiNAc, 
rhamnose (Rha), Xyl and Glc in the molar ratios 5.4:6.0:0.5:10.8:1.0:1.2:0.1 

:1 .0. The carbohydrate content of intact CCA was estimated to be 78% by 

mass. 
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Figure 1. Detection of CCA before (closed bars) and after (shaded bars) reductive 
P - elimination (1 mg/ml CCA in 0.1 M NaOH, and 1 M NaBH4 ). Untreated and 
treated samples w ere tested in concentration series starting from 30 ng/ml in both 
the antigen-capture ELISA and the direct antigen-coated ELISA as described in 
Materials and Methods. The responses of the treated samples w ere expressed as a 
percentage of the responses of the untreated samples and were averaged from at 
least three concentrations. 

The detection of a small amount of Man may ind icate the presence of N- linked 
carbohydrate chains on CCA. However, no release of N-glycans could be 
detected with peptide -~-(N-acetyi-P-glucosaminyl)asparagine amidase F 
(Flavobacterium meningosepticum) under the usual range of conditions applied 
(see e.g. [1 0,69]). Importantly, the antigenic determinant was located on the 
0 - linked glycans, since the antigen, as recognized by McAb 8.3C 10, could be 
released from the protein by alkaline P-elimination. In Fig. 1 it is shown that 
after reductive alkaline treatment, the immunoreactivity of CCA remained 
unchanged as assessed by the antigen-capture ELISA, but the coating efficiency 
was markedly decreased. This indicates that the carbohydrate chains were 
released from the protein backbone. Only some breakdown of the polypeptide 
backbone without complete carbohydrate release as a cause of reduction in 
coat ing efficiency is unlikely, as suggested by the observation that fraction P 
contained only GaiNAc- OL and no GalNAc (monosaccharide analysis), and less 
than 2% (by mass) amino acids (amino acid analysis). Amino acid analyses of 
CCA before and after reductive alka line treatment showed that the amount of 
detectable Thr was decreased while that of 2 - aminobutyric acid increased, 
indicating that the chemically re leased carbohydrate chains were originally 
attached to the protein backbone in 0-linkage, mostly via Thr. Therefore, in 
order to study further the structure(s) of the most abundant antigenic 
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carbohydrate chains, CCA was submitted to preparative reductive alkaline 
treatment to release 0-linked carbohydrate chains. 

A205 

Bio-Gel P-6 

A205 

Bio-Gel P-2 

0 20 40 60 80 

~ V8 (ml) 

p 0 
~~--------------------~ 

0 100 200 300 400 

Figure 2. Elution pattern of reductive alkaline treated S. m ansoni CCA on a column 
(2 .2 cm x 135 cm) of Bio-Gel P-6, eluted with 25 mM NH4 HC03 ; the insert shows 
the elution pattern of fraction 0 on a column (0 .9 c m x 155 cm) of Bio- Gel P-2 
eluted with water. Runs were monitored by detection at 205 nm. 

Isolation of re leased 0 -g/ycans 

Gel-permeat ion chromatography of the ,8- elimination prod ucts on Bio - Gel P- 6 

gave rise t o one major carbohydrate-positi ve fraction (Fig . 2 }, denoted P 

(po lysaccharide materia l) . Fraction 0, being t he rema inder, eluted a fter t he 
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excluded peak, w as further separated on Bio-Gel P- 2 into two 
carbohydrate-pos itive fractions, as demonstrated by 1 H- NMR analysis, which 
are denoted 01 and 02 (Fig. 2). HPLC f ractionation of 0 1 and 02 on 
LiCh rosorb- NH2 resulted in the isolation of t he carbohyd rate- positive 
(orc inoi/H 2S04 ) subtractions 011-015, and 021- 023, respectively . These 
HPLC subtractions and P were subjected to one-dimensional and 
two-di mensional 1 H-NMR spectroscopy as well as FAB- MS and, where 
approp riate, CID - MS/MS analyses . 

Table 2 . 1H -Chemical shifts of structural -reporter - group protons of the 
const ituent monosaccharides for oligosaccharide aldit ols derived from 
S. mansoni CCA. Chemical shifts are given relative t o internal acetone (6 2 .225) in 2 H20 at 
300 K and at p2H 7 [78]. Compounds are represented by short-hand symbolic notation : (e ), 

o-GicNAc; ( 0 -ol), o-GaiNAc- OL, ( •), o-Gal, n.d ., not determined. The f irst superscrip t at the 
name of a monosaccharide residue indicates to which position of the adjacent monosaccharide it 
is glycosidically linked. A second superscript is used to discriminate between identically linked 
residues, by indicating the type of linkage of the neighbouring residue in the sequence . 

Residue 

GaiNAc -OL 

GlcNAc 3 

GlcNAc6 

Report er 
grou p 

H-2 
H- 3 
H- 4 
H- 5 
NAc 

H-1 
H-4 

H-1 
H-6 
NAc 

H-1 
H-4 

H- 1 
H- 6 
NAc 

H- 1 
H-4 

Chemical shift 

023 013A 

pp m 

4.393 4.395 
4 .064 4 .050 
3.507 3 .497 
4.193 4.184 
2 .050 2 .047 

4 .478 4.464 
3 .902 4.126 

4.688 
3 .953 
2 .041 

4.480 
3 .928 

01 38 015 

4 .39 5 4 .400 
4 .06 1 4 .0 50 
3 .466 3.45 1 
4 .28 1 4 .268 
2 .06 6 2.06 7 

4.464 4.452 
3.90 0 4 . 127 

4.684 
3 .95 3 
2.038 

4.483 
4 .925 

4 .560 4 .555 
3 .99 8 3 .996 
2 .064 2 .058 

4.470 4.467 
n.d. 3 .925 
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Relevant FAB-MS and CID-MS/MS data are compiled in Table 1 and 1 H- NMR 
data in Tab les 2 and 3. Compounds will be discussed in order of increasing 
complexity. The amount of material in fractions 021 and 022 was too low for 
reliable structure determination. 

Structural analysis of oligosaccharide alditols 

The 1 H-NMR data of fraction 023 are in good agreement with those reported 
for the disaccharide alditol, Galp{1-3)GaiNAc-OL, compound 2 in [30]. 

Although the quantities of fraction 011 were too low for 1 H-NMR analysis, an 

aliquot was subjected to permethylation and analyzed by FAB-MS. A single 
M+ H + pseudomolecular ion of low intensity was observed at m/z 961 
corresponding to a composition of Hex 2HexNAc 2 -0L. 

FAB-MS analysis of permethylated fraction 013 revealed the presence of one 
major M + H + ion at miz 961, corresponding to a compos1t1on of 
Hex 2HexNAc2-0L, as well as a minor ion at m/z 141 0 (for Hex3HexNAc3-0L) 
and a very minor ion at m/z 1 206 (for Hex 2HexNAc3-0L). The spectrum also 
contained fragment ions which may, from their intensities, be assumed to arise 
from the major species: m/z 668 corresponds to an A+ - type ion [21] with 
composition Hex2HexNAc, +; a more intense fragment ion was observed at m/z 
464 for HexHexNAc +, and was accompanied by an ion derived from it by 
P-elimination of the methyl substituent on C-3 [21] at m/z 432. These fragment 
ions demonstrate that the major component in this fraction is a linear 
tetrasaccharide Hex-4/6HexNAc-Hex- HexNAc-OL. 

1 H-NMR analysis of fraction 013 showed the presence of a minor (25 %) and a 

major (75%) component, being a branched (0138) and a linear (013A) 

tetrasaccharide a Iditol, respectively. The spectral data of 0 13A and 0138 are in 
accordance with those of reference structures 12 and 25, respectively [30], 
namely : 

GaiP1-4GicNAcP1 -3/ 

GaiNAc-OL 

GaiP1-3/ 

GaiP1-4GicNAcP1 -6\ 

GaiNAc-OL 

GaiP1-3/ 

013A 

0138 

Probably as a result of a non-complete HPLC separation, the structures for 

013A and 0 138 were also identified in fraction 012, but now in a ratio of 1:4. 
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A 

9101 

11 3 5 

Hex3HexN Ac2-0L 

1165 

B 
Hex-HexNAc I He;.NAc-OL 

~668 
412 

·1 6 ~ 

961 

Figure 3. Partial FAB mass spectrum of permethylated fraction 014 (A). CID mass 
spectrum and fragmentation scheme for m/z 961 from permethylated fraction 014 
(B) and CID mass spectrum and fragmentation scheme for m/z 1 165 from 
permethylated fraction 014 (Cl. lt shou ld be noted that in each of the mass spectra 
t he scale for the relative intensities of the ions remains constant across the depicted 
m/z range . 
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c 

1165 

43 

46 4 

498 

668 

702 

Figure 3. {continued) 

FAB-MS analysis of permethylated f raction 014 (Fig. 3Al revealed the presence 
of two predominant molecular species, as well as three minor components; the 
ion at m/z 1165 corresponds to M+ H + for Hex3HexNAc 2- 0L, while an ion of 
almost equal intensity at m/z 961 corresponds to M + H + for Hex 2HexNAc2 - 0L. 
Ions at m/z 141 0 (M+ H + for Hex3HexNAc3-0L), m/z 11 35 (M + H + for 
Deoxyhex, Hex2HexNAc2- 0L), and m/z 1206 (M + H + for Hex2HexNAc3- 0 L) 
represent less abundant species. CID- MS/MS of the ion at m/z 961 gave ions 
indicating a linear structure (Fig. 38). CID - MS/MS of the ion at m/z 1165 gave 
rise to a series of ions which sug gests an unusual branching structure for the 
Hex3HexNAc2- 0L component (Fig. 3C ): 

Hex 

I 
HexNAc - OL 

I 
Hex - HexNAc- Hex 
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Two ot her structures would be forma lly possible for such a composition: 

8131 
Hex- HexNAc- Hex- HexNAc Hex- OL 

868}8721 
Hex- HexNAc - Hex Hex HexNAc- OL 

284 

The first of these two structures may be expected to yield an intense ion at m/z 
913, as shown, corresponding to the formation of an A + - type ion on an 
N- acetylhexosamine residue, analogous to the ion at m/z 464. This is clearly 
absent from the CID spectrum of m/z 1165. The second structure may also be 
discounted since it may be expected to yield an ion at m/z 872 (analogous to 
that at m/z 668) as well as a P-cleavage ion [21] at m/z 294 (as seen in the CID 
spectrum of M + H+ m/z 961, and analogous to that at m/z 498 in this 
spectrum) . 

CID-MS/MS of the M + H + molecular species at m/z 1410 yielded a spectrum 
with poor signal:noise due to the very small amounts of sample available. The 
only fragment ions observed (at m/z 464 and m/z 432, assigned as above) were 
insufficient to assign any unambiguous structure . CID-MS/MS of the M+ H + 
molecular species at m/z 1135 yielded three fragment ions (m/z 638 for 
Hex - (Deoxyhex)-HexNAc +; m/z 432 for the P-elimination of Deoxyhex from 
C- 3 of HexNAc; and m/z 294 arising by P-cleavage of HexNAc- OL) which 
suggests the following structure: 

Hex-4/6HexNAc- Hex- HexNAc- OL 
3 

I 
Deoxyhex 

1H- NMR analysis of fraction 014 indicated a complex mixture of oligosaccharide 
alditols. The low amount of material avai lab le did not permit fractionation of 
014 into separate components for further 1 H- NMR study. 

FAB- MS analysis of underi\/atized fraction 015 yielded pseudomolecular ions at 
m/z 1116 (M + H +) and m/z 1138 (M + Na +) corresponding to a composition of 
Hex3 HexNAc3 - 0L. FAB- MS of permethylated fraction 015 yielded a single 
M + H + molecular species at m/z 1410, corresponding to a composition of 
Hex3HexNAc3 - 0L. Fragment ions were observed at m/z 464 (for 
Hex-HexNAc+), m/z 432 (P-elimination of methanol from 464) and m/z 668 
(for Hex - HexNAc-Hex+). The absence of an ion at m/z 913 (tor 
Hex-HexNAc- Hex-HexNAc +) suggests a branched structure: 
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4641 

Hex-4/6HexNAc~ 

Hex -4/6HexNAJc-Hex~ 
464 668 j 

HexNAc-OL 

Table 3. 1H-Chemical shifts of structural-reporter-group protons of the 
constituent monosaccharides for the polysaccharide a Iditol fraction P, derived 
from S. mansoni CCA . Chemical shifts are given relative t o internal acetone (o 2 .225 ) in 
2 H2 0 at 300 K and at p2H 7 [78). The underlined values are assignments derived f rom the 
two-dimensional HOHAHA and double quantum filtered COSY 1H- NMR spectra. The terms 
internal and terminal refer to the position of the repeating fu cosylated N-acetyllactosamine unit 
in the pol ysaccharide. 1H- NMR signals for a distal unit and for a protein - linkage region were not 
observed . The t erm unsubstituted refers to a terminal non - reducing non-fucosylated 
N-acetyllactosamine unit in the carbohydrate cha in ; n .d ., not det ermined . 

Res idue Prot on Chemical shift in repeati ng unit 

internal t erm inal unsu bs t itu ted 

pp m 

Gal H- 1 4. 445 4.462 4.480 
H-2 3. 500 3. 500 n.d. 
H-3 3.697 3 .65 5 3. 6 64 
H- 4 4 .0 9 3 3.89 2 3.921 
H- 5 3. 5 85 n .d . n.d . 
H - 6 /6' ua n.d . n .d . 

GlcNAc H-1 4 .70 5 n .d . n. d . 
H- 2 3 .956 n .d . n.d . 
H- 3 3. 85 9 n.d. n.d . 
H - 4 3.942 n.d. n.d. 
H- 5 3 .57 1 n. d . n .d . 
H- 6 3 .94a n.d. n.d . 
H - 6 ' 3 .74 0 n .d. n.d. 
NAc 2 .0 14 n .d . n.d. 

Fuc H- 1 5.1 1 8 5.132 
H- 2 3.682 3 .6 82 
H- 3 3 .8 82 3 .90a 
H-4 3 .77 3 3.78 7 
H- 5 4 .80 5 4. 8 32b 

CH 3 1.145 1.1 7 4 

a Values are given with less accuracy because of overlapping cross-peaks. 
b Fuc H-5 in reference compound 164 (o 4 .851) was measured at 7° C !30], which explains t he 

difference in chemical sh if t . 
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The 1H- NMR spectrum of fraction 015 is identical to that of the branched 
hexasaccharide a Id itol reference compound 26 [30]: 

Gai,B1 - 4GicNAc,B1-6\ 

GaiNAc- OL 

Gal,81 - 3/ 

Gai,B1 - 4GicNAc,B1 - 3/ 

Structural analysis of polysaccharide alditol 

Monosaccharide analysis of fraction P showed the presence of Fuc, Man, Gal, 
and GlcNAc in the molar ratios 1.1 :0.07 : 1.0 :0.8. However, GC- MS analys is 
allowed the additional identification of a single trimethylsi lylated alditol residue 
corresponding to GaiNAc- OL, suggesting that the polysaccharide alditol res ult ed 
from reductive alkaline ,6'- el imination. The presence of GaiNAc could not be 
demonstrated . Amino acid analysis showed trace amounts of amino acids (less 
than 2% (by mass) in total). 

F; 
HI 

F, 
H- t 

termmaJ 

G, C1 

Gal~( I - 4)GieNAe~(l 3) 

Fuoo(l 3) 

F, 
j 

GaiP( 1-4)G c IAcjl( I 3} 

G,· c ,· 

soo 

intarna· 

---7 S (ppm) 

C; 
NAc 

\ """1a1e 

1-)_· -jtl 
-r -~~-~ /- ...------r----

210 I 00 120 

Figure 4. Resolution-enhanced 500- MHz 1H- NMR spectrum at 300 K of fraction P. 

1 00 
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Fraction P was examined using FAB-MS fol lowing permethylation. Mass spect ra 
were obtained in t he range m/z 50-4000 using an accelera ti ng voltage of 6 kV. 
In t h is mass range no ions correspondin g to molecula r species w ere observed, 
although A + - type f ragment ions arisi ng by glycos id ic cleavage with charge 
retention on N - acety lhexosamine residues w ere formed , as previously described 
[5 3]. The A + - type fragment ions (see Table 1) ind icate that t he polysaccharide 
consists of more than f ive repeatin g units containing the Hex- HexNAc element. 
Two species are present, one in w hich all repeating units bear Deoxyhex on C- 3 
of the HexNAc residue (m/z 638, 1261, 1884, 2507) and a second in which the 
non - reducing terminal repeat is not fucosylated in th is way (m/z 464, 1087, 
1710, 2333, 2956). An additional very minor series of ions is observed 
corresponding to a spec ies in w hich th e non- reducing terminal two repeats 
contain no Fuc (m/z 91 3, 1536 ). 

The one- dimensiona l 1H-NMR spectrum of P ind icates a po lysaccharide, having 
a repeating un it of - 3)Galp{1 -4)[Fuca(1 - 3 )]GicNAcp{1 -, also known as Lex 
(Fig . 4). The spectrum ne ither showed signals representing res idual peptide 
material, nor signals for the protein-linkage region (ca rbohydrate core structu re ). 
Complete assignment of t he 1 H- NMR spectrum was accompli shed using 
two- dimensional COSY and HOHAHA 1H- NMR spectroscopy (see Table 3). 

The anomeric sign als of Gal , GlcNAc and Fuc could be ass igned by t heir unique 
spin -coupling systems in t he HOHAHA spectrum (Gal: H- 1 - H- 4; GlcNAc: 
H-1- H- 6/6'; Fuc: H-1- H- 4 and H- 5 -CH 3 ) (data not shown) . In addition, the 
HOHAHA spectrum revealed the presence of one major and two minor 
subspectra for Ga l, one major and one minor subspectrum for Fuc and one 
subspectrum for GlcNAc (Fig. 4 ). The set of intense s ignals, corresponding to 
the major structural element, can be ass igned to t he internal 
- 3)Gai,8(1 - 4 )[Fuca(1 - 3)]GicNAc,8(1- repeats of the po lymer. T he 
Fuca( 1- 3)GicNAc glycosidic linkage can be deduced from the presence of an 
inter-residual NOE cross - peak between Fuc H-1 and GlcNAc H-3 in t he NO ESY 
spectrum (Fig. 5). An Lex un it between t wo other Lex units gives rise to a unique 
set o f structu ral - repo rter-g ro up signal s fo r the aFuc res idue, namely Fuc H-1 at 
6 5.118, H-5 at 6 4 .805, and CH 3 at 6 1. 145 [30]. The NOE contact observed 
bet ween GlcNAc H-1 and Gal H- 3 , t ogether wit h the resonance posit ion of 
GlcNAc H-1 at 6 4. 705 and the NAc methyl signa l at 6 2 .014, reveal t hat 
,BGicNAc is ( 1-3)- linked t o Gal. Since the 3-position of GlcNAc is occup ied 
with a Fuc res idue, and Ga l H-1 shows NOE cross-peaks wi th GlcNAc H- 4 
(st ro ng) and GlcNAc H-3 (weak), the PGal residue must be (1- 4 )- linked to 
GlcN Ac . Additional NOE cross-peaks (Fig. 5) between Fuc H- 1 and GlcNAc 
NAc, between Fuc H-5 and Gal H-2, between Fuc H- 5 and Gal H-3, and 

between Fuc CH 3 and Gal H-2 correspond w ith those observed for a single 

Galp{1 - 4)[Fuca(1 - 3 )JGicNAc.B element (unpublished results and (44,82 ] ). 
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Figure 5 . 500-MHz 2D NOESY spectrum of fraction P recorded at 300 K, with a 
mixing- time of 75 ms. (----), ( .... ) and (---) are for Fuc, Gal, and GlcNAc, 
respectively, to show magnetic dipole networks of (from top to bottom) Fuc CH 3 , 

GlcNAc NAc, Gal H-4, Gal H-1 , GlcNAc H-1, Fuc H- 5 and Fuc H- 1. A 
letter-number combination near t he cross-peaks refers to the proton (1-6) of a 
mono- saccharide residue (C, GlcNAc; F, Fuc; G, Gal), which has a NOE contact 
w ith t he proton of the monosaccharide residue indicated at the corresponding 
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In addition t o the intense signals arising from the major structural element, the 
HOHAHA tracks with lower intensity correspond with non-reduc ing term inal 
units (Table 3). The set of structural-reporter-group signals, namely Gal H-1 at 
o 4.462, Fuc H-1 at o 5.132, Fuc H-5 at o 4.832, and Fuc CH 3 at o 1.174 , fit 
that of a non-reducing terminal Galp(1-4)[Fuca(1-3)]GicNAcP unit in t he 

0-linked reference octasaccharide a Iditol 164 [30]. Therefore, this set is 
assigned to a non-reducing terminal Galp(1-4)[Fuca(1-3)]GicNAcP unit in P. 
Non-reducing terminal N-acetyllactosamine units without Fuc are reflected by a 
minor set of signals, namely Gal H-1 at o 4.480, H-3 at o 3.664 and H-4 at o 
3.921 (Table 3). These data coincide with those of non-reducing termi na l 
N - acetyllactosamine elements in reference compounds 12 and 26 [30]. These 
elements comprise about 20 mol/1 00 mol of the total amount of non-reduc ing 
terminal units in P, as deduced from a comparison of the intensity of t he 
different Gal H-1 signals. Since internal repeating units are nearly completely 
fucosylated and non-reducing terminal N-acetyllactosamine units are 80% 
fucosylated, it is estimated that the average degree of polymerization is about 
25 repeating units/chain, using the intensities of the methyl group protons of 
Fuc at o 1 .145 (internal units) and at o 1 .174 (terminal unit). 

Epitope characterization 

To determine the role of the poly-N- acetyllactosa mine structure in antibody 
recognit ion o f P, human sera containing lgM anti-i or anti-1 antibodies were 
tested in ELISA by incubation with intact immunopurified CCA . The absence of 
binding (Fig. 6) confirms the immunodominance of Fuc in the 

poly - a ( 1- 3) - fucosyi-N-acetyllactosamine structure . 

Mild acid hydrolysis completely destroyed t he antigen ici ty of CCA, as 
determined in ELISA (Fig . 7) , w hic h also indicates the necessit y fo r Fuc in the 

epitope recognit ion . To selectively oxidize terminal Fuc or Gal, CCA was 
subjected to mi ld peri odate t reatment. Th is modified CCA showed a marked 
reduction in binding of several CCA-spec ific McAbs (Table 4), again ill ustrating 

that the Fuc residues are essential for the expression of anti genicity. 

The observation t hat the detectability of CCA in the an t igen - capture ELI SA is 
not reduced after reduct iv e alkali ne //-el imination (Fig. 1) demonstrates the 

presence of multiple ep itopes on one P polysaccharide chain. T he Lex 
tr isaccharide (Galp( 1-4 )[Fuca( 1-3) ]GicN Ac.B- O- Ethyl) was not able to inhibit 
the binding of anti - CCA M cAbs to immo bil ized CCA in ELISA (Fig. 8), 
sug gesting that the antibodies require for binding a larger epitope than one 

t risaccharide repeating un it . Neither t he modif ied Le trisaccharide 

(GaiNAp(1 - 4)[Fuca(1-3 )]GicNAcP-O- Methyl ) gave rise to inhibition. 
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Figure 6. Binding of anti-i and anti - 1 antibodies to CCA in ELISA. Sera w ith anti - i or 
anti-1 activity in erythrocyte agglutination assays were tested against CCA in a 
dilution series (symbols and lines indicated in the legends) . As negative controls sera 
from healthy blood donors (N, hatched bars) were used in a 1/200 dilution, and as 
positive controls sera from schistosomiasis patients showing moderate (M) or high 
(H) anti - C CA reactivity (solid bars ). Bound I gM antibodies were detected using 
human !gM-specific peroxidase conjugates and (Me2NH 2 C5 H2 - ) 2 substrata as 
described in the text . Absorbances were corrected for background of wells not 
coated with CCA. 

3 

E 
c: 

11') 
0 2 -.:t 
ro 
CD 
u 
c: 
('lj 

..0 
L.. 

0 
Cl) 

..0 
<( 

0 
--.-= 

1 10 100 1000 10000 

AWA- TCA concentration (ng/ml) 

Figure 7. Influence of mild acid hydrolysis of CCA on reactivity in ELISA. AWA- TCA 
(500 JlQ /ml ) was treated with 0 .1 M TCA for 1 h at 100°C and tested in 
antigen-capture ELl SA f or CCA (e) . As a control untreated AWA- TCA was used 
( 0 ). 
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Table 4. Sensitivity to periodate oxidation of epitopes 
recognized by six different CCA- specific McAbs. 
Antigen-coated ELISA-plat es were treated with different 
concentrations of Na10 4 and reduction of McAb binding 
estimated using interpo lation . /60 is the concentration of Nal04 

at which t he McAb showed a 50 % decrease in binding to 
coated antigen . 

M cAb lsotype fr:, o 

mM 

8.3C10A I gM 1 .5 
24- 2E5- A I gM 0 .3 
54-5C10- A lgG3 4 
54-6G1 - B lgG 1 0 .1 
1 14-1 H1 2- A lgG 1 0 .1 
180- 109-A lgG1 1 . 1 

0 .4 

0.3 

~ 0 .2 
c 
ro 
.c ..... 

~ 0.1 
.c 
~ 

0.0 

CCA 5 ng CCA0 _5 ng 

141 

Figure 8. Inhibition of McAb binding to CCA in antigen - coated ELISA. 50 ng of CCA 
in 1 00 pi NaCI /P, were coated, f ollow ed after w ashing by incubation of 
biotin - labeled McAb 8.3C1 0, prev iously incubated w ith so lutions in w ater 
conta in ing respect ively no tri saccharide , 5 pg Lewis x (Le• ) trisaccharide or 5 pg 
modified Le" (labeled 'GN?Jn ', in w hich Gal is rep laced by GaiNAc) . Bound McAb is 

F 
detected using streptavidin- perox idase conjugate an d (Me2NH 2 C6 H2 - ) 2 substrate as 
described in the t ext . Specif ic ity is show n by decreased absorb ance after coat ing 
lower amounts of CCA (5 ng an d 0 .5 ng, respectively). 
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The Lex-specific McAb (anti - CD 15, Dako C3D-1) and a lectin (Lotus) used for 
isolat ion of Le structures found in Schistosoma {66] bound to CCA coated onto 
ELISA- plates (Fig. 9), indicating that Lex units, which are mostly present as 
internal units, were recognized in CCA. In this experiment, two anti - CCA 
McAbs (8.3C1 0, 54-5C1 0 -A) were used as positive controls . Neither a McAb 
directed against carcinoembryogenic antigen (CEA) nor another Fuc - specific 
lectin UEA-1 bound to CCA. 

E 
0 .60 

c: - o- anti -CD15 
0 0 .50 
M -·- anti-CEA CD 0.40 T 
+-' 

~~~ 
- o- 8.3C1 0 ctS 

Q) 0.30 -·- 54-5C10-A 0 
c: 
CO 0 .20 -o- UEA-1 

..0 
lo.... 

0 -·- Lotus 
Cl') 0 .10 
~ • fj 

~ 
0 .00 

1 1 0 100 

Amount of CCA add ed to th e we ll s (ng) 

Figure 9. Recognition of CCA in antigen -coated ELISA by different McAbs and 
lectins. CCA was coated in a concent rat ion series, aft er w hich the plate was 
blocked with BSA, incubated with different McAbs or biotinylated lectins, followed 
by, respectively, peroxidase conjugated rabbit ant i-mouse lg or streptavidin
peroxidase . Calor development was performed using (Me2NH 2C6H 2 - ) 2 substrata and 
absorbance measured at 630 nm. ( 0), McAb anti-CD15 (Dako C3D-1 , lgM) , ( • ), 
McAb anti - carcinoembryogenic anti gen (CEA, Dako A5B7 , lgG1), (0 ), McAb 
8 .3C10 (anti-CCA, lgM), (e ), McAb 54-5C10-A (anti- CCA, lgG3) , ( 0 ), Ulex 
europaeus !- biotin (UEA- 1, E-Y Laboratories), (•), Lotus tetragonolobus agglutinin
biotin (Lotus, E- Y Laboratories ). 

Discussion 

In this study, the immunopurification of schistosome CCA, by McAb-based 
immunoaffinity chromatography is reported . Other procedures have been 
described, based on ion- exchange chromatography [19] or immunoaffi nity 
chromatography us ing polyclona l ant ibodies from Schistosoma- infected patients 
[8}, w hich would y ield less pure preparat ions than McAb immunoaffin ity 
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chromatography. The present monosaccharide analy ses and carbohydrate 
content o f th e glycoprotein as well as the presence of the 0-linked chains were 
in good ag reement with the findings of earlier et al. [8]. The presence of Fuc 
required a mild preparative procedure, omitting the conventional 
TeA-precipitation step [8, 19]. The resulting CCA-preparation was used t o 
elucidate the primary structure of the 0-linked carbohydrate chains on which 
the anti gen ic determinant was shown to be located. The 0-linked structures are 
predominant ly attached via GaiNAc-Thr to the glycoprotein and account for 

approximately 80% of the molecular mass. These characteristics of CCA , in 

combination with the heterogeneity and the localization within the schistosome 
gut, allow the antigen to be considered as a mucin-type glycoprotein , wh ich has 
been proposed to be involved in the protection of the gut epithelium [8]. 

lt is shown that the population of 0-linked glycans in CCA comprises for the 
minor part di- to hexasaccharide and for the major part polysaccharide 
carbohydrate chains. The oligosaccharide ald itols 0 have t he 
Galp(1-3)GaiNAc-OL core in common. This core-structure type 1 can be 
converted into core type 2 by extension with a fj'GicNAc residue (1-6)- linked t o 

GaiNAc-OL. Mass spectrometry demonstrated that the oligosaccharide alditols 
0 can be fucosylated (Table 1 ). In addition, CID-MS analysis of a fraction too 
minor in quantity for NMR analysis showed the presence of an unusual branched 
core, consisting of a HexNAc-OL substituted with two Hex residues. A co re 
structure identified as Gal/l( 1-3)[Galp( 1-6)]GaiNAc-OL was found in human 
gastric mucins [62 ,63] which could be the same as that found in t he present 
study. A nalysis of the polysaccharide a Iditol P showed the occurrence of a 
poly-Lex carbohydrate chain, containing GaiNAc as the red ucing term inal 
monosaccharide. lt is tempting to hypothesize that t he poly(Lex) c hains are 

attached to t he protein backbone predominantly via core type 1 and/or core t ype 

2 elements. 

The monosacc haride ana lysis of fraction P demonstrated that t he relati v e 
amount s of Fuc, Gal, and GlcN Ac are in accordance w ith the proposed 
polysaccharide structure. However, the monosacchar ide ana lysis of nat ive CCA 
shows a larger amount of Glci\JAc, probably due t o the add itional presence of 
terminal 0 - linked GlcNAc, as reported f o r a schistosome glycoprotein poo l [4 9 ]. 
l t can be assumed that these residues (as GlcNAc - OL) are lost during t he 
ch ro mat og raph ic preparation of the alkaline-borohyd ride t reat ed CCA . 

The si ngle repeating trisaccha rid e unit identified in P is known as t he Lex 
determ inant (also called stage-specific embryon ic antigen- 1 SSEA-1 or CD15 ). 
The presence of this structural element is confirmed by the b ind ing of an 

Le-speci f ic M cAb to purified CCA. Therefore, CCA ca n now be desc ri bed in 

te rms of an 0 - linked poly( Lex) carbohydrate chain w ith approximate ly 2 5 

repea ting uni ts. This poly saccha ride st ructu re is respons ib le for the antigenic 



( 144 European Journal of Biochemistry 1994; 225:467- 482 

character, as shown in the indirect and direct ELISA with alkaline - treated and 
periodate- treated CCA. Recently, in a pool of schistosome glycoproteins which 
was purified using a completely different method, a similar structure with at 
least four repeating units of the Le>< determinant as part of N-linked 
carbohydrate chains was demonstrated [66]. Those authors speculated that the 
poly(Lex) structures may be localized at the schistosome surface, while CCA 
clearly originates from the gut of the parasite [19]. Another major discrepancy is 
that using immunoblotting procedures CCA can only be visualized as a 
high - molecular mass smear [8, 72], while Srivatsan et al. [66] showed a number 
of distinct bands reactive with anti - Le>< McAb on an immunoblot of their antigen 
preparation. In addition to these differences, the antigens show structural 
similarities since anti-Le>< McAbs bound to both antigens. 

No ind ications were found in CCA for the previously described highly 
immunogenic polyfucosylated structures in S. mansoni glycoproteins or 
glycolipids, consisting of repeating units containing non - reducing terminal and 
internal Fuc residues: - 2)Fuc(1 - 4)[Fuc(1 - 3)]GicNAc{1 - [35,80] . 

Carbohydrate chains containing multiple Lex determinants have been identified 
on glycolipids from human colonic and liver adenocarcinomas (two or three Lex 
repeating elements [25]). Moreover, circulating granulocytes are enriched in Lex 
and carry in relatively high abundance branched N- linked polysaccharides having 
Lex repeating un its. These structures were hypothesized to be 
granulocyte-specific antigens [64]. The Lex sequence and, to a much larger 
extent, its sialylated form play an important role in granulocyte and monocyte 
adhesion processes, by serving as ligands for adhesion molecules, e.g. 
P- selectin, present on endothelial cells and platelets [24,34,37 ,65,68, 79]. 
These adhesion molecules are involved in recruiting granulocytes to sites of 
inflammation [4,65} . In this context, it has been suggested that inhibition of 
these adhesion events might have anti - inflammatory and anti-thrombogenic 
effects [65]. Inflammation reactions as well as blood coagulation are host 
protection mechan isms which are potentia ll y very harmful to the schistosome, 
liv ing predominantly in small blood - vessels. lt is conce ivable that the excretion 
of relatively large amounts of CCA, subsequently leading t o high local CCA 
concentrations, induces these anti - inflammatory and anti - thrombogenic effects 
and thus may be one of the parasite's important survival strategies. 

Of additional interest is that during schistosomiasis, granulocytes (mostly 
eosinophils and neutrophils) have been shown to play a major role in the 
protective response against the parasites [5,6,27,42], in part icular in the skin 
response directly after the penetration of the cercariae [38,43] . The relative ly 
high expression of t he poly(Lex) determinant on CCA would trigger a host 
imm·une response, which subsequently would be directed not on ly to CCA but 
also against the host's granulocytes. In schistosomiasis patients, high lgM titres 
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are observed agai nst pa rasi te gut-associat ed ant igens [23,48) and in particular 
against CCA [18,20). Ongoing experime nts in our laboratory indicate that 
CCA- specific McAbs of different isotypes also recognize gran ulocytes isolated 
from the blood of healthy human donors, conf irm ing t hat multip le Lex epitopes 
are recog nized. 

Others have found t hat a murine protective lgM McAb, raised aga inst S. 
mansoni eggs, recog nized the Lex determinant [3 1] . From this observat ion it was 
suggested that such antibodies, which are also directed against host 
carbohydrate structures, may be involved in affecting the circulating 
granulocytes [31]. Excretion of gut - associated CCA evokes high titres of I gM 
anti-CCA [i.e. t hus also ant i - po ly(Le) antibodies [20]]. lt has been therefore 
suggested to be one of the mechanisms of schistosomes for misleading the 
host's defense system by raising an antibody response against an excretory 
antigen. Structural homology of CCA with one of the major granulocyte surface 
antigens [64] makes it likely that these anti-CCA antibodies also cause 
complement- dependent granulocyte lysis, thereby reducing the host's cellular 
immune response activity. Th is parasite-induced autoimmunity may be balanced 
by host regulatory mechanisms, since only a mild - to - moderate neutropenia is 
observed in patients with chronic schistosomiasis [3]. Currently, experiments are 
being carried out to study whether anti - CCA antibodies in the sera of 
schistosomiasis patients mediate lysis of granulocytes in the presence of 
complement. 
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