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Summary. The presence and distribution of neuropep- 
tides belonging to the pancreatic polypeptide family 
have been demonstrated by an indirect immunofluores- 
cence technique in the nervous systems of adult male 
and female Schis tosoma mansoni. Seven antisera of dif- 
fering regional specificity to pancreatic polypeptide (PP), 
peptide YY (PYY) and neuropeptide Y (NPY) were em- 
ployed on both whole-mount and cryostat-sectioned ma- 
terial. Positive immunoreactivity (IR) was obtained with 
all antisera except an N-terminally-directed antiserum 
to NPY. In the CNS, immunoreactivity was restricted 
to cell bodies and nerve fibres in the anterior ganglia, 
central commissure and dorsal and ventral nerve cords 
of both sexes, whereas, in the PNS, positive-IR was pres- 
ent in the plexuses innervating the subtegumental mus- 
culature and the oral and ventral suckers. Intense immu- 
noreactivity was observed in a plexus of nerve fibres 
and cell bodies in the lining of the gynaecophoric canal 
and in fine nerve fibres innervating the dorsal tubercles 
of the male. In contrast, in the female, strong immunore- 
activity was evident in nerve plexuses innervating the 
lining of the ovovitelline duct and in the wall of the 
ootype, but most notably in a cluster of cells in the 
region of Mehlis' gland. Results suggest that molecules 
with C-terminal homology to the PP-family are present 
in S. mansoni. These peptides would appear to be impor- 
tant regulatory molecules in the parasite's nervous sys- 
tem and may play a role in the control of egg production. 
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The human blood fluke, Schistosorna, afflicts over 
250 million people in the tropics as the causative agent 
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of schistosomiasis (bilharzia). The worm is dioecious, 
male and female S. mansoni  living in permanent copula- 
tion within the hepatic portal vein and mesenteric blood 
vessels. 

The nervous system of adult S. mansoni comprises 
cholinergic, aminergic and peptidergic components. Ace- 
tylcholine is the major inhibitory neurotransmitter in 
the parasite (Barker et al. 1966; Hillman 1983; Mellin 
et al. 1983; Pax et al. 1984). The biogenic amines 5-hy- 
droxytryptamine (5-HT or serotonin), noradrenaline 
and dopamine have been demonstrated in the adult 
worm by use of a variety of techniques (Bennett et al. 
1969; Bennett and Bueding 1971 ; Chou et al. 1972; Dei- 
Cas et al. 1979, 1981 ; Gianutsos and Bennett 1977; Gus- 
tafsson 1987; Machado etal. 1972). Serotonin is be- 
lieved to act as an excitatory neurotransmitter, whereas 
noradrenaline and dopamine are considered as inhibito- 
ry neurotransmitters (Hillman 1983 ; Mellin et al. 1983 ; 
Pax et al. 1984; Tomosky et al. 1974). 

However, relatively little attention has been paid to 
the peptidergic (or neurosecretory) component of the 
schistosome nervous system. In the absence of a circula- 
tory system and true endocrine glands, this system is 
likely to play an important integrative role in the neu- 
robiology of S. mansoni. To date, immunoreactivity to 
7 regulatory peptides has been demonstrated in the ner- 
vous system of adult male S. mansoni:  they are the verte- 
brate neuropeptides substance P, leu-enkephalin, growth 
hormone-releasing factor, gastrin-17, cholecystokinin 
and luteinizing hormone-releasing hormone, human 
chorionic gonadotropin, and the native invertebrate pep- 
tide FMRFamide (Basch and Gupta 1988; Gupta and 
Basch 1989; Gustafsson 1987). 

These two investigations concerned sectioned materi- 
al from adult male worms. The present study involves 
paired adult male and female worms, together with im- 
mature females from unisexual infections. Specimens 
have been imaged by confocal scanning laser microsco- 
py. Evidence is presented for immunoreactivity to 3 fur- 
ther peptides in S. mansoni, namely, pancreatic polypep- 
tide (PP), peptide YY (PYY) and neuropeptide Y. 
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Table 1. Antisera employed in immunocytochemical studies of the nervous system of the human blood fluke Schistosoma mansoni 

Antiserum raised against Regional specificity Working Code Source Staining 
dilution intensity 

C-terminal hexapeptide amide of pancreatic C-terminal 1:200 PP221(6) A 4, + 4. 
polypeptide (PP) 

Natural bovine pancreatic polypeptide (PP) mid-to-N-terminal 1 : 200 A 4, 

Synthetic polypeptide YY (PYY) non-C-terminal 1 : 250 A 4. 4, 4. 

Synthetic polypeptide YY (PYY) non-C-terminal 1 : 500 A 4. 4. 

Synthetic porcine neuropeptide Y (NPY) - 1:400 B - 

C-terminal decapeptide of neuropeptide Y (NPY) C-terminal 1 : 1600 A + 4, 4, 

Synthetic NPY C-terminal tyrosine 1:400 C 4, 4, 4. 
amide dependent 

PP204(7) 

PYY30I(3) 

PYY297(4) 

RPN.1702 

GNPY.163(2) 

NPY8999(6) 

A Department of Medicine, The Queen's University, Belfast, Northern Ireland; B Amersham International plc, Aylesbury, Buckingham- 
shire, England; C Dr M.M.T. O'Hare, Laboratory of Molecular Endocrinology, University Department of Clinical Chemistry, Rigshospita- 
let, Copenhagen, Denmark 

+ 4. 4, =intense immunoreactivity; 4, 4. =moderate immunoreactivity; 4- =weak immunoreactivity; - =no immunoreactivity 

Materials and methods 

Infections of S. mansoni (Puerto Rican strain) were maintained 
in Swiss TO mice. Adult worm pairs were recovered from the hepat- 
ic portal vein and mesenteric vessels at autopsy and prepared by 
the indirect immunofluorescence technique of Coons et al. (1955) 
for use as whole-mounts or for cryostat sectioning. For whole- 
mounts, paired worms or separate males and females were lightly 
flattened between glass slides in 4% (w/v) paraformaldehyde (PFA) 
in 0.i M phosphate-buffered saline (PBS), pH 7.4, for 4 h at 4 ~ C, 
then washed for 24 h at 4 ~ C in PBS containing 0.1% (w/v) bovine 
serum albumin (BSA), 0.2% (v/v) Triton X-100 and 0.2% (w/v) 
sodium azide. Specimens were then incubated for 2~48 h at 4 ~ C 
in primary antiserum diluted in PBS (for details of antisera used 
see Table 1) and washed for a further 24 h in PBS prior to incuba- 
tion for 24 h at 4~ in swine anti-rabbit or rabbit anti-guinea 
pig secondary antiserum conjugated to fluorescein isothiocyanate 
(SWAR-FITC and RAGP-FITC, respectively) (Dako Ltd, High 
Wycombe, Buckinghamshire, England, UK). After a final wash, 
specimens were mounted in Apathy's neutral mounting medium 
and examined in a MRC-500 confocal scanning laser microscope 
(Bio-Rad Lasersharp Ltd., Abingdon, Oxfordshire, England, UK). 

For cryostat sectioning, adult worm pairs or separate males 
and females were fixed in 4% (w/v) PFA in PBS for 4 h at 4 ~ C, 
transferred to 5% (w/v) sucrose in PBS overnight at 4 ~ C, then 
placed in 30% (w/v) sucrose in PBS until submerged for the pur- 
poses of cryoprotection. Specimens were then cryostat frozen 
( - 2 0  ~ C) in Cryo-m-bed and sections (10 gm in thickness) cut on 
a Reichert CryoCut E cryostat and mounted on gelatin-coated 
coverslips. The sections were incubated for 24 h at 4 ~ C in primary 
antiserum, washed in PBS and incubated in secondary antiserum 
at room temperature for 30 mins. The sections were washed again 
prior to mounting in Apathy's neutral mounting medium and view- 
ing in an Olympus BH-2 incident fluorescence microscope fitted 
with a supplementary EY455 excitatory filter. 

Controls included (i) omission of primary antiserum, (ii) re- 
placement of primary antibody with non-immune rabbit serum, 
and (iii) liquid-phase preabsorption of primary antibody by the 
addition of 1 ng-100 p~g pure peptide/ml diluted antiserum. Pep- 
tides employed in preabsorption studies included the C-terminal 
hexapeptide of bovine PP and intact synthetic PYY, NPY and 
FMRFamide. 

Results 

The CNS of  adul t  S. rnansoni consists of  a c i rcumoeso-  
phageal  commissure  j o in ing  a pair  o f  an ter ior  gangl ia  

f rom which emana te  the m a i n  nerve cords. Nerve fibres 
extend a short  dis tance f rom the anter ior  ganglia  to in- 
nervate  the oral  and  ventra l  suckers, bu t  the m a i n  dorsal  
and  ventra l  nerve cords extend the full length of  the 
body.  The a r r angemen t  of  the CNS is essentially the 
same in bo th  male  and  female worms.  The PNS com- 
prises plexuses of  cell bodies a nd  nerve fibres serving 
to innerva te  the m a i n  body  muscles, the oral  and  ventra l  
suckers, the gast rodermis  a nd  also the muscu la tu re  asso- 
ciated with the reproduct ive  organs  and  their accessory 
ducts (for references see Bennet t  and  Bueding 1971). 

Positive immunoreac t iv i ty  was ob ta ined  with all the 
ant isera  employed,  except that  raised to N P Y  (an t i se rum 

Figs. 1-5. Confocal scanning laser micrographs of whole-mount 
preparations of adult male and female S. mansoni 

Fig. 1. Anterior region of an adult male, showing immunoreactivity 
to PP in the paired anterior ganglia (AG), central commissure (CC) 
and main dorsal (DNC) and ventral (VNC) nerve cords. Nerve 
cell bodies (large arrows) are associated with the ganglia and central 
commissure and immunoreactive nerve fibres (small arrows) inner- 
vate the oral (05) and ventral (VS) suckers. Scale bar: 200 gm 

Fig. 2. Anterior region of an adult female, showing immunoreactiv- 
ity to PYY in nerve cell bodies (large arrows) at the periphery 
and in nerve fibres (small arrows) in the central neuropile of the 
anterior ganglia (AG). CC central commissure. Scale bar: 100 gm 

Fig. 3. Adult male. The central commissure (CC) is composed of 
numerous fine nerve fibres (arrows) immunoreactive to PP. Scale 
bar: 100 gin 

Fig. 4. Adult male. NPY-immunoreactive nerve fibres are present 
within the ventral nerve cord (VNC) and fine nerve fibres (arrows) 
emanate from the cord to innervate the subtegumental musculature 
(Mu). Scale bar: 100 gm 

Fig. 5. Anterior region of an adult male, showing the origins of 
the well-developed ventral nerve cord (VNC) from the anterior 
ganglia (AG). A cross-connective (arrows) unites the nerve cords 
just posterior to the ventral sucker (VS). Scale bar: 200 ~tm 
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Fig. 6. Fluorescence micrograph of the ventral midbody region of 
an adult male whole-mount preparation, showing PYY-immunore- 
activity in an extensive plexus of varicose nerve fibres (small arrows) 
and associated nerve cell bodies (large arrows) in the lining of 
the gynaecophoric canal. Note the path of the ventral nerve cord 
(VNC) which runs above. Scale bar: 100 gm 

Fig. 7. Cryostat section of an adult worm pair, showing PYY- 
immunoreactivity in an extensive plexus of nerve fibres (small ar- 
rows) and associated nerve cell bodies (large arrows) in the lining 
of the gynaecophoric canal (GC) of the male worm (3). Note also 
the PYY-immunoreactive nerve fibres associated with the subtegu- 
mental muscle layers (Mu) on the dorsal surface of the male. 2 fe- 
male. Scale bar: 100 gin. The inset shows a distinct PYY-immuno- 
reactive nerve fibre (arrow) extending into one of the spiny tuber- 
cles (7) on the dorsal surface of the male. Scale bar: 100 ~tm 

Mehlis' gland 

I 
Ootype 

Oviduct - - ~  

Uterus 
Vi tel I i ne - -  

duct 

immunoreective to the P? family 

Fig. 8. Diagram of the ootype/Mehlis' gland complex of S. mansoni 
(based on G6nnert 1955; Silk and Spence 1971). Included is the 
collar of nerve cell bodies immunoreactive to the PP family 

RPN.1702). However, of  the remaining antisera that 
gave consistently positive results, there was considerable 
variation in the degree of  immunostaining, depending 
on the regional specificity of  the antiserum (see Table 1). 

Routine examination of  whole-mount and sectioned 
material showed that the antisera to PP, PYY, and NPY 
were staining essentially the same elements, albeit to dif- 
fering degrees (see Table 1). Therefore, the main immun- 
ocytochemical features of  the peptidergic nervous sys- 
tems of  adult male and female worms will be described 
collectively. 

The strongest immunostaining was observed in the 
paired anterior ganglia, the commissure and the dorsal 
and ventral nerve cords, which together comprise the 
CNS. This configuration is essentially the same in both 
sexes (Figs. I and 2), but is especially evident in the 
larger male. Each anterior ganglion comprises a distinct 
central neuropile of  nerve fibres surrounded by as few 
as four small (5 ~tm by 5 ~tm) unipolar cell bodies (Figs. 1 
and 2). Immunoreactive nerve fibres with associated cell 
bodies also make up the broad commissure uniting the 
two anterior ganglia (Fig. 3) and the dorsal and ventral 
nerve cords which emanate from them (Fig. 4). The ven- 
tral pair of  nerve cords is better developed than the dor- 
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Fig. 9. Confocal scanning laser micrograph of an intact worm pair 
showing PP-immunoreactivity in the ootype/Mehlis' gland complex 
of the female worm (9)- PP-immunoreactive nerve fibres innervate 
the lining of the ovovitelline duct (Od) and the wall of the ootype 
(Ot). A collar of PP-immunoreactive nerve cell bodies (arrows) 
surrounds the neck of the ootype. Ov ovum forming within ootype. 
Scale bar: 200 gm 

Fig. 10. Cryostat section through the neck of the ootype (Ot) of 
an adult female, showing intense PYY-immunoreactivity in nerve 

plexuses (small arrows) lining the ootype and in a number of nerve 
cell bodies (large arrows) with cytoplasmic processes extending into 
the ootype. Ov ovum forming within ootype. Scale bar: 200 gm 

Fig. 11. Confocal scanning laser micrograph of the reproductive 
system of an immature female from a unisexual infection, showing 
PP-immunoreactivity in a nerve plexus (small arrows) innervating 
the lining of the ovovitelline duct (Od) and in a plexus of nerve 
fibres (large arrows) in the wall of the ootype (Ot). Scale bar: 
200 gm 

sal pair and is joined by a distinct cross-connective at 
a level just  posterior to the ventral sucker (Fig. 5). Im- 
munoreactive nerve fibres also extend f rom the anterior 
ganglia to innervate the oral and ventral suckers (Fig. 1). 

In the PNS, intense immunoreact ivi ty was observed 
in a n  extensive plexus of  nerve fibres and associated 
elongated unipolar  cell bodies (7 gm by 3.5 gm) in the 
lining of  the gynaecophoric canal of  the male (Figs. 6 
and 7). This network was evident in both  whole-mount  
(Fig. 6) and sectioned material  (Fig. 7). Immunoreact ive 
nerve fibres were also associated with the innervation 
of  the subtegumental  musculature (Figs. 4 and 7) and 
with the muscular  oral and ventral suckers in both sexes 
(Figs. 1 and 5). In addition, fine immunoreact ive nerve 
fibres extend through the subtegumental  muscle layer 
to innervate the spiny tubercles which project f rom the 
dorsal surface of the male (inset Fig. 7). 

No immunoreact ivi ty was observed in any of the 
male reproductive structures or their associated ducts, 

al though strong immunoreactivit.y was obtained with all 
antisera (except NPY antiserum RPN.  1702 and PP anti- 
serum PP204) in the region of the ootype/Mehlis '  gland 
complex, which is responsible for egg product ion in the 
female (Fig. 8). Nerve plexuses in the lining of the com- 
mon  ovovitelline duct and the muscular  wall of  the oo- 
type were strongly immunoreactive,  and a cluster of  not 
more than six unipolar cell bodies (5 gm by 5 lam) was 
evident where the ovovitelline duct leads into the ootype 
(Fig. 9). These cell bodies had short cytoplasmic exten- 
sions (about 7.5 gm in length) leading into the ootype 
wall itself (Fig. 10). In immature  female worms from 
unisexual infections, the nerve plexuses in the lining of  
the ovovitelline duct and the wall of  the ootype were 
consistently immunoreact ive (Fig. 11), al though there 
was no evidence of  the immunoreact ive cell bodies pre- 
viously described in the region of  Mehlis' gland. 

The controls involving omission or substitution of  
pr imary antiserum were consistently negative. The re- 
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Table 2. Preabsorption studies : minimum quantity of peptide anti- 
gen which abolishes immunostaining 

Antiserum C-terminal Synthetic Synthetic Synthetic 
hexapeptide PYY NPY FMRFamide 
of PP 
(pmol/ml) (pmol/ml) (pmol/ml) (pmol/ml) 

PP221(6) 12.5 25 250 - 
PP204(7) 125 - - - 
PYY301(3) 1250 25 2500 - 
PYY297(4) 1250 2.5 - - 
GNPY163(2) 1250 25 25 - 
NPY8999(6) 1250 NT NT NT 
FMRFamide -- -- -- 150 

494.2 

NT = not tested; - = immunoreactivity not blocked 

sults of the preabsorption studies are summarised in Ta- 
ble 2. 

Discussion 

The present investigation has demonstrated, for the first 
time, the presence and distribution of immunoreactivity 
to three members of the PP family in the nervous systems 
of adult male and female S. mansoni. The finding of 
peptides in the nervous system suggests that these mole- 
cules play an important neurotransmitter/neuromodula- 
tory role in the parasite. Immunoreactivity was observed 
throughout the CNS in both sexes; its distribution is 
identical to that of the cholinergic component of the 
nervous system (Bueding et al. 1967; Fripp 1967). In 
the PNS, immunoreactive fibres innervate the subtegu- 
mental musculature and the muscular oral and ventral 
suckers of both sexes. Immunoreactivity to the PP family 
was especially evident in an extensive plexus of nerve 
fibres and associated cell bodies in the lining of the gy- 
naecophoric canal (ventral surface) of the male. This 
concentration of peptidergic material, where the male 
and female are in most intimate contact, could suggest 
a sensory role for these peptides, for example in the 
orientation of male and female worms during pairing 
or in the stimulation of the sexual development of the 
female. A neurosecretory involvement in these processes 
has been proposed (Michaels 1969; Popiel 1986). An- 
other sensory role is suggested by the innervation of 
the spiny tubercles which project from the dorsal surface 
of the male worm. Innervation of the tubercles by pepti- 
dergic fibres has been described in previous immunocy- 
tochemical studies on S. mansoni, together with peptide 
immunoreactivities in the ciliated sensory receptors that 
are distributed throughout the general body tegument 
(Basch and Gupta 1988; Gustafsson 1987). Innervation 
of the latter type of receptor was not observed in the 
present study. 

No immunoreactivity to the PP family was observed 
in the musculature surrounding the gastrodermis in 
which immunoreactivity to gastrin and cholecystokinin 

(CCK) has been described (Basch and Gupta 1988). Sim- 
ilarly, no immunoreactivity was evident in the reproduc- 
tive organs or associated ducts of the male worm. The 
ootype/Mehlis' gland complex (G6nnert 1955; see 
Fig. 8), which is responsible for egg production in the 
female, was consistently immunoreactive for the PP fam- 
ily. The nerve plexus in the lining of the common ovovi- 
telline duct, which serves to convey the products of the 
ovary and vitelline gland, respectively, into the egg- 
forming chamber or ootype, was consistently immunore- 
active, as was that in the muscular wall of the ootype 
itself. At these sites, the neuropeptides may be involved 
in regulating the movement of material along the ovovi- 
telline duct and/or co-ordinating the contractions of the 
ootype wall, thereby controlling the movement of ova 
through the ootype and the moulding of the characteris- 
tic shape of the schistosome egg. However, of more inter- 
est was the cluster of not more than six immunoreactive 
cell bodies at the proximal (posterior) end of the ootype 
in the region of Mehlis' gland, with cytoplasmic exten- 
sions leading into the wall of the ootype. These cell bod- 
ies presumably correspond to the six perikarya observed 
by Basch and Gupta (1988) in the region between the 
ovary and common vitelline duct, which were interpreted 
as equivalent to the nerve plexuses described by G6nnert 
(1962) in F. hepatica. It is interesting to note in this 
respect that two groups of PP-immunoreactive cell bod- 
ies have been observed in F. hepatica in sites correspond- 
ing to nerve plexuses I and II (G6nnert 1962), but they 
are distinct from a cluster of some 20-30 PYY- and 
FMRFamide-immunoreactive cell bodies that lie 
amongst the cells of Mehlis' gland around the ootype 
(Magee et al. 1989). The immunoreactive cell bodies ob- 
served in the present study on S. mansoni more closely 
resemble the latter and in such a location could exert 
a paracrine action, possibly influencing the release of 
the secretions of Mehlis' gland and/or the secretions of 
the ootype itself. Basch and Gupta (1988) observed im- 
munoreactivity to CCK in the innervation of the uterine 
wall and the vitelline follicles, but no such immunoreac- 
tivity to the PP family was evident in the present study. 
The finding that, in immature females from unisexual 
infections, the lining of the common ovovitelline duct 
and the wall of the ootype were consistently immunore- 
active to the PP family, was surprising because these 
structures are not fully developed in such individuals 
(Erasmus 1987). In contrast, there was no evidence of 
the immunoreactive cell bodies in the region of Mehlis' 
gland, which are such a prominent feature of the peptid- 
ergic system of the mature female. 

There was a marked difference in the intensity of 
immunostaining produced by the various antisera. For 
example, of the two PP antisera used, PP221, which was 
raised to the C-terminal hexapeptide of bovine PP, pro- 
duced the strongest immunostaining, whereas, PP204, 
which was raised to the whole PP molecule and likely 
to be more mid-to N-terminally-directed, consistently 
produced a weaker reaction. The immunostaining pro- 
duced by PP204 could be quenched by > 125 pmol/ml 
of the C-terminal hexapeptide of PP, suggesting that 
there is at least a small sub-population of C-terminally- 
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directed antibodies in the PP204 antiserum. Similarly, 
the immunostaining produced by all the other antisera, 
except PYY297, could also be quenched by the C-termi- 
nal hexapeptide of PP, albeit at the slightly higher con- 
centration of 1250 pmol/ml, suggesting that these anti- 
sera cross-react with the PP-like material in the schisto- 
some's nervous system. Several workers have expressed 
concern about cross-reactivity between PP and antisera 
raised to the invertebrate peptide FMRFamide (Triepel 
and Grimmelikhuijzen 1984; Grimmelikhuijzen and 
Graft 1985; Grimmelikhuijzen 1986). The latter shares 
a penultimate arginine and an amidated aromatic amino 
acid in common positions with the C-terminal hexapep- 
tide of PP to which antiserum PP221 was raised. Cross- 
reactivity between the two peptides does not appear to 
have been a problem in the present study, since the im- 
munostaining produced by PP221, and the other antisera 
to the PP family for that matter, could not be quenched 
by up to 150 nmol/ml of FMRFamide antigen. Con- 
versely, the immunostaining produced by the FMRFa- 
mide antiserum (antiserum 494.2) could not be quenched 
by the addition of up to 125 nmol/ml of the C-terminal 
hexapeptide of PP, nor indeed by up to 25 nmol/ml of 
intact PYY or NPY. The fact that immunostaining with 
the more PYY-specific antiserum PYY297 could be 
blocked by 1250 pmol/ml of the C-terminal hexapeptide 
of PP suggests that PYY297 cross-reacts slightly with 
PP, although within the constraints of the preabsorption 
studies it would appear that PYY297 is more specific 
for PYY than PP by a factor of approximately 500. 
The preabsorption studies suggest that antiserum GNPY 
163(2), raised to the C-terminal decapeptide of NPY, 
is equally specific for PYY and NPY and more specific 
for these than the C-terminal hexapeptide of PP by a 
factor of approximately 50. Therefore, it is possible that 
the immunoreactivity obtained with GNPY 163(2) is due 
to cross-reactivity of the antiserum with a more PYY- 
like molecule. Consequently, there may be little or no 
NPY-like material present in S. mansoni. The N-termin- 
ally-directed NPY antiserum (RPN. 1702) yielded a con- 
sistently negative reaction. This is not surprising since 
it is likely that there will have been numerous amino 
acid substitutions during evolution between the schisto- 
some and mammalian peptides in the mid-to-N-terminal 
region of the molecule, away from the highly-conserved 
and biologically active C-terminus. This point is borne 
out by the strong immunoreactivity obtained with the 
other NPY antisera (GNPY 163(2) and NPY 8999(6)), 
which were raised to the C-terminus of mammalian 
NPY. Indeed, the immunostaining obtained with the 
amide-requiring, C-terminally-directed, antiserum NPY 
8999(6) would suggest that the parasite peptide may be 
amidated, although this would require further validation 
under competitive assay conditions. 

PP has not been detected in coelenterates (Grimme- 
likhuijzen 1984, 1986). The platyhelminths are the lowest 
group in which PP-related molecules are present. Within 
the group, PP-immunoreactivity has been demonstrated 
in a range of free-living and parasitic species (Gustafsson 
et al. 1986; McKay et al. 1990; Magee et al. 1989; Maule 
et al. 1989a; Maule et al. 1989b; Reuter and Palmberg 

1987; Reuter et al. 1988; Yui et al. 1985). In higher or- 
ganisms, PP has been demonstrated in the nervous sys- 
tem of annelids and molluscs (Curry et al. 1989; Sundler 
et al. 1977; Van Noorden 1984), and in the "brain and 
gut" of arthropods and protochordates (Falkmer et al. 
1984, 1985; Thorndyke 1986; Van Norden 1984). In con- 
trast, PYY-immunoreactivity has only been recorded in 
the annelid Lumbricus terrestris (Curry et al. 1989) and 
a number of parasitic flatworms (Fairweather et al. 1988, 
1990; McKay et al. 1990; Magee et al. 1989; Maule et al. 
1989a). For NPY, apart from one study of an insect 
(R6my et al. 1988) and its localisation in L. terrestris 
(Curry et al. 1989), this is the only description of NPY- 
immunoreactivity in a non-chordate species. So, relative- 
ly little is known about the distribution in invertebrates 
of the three members of the PP family, and the present 
results have added to the body of knowledge. Moreover, 
most of the previous invertebrate studies on PP-immu- 
noreactivity used commercial antisera of uncharacterised 
specificity. Indeed, lack of reactions to antisera against 
PP, PYY, and NPY have been reported in a number 
of studies on flatworms (Gustafsson et al. 1986; Reuter 
1987; Wikgren and Reuter 1985; Yui et al. 1985). Our 
investigation has employed a range of antisera of defined 
specificities, in combination with a comprehensive series 
of preabsorption studies, to characterise as fully as possi- 
ble (by means of immunocytochemistry) the nature of 
the PP-like material(s) in S. mansoni. 

The present results also have a bearing on the evolu- 
tion of the PP family. The three members of the family 
are known to have differential distributions within mam- 
mals, with PP being located in endocrine cells in the 
pancreas and PYY in endocrine cells in the large intes- 
tine and colon (E1-Salhy et al. 1987); NPY is confined 
to the nervous system (Gray and Morley 1986; Sundler 
et al. 1986). By virtue of its location, NPY would appear 
to be evolutionarily the most ancient member and hence 
the prototype of the PP family, the differentiation of 
the sequences of PP and PYY following with the advent 
of more sophisticated function of the gastrointestinal 
tract (Scharrer 1987). A similar neuronal ancestry has 
been proposed for several other brain-gut peptides 
(Falkmer 1985). In S. mansoni, immunoreactivity to the 
PP family had a purely neuronal distribution and so 
may have a neuropeptide-like function more analogous 
to that of mammalian NPY than either PP or PYY. 
However, the use of a broad spectrum of antisera of 
different regional specificities to the individual members 
of the PP family, in conjunction with the preabsorption 
studies, indicates that the peptide(s) of this parasite may 
have more sequence homology with PP and PYY than 
with the postulated prototype molecule, NPY. In any 
event, this immunoreactive material must be character- 
ised further and ultimately sequenced if the nature of 
the peptide(s) concerned is to be determined. Since it 
is proposed that these neuropeptides may act as impor- 
tant neurotransmitters/neuromodulators in the parasite 
and may even be involved in the regulation of egg pro- 
duction, sequence data would permit the synthesis of 
peptide analogues which might prove of use as novel 
chemotherapeutic agents against schistosomiasis. 
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