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Chapter 2 

Schistosoma carbohydrates in host - parasite 
(immunological) interactions 

2. 1. Glycoconjugates in general - short review. 

Struc tural characteris tics o f g lycoconjuga tes 

21 ,.. 

Glycoconjugates are molecules which contain one or more carbohydrate 
st ruct ures, like glycoprote ins, glycolip ids, proteoglycans or lipopolysacchari des . 
Glycosy lation of proteins , the attachment o f o ne or more carbohy drate chains 
(glycans) to a protein backbone, is a very common phenomeno n shared by 
almost all organisms. The biological roles of t hese carbohydrate un it s inc lude 
protect ion aga inst proteo lytic attack, ind uction and maintenance of the 
3 - dimensional conformati on in a biologically act ive form , facili tatio n of the 
extracellular secretion, direction and modulat ion o f the immune response, 
provision of ligand structures for ce ll - adhesive molecules {see recent reviews 
[46,98, 181] and papers c ited t herein ). 

The major lin kages descr ibed between t he protein and the o ligosaccharide or 
polysaccharide side - chains are N-glycos id ic (to aspa ragine ) o r 0 - glycosid ic (to 
serine or threon ine). The major types of N- I inked carbohydrate chains are 
summarized in Table 1, and seven types of core structures found in 0- linked 
glycans of the mucin- t ype in Table 2. These core structures may be extended 
w ith poly - N - acetyllactosamine chains, containing repeating unit s consisting of 
Gal and GlcNAc [1111 . These polysaccharide side- chains may be substituted 
with e.g. Fuc [165] and/or Neu5Ac (in terminal position ) [1 09], and have been 
shown to carry various antigenic determinants such as 1/ i, ABO blood group and 
Lewis antigens (rev iewed in e.g. [43,45] ). Lewis x (Lex, also ca lled SSEA - 1 or 
X- hapten [82], be ing the dominant epitope in lacto - N - fucopentaose - 111 , 
LNFP- 111 [75 ,93, 174 , 182] ) and sia ly i-Lex , present on gran ulocytes and 
monocytes, may serve as ligands for adhesion molecules (L- selectin and 
P- selectin ) on endot hel ial cel ls an d platelets [22 , 77,166, 170], th us play ing a 
c ritica l ro le in t he recr uitment of leu kocyt es to infl ammat ory sit es [84] . Besides 
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these roles in normal phys iolog ica l processes, Lex - containing glycoproteins and 
glycolipids are also considered to be onco- developmenta l antigens [43,59] and 
in some human neoplasms, t he expression of Lex or sialyi-Lex appears to be 
associated with increased metast asis or tumor relapse [121, 152, 155]. 

Tab le 1 . Examples of oligomannose, N - acetyllactosamine, hybrid and xylose 
containing types of asparagine -linked carbohydrate chains.8 

oligomannose type 
Mana( 1- 2)Mana(1-6\ 

M ana(1 -2)Mana(1 - 3 )Mana(1 - 6\ 

M an{J( 1 - 4)GicNAc,8( 1- 4 )GicNAc 

Mana(1-2)Mana(1 - 2)Mana( 1-3/ 

Neu5A ca(2- 3)Galp( 1- 4 )GicNAc,B( 1 -6) \ 

Neu 5Aca(2-3)Gai,8(1- 4 )GicN Ac,8( 1- 2)Mana(1-6\ 

N-acetyllactosamine type 

Man,B( 1-4)GicNAc,8( 1- 4 )GicNAc 

Neu5Aca(2 - 6)Gai.8( 1- 4 )GicNAc.B(1 - 2)Mana( 1- 3 / 

Neu 5Aca(2- 3) Gal,8( 1- 4 )GicNAc.B( 1 -4 / 

Fuca(1-3/ 

Mana(1 - 6 \ 

Mana(1- 3)Mana(1 - 6\ 

hybrid type 

M an,B( 1-4)GicNAc,8( 1- 4)GicNAc 

Neu5Aca(2 - 3)Gal,8( 1- 4)GicNAc,8(1 - 2 lMana( 1- 3 / 

Mana(1 - 6 \ 

Man,8(1 - 4) GicNA c,8(1-4)GicNAc 

M ana( 1 - 3 / I Fuca( 1- 3 / 

Xyi,B(l - 2 ) 

a structures described e.g. in [4 ,81 ,95, 1 17, 1801 

xylose-containing t ype 

Proteoglycans are a c lass of glycoconj ugates found in e.g. an ima l connective 
tiss ues and have as a common st ructura l characteristic t hat they co ntain several 
linear polysacchar ide chains (named glycosaminog lyca ns) generally composed of 
disaccharide repeating units o f a uronic acid (GicA or ldoA ) and GlcNAc or 
GaiNAc. Glycosaminoglycans are highly negatively charged at neutral pH and 
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most o f them are sulphated, e.g . chondroitin sulphate and dermatan su lphate. 
The glycosaminog lycans are usually covalently bound to the protein bac kbone 
by Xy i- Ser linkages, but also GaiNAc-Ser/Thr or GlcNAc-Asn linkages are 

found, dependent on t he type of proteoglycan [169]. Functions of proteoglycans 
in which the carbohydrate chains are essential are e.g. interaction wit h 
complement components and inhibition of complement activation [145 ], 
regulatory funct ions (anticoag ulant) in hemostasis [8], and stability of 
extracell u la r matrix [ 111]. 

Table 2. Core structures found in mucin-type serine- or threonine-linked 
oligosaccharides and polysaccharides. 8 

Ga i,B(l - 3) 

'aiNAc-Ser(Thr) 

GlcNAc,B( 1- 6\ 

Gal,8(1 - 3 ) 

'aiNAc- Ser(Thr) 

GlcN Ac,B( 1-3) 

'aiNAc- Ser(Thr) 

GlcNA c,B(l - 6)\; 

raiNAc-Ser(Thr) 

GlcNAc,8(1-3) 

core 1 

core 2 

core 3 

core 4 

a structures described e.g . in [64, 172] 

Glycoconjugates of parasites 

core 5 

GaiNAca( 1-3) 

'aiNAc-Ser(Thr) 

core 6 
GlcNAc/1(1-6)\; 

aiNAc - Ser(Thr) 

core 7 
GaiNAca( 1-6)\; 

aiNA c- Ser(Thr) 

The fu nction and role of glycosylat ed structures in the interaction of pathogenic 
organisms like unicellular and multicel lular parasites is becoming increasingly 
apparent . Glycoconjugat es are involv ed in parasite membrane protection 

[44, 150,191], spec i f ic in t e ract ion with some host ce ll-types 

[18,63, 11 8 , 136,151, 191], physical sta bilit y and protect ion of cercaria! 

tegument [17, 38, 123, 153], or masking of antigens the recog nition whereo f by 
the host im m une syst em may resu lt in damage to the parasite [38 , 160]. Since 
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the car bohydrat e chains of t he glycoconj ugates appear to be d irectly involved in 
these inte ractions , the eluc idation of t he glyca n structure may yield new insights 
into parasite glycoconjugat e st ructure/effect relationsh ips and into the 
biosy nthetic pathways responsible fo r t heir fo rmation. Several studies have 
ind icated t hat para site glycans may be highly immunogenic and t hus can be 
exploited in vacci ne development, as it has been shown that antibodies against 
these st ructures can mediate protect ive immunit y [56, 78 ,90,91, 134, 173]. 
The st ructural analysis o f parasite glycoconjugates has often been hampered by 
the sma ll amounts of purified mat erial ava ilable. Fo r charact erization, peptides 
and protei ns w hich are scarce can be obtained in theoretically unlimited amounts 
by recombinant DNA - technology, if the amino acid se quence or DNA code is 
known . However, only ca reful and laborious purificat ion can yie ld sufficien t 
materi al needed for carbohydrate structura l analysis. Fo r this reason many 
research groups have used (pa rtia lly) purifi ed ant igen preparations and /or 
immunochemical or histochemical method s for st udying these structures. These 
methods com prise specific antibody and lectin binding, to the structures 
t hemselves and /or in combinat ion 
carbohyd rate deg radat ion methods . 

t echniques used fo llow s below. 

with va rio us chemica l and enzymatic 
A short descript ion of t he various 

Struc tural analysis of g lycoconj ug ate glycans 

Bioch em ical techn iques. To t he biochemist, a variety of analytical t echniques is 
ava ilable fo r t he ident if ication o f the primary structure of carbo hydrates isolated 
from glycoconjugat es (reviewed in e.g. [74,98,99]). Among the techniques 
often used are monosacc haride analys is, enzymatic degradation methods, mass 
spectrometry (MS ) and nuc lear magnetic resonance (NMR) spectroscopy . A 
major advantage of MS is t he very small amount of sample needed (as low as 
femtomo les (76] ) w hile NMR spectroscopy needs more material (usual ly in the 
nanomole range ), but is in cont ra st to MS non - dest ruct ive , allowing multip le 
analyses to be performed . Each technique yie lds speci f ic information, and 
combination of the met hods is mostly essential for a complete eluc idation of a 
molecular structure. As an exam ple, NMR spect roscopy can identify the type 
and sequence of sugar res idues (Ga l, Man, etc .) as we ll as the type of linkages, 
w hile MS ca n give size , composition (hexose, pentose, etc.) and linkage 
informat ion . Enzymati c degradation meth ods, e.g. sequent ia l exog lycos idase 
d igest ion [92, 188L make use of t he specific ity of naturally occu rring enzymes 
(pur if ied or recombinant), somet imes in combination with sequent ial 
lect in - af finity chromatography [2 1, 116}. These methods may also yield 
information on t he ident ity of the monosaccha ride resid ue as well as on the 
sequence and type of linkages. The introduction of rad ioactive {3H, 14C) or 
fl uorescent la bels makes detection highly sens itive, and are therefore widely 
applied in the analysis of m inute amount s of paras ite carbohydrates. 
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Lectin-based techniques. Lectins are sugar-b ind ing prote ins o r glycoproteins of 
non-immune or igin without enzymatic act ivity to t he carbohy drate bound [94]. 
Various lect ins show agglutination properties towards cells in vitro or precipitate 
glycoconjugat es [3 6 ,50]. Many high ly purified lectins of well -defined 
carbohydrate specificity (those applied in the analysis o f sch istosoma! anti gens 
are summarized in Table 3) are easily available, which has led to the wid espread 
adoption of lect in t echni ques [4]. These techniques employ conju gat es of lectins 
w it h a va riety of fl uorescent labels or enzymes, bioti n-conjugates as we ll as 
immobi lized lect ins for affin it y chromatography [21,48,51, 1 04, 1 16]. Because 
t hey do not usually enter cells, lectins can be used as probes to provide 
information about the locat ion, abundance and function of glycoconjugates at 
cell surfaces [37,85 , 102,108, 123 , 159 , 161, 176, 177). The speci fic and 
reversible interacti ons betw een lectins and mono- or o ligosaccha rid es form the 

basis for important affinity chromat ographical methods used in isolation and 
f ractionation of glycoconjugat es and glycopeptides [21, 105, 11 6,131, 167] . 

Table 3. Various lectins used for the analysis of carbohydrates in schistosoma! 
antigens.a 

Lectin 

Con A 

DBA 
GS- 1 
GS-11 
HPA 
LBA 
LcH 
Lotus 
MAA 
PNA 
PWA 

RCA -1 

Canavalia ensiformis (jack bean) 
(Concanavalin A) 
Dolichos biflorus (horse gram) 
Griffonia simplicifolia 
Griffonia simplicifolia 
Helix pomatia (edible snail) 
Phaseolus lunatus (Iima bean) 
Lens culinaris (lenti l) 
Lotus tetragonolubus purpureas 
Maackia amurensis 
Arachis hypogaea (peanut ) 
Phytolacca americana (pokeweed) 

Ricinus communis I - 1 20 kDa 
(cast or bean) 

RCA -11 Ricinus communis 11 - 60 kDa 
(castor bean) 

SBA Glycine max (soybean) 
SJA Sophora japonica 
UEA- 1 Ulex europaeus 
WFA Wisteria floribunda (Japanese wi st eria) 
WGA Triticum vulgaris (w heat germ ) 

a data based on e.g. [5 ,51 , 104, 177] . 

b x may be any aglycon 

Carbohydrate specificity 

a- o-Man >a-o-Gle> a-o-GicNAc 

a-o-GaiNAc 
a- o-Gal,a- o- GaiNAc 
a/,8- o-GicNAc 
a- D- GaiNAc 
a-o- GaiNAc >Gal 
a-D-Man, a- o- Gle , a-o-GicNAc 
o- L- Fuc 
Neu5Ac- o(2 - 3 J- Gal 
o-Gal-,8( 1--+3) -o - Gai NAc > ,8- o- Gal 
o-GicNAc-,8( 1-4)-o-G icNAc-.B
(1 -4)- o-GicNAc 
.8- o- Gal 

,8- o-Gal, a/,8-o-GaiN Ac 

a/,8- o-GaiNAc 
o-o-GaiNAc 
o- L- Fuc( 1-+x)b 
o//3- o-GaiNAc 
/3- o- GicNAc-,8( 1-+4)-o- GicNAc 
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Antibody- based techniques. There are close paral lels between lectins and 
carbohydrate - speci f ic monoclonal anti bodies (McAbs), resulting in a similar 
spectrum of applications and met hods. A major difference is that, in general, 
ant ibody binding to carbohydrate epitopes involves more than one sugar residue, 
and is not easily inhibited by a single monosaccharide or even by a disaccharide 
[ 13, 179]. The maximum size of an antigen-binding site of an antibody is about 
6 sugar or amino acid residues [19,24,127,179,186]. For the determination of 
overa ll carbohydrate recognition patterns in humoral immune responses 
polyclonal antibodies present in immune sera are often used. Another frequent 
app lication of antibodies is the immunohistochemical and immunocytochemical 
loca lization of antigens [25,26, 71 ,72, 96,135, 163]. 

Partial destruction and inhibition. The above described techniques may also be 
applied to glycoprotein preparations which are partially degraded with respect to 
their carbohydrate or peptide portion. Methods generally used for degradation 
include chemical methods like sod iumperiodate t reatment [5,91, 126, 187], or 
mi ld acid hydrolysis (for desialylation [137, 175] and defucosylation 
[91, 137,143, 175,183]), as well as enzymatic methods [52,91,98] . The 
inh ibi to ry effect of these treatments on the binding of antibodies or lectins yields 
info rmat ion about the type of mono - or oligosaccharide involved. Inhibition can 
a lso be achi e ved by mono - or oligosaccharides themselves 
[19, 90, 100,105, 157], by other antigenic preparations [57, 124,144, 179], or by 
other lectins, McAbs or po lyclonal antibodies [58, 100, 144]. 

2.2. G/ycoconjugates of Schistosoma 

Parasites of the genus Schistosoma are complex organisms shown to contain 
and synthesize numerous glycoproteins and glycolipids, which include some 
completely unique carbohydrate structures . This chapter will give an overview, 
deal ing in particular with glycoprotein carbohydrates which might interact with 
the immune system of the definitive host. As the methods employed in glycan 
analysis are summarized above, these will only be shortly referred to in the 
paragraphs below. 

Schistosomula and adult worms 

Purified lectins with defined specificit y have been employed in a number of 
studies to determine wh ich glycans in worm tissues and secretions were 
accessible for the host immune system. A summary of the lectins recognizing 
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carbohydrate structures on the teg ument or in the gut o f t he schistoso me is 
given in Table 4 . The host is exposed to parasite gut-associated antigens when 
these enter the circulat ion after regular regurgita t ion of t he undigested contents 
of the gut. 

Table 4. lectin binding to Schistosoma adult worms and schistosomula .a,b,c 

Tegument 

Con A , SBA, DBA, PNA, 

RCA-1, tl§IPd 
Con A, RCA, SBA ± , 

PNA, _Q~$L Ji-QtM§ 

Con A, LcH, SBA, RCA-1, 
RCA- 11 

PNA, DBA, Con A, SBA 

Con A, RCA- 11, PNA, 

SBA, H,~tY~ 

Con A, QJf4.Mt $~~ 

Gut 

Con A, RCA-1, §f?f\, Q§~. 
WeR,@i,f. BNA 
Con A , RCA, SBA, PNA, 

gg~~L ~t)tP,,~ 

n.d.e 

n.d. 

n.d. 

n.d. 

Reference 

Beisler et al. ( 1984) [5]d 

Linder and Huldt (1982) 
[1 03] 

Hayunga and Sumner 
(1 986) [69) 

MacGregor et al. ( 1 985) 
[ 108] 

Simpson and Smithers 
( 1 980 ) [161] 

Murrell et al. ( 1 978) 
[ 1 22] 

a as various reports indicated that the binding of WGA is largely aspecific 
[5, 105,122,159,161}, this lectin has been omitted in this Table 

b unless otherwise indicated, studies w ere performed in Schistosoma mansoni 
c shaded lectins w ere also investigated but showed no binding 
d studied in Schistosoma japonicum 
e n.d. = not done 

In some st udies, the reduction in binding of several lect ins to the 
schistosomulum surface in the course of development of the parasite indicated a 
decline in the number of exposed carbohydrate epitopes [138, 139 , 159]. On the 
other hand, Con A - agarose chromatog ra phy showed the presence of 19 and 45 
kDa surface glycoproteins in t w o-day old but not in younger schistosomula 
[138], while PNA- binding demonst rated a 170 kDa glyco protein abundantly 
present on 4 - week- old worms, but absent in pre-liver stages of t he parasite 
[1 07]. The loss of lectin binding sites is increased after a short stay in the 
circulation of the host and appears to be due to antigen shedd ing rat her than 
masking of carbohydrate epitopes [13 9 ]. 

As a more general phenomenon, antigen shedding has also been suggested by a 
decrease in surface- bound anti-ca rbohydrate antibodies with the development 
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of the parasite, resulting in an absence of ant ibodies recogn1 zmg lung 
schistosomula [97]. Shedding of surface antigens is one of the evasion 
mechanisms employed by t he parasite to escape the host immune attack 
occurring through antibodies [ 1 0,97], or via the alternative complement 
activation route [112, 113, 154]. On the other hand, t he parasite may evade the 
host immune response by masking of surface antigens through acquisition of 
host molecules on the tegument, as described by Clegg, Smithers and Terry in 
1971 [20], as well as by others [49, 156]. This phenomenon has been clearly 
linked with a decrease in binding to the schistosomula of host antibodies or 
complement components [73 , 146], while other studies also indicate some 
intrinsic changes in the tegument which render the parasite insusceptible to 
immune attack [ 14,31, 120]. 

The presence of Con A - binding epitopes on tegument antigens as well as on gut 
antigens has been consistent ly shown (Table 4). The highest binding affinity of 
Con A is to the Man residue (Table 3) , for which reason it is generally used to 
indicate the presence of N-l inked carbo hydrate structures (see Table 1) 
[21, 116]. Binding of SBA and PNA to the parasite surface indicates the 
presence of GaiNAc- and Gai - Ga iNAc- containing oligosaccharides, respectively 
(Table 3). These findings have been confirmed more recently by studies of 
Cummings and eo- workers [ 1 28-1 31, 1 67, 168], using glycoconjugates 
synthesized by the worms after incubation in vitro with radiolabeled 
monosaccharides and combinations of the above described direct and indirect 
analytical methods (e.g. lectin - affinity chromatography, exo - and 
endo - glycosidase treatment) . They were able to characterize a number of 
unique carbohydrate structures which are summarized in Tab le 5. 

The presence of Lex on the surface of schistosomula as detected by McAbs 
prepared from mice immunized with S. mansoni eggs [66,91], was described by 
Ko et al. ( 1990) [90]. Using sera of S. mansoni infected patients these 
investigators also found a positive react ion on sections of embryonic mouse 
head with a distribution similar to that of the SSEA -1 epitope {is identical to 
Lex ), from which they concluded that anti - Lex antibodies are generated during 
human schistosomiasis infection. Recently, Kost er and Strand ( 1994) described 
another McAb recognizing the Lex epitope and showed that the epitope was 
expressed at the surface of schistosomula (immediately after transformation) 
and adult worms, as well as at the gut epithelium of adult worms [96]. 

In contrast with these reports on the presence of the Lex trisaccharide in 
Schistosoma [90, 128], severa l studies failed to show binding of the 
Fuc - specific lectins UEA-1 and /or Lotus to schistosomula and adult worms 
(Table 4) [103,138,139,159,161], although both lectins were shown to 
recognize Lex [ 163, 167]. A possible explanation is that, due to conformational 
changes, steric hindrance, or epitope masking by other (glyco)proteins, the 
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Table 5. Schistosome carbohydrate structures described by Cummings and 
eo - w orkers. 

Carbohydrate structure 

one- day cultured male w orms 

0 - linked term inal Gai NAc } 
0 - linked terminal GlcNAc 
0 - linked Gai - GaiN A c 
N- linked oligomannose-type ol ig osaccharides, ranging in size 

from Man7GicNAc2 t o M an9GicNAc2 
N - linked tri - and diantennary N-acetyllact osamine-type oligosaccharides, 

containing Man, Fuc, GlcNAc , and GaiNA ca 
N- I inked poly- Lex, (-3l - P- Gal - ( 1-+4)- [a- Fuc- ( 1-+3)1- P- GlcNAc-( 1--+ln 

N-I inked biantennary, complex- t ype oligosaccharides, 
containing on both antennae the terminal sequence 
P- GaiNAc-( 1--+4)-[ ± a- Fuc - ( 1--+3)1- P- GicNAc- ( 1-2)-a-Man- ( 1 ~ 

glycosphingolipid with novel core P-GaiNAc- ( 1 ~4) - Gic-ceramide 

two- day cultured mechanically transformed schistosomula 
0 - linked GaiNAc 
0 - linked GlcNAc 
N - linked oligomannose-type oligosaccharides, ranging in size from 

Man6GicNAc2 to Man9G!cNAc 2 
N- linked complex- type oligosaccharides, 

containing Man, Fuc , GlcNAc , and Ga!NAcb 

a Neu5Ac could not be detected; GaiNAc w as {J- Iinked in a terminal posit ion 
b Neu5Ac could not be detected 

Reference 

[128] 

[130] 

[131] 

I 1671 

[1 68 ] 
[11 0] 

[129 ] 

Fuc -containing epitopes are accessible to the !ectins only in (part ly ) purified 
antigens but not if t he epitopes are still present in worm tissues 1 . 

An interesting excursion on the interact ion of fucosylated (l ex and LeY) 
oligosaccharides has recently been described by Harn and eo - workers [182]. 
Th ese authors show that t hese carbohydrates induce proli feration of human 
peripheral blood mononuc lear cells (wh ich include 8 cells ) [6 5], as w ell as 
interleukin 10 production by iso lated 8 cells (8220 +) of S. mansoni- infected 

1 . . . . . . 
Recently, 1n our laboratory usmg an IFA on sect1ons of adult male Schistosoma worms f•xed m 

Rossman's fixative, we found a strong react ivity of Lotus and a weak react ivity of UEA-1 in the 
gut of the parasites (unpublished results ). In Chapter 7 of this thesis it is demonstrated that 
circulating antigen CCA contains Lex repeating units and that Lotus but not UEA-1 binds to 
immunopurified CCA in ELl SA [ 178]. In contrast, earli er et al. ( 1980) have shown only a very 
weak binding of Lotus to pa rtl y purified M antigen (CCA ), which might be due to a TeA
precipit ation step in the preparation procedure causing a partial degradation of the Fuc
containing epitope [ 15]. 
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and not of non-infected mice [182]. Moreover, they were able to show the 
presence of antibodies against these fucosylated oligosaccharides in the 
cerebrospinal fluid of schistosomiasis patients with cerebral disorders [47]. 
Based on t hese very new phenomena, the authors suggest a role of Lex- and/or 
LeY -containing oligosaccharides in the immunoregulation of the helper T cell 
response in schistosomiasis and maybe other chronic infectious diseases [182]. 

The presence of sialic acid (Neu5Ac) in schistosome glycoconjugates is a 
controversial issue. A number of researchers could not detect its presence in in 
vitro synthesized glycoprot eins [ 128-131, 168], while others found a minor 
amount in adult schistosome carcasses which they attributed to the presence of 
ingested erythrocytes [149] . In contrast, using immunochemical methods of 
lect in (PNA) or dye binding after neuraminidase treatment of the parasites, it 
was shown that some glycoconjugates in lung - stage schistosomula and adult 
worms contain sia lic acid, as opposed to newly transformed schistosomula 
[115, 159,161 ] . In the cercaria ! glycocalyx (surface coat), although negatively 
charged, Neu5Ac could not be detected [123] . 

The above descr ibed lectin - based studies demonstrate a large variety of 
carbohydrate structures on the surface of adult worms and schistosomula. 
Indeed, antigenic carbohydrate structures dominate at the surface of the 
schistosomulum indicated by absorption of more than 90 % of the 
schistosomulum-specific antibodies in infected mouse serum by an egg antigen 
preparation from which the protein antigens had been removed [ 134]. The 
cross - reaction between the carbohydrate structures of schistosome egg 
antigens and schistosomula surface antigens has formed the basis of a theory 
on the slow development of immunity observed in heavily - exposed ch ildren 

[9, 10, 12]. This experimentally well - supported hypothesis (recently reviewed in 
e.g. [11 ]) involves the development in young children of I gM and lgG2 
antibodies which block the protective immune mechanisms of 
antibody-dependent cellular cytotoxicity (ADCC) by eosinophils and other cells. 
Po lysaccharide antigens released by the large quantity of eggs deposited in the 
tissues elicit a predominantly thymus-independent antibody response resulting 
in especially lgM and lgG2 antibodies [3]. These so-called "blocking" antibodies 
may cross-react with carbohydrate epitopes on schistosomu la surface 
glycoproteins, and not only fail to mediate ADCC reactions but also block 
"effector" antibodies like lgG1 and lgE . As the infection progresses and the child 

reaches adulthood the balance in the antibody response may switch to a 
predominantly protective type of response which results in the development of 
(partia l) immunity. 

Experimental and epidemiological evidence for this theory came from the groups 
of Capron , Butterworth, and recently of the group of Dessein. Capron and 
eo - workers described a rat lgG2c McAb (isotype comparable with lgG3 in mice 



Schistosoma carbohydrate structures 

[30, 119, 142] or lgG2 in man [3, 79,89, 158] ) wh ich inhibited a rat lgG2a 
McAb- mediated, eos inophi l-dependent ki lling of sch istosomula [54 ,55 ]. Mouse 
lgM McAbs recognizing c ross -reactive egg polysacchari des and schist osomulum 
surface ant igens as w ell as hu man lgM aga inst t he schistosomul um surface 
cou ld effect ively block the eosinophil-dependent ki ll ing of schistosomula by sera 
from infected humans [40,86]. Also in murine schistosomiasis blocking 
ant ibod ies could be characte ri zed [134, 18 9, 190] and it w as shown that eg g 
antigens elic it t hymus-independent responses of the lgM and lgG3 isotypes 
[1 14]. The inhibitory effect on protection against schistosome infections of mice 
lgM antibod ies which bind t o eg g and sch istosomulum surface antigens might be 
limited to ant i- carbohydrate antibodies as a number of studies indicate the 
presence of protect ive lgM responses or McAbs (in passive transfer 
experiments) which recog nize egg and /or schistosomulum antigens 
[53,80,88, 147, 164 ]. 

After purification of ind ividual lgG subclasses from schistosomiasis mansoni 
patient sera it w as shown t hat lgG 1 and lgG3 antibodies mediated eosinophil 
killing of schistosomula, that lgG4 consistently blocked killin g, and that lgG2 
would either mediate or block killing, depend ing on the state of activation of the 
eosinophils [87]. Epidemiological support for the blocking antibodies t heory 
came mainly from t he Kenyan reinfection st udies of Butterworth et al. 
( 1987, 1988), who found that blocking antibodies of the lgG2 and I gM isotypes 
in the sera of young children prevented the expression of immunity [9, 1 0]. 
Resistance to reinfection after treatment is associated with the presence of lgG 
isotypes other than lgG2 which recognize similar schistosomu lum antigens [ 1 OJ, 
although Omer-Aii et al. ( 1989) obta ined indications that, in general, antibodies 
against carbohydrate epitopes on t he su rface of schistosomula of 
S. haematobium do not have a major protective role in man [132]. Finally, 
Demeure et al. ( 1993) recent ly desc ribed t hat, in a population cross - section 
comprising all age-groups, ant i- schist osomular lgG2 levels were predictive for 
susceptibility to reinfect ion [29). 

The carbohydrate epitope originally defi ned by the protect ive rat lgG2a McAb 
produced by Capron and eo-workers [33 ,54] (already ment ioned above) , is 
present on a 38 kDa schistosomula surface molecule and exp ressed in vario us 
molecular mass components in the different parasite stages of S. mansoni 
[32,33,35]. Interestingly, t his ep itope has been shown to be add it ionally 
synthesized by the freshwater sna il Biomphalaria glabrata and may be implied in 
molecular mimicry between schistosomes and t heir invert ebrate intermediat e 
hosts [35]. Moreover, the epitope is present in products of other sna ils, 
including Bulinus truncatus, intermediate host for S. haematobium [3 5], as w ell 
as in keyhole limpet hemocyan in (KLH), synt hesized by a marine mollusc 
M egathura crenulata [57]. The major immunogenicity of the 38 kDa 
carbohydrate moiet ies in mammalian hosts was confirmed in mouse and human 
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schistosomiasis [86, 133]. The molecular structure of this carbohydrate epitope 
has not been elucidated (Dr. J.P. Kamerling, personal communication). 

The above described role of schistosomulum surface carbohydrates in the 
development of a humoral immune response should be extended to the role of 
the excretory and secretory schistosome antigens. Indeed, in schistosome 
infections, high antibody titers are observed against parasite gut- associated 
antigens, which are regularly released into t he circulation of the host 
[27,28,42, 125]. Radiolabeling experiments showed that essentially all 
components released by the worm were recognized by antibodies in infected 
human sera, in contrast with most of the major (non-secreted) membrane and 
tegumental proteins [1 01]. lt was therefore suggested that the adult worm is 
protected against immune attack by direction of the host's antibody response 
against released {glyco)proteins rather than against parasite surface antigens 
[ 101]. In passive transfer experiments, it was demonstrated that after 
administration of a mouse lgM McAb directed against the parasite gut 
epithelium, larger numbers of lung - stage schistosomula could be isolated than 
when an irrelevant lgM McAb or physiological sa lt was given [1 ]. The antigen 
recognized by this McAb was also found in high concentrations in S. mansoni 
eggs, was excreted in the uri ne of schistosomiasis patients and experimental 
animals [2, 148] and appeared to have a polysaccharide nature, of which the 
antigenicity was readily destroyed by periodate, but not by protein - denaturing 
treatments [1 ] . In addition , a number of highly glycosylated gut- associated 
glycoproteins was described (among these CAA and CCA), which are 
summarized in Chapter 1 of this thesis. Although the immune response against 
t hose antigens is high, there appears to be so far no specific interaction with 
immune mechanisms, besides f rom those described in this thesis {Chapter 9,1 0). 

Egg 

The localization of glycans in schistosome eggs has been studied using lectins in 
similar procedures as for the carbohydrate structures found in schistosomula and 
adult worms (see above). A summary of the results of two studies is given in 
Table 6 . 

The cross - reactivity of carbohydrate epitopes on egg antigens with those on 
schistosomula surface antigens in relation to the occurrence of blocking 
antibodies has been discussed above. These epitopes were present on a 38 kDa 
schistosomulum surface molecule and also found on molecules of different Mr 
present in other schistosome life st ages {miracidia, adult worm) or even in the 
intermediate snail host. A number of mouse lgM and lgG3 McAbs, which also 
reacted with antigens of about 38 kDa at the surface of S. mansoni 
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Table 6. Lect in binding to Schistosoma eggs.a,b 

Miracid ium 

Con A , SBA ±, 
PNA, UEA -1 ± 

RCA, SBA, PNA, 
u:eA:-A ill&tus r 
:-.·.< ·:·.·.·.·.-:::-.-::::::::.- ' .·.:-<:-·--;:-:-:-·-·.· 

Vite lline membranec 

Con A, RCA-1 

f 

Vitelli ne s paced 

Con A , SBA, DBA, 
PNA , UEA-1 

f 

Reference 

Beisler et al. ( 19 84) 
[5]e 

Linder and Huldt, 
(1982) [1 03{9 

a as various reports indicated that the binding of WGA is largely aspecific 
[5,1 05 , 122, 159,161], this lectin has been omitted in this Ta le 

b shaded lectins were also investigated but showed no binding 
c inside of egg shell 
d containing hatching fluid (with miracidia excreta) which leaks through paries in t he eggshe ll 
e studied in Schistosoma japonicum 
f no differentiation within egg was made 
g studied in Schistosoma mansoni 

schistosomula recognized a well-characterized polysaccharide egg antigen 
designated K 3 [6 ,39,40] . Cross-reacting antigens were additionally fo und in a 
crude ce rcaria ! antigen preparation but not in ad ult w orm homogenate. The lgM 
but not the lgG3 McAbs inhibited the killing of schistosomula by eosinophils in 
the presence of sera from infected humans [7 ,40]. However, pass ive transfer of 
the lgM McAbs to vaccinated mice at the t ime of c hallenge fai led to prod uce in 
vivo blocking [6] . The po lysaccharide K 3 showed a molecula r mass in the range 
of > 750 - 70 kDa and was resistant to boil ing and p rotease degradation, but 
sensitive to 50 mM periodate. lt partially bound t o Con A and remained 
unaffected by 0. 1 M NaOH or 0. 1 M HCI treatment. Cross - reactivity to ot her 
sch istosome spec ies was shown by rabbit anti-K3 antibod ies which bound t o 

the surface of S. j aponicum, S. haematobium, and S. bovis sc histosomula while 
also an eg g antigen of S. japonicum was reco gn ized [39]. 

Besides the blocking of cellular-dependent immune mechanisms, another effect 
of antibodies directed against egg carbohydrat es was described by Simpson et 
al. ( 1990) who showed that the administration of a mouse anti - egg 
carbohydrate lgM McAb to mice intravenously injected with 2000 S. mansoni 
eggs resulted in larger lung granulomas than in mice which received no or an 
irrelevant M cAb [ 162] . 

S. mansoni- infect ed T ce ll - deprived mice suffer from severe hepatocyte 
damage most likely caused by an egg - derived ca tionic glycoprotein ant igen 
named w1. Together with another cationic glycoprotein, a 1, these antigens were 
recently purified from S. mansoni eggs and characterized with respect to their 

biochemical, immuno logica l as well as hepatot ox ic properties [41 ]. 0 1 is a 
monomeric glycoprotein with a pi > 9 .0 and a molecular mass of 31 kDa. T he 
antige n a 1 cons ists of two immuno iog ically cross - react ive d imers with a pi 
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ranging from 7 .5 to 8.5 and molecular masses of 41 kDa and 36 kDa, each of 
which is composed of one un ique and one common subcomponent. Since both 
antigens bound to Con A they might contain N- linked carbohydrate chains 
(Tables 3 and 1). The immunodominance of the carbohydrate epitopes was 
shown by the observation that ant igenic activity against monospecific antisera 
w as readily lost after ox idation with 50 mM periodate, but not affected by 
protease treatment . Mild acid hydrolysis destroyed the carbohydrate epitopes of 
w 1 but not of a1, while a 1 was more sens it ive t o NaOH treatment, suggesting 
the presence of 0 - linked glycans. Antibody - binding was abrogated after the 
antigens were heated at 1 00 °C fo r 5 min. 

Using an ELISA wi t h sera from infected humans and mice, it has been shown 
that purified w 1 is S. mansoni- specific and is a better marker than a1 or 
un fractionated egg antigens to distinguish S. mansoni infection from other 
sch istosome infections [41 ]. Passive transfer of monospecific anti-w 1 sera into 
S. mansoni-infected, T cell - deprived mice completely prevented the occurrence 
of mic rovesicular hepatocyte damage in these animals, while monospecific 

anti - a 1 serum had no hepatoprotective activi ty [41 ]. 

Another common ca rbohydrate epitope identified by a mouse McAb (named 
128C3/3, produced after immunization wi th cerca ria! antigens [1 7 1]) was found 
to be present on S. mansoni, S. haematobium , S. jap onicum egg glycoproteins 
and glycol ipids as w ell as on S. mansoni cercaria! and adult worm antigens 
[96, 184, 185]. In addition , sera of bot h infected humans and mice contain large 
amou nts of ant ibodies w ith a similar epitope specificity [184]. In an 
immunopurified glycolipid fraction (using the sa me McAb) the major 
immunogens w ere shown to be unique glycosph ingolipids with repeating 
trisaccharide units containing interna l Fuc resi dues substituted onto a novel 
glucosylceramide core struct ure [ 1 00]. The core structure w as independently 
desc ribed by Ma kaaru et al. ( 1992) [ 11 0]. The largest antigen identified in the 

glyco lipid preparation was interpreted to have th e following structure 1 : 

Fuc- ( 1-.4)GicNAc( 1-.2)Fuc( 1-.4)GicNAc( 1-.2)Fuc( 1-.4)GicNAc( 1 -.2)Fuc( 1-.4)GicNAc( 1-+ 

I I I I Fuc(1-.3) Fuc(1-+3) Fuc(1-.3) Fuc(1-.3) 

-+3)GaiNAc(1-.3)GaiNAc(1-+4)Gic(1-+1) - Ceramide 

Figure 1. Chemical structure of a major carbohydrate antigen recognized by McAb 
128C3/3. 

1 
The anomeric configuration of the constituent monosaccharides is undetermined due to the 

analytica l technique used . 
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Other smaller components have also been recogn ized by McAb 1 28C3/3 in 
which one o r more Fuc ( 1-3) side chains were absent. The im munodominance of 
L-Fuc in the binding of the McAb to egg glycoprote ins w as demonstrated by 
inh ibition with monomeric L-Fuc, w hile the McAb also bound to immob ilized 
L-Fuc [100]. 

The same McAb 128C3/3 bound to a common epitope present o n v arious 
polypeptid es of the cercaria! glycocalyx as well as in the t egument of cerca riae 
and schistosomula [23 ]. The glycocalyx components we re shed after 
tra nsformation of cercariae to schistosomula, but two com ponents of 170 and 
180 kDa continued to be present in cerca riae, in newly transformed 
schistosomula and in 36 h in vitro cultured schistosomula. The lecti ns Con A (to 
Ma n, Glc) and Lotus (to Fuc ) also bound to t hese antig ens as we ll as t o a 
number of other high and low molecu lar mass components [23]. Inhib it ion 
studies later showed that in the binding of McAb 128C3/3 Fuc w as dom inant 
[100]. Remarkably, 128C3/3 and Con A but not Lotus were reactive with a 
38 kDa glycoprotein fro m schistosomula which is possibly the same as t he 
antigen recog nized by the partially protective McAbs described by different 

groups, e.g. Dissous et al. ( 1982, 1985) [33, 34], Ph ill ips et al. ( 198 2, 1986) 
[83,19 2], Sick le et al. (1987,1 988) [6,40], or Harn et al. (1984 ,1 987) [66 ,67]. 
Nevertheless, t he epitopes recognized by these McAbs need not be the same, 
even t hough each of t he M cAbs bound to a carbohyd rate m oiety . Finall y, t he 
antigen recogn ized by McAb 128C3/3 appea rs to be present in the serum of 
Schistosoma- in fected pat ient s and an immunodiagnostic ant igen-capt ure ELI SA 
us ing t his McAb has been described [68] . 

A num ber of eg g glycoproteins (major serological antigens, MSA 1 ,2,3 ) showing 
immunodiagnostic potential were isolated from S. m ansoni eggs by successive 
steps o f Con A - affinity and ion-exchange chromatography [62, 140,141]. 
MSA3 bound wea k ly to Con A and appeared to be poorl y glycosylated. MSA 1 
and MSA 2 bound to Con A with higher affinity and PAS-sta ining, specific for 
carbohydrates, was also more intense . MSA 1 may be a d imer composed of two 
glycoprote ins of 50 kDa each, while MSA2 was found to be a heterogeneous 
lipoglycoprotein with a molecular mass of Mr 450 kDa. The Mr of M SA 3 w as 

80 kDa [140]. The major source of the antigens appeared to be the hatching 
f luid, conta ining mi racidia I excretory or surface coat products [62, 140] . MSA 1 
appeared to be both stage- and species-specific, while MSA2 and MSA3 
showed partia l cross-reactivity with cercaria! but not wi th adult worm antigen, 
as well as with egg antigens from S. haematobium and S. japonicum [140]. 
Some evidence for strain variation of the antigen was provided by Hamburger et 
al. ( 198 2 ) [60], who purified a glycoprotein from an Egyptian strain of S. 

mansoni (named major egg glycoprotein, MEG) using the same procedure as for 
MSA 1 from a Puerto Rican strain [ 14"1]. The glycoprotein f rom the Egyptian 

strain differed in molecu lar mass (70 kDa) and its react iv it y with ant ibodies in 
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antigen - competitive radioimmunoassay was similar but not identical to t hat of 
MSA 1. In particular, MEG showed a high degree of cross-reaction with egg 
antigens from S. haematobium [60]. The major immunogenic epitopes of MEG 
appeared to be carbohydrates because various biochemical procedures as 
heating to 1 00°C for 1 h, treatment with 10 % TCA, 0 .1 M NaOH, or 0.1 M 
HCI had no effect on the serologic reactivity of MEG, but treatment with 
65 mM periodate resulted in a drastic loss of molecular mass and of serologic 
reactivity. Pronase treatment of MEG caused a limited fragmentation of the 
molecule and only a minor decrease in serum antibody recognition [61]. 

Minor carbohydrate - rich fragments of soluble egg antigens ( < 13 kDa and 
> 10 kDa, isolated by ultrafiltration followed by dialysis) contained the same 
carbohydrate epitopes as MEG, but showed no immunopathological activity 
[1 06]. Having shown that a number of lectins (Con A, PNA, RCA 11, Fuc) bound 
to MEG as well as to t he smaller fragments, it was suggested that MEG consists 
of a polypeptide backbone to which severa l polysaccharide chains are bound 
[105,106] . 

Cercaria 

A number of cercaria! antigens showing cross - reacting carbohydrate epitopes 
with antigens on other li fe - st ages have already been mentioned and described 
above. T he res ults of localization stud ies employing lectins are summarized in 
Tab le 7, similar to t he egg and worm carbohydrates. 

As shown in Table 7, there appeared to be a considerable heterogeneity 
between the various st udies in the types of lectins bound to cercar ia! structures . 
A number of these differences might be explained by species-specific 
expression of carbohydrate structures, e.g. between Beisler et al. ( 1984) [5], 
and Under ( 1985) [1 02], but the discordant binding of Lotus to the cercaria! 
heads is difficult to interpret . The components present in the excretion products 
of cercariae (as described by [1 02] ) might partly be produced by the penetration 

glands causing overlap of the lectin - binding patterns, suggesting that enzymes 
used for skin penetration are glycosylated . 

Using Bolton-Hunter radiolabel ing of cercaria! tegument structures, Hayunga et 
al. ( 1986) [70] identif ied a number of Con A-b inding h igh and low molecular 
mass glycoproteins ( 180, 150, 43 and 30 kDa) . T hese components were 
retained by 24 h cultured schistosomula, and supplemented by two other 
glycoprote ins (66 and 57 kDa) [70] . 



Schistosoma carbohydrate structures 

Table 7. Lectin binding to Schistosoma cercariae and newly transformed 
schistosomula ( :S 3 h.).a,b,c 

Head 

Con A, SBA, 
DBA, 
UEA- 1 ± , 
PNA, RCA-1 

Con A, GS-1, 
RCA- 1, SBA, 
HPA, WFA, 

~~~~~~*~y§, 

Con A, SBA', 
V!=A\4.l f,lt ... 

Lotus 

Con A, f?N'A, 4q#1s ·· ···· 

Tail Penetration Excreta 
glands 

Con A, SBA, UEA-1 n .d .d 
SBA ±, DBA, 
RC A - I 

n.d. n .d . 

Lotus ± n.d . 

n.d. n.d . 

Con A, GS-1, 
RCA- 1, SBA, 
HPA, WFA, 
UEA-1 ± , 
Lotus, PNA, 
{.)~A 

n.d. 

n.d. 

n .d. 

Reference 

Beisler et al. 
(1984) [5Je 

Linder ( 1985) 
[1 02] 

Murrell et al. 
(1978) [122]9 

Nanduri et al. 
(1991) [123] 

Payares and 
Simpson 
( 1 9 8 5 ) [ 1 3 8 ]h 

a as various reports indicated that the binding ot WGA is largely aspecific 
b [5, 105,122, 159,161 L this lectin has been omitted in this Table 

unless otherwise indicated, studies were performed in Schistosoma mansoni 
c shaded lectins were also investigated but showed no binding 
d n.d . = not done 
e studied in Schistosoma japonicum 
f 2 h schistosomula were weakly positive for SBA and UEA- 1 
g no differentiation within cercariae was made 
h surface proteins of newly transformed schistosomula 

Nanduri et al. ( 1991) [123] used lectin-affinity chromatography on immobilized 
Lotus lectin to isolate Fuc - containing carbohydrate structures from cercaria! 
body and tail glycocalyx. Monosaccharide composition analysis of body 
glycocalyx showed that Fuc is the major sugar residue present , while in the tail 
Glc is predominant. Alkaline treatment indicated that the glycans are attached to 
the protein backbone via an 0 - glycosidic bond, both for bodies and tails. After 
reductive alkaline treatment, two glycan chains of 10.5 kDa and 5.6 kDa 
appeared to account for most of the glycocalyx components of both bodies and 
tai ls. The larger glycan was retarded on an anion - exchange column, thus being 
negatively charged, but Neu5Ac could not be demonstrated. Both body and tail 

glycocalyx were highly sensitive to mild acid hydrolysis, which for the body 
supports the presence of high amounts of Fuc [123]. These results confirm a 
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prev ious st udy by Caulfield et al. ( 1988) [ 16], w ho found a predominance of Fuc 
residues in the carbohydrate fraction and a relatively high amount of Thr and Ser 
in the amino acid fraction of t he cercaria! glycocalyx. Additionally, using a McAb 
which can be inhibited by monomeric L-Fuc ( 128C3/3, already been discussed 
in detail above) several smaller surface glycoproteins of cercariae have been 
identified [23]. The same McAb recognizes carbohydrate epitopes present on a 
variety of S. mansoni, S. haematobium, S. japonicum egg glycoproteins and 
glycolip ids as well as S. mansoni cercaria! and adult worm antigens [184, 185] . 
These observations can be used as a clear illustration of a common feature in 
carbohydrate analysis, namely that the same glycan structure may be expressed 
throughout the schistosome life-cycle, and exhibit different biological roles, but 
that yet the overall glycolipid and glycoprotein structures are not conserved . 
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