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Excretory-Secretory products (E-S) o f filarial nematodes 
c o m m o n l y c o n t a i n p h o s p h o r y l c h o l i n e ( P C ) ( fo r a 

review, s ee Harnett and Parkhouse, 1994) . T h e PC group is 
o f some interest, as ev idence is increasingly emerging that 
it may possess immunomodulatory activity. Within the last 
few years for example , it has been demonstrated that the 
PC moiety o f filarial antigens is able to interfere with proli­
ferat ive r e s p o n s e s o f bo th T- (Lai el al., 1 9 9 0 ) and B -
(Harnett and Harnett, 1993) lymphocytes . 

Work by Maizels and col leagues in 1987, suggested that the 
PC moiet ies associated with filarial nematode antigens were 
present on g lycosyla ted molecu le s (Maizels et al., 1 9 8 7 ) , 
and more recently, the enzyme N-glycosidase F has b e e n 
employed to provide ev idence consistent with a covalent 
at tachment o f PC to glycan (Harnett et al., 1993) . This latter 
form o f structure is as far as we are aware, absent from 
humans. This, in association with the possible immunosup­
pressive capability o f PC, suggests that the synthesis o f PC-
glycans may represent a novel target for chemotherapeut ic 
intervention. Towards this aim, we have initiated studies to 
elucidate the structure o f the PC-glycans o f filarial mole ­
cules. In this manuscript, we present some preliminary data 
on the structure o f the PC-glycan o f the major excretory-
sec re to ry product o f Acanthucheilonema viteae ( E S - 6 2 ) , 
(Harnett et al., 1 9 8 9 ) and also consider its relationship to 
the PC-glycan structures o f bacteria and fungae. 

T h e first s t rategy w e a d o p t e d was d e s i g n e d to provide 
information on the type o f N-glycan, PC was attached to. 
This involved expos ing ES-62 to endoglycos idases which 
tire more specific in their action than N-glycosidase F. T h e 
e n d o g l y c o s i d a s e s w e r e p u r c h a s e d f rom B o e h r i n g e r 
Mannhe im B i o c h e m i c a , and three were emp loyed in the 
investigation : encloglycosidase D (from Diplococcuspneu­
moniae) which targets short chain "high mannose" glycans, 
encloglycosidase F (from Flavobacterium meningosepticum) 
w h i c h prefe ren t ia l ly c l e a v e s high m a n n o s e and hybr id 
types, and encloglycosidase H (from Streptomyces plicatus, 
from a recombinant E. colt) which cleaves high mannose 
types. In addition, N-glycosidase F (from Flavobacterium 
meningosepticum) was employed as a positive control. 

0.5 pg samples o f ES-62, purified as descr ibed previously 
(Harnett et al., 1993) , were added to 10 pi o f d H 2 0 , boiled 
for 3 mins, and then added to 30 pi o f the appropriate reac­
tion buffer (see manufacturer o f enzymes' instructions). 10 pi 
o f d H 2 0 , con ta in ing 10 m g / m l BSA, and the fo l lowing 
amounts o f enzyme were then added : encloglycosidase D-0.1 
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mU ; endoglycos idase F-5 mU ; N-glycosidase F-20 mU ; 
encloglycosidase H-0.1 mU. The samples were then incubated 
overnight at 37° C. The amounts o f endoglycosidases D, F, 
and H employed, were at least ten times greater than those 
considered necessary by the manufacturer, due to the known 
variation in susceptibility o f glycoproteins to endoglycosi­
dases (Beeley et al., 1985) . 

10 pi ( 1 0 0 ng) o f endoglycosidase-treated ES-62 was subjec­
ted to Western blotting employing TEPC 15 (Sigma) , an IgA 
mouse myeloma protein reactive for PC (Leon and Young , 
1971) , to detect PC epi topes and rabbit anti-ES-62 to detect 
PC and non-PC epi topes as described previously (Harnett 
et al., 1993 ) . T h e result o f this exper imen t demonst ra ted 
that only N-glycosidase F was able to remove PC from the 
m o l e c u l e (not s h o w n ) . More severe denaturat ion o f the 
parasite product (boiling in the p resence o f SDS (0 .1 -1 .0 % ) 
and mercaptoethanol (2 % ) prior to incubation with endo­
glycosidases) , did not alter the result. Each enzyme was tes­
ted for activity under the assay condit ions to be employed 
prior to the analysis, and was shown to b e active. 

Our next strategy was to investigate the nature o f the car­
bohydrate content o f ES-62, by investigating its lectin bin­
ding cha rac t e r i s t i c s . Th i s w a s u n d e r t a k e n us ing a D I G 
( d i g o x i g e n i n ) glycan differentiat ion kit accord ing to the 
m a n u f a c t u r e r ' s i n s t r u c t i o n s ( B o e h r i n g e r M a n n h e i m 
Biochemica ) . 200 ng aliquots o f ES-62 were employed for 
do t b l o t t i n g a n a l y s i s . H y b o n d - C s u p e r n i t r o c e l l u l o s e 
(Amersham) was employed as membrane . 

All lectins were found to bind to their appropriate positive 
controls, but only GNA was found to bind to the parasite 
product ( see Fig. 1). This demonstrates the p resence o f ter­
minal mannose , a ( l - 3 ) , oc( l -6) , o r a ( l - 2 ) bound to man­
nose , and is indicative o f a "high m a n n o s e " or "hybrid" 
N-glycan chain. Such a structure was also indicated when it 
was demonstrated that Con A also specifically bound to ES-
62 (result not s h o w n ) . Lectins wh ich b ind o ther g lycan 
structures found in c o m p l e x or hybrid N-glycans failed to 
interact with ES-62 (Fig. 1) . T h e latter finding is consistent 
with the terminal mannose sugars being detected, residing 
on a high mannose , rather than hybrid glycan. T h e results 
failed to show any evidence o f O-glycans, an observation 
consistent with the finding that N-glycosidase F removes all 
glycans from ES-62 (Houston and Harnett, unpublished). 

The lectin binding analysis indicates that ES-62 contains a 
high mannose or hybrid glycan (probably the former) but it is 
not known as to whether this is the glycan which contains 
PC. ( P r o l o n g e d p ronase d iges t ion o f ES-62 fo l lowed by 
column chromatography suggests there may be two glycans 
present - Bonay P. and Harnett W., unpublished). High man­
nose glycans would be expected to be cleaved by endoglyco­
sidases F and H, and hybrid glycans, by endoglycosidase F. 
Since these enzymes do not promote removal o f PC from ES-
62, it can be argued that the glycan being detected lacks PC. 
However , Western blotting analysis o f ES-62 subjec ted to 
endoglycosidases, demonstrates no obvious shift in molecular 
weight o f the parasite product, a result consistent with a fai­
lure to remove any glycan. Thus the lack o f cleavage may be 
due to either the appropriate target bond not being exposed 
to the enzymes, or alternatively to "something" preventing 
cleavage. If the latter is correct, then clearly the PC could be 
the "something" in question. 
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In an attempt to address this question w e subjected ES-62 to 
several strategies designed to remove PC. It has previously 
been shown that PC is attached to carbohydrate in the cell 
wall o f certain bacteria (Tomasz, 1967) , and that this can be 
cleaved using phospholipase C(PLC) (Beckmann and Levitt, 
1984) . W e therefore exposed ES-62 (including denatured) to 
PLC using the protocol o f the authors, but found by Western 
blotting that there was no removal o f PC (results not shown) . 
T h e PLC was tested for activity prior to use (Krug et al., 
1979) , and shown to be active. 

Choline in bacterial cell walls is linked to sugars via phos-
phodiester bonds (Bennet t and Bishop, 1977) , and hence the 
idea was considered that a similar arrangement may operate 
with respect to filarial E-S products. Phosphodiester bonds in 
lysosomal enzymes can be broken by boiling at 100° C for 
30 mins in 0.01N HC1 (Gabel et al, 1982) ; phosphodiester 
bonds in yeast mannan can be broken by boiling at 100° C 
in 0.1 N HC1 (Thieme and Ballou, 1971) . Choline phosphate 
is normally stable to acid, but may break with phosphodies­
ter linkage. ES-62 was therefore subjected to boiling in 0.1N 
HC1 for four hours. This howeve r was found by Western 
blotting to fail to release the PC (result not shown). It was 
also noted that boiling ES-62 in 0.01 N NaOH, a treatment 
shown to remove choline from PC in Pneumococcus (Bennet 
and Bishop, 1 9 7 7 ) had virtually no effect in removing PC 
from ES-62 as shown by Western blotting (result not shown) . 

Finally, worms were cultured in choline-free medium for a 
period o f 14 days and ES-62 purified from the spent CLilture 
m e d i u m as d e s c r i b e d p rev ious ly , bu t on a dai ly b a s i s 
(Harnett et al, in press) . At the end o f this period however , 
it was o b s e r v e d using Wes te rn blott ing, that the w o r m s 
were still producing PC. Clearly therefore either the worms 
have long lasting stores o f chol ine , or alternatively, they 
possess the b iochemica l machinery to synthesise it. 

With all four approaches therefore, we were unsuccessful in 
attempting to produce PC-free ES-62. T h e failure o f phos­
pholipase C and alkaki to remove PC or chol ine from ES-62 
is o f some interest as it suggests the structure w e are dealing 
with is rather different from that found in bacteria. The bac­
terial PC glycans are part o f the cell wall C-polysaccharide 
and have PC attached to sugars such as rhamnose (Benne t 
and Bishop, 1977) or N-acetylgalactosamine (Beckmann and 
Levitt, 1984) . The indications from the present study suggest 
that PC may b e at tached to m a n n o s e and h e n c e the PC 
sugar interaction o f ES-62 may perhaps be more analogous 
to that found in the 5-O-fs-D-galactofuranosyl-containing 
p e p t i d o p h o s p h o g a l a c t o m a n n a n o f Penicillium charlesii 
( U n k e f e r a nd G a n d e r , 1 9 9 0 ) . Th i s m a n n a n is a t t a c h e d 
through an O-glycosidic linkage, but contains approximately 
10 phosphoethanolamine and phosphochol ine residues atta­
c h e d as p h o s p h o d i e s t e r s to mannosy l C-6 res idues . No 
information was presented on the susceptibility o f the phos­
phodiester bonds to acid and alkali treatments such as those 
employed in the present study. It is also worth noting that 
PC-containing peptidopolysaccharides o f a number o f fungal 
spec ies , but not the bacter ium Diplococcus pneumoniae, 
interact with Con A (Baldo et al., 1977) , and that this is a 
possible property o f the PC-glycan o f ES-62. 
In summary, preliminary exper iments suggest that the N-lin-
ked glycan o f ES-62 which contains PC, may be o f the high 
mannose type. This, and the insensivity o f the PC-glycan to 
t rea tments w h i c h c l eave bacter ia l PC-glycans , raises the 

possibility that the PC-glycan o f ES-62 may be more analo­
gous to fungal, than to bacter ial PC-conta in ing g lycans . 
Sophist icated characterisation methodologies are currently 
being employed to further investigate these possibilities. 

Figure 1. - Lectin analysis was undertaken using a DIG (digoxige-
nin) glycan differentiation kit according to the manufacturer's ins­
tructions (Boehringer Mannheim Biochemica). 200 ng aliquots of 
ES-62 (E-S) and recommended amounts of positive (+) and negative 
(-) control glycoproteins were employed in the dot lot analysis. 
Lectins employed were : Galanthus nivallis agglutinin (GNA) -
recognises terminal mannose linked to mannose (binds to high 
mannose or hybrid), Sambucus nigra agglutinin (SNA) - recognises 
sialic acid linked rx(2-6) to galactose (binds to complex), Maackia 
amurensis agglutinin (MAA) - recognises sialic acid linked a(2-3) to 
galactose (binds to complex), Peanut agglutinin (PNA) - recognises 
galactose (3(1-3) N-acetylgalactosamine (O-glycans) and Datura 
stramonium agglutinin (DSA) - recognises Galp-( l -4)GlcNAc 
(binds to complex and hybrid). 
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